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遠州灘から得られた日本初記録のホウボウ科魚類ミナミソコホウボウ

（新称）

First Record of a Gurnard Fish, Bovitrigla acanthomoplate (Osteichthyes: 
Perciformes: Triglidae) from the Enshu-nada Sea, off Shizuoka Prefecture, Japan

矢頭卓児 1）・手良村知功 2）・瀬能　宏 3)

Takuji Yato1), Akinori Teramura2) & Hiroshi Senou3)

Abstract.  The monotypic genus Bovitrigla established by Fowler in 1938 accommodates B. 
acanthomoplate and is known from the Philippines and the South China Sea. A single specimen of B. 
acanthomoplate was collected from the Enshu-nada Sea off Shizuoka Prefecture, Japan. The species is 
characterized by having a long rostral spine, a long posttemporal spine and a postocular spine, which 
are the generic diagnostic characters. This record represents not only the first record from Japan but the 
northernmost record of this species. Comparing the Japanese specimen with ten specimens of this spe-
cies collected from the South China Sea, we found the former differs in having the following charac-
ters: 52 lateral line scales vs. 54–57; snout length 47.5 % in HL vs. 42.5–46.4 %; and interorbital width 
33.8 % in HL vs. 29.7–32.7 %. We redescribe this species in detail and give the new standard Japanese 
name, Minami-sokohobo for this species and Minami-sokohobo-zoku for the genus. 

Key words:  color variation, morphological variation, northern most record, redescription
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緒　言

ホ ウ ボ ウ 科 Triglidae の Bovitrigla は、Fowler
（1938）によって、ソコホウボウ属 Pterygotrigla 
Waite, 1899 と比べて吻棘が長いこと、後側頭棘

が長いこと、眼後棘があることを根拠に、ホロ

タイプだけに基づき同時に新種として記載され

た B. acanthomoplate （ホロタイプ USNM 98869, 
Fig.1）をタイプ種として創設された属である。現

在、本属に属する種は本種だけである（Fricke et 
al., 2020）。

2019 年 1 月 14 日、遠州灘における底曳網漁獲

物の中から B. acanthomoplate に同定される 1 標

本が第 2 著者により得られた。この種に言及した

研究は、Fowler（1938）の原記載以降では、ホロ

タイプあるいは原記載を引用した報告（Richards, 
1999）やホウボウ科の属の分類学的研究（Richards 
& Jones, 2002）、南シナ海からの目録的記録

（Richards, 2000）、台湾南部からのごく簡単な記

載を伴った標本に基づく記録（Yato, 2019）があ

るだけである。そして遠州灘からの標本は本種の

日本からの初記録であり、同時に北限記録でもあ

る。著者らは遠州灘産の標本を詳細に記載し、南

シナ海産の標本との比較を行ったのでここに報

告する。また、本種と本種を含む属には和名がな
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Fig. 1. Lateral view of Bovitrigla acanthomoplate, holotype, USNM 98869, 150 mm TL, in alcohol. Photo by R. Misawa.
図 1. ミナミソコホウボウ（ホロタイプ , アルコ – ル液浸標本 ; 側面），USNM 98869, 全長 150 mm, 三澤　遼撮影．

いため、新標準和名を与える。

材料と方法

本標本は 10 % 中性ホルマリン水溶液で固定し

た後、70 % エタノ – ル水溶液に置換し、保存した。

標本の計数・計測方法は Yato & Heemstra（2019）
にしたがった。計測にはデジタルノギスを用い、

0.1 mm の精度で測定した。標準体長は SL、頭長

は HL と略記した。脊椎骨は軟 X 線写真を撮影

して計数した。

本研究で観察または引用した標本は、以下

の研究機関に所蔵されている : 台湾中央研究院

（ASIZP）; 高知大学理工学部（BSKU）; 神奈川

県立生命の星・地球博物館（KPM-NI）; 台湾国

立海洋生物博物館（NMMB-P）; スミソニアン自

然史博物館（USNM）。なお、神奈川県立生命の星・

地球博物館の資料番号は、電子台帳上では桁を埋

めるための 0 を付加した 7 桁の数字が用いられ

ているが、本稿では有効数字で表記した。

結　果

ミナミソコホウボウ（新称）

Bovitrigla acanthomoplate Fowler, 1938
（Figs. 2–5, Table 1）

Bovitrigla acanthomoplate Fowler, 1938: 113, fig. 
54; Richards & Jones, 2002: 276 (list); Yato, 2019: 
544 (brief description).

Pterygotrigla acanthomoplate: Richards, 1999: 2371 

(brief description based on holotype); Richards, 
2000: 607 (list).

記載標本　

KPM-NI 58103、95.8 mm SL、静岡県遠州灘浜

松市沖（Fig. 6, 詳細な採集地不明）、水深約 250 m、

底曳網、舞阪漁港水揚げ、市場の選別台にて拾得、

2019 年 1 月 14 日、手良村知功採集。

記載

頭部と体はやや側扁する。頭部は大きく、標

準体長の 41.1 %。吻突起は細長く伸びた扁平な

三角形で、先端は鋭く尖り、両突起間隔は前方ほ

ど広がる。鼻骨上に棘は無い。吻は長く、眼窩径

の 164.0 %。側面観は眼窩前方で少しくぼむ。眼

はやや大きく、頭長の 28.9 %。両眼間隔は広く

てややくぼみ、眼窩径の 116.7 %。眼後棘は小さ

く三角形で、先端は尖る。眼後棘基部の直後に

は浅い溝がある。後側頭棘は著しく長くて鋭く、

後端は背鰭第 4 棘基部に達する。口は端位に近

い下位。上顎の後端は眼窩前縁下に達しない。両

顎の歯は絨毛状で歯帯を形成する。鋤骨には小さ

な犬歯状の歯が左右に並ぶ。第 1 鰓弓の鰓耙は

上枝にはなく下枝に 5 本あり、細長い。眼下骨

板には中央より後方に向かって前鰓蓋骨棘に連

なる低い隆起がある。眼下骨板の高さは眼窩径の

83.3 %。前鰓蓋骨棘は 1 本で鋭く、起部下縁に小

さな突起をともなう。主鰓蓋骨棘は小さく、棘先

端までの主鰓蓋骨の長さは眼窩径の 76.3 %。上

膊棘は長大で、後端は背鰭第 4 棘基部をこえる。

背鰭基底に沿った骨質板は 10 枚で、左右の最前
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Fig. 2. Lateral view of Bovitrigla acanthomoplate, KPM-NI 58103, 95.8 mm SL, in fresh condition. Photo by A. Teramura.
図 2. ミナミソコホウボウ（鮮時 ; 側面），KPM-NI 58103, 標準体長 95.8 mm, 手良村知功撮影．

Fig. 3. Lateral view of Bovitrigla acanthomoplate, KPM-NI 58103, 95.8 mm SL, in alcohol. Photo by T. Yato.
図 3. ミナミソコホウボウ（アルコ – ル液浸標本 ; 側面），KPM-NI 58103, 標準体長 95.8 mm, 矢頭卓児撮影．

Fig. 4. Dorsal view of Bovitrigla acanthomoplate, KPM-NI 58103, 95.8 mm SL, in alcohol. Photo by T. Yato.
図 4. ミナミソコホウボウ（アルコ – ル液浸標本 ; 背面），KPM-NI 58103, 標準体長 95.8 mm, 矢頭卓児撮影．
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Table 1. Meristic and morphometric characters of Bovitrigla acanthomoplate
表 1. ミナミソコホウボウ Bovitrigla acanthomoplate の計数値および計測値

specimens NMMB-P
12093

NMMB-P
12094

NMMB-P
18099

NMMB-P
20411

NMMB-P
20432

NMMB-P
21040

NMMB-P
21041

NMMB-P
21172-1

NMMB-P
21172-2

NMMB-P
25536

KPM-NI
58103

Counts
1st Dorsal-fin spines 8 8 8 8 7 8 8 8 8 7 7
2nd Dorsal-fin rays 11 11 11 11 11 11 11 10 11 11 11
Anal-fin rays 12 11 12 12 12 12 12 12 12 12 12
Pectoral-fin rays (connected)                  12 12 12 12 12 12 12 12 12 12 12
Pelvic-fin rays I,5 I,5 I,5 I,5 I,5 I,5 I,5 I,5 I,5 I,5 I,5
Caudal-fin rays (branched) 9 9 9 9 9 9 9 9 9 9 9
LL Scales 56 55 54 55 55 54 56 57 55 55 52
Bony plates 10 10 10 10 10 10 10 10 10 10 10
Gill-rakers(right side) 1+7 1+6 - 1+8 1+6 - - - 1+8 1+7 1+5
Vertebrae with urostyle - - 10+17 - 10+17 - - 10+17 10+17 - 10+17

Measurements (mm)
Total length 106.1 106.2 151.5 109.5 190 110.4 111.8 136.6 131 163.8 121.8
Standard length 84.5 85.8 120 88.4 150.3 88.9 91.4 107.5 106 130.9 95.8

% of Standard length
Distance from snout to 1st dorsal fin 47.8 47.2 46.3 41.4 46.0 47.9 46.3 44.3 45.4 43.9 45.2
Distance from snout to 2nd dorsal fin 65.4 64.0 66.7 63.5 64.7 65.5 64.2 64.3 63.4 63.8 63.8
Distance from snout to pectoral fin 61.4 37.9 39.8 34.6 38.7 40.5 40.3 41.0 41.4 39.0 40.6
Distance from snout to pelvic fin 34.6 33.1 34.4 30.5 33.8 34.9 36.1 35.7 34.7 32.7 34.8
Distance from snout to anal-fin 61.5 58.5 58.1 57.9 61.0 60.7 58.2 59.6 58.9 60.1 59.7
Body depth in front of 1st dorsal fin 22.6 22.6 26.3 19.5 25.3 24.4 24.5 25.7 25.8 22.5 24.4
Body width at cleithral base 18.8 16.7 19.6 13.8 21.0 18.3 18.9 18.5 17.7 16.7 18.3
Caudal peduncle length 15.4 16.1 16.4 11.3 14.6 14.6 15.9 16.0 15.1 14.4 16.3

depth 5.9 5.7 6.4 6.0 6.1 6.3 6.2 6.0 5.9 5.7 5.9
1st Dorsal-fin base length 16.8 17.6 19.3 21.3 18.4 18.3 20.2 20.6 20.2 17.8 18.7
2nd Dorsal-fin base length 21.5 22.6 23.0 26.2 22.3 22.5 23.2 23.4 22.9 21.8 23.7
Anal-fin base length 24.7 25.8 27.6 28.1 25.9 27.7 26.9 27.3 27.2 27.0 26.6
Head length 43.4 41.4 43.1 41.9 41.0 42.7 42.1 40.9 41.6 41.4 41.1
Length of 1st detached pectoral-fin ray 31.5 31.5 30.9 33.7 28.9 34.4 31.7 32.7 32.3 30.9 30.2
Length of 2nd detached pectoral-fin ray 28.6 28.1 26.9 31.0 26.3 30.5 29.2 28.7 29.2 28.5 26.4
Length of 3rd detached pectoral-fin ray 24.1 22.7 22.3 25.1 21.6 27.0 27.1 22.5 22.9 21.4 22.2
Pectoral fin length 38.1 36.5 38.2 34.6 38.4 37.6 36.3 37.4 37.2 36.4 38.0
Pelvic fin length 26.5 25.2 27.6 27.5 23.8 28.7 29.1 26.0 25.8 23.8 27.0
Length of 1st spine of  first dorsal fin 11.0 - 11.8 - 8.6 10.1 11.2 10.1 9.7 9.6 9.7
Length of 2nd spine of  first dorsal fin 16.9 15.4 18.2 17.8 15.7 17.1 17.0 15.9 - 16.2 15.4
Length of 3rd spine of  first dorsal fin 17.3 18.5 18.3 18.0 - 17.1 18.3 17.2 - 17.6 16.5
Length of 4th spine of  first dorsal fin 13.0 14.3 17.0 12.7 - 14.3 16.4 13.7 12.9 13.1 11.9

% of Head length
Head depth at middle of orbit 58.3 59.7 57.6 56.2 55.2 57.9 56.9 53.9 57.8 56.5 56.9
Head width at preopercle 43.1 42.0 51.5 45.7 52.3 46.6 46.5 48.9 47.2 44.8 46.7
Snout length 43.3 42.5 45.5 45.4 46.4 43.4 43.4 45.9 43.5 46.3 47.5
Height of suborbital stay 24.3 23.4 26.9 23.8 26.0 24.5 24.7 25.7 24.5 26.2 24.1
Distance between rostral projection tips 67.8 63.2 60.1 65.4 63.8 62.7 68.9 67.1 72.5 61.4 50.4
Length of Rostral projection 51.7 50.2 39.6 46.4 29.8 45.9 40.7 41.5 50.3 36.0 50.2
Upper jaw length 34.6 35.5 33.8 38.1 37.5 38.4 34.0 36.1 36.3 34.5 36.0
Lower jaw length 42.5 43.1 43.5 43.2 42.4 43.4 41.0 40.0 41.0 40.2 41.9
Orbit diameter 32.7 34.4 28.0 30.5 28.7 32.4 31.7 30.2 30.4 29.0 28.9
Interorbital width 29.7 31.8 30.2 31.9 31.5 31.8 31.7 32.7 30.2 31.7 33.8
Opercular spine length 20.2 19.7 - 18.4 22.4 22.1 20.3 22.3 22.2 19.2 22.1

% of Orbit diameter
Opercular spine length 61.7 57.4 - 60.2 78.0 68.3 63.9 73.7 73.1 66.2 76.3

にも鱗がある。側線鱗数は 52 で、体前方の鱗上

には複数の小顆粒がある。側線管は分枝しない。

色彩 : 鮮時（Fig. 2）では、頭部と体の背面は

淡い赤色で、暗い鶯色の不定形の小斑が散在す

る。体の腹面は白色。第 1 背鰭第 1–4 棘の鰭膜

上半と第 2 背鰭上方は淡い黒色。尾鰭後縁近く

も淡い黒色。胸鰭内面は第 1–9 軟条では縁辺を

除いて基底まで濃淡にむらのある黒色で、後縁と

第 9–12 軟条の鰭膜は白色、第 8 軟条に沿って不

明瞭な小白色斑が 4 個ある。胸鰭の遊離軟条は淡

い朱色。腹鰭は白色。

アルコール液浸標本（Figs. 3–5）では、頭部と

体全体は薄茶色で，背面に黒色の不定形の小斑

が散在する。第 1 背鰭第 1–4 棘の鰭膜上半と第

2 背鰭上方は黒色。尾鰭後縁近くも黒色。胸鰭内

面では第 1–9 軟条は縁辺を除いて基底まで濃淡

にむらのある黒色で、後縁と第 9–12 軟条の鰭膜

は白色、第 8 軟条に沿って不明瞭な小白色斑が 4
個ある。胸鰭の遊離軟条と腹鰭は白色。

の骨質板は融合して、背鰭起部直前に位置する。

第 2 背鰭基底には骨質板がない。

背鰭は 7 棘 11 軟条で、各棘条の前縁は円滑。

第 3 棘条が最も長い。第 2 背鰭起部は臀鰭第 3
軟条基部上方にある。また、第 4 軟条より後方

の鰭条は分枝する。臀鰭鰭条数は 12 で、第 8 軟

条より後方の鰭条は分枝する。尾鰭の後縁はや

や湾入し、上葉 5 軟条、下葉 4 軟条は分枝する。

胸鰭は下方 3 本の遊離軟条を含めて 15 軟条、う

ち第 2–8 軟条は分枝する。胸鰭の後縁は円くて、

その後端は臀鰭第 7 軟条基部に達する。最も上の

遊離軟条が一番長く、後端は腹鰭後端をこえて、

臀鰭第 3 軟条基部に達する。腹鰭は 1 棘 5 軟条で、

第 2 軟条が最も長く、後端は臀鰭起部に達する。

体表の鱗は後端が尖る涙型で、体上半部ではそ

れぞれの鱗の縁辺がやや皮膚下に埋没して互いに

重ならず、明瞭な列をつくらない。下半部の鱗は

覆瓦状。胸鰭と腹鰭の基底部周辺は無鱗だが、項

部は鱗で密に覆われ、胸鰭前方、胸部、両腹鰭間
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18099 では 7 個、NMMB-P 21040 では 2 個が認め

られるが、他の NMMB の標本では斑が認められ

なかった。白色斑については原記載にも示され

ておらず、本種の胸鰭内面の斑紋には変異が多

いと考えられる。

本種の外観はリュウキュウソコホウボウ

Pterygotrigla ryukyuensis Matsubara & Hiyama, 
1932 によく似ている（Fig. 7）が、本種は項部と

胸部に鱗があること（リュウキュウソコホウボ

ウではどちらも無麟）、体表の鱗は後端が尖る涙

型であること（円鱗）、体前方の側線鱗上には小

顆粒があり表面が凸凹であること（顆粒は無く

表面は円滑）、吻突起は少し外側に開き左右の突

起間隔は前方でやや広がること（吻突起は大き

く外側に開き左右の突起間隔は前方で大きく広

がる）で容易に区別できる。

本種はこれまでフィリピンと南シナ海から記

録されているが（Fowler, 1938; Yato, 2019）、これ

まで日本からの報告はなかった。遠州灘から得

られた標本は日本からの初記録になると同時に

本種の北限記録である。

また、本種と本種を含む Bovitrigla には和名が

ない。したがって本種に対しては本標本に基づ

いて新標準和名ミナミソコホウボウを提唱する。

属については日本魚類学会（2020）の項 4.2.1 に

従い、Bovitrigla のタイプ種である本種の標準和

名に基づきミナミソコホウボウ属を提唱する。

Fig. 5. Inner surface of the pectoral fin of Bovitrigla 
acanthomoplate, KPM-NI 58103, 95.8 mm SL, in alcohol. 
Photo by T. Yato.

図 5. ミナミソコホウボウの胸鰭内面（アルコ – ル液浸標

本），KPM-NI 58103, 標準体長 95.8 mm, 矢頭卓児撮影．

Fig. 6. Map showing the capture locality of the Bovitrigla 
acanthomoplate specimen from the Enshu-nada Sea. 
Open square: estimated fishing location where the 
specimen was collected; open circle: Maisaka Fishing 
Port where the specimen was landed; solid and bold 
lines of isobaths indicating 50 m and 300 m respectively. 
Drawn by A. Teramura.

図 6. ミナミソコホウボウの標本（KPM-NI 58103）の採

集場所と遠州灘の地図．白抜きの四角 : 推定漁獲場所 ; 
白抜きの円 : 舞阪漁港 ; 細い実線は 50 m，太い実線

は 300 m の等深線を示す．手良村知功作図．

分布

フィリピン（Fowler, 1938）、南シナ海（Yato, 
2019）、遠州灘（本研究）。

備考

本標本は、吻突起が長大な三角形であること、

吻長が頭長の 47.5 % であること、眼後棘がある

こと、後側頭棘が長大であること、項部と胸部に

隣があること、体側の鱗は涙形で先端が尖って

いること、第 1 背鰭上半が黒色であること、第 2
背鰭縁辺が黒色であることが Fowler（1938）に

よる B. acanthomoplate の原記載やホロタイプに

よく一致する（Fig. 1, 2, 3）。吻長について原記載

では 44.4 %（頭長は吻長の 2.125 倍）とされてい

るが、計測方法が明記されていない。そこで、改

めて原記載のホロタイプのスケッチを計測した

ところ、48.2 % と計算され、本標本と大きな差

はないと判断された。

南シナ海から得られ NMMB に所蔵されている

10 個体の B. acanthomoplate と比較すると（Table 
1）、基本的にはよく一致しているが、遠州灘

産の標本は南シナ海産の標本に比べて側線鱗数

が 52 とやや少ない（南シナ海産の 10 個体では

54–57）、頭長に対して吻長がやや長い 47.5 % in 
HL（南シナ海産 10 個体 : 42.5–46.4 %）、 両眼間

隔幅はやや広い33.8 % in HL（南シナ海産10個体：

29.7–32.7 %）といった点で異なる。本研究で得

られた日本産の標本は 1 個体だけであり、いず

れの値も南シナ海産の標本の値からわずかに外

れているだけであることから、ここではこれらの

違いを暫定的に個体変異とみなしておく。胸鰭内

面の白色小斑は日本産の個体では 4 個、NMMB-P 
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ミナミソコホウボウなる名称はこれまでに採集

されている標本の多くが南シナ海から得られて

いることに由来する。

比較標本

ミナミソコホウボウ Bovitrigla acanthomoplate: 
USNM 98869， holotype，150 mm TL; NMMB-P 
12093，84.5 mm SL; NMMB-P 12094，85.8 mm 
SL; NMMB-P 18099，120.0 mm SL; NMMB-P 
20411，88.4 mm SL; NMMB-P 20432，150.3 mm 
SL; NMMB-P 21040，88.9 mm SL; NMMB-P 
21041，91.4 mm SL; NMMB-P 21172-1，107.5 mm 
SL & NMMB-P 21172-2，106.0 mm SL; NMMB-P 
25536，130.9 mm SL．リュウキュウソコホウ

ボ ウ Pterygotrigla ryukyuensis: ASIZP 73756，
96.0 mm SL; BSKU 17656，166.7 mm SL; BSKU 
104265，186.5 mm SL．
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Fig. 7. Dorsal view of Pterygotrigla ryukyuensis, ASIZP 73756, 96.0 mm SL, in alcohol. Photo by T. Yato.
図 7. リュウキュウソコホウボウ（アルコ – ル液浸標本 ; 背面），ASIZP 73756, 標準体長 96.0 mm, 矢頭卓児撮影．
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矢頭卓児・手良村知功・瀬能　宏 , 2022.  遠州灘から得られた日本初記録のホウボウ科魚類ミナミソコ

ホウボウ（新称）. 神奈川県立博物館研究報告（自然科学）, (51): 1–7. [Yato, T., A. Teramura & H. Senou, 
2022. First Record of a Gurnard Fish, Bovitrigla acanthomoplate (Osteichthyes: Perciformes: Triglidae) from the 
Enshu-nada Sea, off Shizuoka Prefecture, Japan. Bull. Kanagawa Pref. Mus. (Nat. Sci.), (51): 1–7.]
ホウボウ科のミナミソコホウボウ（新称）Bovitrigla acanthomoplate Fowler, 1938 の 1 標本が遠州

灘から得られた。この種は日本初記録種であり、遠州灘における出現はこの種の北限記録となる。南

シナ海産の 10 個体と比較するとともに本種を詳細に再記載した。

摘 要
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A New Species with Two New Subspecies of Rhinogobius (Teleostei: 
Gobiidae) from Yaeyama Group, the Ryukyu Islands, Japan

Toshiyuki Suzuki1), Naoharu Oseko2), Yo Y. Yamasaki3), Seishi Kimura4)  & Koichi Shibukawa5)

Abstract.  A new freshwater species with two new subspecies of the gobiid fish genus Rhinogobius is 
described from the Yaeyama Group of the Ryukyu Islands, Japan. One of the subspecies, Rhinogobius 
aonumai aonumai (29 specimens, 35.9–70.5 mm SL) known only from Iriomote-jima Island, is 
distinguished from all congeneric species-group taxa (species and subspecies) by having the following 
combination of features: 9–15 predorsal scales; 32–37 longitudinal scales; 11+15–17=26–28 vertebrae 
(mode 27); anteriormost two pterygiophores (proximal radials) of the second dorsal fin mounted over 
the neural spine of 10th vertebra; fifth segmented pelvic-fin ray divided into 3–4 (usually four) branches 
at the position where  proximal-most segment of each branch alignes transversely; yellow-colored 
body in freshly-collected; no dark spot on first dorsal fin; caudal fin with vertical rows of dark spots or 
forming dark zigzag bands. The other subspecies, Rhinogobius aonumai ishigakiensis (12 specimens, 
33.3–56.5 mm SL) known only from Ishigaki-jima Island, is distinguished from all congeneric 
species-group taxa by having the following combination of features: 10–14 predorsal scales; 33–38 
longitudinal scales; 10+16–18=26–28 vertebrae (mode 27); anteriormost two pterygiophores (proximal 
radials) of the second dorsal fin mounted over the neural spine of 9th vertebra; fifth segmented pelvic-
fin ray divided into 2–3 (usually two) branches at the position where the proximal-most segment of 
each branch alignes transversely; yellow-colored body in freshly-collected; no dark spot on first dorsal 
fin; caudal fin with dark zigzag bands on the caudal fin.

Key words:  description, fish taxonomy, freshwater resident, Rhinogobius sp. YB 
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Introduction

Rhinogobius Gill, 1859 comprises medium-sized 
freshwater gobies (reaching up to 30–100 mm in standard 
length) and is known from the East and Southeast Asian 
regions, including the Russia Far East, Japan, Korea, 
China, Taiwan, the Philippines, Vietnam, Laos, Cambodia, 
and Thailand (Chen & Miller, 2014). At least in the 

insular habitats, a majority of the species of the genus are 
amphidromous; namely, adults spawn in the freshwater 
habitats, larvae just after hatching immediately go to the 
coastal marine waters, and after that, the juveniles enter 
the inland waters (Mizuno, 1960a). On the other hand, in 
the continental areas, many species of the genus are non-
diadromous, freshwater inhabitants (e.g., lakes, ponds, and 
rivers) throughout their life cycle (Huang & Chen, 2007).
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Rhinogobius, originally described as a monotypic 
genus based on Rhinogobius similis Gill, 1859, is 
currently known as the most species-rich freshwater 
gobiid genus, comprising 86 described, valid species 
worldwide (Suzuki et al., 2020; Wanghe et al., 2020), 
although several additional species remain unnamed. 
In Japanese waters, 13 valid species hitherto have been 
confirmed: Rhinogobius biwaensis Takahashi & Okazaki, 
2017, R. brunneus (Temminck & Schlegel, 1845), R. 
flumineus (Mizuno, 1960b), R. fluviatilis Tanaka, 1925, R. 
kurodai (Tanaka, 1908), R. mizunoi Suzuki, Shibukawa 
& Aizawa, 2017, R. nagoyae Jordan & Seale, 1906, R. 
ogasawaraensis Suzuki, Chen & Senou, 2012, R. simillis, 
R. telma Suzuki, Kimura & Shibukawa, 2019, R. tyoni 
Suzuki, Kimura & Shibukawa, 2019, R. yaima Suzuki, 
Oseko, Kimura & Shibukawa, 2020 and R. yonezawai 
Suzuki, Oseko, Kimura & Shibukawa, 2020. In addition, 
Akihito et al. (2013) reported five undescribed species 
from Japanese waters, all of which are distinguished by 
specific abbreviations as follows (each vernacular name 
in Japan is in parenthesis): Rhinogobius sp. BB (Aobara-
yoshinobori), Rhinogobius sp. KZ (Kazusa-yoshinobori), 
Rhinogobius sp. MO (Aya-yoshinobori), Rhinogobius 
sp. OM (Oumi-yoshinobori) and Rhinogobius sp. YB 
(Kibara-yoshinobori).

Yamasaki et al. (2020) reported that the speciation of 
Rhinogobius sp. YB from its amphidromous ancestor, R. 
brunneus, occurred in parallel across five islands groups 
(Amami-oshima Island, Tokuno-shima + Okinoerabu-
jima islands, Okinawa-jima Island, Kume-jima Island, 
and Ishigaki-jima + Iriomote-jima islands in the Ryukyu 
Islands, Japan) using population genetic analysis.

We describe one of these populations from Ishigaki-
jima and Iriomote-jima islands as a new species with 
two new subspecies of Rhinogobius. Namely, these new 
species/subspecies were known and confused under the 
name “Rhinogobius sp. YB” or “Kibara-yoshinobori” 
in the previous studies (e.g., Iwata, 1989; Akihito et al., 
2013; see “Discussion”, below). The taxonomic status of 
the other populations of “Rhinogobius sp. YB” will be 
resolved elsewhere.

Materials and Methods

Yamasaki et al. (2020) reported that the populations 
of “Rhinogobius sp. YB” in the upper streams above the 
dam lakes in Ishigaki-jima Island contained individuals 
that have hybridized with the other congener Rhinogobius 
brunneus. For selecting type specimens in Ishigaki-jima 
Island, we thus used non-hybridized specimens with R. 

brunneus in the upper streams of the dam lakes, judged 
from microsatellite markers and STRUCTURE analysis 
(Pritchard et al., 2000) followed by Yamasaki et al. 
(2020). We also used the ones from the upper reaches 
above large waterfall(s), where R. brunneus is not or 
rarely found sympatrically. Note that no artificial dam 
lake is present in Iriomote-jima Island.

The specimens examined in this study are deposited in 
the following institutions: Kanagawa Prefectural Museum 
of Natural History, Odawara (KPM); National Museum 
of Nature and Science (NSMT); Osaka Museum of 
Natural History, Osaka (OMNH); Museum of Natural and 
Environmental History, Shizuoka (SPMN). The type series 
and comparative materials were collected at a time when 
no permission for the collection was required, or with 
permission from Okinawa or Kagoshima Prefectures.

All specimen lengths given are standard lengths 
(SL). Measurements were made point-to-point with 
calipers (in the case of the lengths more than 10 mm), or 
micrometer (10 mm or less) attached to the microscope 
to the nearest 0.1 mm. The methods for measurements 
followed those of Suzuki et al. (2020). The methods 
for counting followed Prince Akihito et al. (1984), 
except for scales between the origin of a dorsal fin and 
dorsal insertion of a pectoral fin (counting scales in an 
oblique row from the dorsalmost point of pectoral-fin 
base to the origin of the first dorsal fin). The information 
about squamation is based on specimens stained with 
Alizarin Red S. The count of scales was examined based 
on specimens temporary stained with cyanine blue or 
stained with Alizarin Red S. The observation of cephalic 
sensory system was examined based on specimens 
temporary stained with cyanine blue. The number of the 
first branches of the fifth segmented pelvic-fin ray was 
counted based on specimens stained with Alizarin Red S 
at the position where the proximal most segment of each 
branch alignes transversely (e.g., Fig. 3). Osteological 
features were observed from radiographs. The method 
of Akihito et al. (2013) is used in describing the pattern 
of the interdigitation of the dorsal-fin pterygiophores 
and neural spines (“P-V”) with exceptions given below: 
“9&10” behind the second slash shows that anteriormost 
two pterygiophores (proximal radials) of the second 
dorsal fin mounted over the neural spine of the 9th and 
10th vertebrae. The counts of vertebrae follow Akihito 
et al. (2013). Notations of cephalic sensory-canal pores 
and sensory-papillae rows followed Prince Akihito et 
al. (1984) and Suzuki et al. (2017), respectively. In the 
description, if there are differences between the holotype 
and paratypes data, data from the holotype are indicated 
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Table 1. Measurements for Rhingobius aonumai aonumai

by asterisks. In the description of the counts, the 
frequency of each count is given in parentheses following 
the relevant count. Description of the coloration was 
based on digital images photographed on a white 
background. The names of colors follow those of the 
Japan Color Research Institute (1995). In “Variations 
between rivers”, proportional characters were measured 
horizontally on the holotype and 21 paratypes images 
including all river populations in Iriomote-jima Island.

In the description of R. aonuma aonumai, proportional 
measurements on the holotype and seven paratypes 
are given in Table 1; The following observations of 
characteristics are based on the material in parentheses: 

proportion and fins (holotype and seven paratypes), the 
first dorsal fin and length of pelvic fin (holotype and 
23 paratypes), branching of the pectoral-fin rays, first 
branches of fifth segmented pelvic-fin ray, and sensory 
canal pores (holotype and 27 paratypes), squamation (20 
paratypes), sensory-papillae rows and coloration when 
preserved in alcohol (holotype and a paratype), coloration 
when freshly collected (holotype and 19 paratypes), and 
coloration when alive (four underwater photographs). In 
the description of R. aonumai ishigakiensis, proportional 
measurements on the holotype and six paratypes 
are given in Table 2; the following observations of 
characteristics are based on the material in parentheses: 

Cat. No. OMNH-P
40256

OMNH-P
40254

OMNH-P
40257

KPM-NI
59988

SPMN-PI
46248

OMNH-P
40040

OMNH-P
40043

OMNH-P
43796

Type status Holotype
Locality
Sex Male Male Female Female Male Male Female Female
SL (mm) 65.9 66.0 61.5 56.5 48.0 46.3 46.0 47.5
As % in SL
  Head length 34.9 34.1 30.1 31.2 33.3 33.5 32.6 33.7
  Predorsal length 41.0 41.7 38.4 38.4 40.2 40.4 39.1 40.6
  Length of snout to D2 origin 60.7 62.1 61.3 61.2 60.4 60.5 60.9 61.1
  Length of snout to anus 59.2 59.5 57.7 58.4 59.8 57.2 60.0 58.9
  Length of snout to A origin 63.1 63.6 62.8 62.1 66.5 63.9 65.2 63.2
  Prepelvic length 29.6 28.8 25.4 26.2 31.3 30.2 30.2 29.5
  Caudal peduncle length 25.2 23.5 24.4 26.5 24.0 23.8 23.9 22.9
  Caudal peduncle depth 12.3 12.1 12.2 12.6 13.1 13.4 13.0 13.5
  Length of D1 base 15.9 14.4 16.1 14.5 17.1 15.3 17.2 16.8
  Length of longest D1 spine* 15.0 (3rd) broken 13.0 (2nd) 12.7 (2nd) 21.7 (2nd) 19.2 (2nd) 14.8 (2nd) 15.6 (3rd)
  Length of D2 base 17.0 16.7 17.1 16.5 17.1 17.5 17.8 17.7
  Length of longest D2 ray* 12.9 (7th) 14.2 (7th) 13.7 (6th) 14.0 (4th) 17.7 (7th) 17.5 (8th) 14.1 (4th) 14.3 (2nd)
  Length of last D2 ray 12.9 12.3 11.2 10.3 16.3 15.8 10.7 12.6
  Length of A base 13.5 14.8 13.5 13.3 14.6 15.1 13.5 15.4
  Length of longest A ray* 13.7 (7th) 12.7 (5th) 12.5 (6th) 13.3 (6th) 15.2 (5th) 14.9 (6th) 13.7 (4th) 13.1 (6th)
  Caudal-fin length 22.8 21.2 22.0 20.4 22.9 23.3 23.5 21.7
  Pectoral-fin length 23.8 24.8 21.6 23.9 26.0 25.5 23.9 22.1
  Pelvic-fin length 15.9 16.4 16.3 15.9 17.9 17.3 18.9 16.4
  Body depth of A origin 15.3 14.7 15.9 15.6 15.8 16.6 16.5 17.5
  Body width of A origin 12.3 11.4 12.8 12.4 13.5 11.4 12.4 12.0
  Length of P2 origin to anus 30.3 32.7 32.8 35.2 29.2 31.5 32.2 31.8
As % in HL
  Snout length 35.7 35.6 32.4 31.3 37.5 34.8 32.7 31.3
  Eye diameter 19.1 20.0 21.1 19.3 20.0 20.6 22.0 19.4
  Postorbital length 49.1 48.9 48.1 46.0 45.6 45.8 49.3 50.0
  Cheek depth 28.3 28.4 27.6 28.4 31.3 29.7 26.7 26.9
  Head width in maximum 65.2 62.2 70.8 68.2 61.3 58.1 65.3 51.9
  Head depth in maximum 51.7 48.9 56.8 51.1 54.4 52.3 54.0 59.4
  Bony interorbital width 4.3 3.6 4.9 4.5 5.0 5.2 4.7 5.0
  Upper jaw length 40.9 44.0 37.8 35.8 45.6 41.9 38.0 38.8
As % in Caudal peduncle length
  Caudal peduncle depth 48.8 51.6 50.0 47.3 54.8 56.4 54.5 58.7

Paratypes
Hinai-gawa River Urauchi-gawa River

Abbreviations: SL: standard length; D1: first dorsal-fin; D2: second dorsal-fin, A: anal fin, P2: pelvic fin. *Longest ray is indicated in
parentheses.
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Table 2. Measurements for Rhingobius aonumai ishigakiensis

proportion and fins (holotype and six paratypes), the first 
dorsal fin, branching of the pectoral-fin rays, length of 
the pelvic fin, first branches of fifth segmented pelvic-fin 
ray and sensory canal pores (holotype and 11 paratypes), 
squamation (five paratypes), sensory-papillae rows and 
coloration when preserved in alcohol (holotype and a 
paratype), coloration when freshly collected (holotype 
and six paratypes), and coloration when alive (two 
underwater photographs).

The heights of waterfalls in Iriomote-jima Island 
refer to Kano et al. (2012), except for the Kanpire Fall 
of Urauchi-gawa River. The heights of Kanpire Fall 

and waterfalls of Sakuta-gawa River in Ishigaki-jima 
Island was calculated using the GSI Maps (Geospatial 
Information Authority of Japan, 2021).

Comparative materials were treated as supplementary 
materials.

Results

Rhinogobius aonumai sp. nov.
(New Standard Japanese name: Painu-kibara-

yoshinobori)

Cat. No. SPMN-PI
49269

KPM-NI
65588

SPMN-PI
49270

OMNH-P
40912

OMNH-P
40914

OMNH-P
40911

OMNH-P
40913

Type status Holotype

Locality

Sex Male Male Female Male Female Male Female

SL (mm) 51.5 55.9 45.0 38.0 38.4 39.9 33.3

As % in SL

  Head length 32.4 34.0 31.8 31.8 33.9 33.6 31.5

  Predorsal length 41.7 42.9 40.0 41.3 40.4 41.4 42.0

  Length of snout to D2 origin 60.4 61.7 61.1 62.1 59.9 60.7 60.1

  Length of snout to anus 57.1 60.6 59.8 61.1 59.9 59.1 58.6

  Length of snout to A origin 61.7 64.4 65.6 64.2 63.5 62.9 61.9

  Prepelvic length 30.3 32.2 29.1 29.2 26.0 28.8 24.9

  Caudal peduncle length 26.2 25.4 26.2 25.0 23.4 24.8 26.4

  Caudal peduncle depth 12.6 12.9 13.3 13.9 14.3 14.3 13.5

  Length of D1 base 15.9 14.0 15.8 15.5 14.8 15.0 15.0

  Length of longest D1 spine* 25.6 (3rd) 20.8 (2nd) 17.8 (2nd) 31.1 (2nd) 15.6 (2nd) 24.3 (2nd) 14.1 (3rd)

  Length of D2 base 16.5 15.4 16.4 17.4 17.2 16.8 15.0

  Length of longest D2 ray* 16.1 (8th) 19.7 (7th) 17.1 (2th) 21.1 (7th) 18.0 (3rd) 20.6 (7th) broken

  Length of last D2 ray 14.0 18.2 10.2 19.2 12.2 19.3 8.7

  Length of A base 14.2 12.0 12.0 16.3 16.4 15.8 13.5

  Length of longest A ray* 15.0 (7th) 17.2 (6th) 16.0 (6th) 17.6 (7th) 16.7 (6th) 17.5 (7th) 14.7 (4th)

  Caudal-fin length 24.3 23.3 23.3 27.4 26.0 26.3 24.0

  Pectoral-fin length 25.0 23.3 24.4 27.4 24.2 23.8 23.1

  Pelvic-fin length 15.5 15.7 18.0 18.2 16.9 16.8 16.2

  Body depth of A origin 15.9 16.8 17.3 16.6 17.4 16.8 18.0

  Body width of A origin 11.7 10.7 12.4 11.6 10.7 12.0 11.4

  Length of P2 origin to anus 29.1 30.1 30.7 31.8 33.9 30.1 34.5

As % in HL

  Snout length 34.1 36.8 35.0 37.2 30.0 35.8 28.6

  Eye diameter 18.0 18.9 21.0 22.3 21.5 23.9 24.8

  Postorbital length 50.3 46.8 48.3 54.5 46.2 47.8 48.6

  Cheek depth 26.3 28.9 25.9 29.8 23.1 28.4 22.9

  Head width in maximum 62.3 58.4 66.4 59.5 54.6 63.4 52.4

  Head depth in maximum 51.5 52.1 55.9 60.3 53.8 53.0 58.1

  Bony interorbital width 4.8 3.2 5.6 4.1 3.8 4.5 4.8

  Upper jaw length 41.3 44.7 37.1 46.3 33.1 43.3 37.1

As % in Caudal peduncle length

  Caudal peduncle depth 48.1 50.7 50.8 55.8 61.1 57.6 51.1

Paratypes

Sakuta-gawa River Miyara-gawa River Sokobaru-gawa River

Abbreviations: SL: standard length; D1: first dorsal-fin; D2: second dorsal-fin, A: anal fin, P2: pelvic fin. *Longest ray is
indicated in parentheses.
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Holotype. OMNH-P 40256, male, 65.9 mm SL, Hinai-
gawa River, Iriomote-jima Island, the Yaeyama Group of 
the Ryukyu Islands, Japan, upper reaches above Pinaisara 
Fall (total vertical height 58.7 m), 24°22' 54.99"N 123°49' 
13.29"E, 104 m above sea level, 19 Aug. 2012, Fig. 1.

Paratypes. Total 28 specimens (15 males and 13 
females, 35.9–70.5 mm SL), collected from Iriomote-
jima Island. Aira-gawa River: OMNH-P 40849 (Fig. 6B) 
and 40852 (Fig. 6A), female and male, 42.3 and 47.5 mm 
SL, stained with Alizarin Red S., 24°20'54"N 123°54'1"E, 
54 m above sea level, 7 May 2014; Geta-gawa River: 
OMNH-P 40832 (Fig. 6C) and 40836 (Fig. 6D), male and 
female, 58.0 and 40.5 mm SL, stained with Alizarin Red S., 
upper reaches above Geta Fall (total vertical height 32.7 m), 
24°23'18.59"N 123°51' 36.09"E, 100 m above sea level, 6 
May 2014; Hinai-gawa River: KPM-NI 59987 (formerly 
OMNH-P 40254), and 59988 (formerly OMNH-P 40255) 
(Fig. 2), male and female, 66.0 and 56.5 mm SL, collected 
with the holotype; OMNH-P 40257, female, 61.5 mm SL, 
collected with the holotype; OMNH-P 43694, male, 70.5 
mm SL, stained with Alizarin Red S., same locality with 
the holotype, 13 Aug. 1993; NSMT-P 138485 (Fig. 6E) and 
138486 (Fig. 6F), male and female, 56.0 and 55.5 mm SL, 
stained with Alizarin Red S., collected with the holotype; 
Kuira-gawa River: KPM-NI 59984 (Fig. 6H), 59985 (Fig. 
6G) and 59986, female, male and female, 38.5, 35.9 and 
39.0 mm SL, two females are stained with Alizarin Red 
S., 24°17'23.18"N 123°45'4.25"E, 30 m above sea level, 
23 July 2003; Kura-gawa River: OMNH-P 43162 (Fig. 
6I) and 43165 (Fig. 6J), male and female, 42.0 and 36.0 
mm SL, stained with Alizarin Red S., upper reaches above 
Kura Fall (total vertical height 7.6 m), 24°23'53.07"N 
123°50' 47.73"E, 15 m above sea level, 28 July 2015; 
Nakara-gawa River: OMNH-P 43153 (Fig. 7A) and 43156 
(Fig. 7B), male and female, 47.3 and 37.0 mm SL, stained 
with Alizarin Red S., upper reaches above Nakara Fall (total 
vertical height 27.9 m), 24°19'30.16"N 123°47' 9.93"E, 
52 m above sea level, 31 July 2015; Nishida-gawa River: 
OMNH-P 40533 (Fig. 7C) and 40537 (Fig. 7D), male and 
female, 58.3 and 50.3 mm SL, stained with Alizarin Red S., 
upper reaches above Sangara Fall (total vertical height 7.2 
m), 24°23'1.37"N 123°49' 58.81"E, 30 m above sea level, 
1 Aug 2013; Urauchi-gawa River: OMNH-P 40040 (Fig. 
7E), male, 46.3 mm SL, upper reaches above Kampire 
Fall (total vertical height 13.0 m), 24°21'17.18"N 123°48' 
27.00"E, 65 m above sea level, 28 March 2012; SPMN-PI 
46248 (formerly OMNH-P 40042) and SPMN-PI 46249 
(formerly OMNH-P40043) (Fig. 7F), male and female, 
48.0 and 46.0 mm SL, collected with OMNH-P 40040; 
OMNH-P 43689, 43690, 43691 and 43796, three males 

and female, 51.3, 47.5, 51.1 and 47.5 mm SL, three males 
are stained with Alizarin Red S., upper reaches above 
Mariudo Fall (total vertical height 19.4 m), 24°21'25.49"N 
123°48' 12.27"E, 34 m above sea level, 10 Aug 1993; 
Yuchin-gawa River: OMNH-P 40323 (Fig. 7G) and 40327 
(Fig. 7H), male and female, 63.0 and 49.2 mm SL, stained 
with Alizarin Red S., upper reaches above Yuchin Right 
Falls (total vertical height 44.2 m), 24°21'58.82"N 123°53' 
2.39"E, 253 m above sea level, 27 March 2013. 

Diagnosis. Rhinogobius aonumai is distinguished from 
all congeneric species by having the following combination 
of features: 9–15 predorsal scales; 32–38 longitudinal 
scales; 26–28 vertebrae, mode 27; sensory-papillae rows 
on cheek arranged longitudinally, with no transverse rows; 
yellow-colored body in freshly-collected; no dark spot on 
first dorsal fin; caudal fin with 4–14 and 3–10 vertical rows 
of dark spots or forming dark zigzag bands in males and 
females, respectively; a pair of short, vertically aligned, 
rod-shaped dark mark on caudal-fin base in females.

Rhinogobius aonumai aonumai subsp. nov.
(New Standard Japanese name: Iriomote-painu-

kibara-yoshinobori)
(Figs. 1–8 & 17A; Tables 1 & 3)

Rhinogobius brunneus (not of Temminck & Schlegel): 
Hayashi, 1984: 259 (in part: Medium Egg Type, 
Iriomote-jima Island, the Yaeyama Group of the 
Ryukyu Islands, Japan).

Rhinogobius sp. YB: Iwata, 1989: 598 (in part: 
Iriomote-jima Island); Akihito et al., 1993: 1082 
(in part: Iriomote-jima Island); Akihito et al., 2000: 
1255 (in part: Iriomote-jima Island); Akihito et al., 
2002: 1255 (in part: Iriomote-jima Island); Suzuki 
et al., 2004: 460 (in part: Iriomote-jima Island); 
Akihito et al., 2013: 1461 (in part: Iriomote-jima 
Island) ; Suzuki et al., 2021: 466 (in part: Iriomote-
jima Island).

Holotype. As for Rhinogobius aonumai sp. nov.
Paratypes. As for Rhinogobius aonumai sp. nov.
Photograph Records from Image Database of 

Fishes. Arabara-gawa River: KPM-NR 211716–211721, 
3 males and 3 females, 28.0–43.0 mm SL, 24°22'14.43"N 
123°45' 47.16"E, 118 m above sea level, 18 February 
2013, Yo Y. Yamasaki; Hora-gawa River: KPM-NR 
211722– 211733, 4 males and 8 females, about 40–55 mm 
SL, upper reaches above Hora Fall (total vertical height 
23.3 m), 24°22'10.71"N 123°54' 3.61"E, 174 m above sea 
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level, 12 June 2011, Yuichi Kano; Namure-gawa River, a 
tributary of the Nakama-gawa River System: KPM-NR 
211734–211738, 3 males and 2 females, about 40 mm 
SL, 24°17'50.7"N 123°49' 43.4"E, 15 m above sea level, 
15 March 2020, Yoshiyuki Akatuka; Nishifunatsuki-gawa 
River, a tributary of the Nakama-gawa River System: 
KPM-NR 211739 and 211740, male and female, about 40 
mm SL, 24°18'33.9"N 123°51' 31.0"E, 87 m above sea 
level, 27 June 2020, Yoshiyuki Akatuka.

Diagnosis. Rhinogobius aonumai aonumai is 
distinguished from all congeneric species-group taxa 
(species and subspecies) by having the following 

Fig. 1. Holotype of Rhinogobius aonumai aonumai (OMNH-P 40256, male, 65.9 mm SL) collected from Hinai-gawa River, Iriomote-
jima Island, the Ryukyu Islands, Japan. A and B: freshly-collected; C: alcohol-preserved. Photographed by T. Suzuki.

combination of features: 9–15 predorsal scales; 32–37 
longitudinal scales; 11+15–17=26–28 vertebrae, mode 
27; anteriormost two pterygiophores (proximal radials) 
of second dorsal fin mounted over neural spine of tenth 
(sometimes nineth and tenth) vertebra; fifth segmented 
pelvic-fin ray divided into 3–4 (usually four) branches at 
the position where proximal most segment of each branch 
alignes transversely; sensory-papillae rows on cheek 
arranged longitudinally, with no transverse rows; yellow-
colored body in freshly-collected; no dark spot on first 
dorsal fin; caudal fin with 4–14 and 3–10 vertical rows 
of dark spots or forming dark zigzag bands in males and 
females, respectively; a pair of short, vertically aligned, 
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rod-shaped dark mark on caudal-fin base in females.
Description. First dorsal-fin rays V(2), VI*(25) or VII 

(2); second dorsal-fin rays I, 7* (1), I, 8 (21) or I, 9 (7); 
anal-fin rays I, 8* (21) or I, 9 (8); pectoral-fin rays (left/
right) 18/19 (2), 19/18 (1), 19/19 (16), 20/19 (2) or 20/20* 
(7); pelvic-fin rays I, 5 (28); segmented caudal-fin rays 
(upper part + lower part) 8+8 (1) or 9+8* (27); branched 
caudal-fin rays (upper part + lower part) 6+6 (1), 7+7* 
(15), 7+8 (2), 8+7 (5), 8+8 (4) or 9+8 (1); longitudinal 
scales 32 (1), 33 (6), 34 (7), 35 (6), 36* (7) or 37 (1); 
transverse scales 9 (4), 10 (12), 11 (8) or 12* (3); scales 
between origin of dorsal fin and dorsal insertion of pectoral 
fin 7 (8), 8 (9), 9* (9), or 10 (2); predorsal scales 9 (2), 
10 (3), 11* (9), 12 (5), 13(5), 14(3) or 15 (1); number of 

the first branches of fifth segmented pelvic-fin ray (left/
right) at the position where proximal most segment of 
each branch alignes transversely (Fig. 3A) 3/3 (7), 3/4 (1), 
4/3 (2) or 4/4* (18); P-V 3/122000/10 (1), 3/122100/10 
(1), 3/122110/10 (1), 3/122111/10(1), 3/21210/9&10 
(3), 3/212100/10 (1), 3/212101/10 (1), 3/212110/10 (1), 
3/221010/10 (1), 3/22110/9&10* (3) or 3/221100/10 (8); 
vertebrae (abdominal + caudal = total vertebrae) 11+15=26 
(1), 11+16=27* (18) or 11+17=28 (2). 

Head slightly large and slightly depressed; body slightly 
slender, slightly compressed anteriorly, and compressed 
posteriorly (see “Variations between rivers”). Snout nearly 
pointed, long and longer than eye diameter; snout length of 
males greater than that of females. Eye large, dorsolateral 

Fig. 2. Female paratype of Rhinogobius aonumai aonumai (KPM-NI 59988, 56.5 mm SL) collected from Hinai-gawa River, Iriomote-
jima Island, the Ryukyu Islands, Japan. A and B: freshly-collected; C: alcohol-preserved. Photographed by T. Suzuki.



T. Suzuki et al.16

on head, and located slightly behind a vertical through 
midpoint between snout tip and posterior margin of 
preopercle. Cheek somewhat bulbous and fleshy. Lips thick 
and fleshy; anterior tips of both lips even or usually lower 
lip slightly protruding anteriorly*; gape slightly oblique; 
posterior margin of lower jaw extending posteriorly to 
a vertical through anterior margin of eye in females and 
slightly beyond it* in males. Anterior naris a short tube 
without skin flap at its tip, and its base located slightly 
behind the midpoint between snout tip and anterior margin 
of eye. Posterior naris a round pore with low rim and 
located at the midpoint between base of anterior naris and 
anterior margin of eye. Gill opening extending anteriorly 
to a vertical through posterior margin of preopercle. Gill 
membranes broadly attached to isthmus. No fleshy papillae 
or finger-like projections on lateral margin of shoulder 

Fig. 3. Ventral view of pelvic fin (A) and dorsal view of 
head (B), in Rhinogobius aonumai aonumai stained with 
Alizarin Red S. OMNH-P 43694, paratype, male, 70.5 
mm SL. White lines indicate position where proximal 
most segment of each branch alignes transversely with 
the fifth segmented ray. Black wedge indicates slits 
between branches. Black circles with black letters H′, 
K′, and L′ indicate sensory-canal pores. P1, P2, and 
P3 indicate anteriormost point of anterior extension of 
scaly area along predorsal midline, anteriormost point of 
anterior extensions of scaly area on temporal region, and 
greatest concaved point of scaly area between P1 and P2, 
respectively. Photographed and annotated by T. Suzuki. 

girdle. Tongue free from floor of mouth, with rounded 
anterior margin. Genital papillae cone-shaped* in males 
and oval in females. 

Origin of first dorsal fin about an eye diameter behind 
a vertical through dorsal insertion of pectoral-fin; first 
dorsal fin in males near falcate shape, pentagon (becoming 
slightly narrower distally) shape or semioval*, and higher 
than second dorsal fin, whereas, in females, semicircular 
or semioval, and slightly higher than, or slightly lower 
than second dorsal fin in height; usually second, or third* 
spine longest; all dorsal-fin spines slender and flexible; 
usually not filamentous*, or distal tip of second or third 
spine slightly filamentous; posterior tip (= distal tip of 
second, usually third, or fourth* spines) of first dorsal fin 

Fig. 4. Lateral view of body (A, C) and ventral view of belly (B, 
D) in Rhinogobius aonumai aonumai stained with Alizarin 
Red S. A and B: NSMT-P 138485, paratype, male, 56.0 mm 
SL, Hinai-gawa River; C and D: OMNH-P 40852, paratype, 
male, 47.5 mm SL, Aira-gawa River. Pink spots indicate the 
lateral anterior margin of ctenoid scale area. Photographed 
and annotated by T. Suzuki.
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in males extending between front of origin* and base of 
third segmented ray of second dorsal fin when adpressed, 
whereas, in females, posterior tip (= distal tip of third, 
fourth, fifth or usually sixth spines) not extending to origin 
of second dorsal fin when adpressed. First and second 
dorsal fins not connected by membrane (see “Variations 
between rivers”); all segmented rays of second dorsal fin 
branched; seventh* or eighth, and second, fourth or sixth 
segmented rays longest in males and females, respectively; 
posterior tip (= distal tip of last* or penultimate segmented 
ray) of second dorsal fin usually not extending* to caudal 
fin, or to it when adpressed; posterior end of second 
dorsal-fin above posterior end of anal-fin base. Origin 
of anal fin below between bases of first and second 

Fig. 5. Dorsal (top), lateral (middle), and ventral (bottom) views 
of head of Rhinogobius aonumai aonumai stained with 
cyanine blue showing cephalic sensory pores and papillae. 
OMNH-P 40256, holotype, male, 65.9 mm SL Red circles 
with red letters indicate sensory canal pores (letters with 
prime marks indicate terminal openings of sensory canals); 
rows of yellow spots indicated by yellow letters represent 
sensory papillae rows; black arrows show ventralmost 
positions of gill opening. Abbreviations: AN, anterior narial 
pore; PN, posterior narial pore. Photographed and annotated 
by T. Suzuki.

segmented rays of second dorsal fin; anal fin equal to*, or 
usually slightly lower than second dorsal fin in height; all 
segmented anal-fin rays branched; fifth, sixth or seventh* 
and fourth or sixth segmented rays longest in males and 
females, respectively; posterior tip (= distal tip of last or 
penultimate* segmented ray) of anal fin not extending to 
caudal fin when adpressed. Pectoral fin oval, extending 
posteriorly to a vertical between base of sixth spine and 
posterior end of base* of first dorsal fin; all pectoral-
fin rays branched, except for dorsalmost ray usually not 
branched (left side*), or branched once (right side*); 
ventralmost ray not branched (both side*), or branched 
once. Pelvic fins fused medially by well-developed frenum 
(between spines) and connecting membrane (between 
innermost rays), forming a circular cup-like disc; pelvic 
fins extending posteriorly to a vertical between bases of 
second and fifth spines of first dorsal fin (base of third 
spine*) (see “Variations between rivers”); pelvic fins 
not reaching to anus; pelvic-fin spine with a rounded 
membranous lobe at its tip; all segmented rays of pelvic fin 
branched. Caudal fin elliptical or fan-shaped*.

Scales on body largely ctenoid, becoming smaller 
anteriorly; anterior edge of scaled areas with ctenoid 
scales on lateral, dorsal and ventral sides of body reaching 
respectively to a vertical between a little behind pectoral-
fin axilla and origin of second dorsal fin, to second dorsal-
fin base, and to anal-fin base (see “Variations between 
rivers”; Figs. 4A, 4C). Small cycloid scales on anterodorsal 
part of body before the area with ctenoid scales. Predorsal 
squamation with trifurcate anterior edge; its mid-anterior 
extension (Fig. 3B: P1) extending anteriorly to between 
transverse lines through sensory-canal pores H′ and 
L′; anterior extensions of lateral sides (Fig. 3B: P2) 
extending anteriorly to posterior oculoscapular canal; 
greatest concaved point of anterior margin of scaled area 
of predorsal region between P1 and P2 (Fig. 3B: P3) 
extending posteriorly to above between sensory-canal pore 
H′ and upper end of pectoral-fin axilla. Pectoral-fin base 
usually naked, or with one or two small cycloid scales. 
Prepelvic area usually naked, or with some small cycloid 
scales. Scaled area on belly with small cycloid scales 
usually extending anteriorly to, or not, side of prepelvic 
area; belly above pelvic fin naked, and its following 
anterior part of ventral midline of belly usually naked, or 
with some small cycloid scales (see “Variations between 
rivers”; Figs. 4B, 4D).

Cephalic sensory systems are illustrated in Fig. 5. Nasal 
extension of anterior oculoscapular canal with terminal 
pore B′ located above both nares. Anterior interorbital 
sections of the anterior oculoscapular canal separated 
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bilaterally, with paired pore C and a single pore D. Pore E 
present just behind posterior edge of eye. Lateral section 
of anterior oculoscapular canal with anterior pore F and 
terminal pore H′. Posterior oculoscapular canal with two 
terminal pores K′ and L′. A gap between anterior and 
posterior oculoscapular canals much narrower than the 
length of the posterior oculoscapular canal. Preopercular 
canal present, with three pores M′, N, and O′. In the three 
paratypes, there is an accessory pore on the canal between 
pores C and D, pores D and E, and pores M′ and N. 
Sensory-papillae row “a” oblique and uniserial, composed 
of loosely-arranged papillae, and extending anteriorly to 
a vertical through midpoint between anterior margin of 
eye and anterior margin of pupil. Row “b” longitudinal, 
composed of densely-arranged papillae, extending 
anteriorly to a vertical through the center of pupil, and 

longer than eye diameter in length. Row “c” composed 
of loosely-arranged papillae, extending posteriorly to 
a vertical through posterior margin of the eye. Row 
“d” composed of densely-arranged papillae, extending 
posteriorly to a vertical through posterior margin of the 
pupil. Row “cp” comprising a single papilla. Row “f” 
comprising paired papillae. Anterior end of row “oi” a little 
separated from a vertical row “ot”.

Coloration of male when freshly collected (Figs. 1A, 
1B, 6A, 6C, 6E, 6G, 6I, 7A, 7C, 7E, 7G). Ground color of 
head and body usually reddish yellow. Belly pale yellow, 
and its side greenish. Head grayish; cheek, operculum 
and gill membrane usually with densely-arranged, many 
small reddish orange dots (see “Variations between 
rivers”). Snout with a broad oblique reddish orange stripe 
between anterior margin of eye and anteriormost part 

Fig. 6. Freshly-collected paratypes of Rhinogobius aonumai aonumai from Iriomote-jima Island, the Ryukyu Islands, Japan. Aira-
gawa River: A (OMNH-P 40852, male, 47.5 mm SL) and B (OMNH-P 40849, female, 42.3 mm SL); Geta-gawa River: C 
(OMNH-P 40832, male, 58.0 mm SL) and D (OMNH-P 40836, female, 40.5 mm SL); Hinai-gawa River: E (NSMT-P 138485, 
male, 56.0 mm SL) and F (NSMT-P 138486, female, 55.5 mm SL); Kuira-gawa River G: (KPM-NI 59985, male, 35.9 mm 
SL) and H (KPM-NI 59984, female, 38.5 mm SL); Kura-gawa River: I (OMNH-P 43162, male, 42.0 mm SL) and J (OMNH-P 
43165, female, 36.0 mm SL). Photographed by T. Suzuki.
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of snout. Several irregular-shaped, short reddish orange 
stripes and minute spots on dorsal surface of snout and 
interorbital space, occipital region and nape; anterodorsal 
margin of cheek with a narrow reddish orange line edged 
ventrally by a bluish green line; temporal region above 

operculum with usually a short reddish orange stripe*, 
or dashed line; upper part of operculum with usually an 
oblique reddish orange stripe, or dashed line*. Almost all 
scale pockets on body with reddish orange spots. Ground 
color of fin membranes pale yellow, partially with bluish 

Fig. 7. Freshly-collected paratypes of Rhinogobius aonumai aonumai from Iriomote-jima Island, the Ryukyu Islands, Japan. Nakara-
gawa River: A (OMNH-P 43153, male, 47.3mm SL) and B (OMNH-P 43156, female, 37.0 mm SL); Nishida-gawa River: C 
(OMNH-P 40533, male, 58.3 mm SL) and D (OMNH-P 40537, female, 50.3 mm SL); Urauchi-gawa River: E (OMNH-P 40040, 
male, 43.6 mm SL) and F (SPMN-PI 46249, female, 46.0 mm SL); Yuchin-gawa River: G (OMNH-P 40323, male, 63.0 mm SL) 
and H (OMNH-P 40327, female, 49.2 mm SL). Photographed by T. Suzuki.

Fig. 8. Underwater photographs of Rhinogobius aonumai aonumai taken at Iriomote-jima Island, the Ryukyu Islands, Japan. Hinai-
gawa River: A (male, about 60 mm SL) and B (female, about 45 mm SL); Urauchi-gawa River: C (male, about 50 mm SL) and 
D (female, about 40 mm SL). Photographed by M. Suzuki.
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sheen. Spines and segmented rays gray. Anterodorsal part 
of first dorsal fin and distal margin of second dorsal bright 
yellow; distal margin of anal fin white; distal margin of 
caudal fin usually bright yellow, or ventral margin white*; 
membranes around spines and segmented rays of first 
dorsal and anal fins, and upper and lower parts of caudal 
fin reddish orange. Second dorsal fin with usually 1–6 (5*) 
longitudinal rows of reddish orange spots* or forming 
zigzag stripes; indistinct pale orange mottles above these 
spots or stripes. Central part of caudal fin with usually 
4–14 (13*) vertical rows of reddish orange* or pale orange 
spots, or forming zigzag bands. Pectoral-fin base with a 
distinct reddish orange bow-shaped mark, and one or two* 
vertical rows of reddish orange spots behind it. 

Coloration of female when freshly collected (Figs. 
2A, 2B, 6B, 6D, 6F, 6H, 6J, 7B, 7D, 7F, 7H). Resembles 
that of male, except as follows. Orange marks of head and 
body darker. Orange dots on cheek fewer in number; on 
operculum fewer in number or absent; gill membranes 
with no orange dots. Ventral side of body usually with 
no orange dots. Spines and segmented rays of fins except 
for those of first dorsal and pelvic fins yellowish. Second 
dorsal fin with 3–5 longitudinal rows of reddish orange 
spots or forming zigzag stripes; membrane above these 
spots or stripes pale pink. Caudal-fin base with a pair of 
short, vertically aligned, rod-shaped deep reddish orange 
mark; central part of caudal fin with 3–10 vertical rows of 
pale pink spots or forming zigzag bands, membrane behind 
these spots or bands usually pale pink, or forming indistinct 
mottles. Pectoral-fin base with a deep reddish orange band 
or a vertical row of or reddish orange spots behind a bow-
shaped mark.

Coloration when alive based on underwater 
photographs (Fig. 8). Coloration when alive in the 
populations of Hinai-gawa and Urauchi-gawa rivers in 
Iriomote-jima Island resembles that of freshly-collected 
coloration, except as follows. In the population of Hinai-
gawa River, ground color of head and body light grayish 
green; belly bright yellow. In the population of Urauchi-
gawa River, head and body greenish; belly bright yellow; 
orange and pink color darker; anterodorsal part of first 
dorsal fin and distal margin of second dorsal fin bright 
greenish in males. 

Coloration when preserved in alcohol (Figs. 1C, 2C). 
Ground color of head and body turned to yellowish gray; 
blue, green, pink, yellow and white color faded; orange 
and red color turns to brown or gray. Upper half of body 
with 1–2, and 3–4 longitudinal row(s) of brown spots in 
males and females, respectively.

Variations between rivers. In females of the population 

of Hinai-gawa River, head length is shorter [28.1–28.9 % 
in SL (average 28.6 %) vs 29.0–31.6 % (average 30.8 %) 
than those of the other populations]; head, body, and caudal 
peduncle are lower in depth [head depth 14.2–14.8 % 
(average 14.5 %) vs 16.4–18.7 % (average 17.5 %), body 
depth at origin of pelvic-fin 14.2–14.8% (average 14.5 %) 
vs 16.4–18.7 % (average 17.6 %), caudal peduncle depth 
11.0–11.4 % (average 11.2 %) vs 10.7–12.8 % (average 
12.2 %)]; interspace between dorsal fins longer [8.2–8.6 
% (average 8.5 %) vs 4.9–8.1 % (average 6.5 %)] than 
females of the other populations.

In the population of Hinai-gawa River, pelvic fins are 
shorter, extending usually posteriorly to a vertical between 
bases of the second and third spines of the first dorsal fin, 
whereas the fins extend posteriorly to a vertical between 
bases of the third and fifth spines of the first dorsal fin in 
the other populations. In the populations of Kuira-gawa 
and Aira-gawa rivers, anterior margin of the ctenoid scale 
area extends to a little behind pectoral-fin axilla (Fig 4A), 
whereas the area extends to a vertical between origins of 
first and second dorsal fins in the other population (Fig. 
4C); ventral midline of belly largely covered with small 
cycloid scales (Fig. 4D), although naked except posterior 
part in other populations (Fig. 4B).

Furthermore, in the population of Kuira-gawa River, 
some small reddish orange dots on the cheek, the lower 
half of operculum, and gill membrane in males (Fig. 6G), 
but many densely-arranged dots are present in those of 
the other populations; females lack orange spots on the 
lower half of body, whereas many spots are seen in those 
of the other populations (Fig. 6H). 

Distribution and habitat. Rhinogobius aonumai 
aonumai is known only from Iriomote-jima Island, 
the Yaeyama Group of the Ryukyu Islands, Japan. In 
this island, it is seen in the upper reaches of freshwater 
streams above waterfalls in montane areas of Geta-gawa, 
Hinai-gawa, Kura-gawa, Nakara-gawa, Nishida-gawa, 
Urauchi-gawa and Yuchin-gawa rivers, and the upper 
reaches of swift freshwater streams without waterfalls 
of Aira-gawa and Kuira-gawa rivers. In addition, we 
identified the gobies in the photographs taken from 
Arabara-gawa, Hora-gawa, and Nakama-gawa rivers 
registered in the Image Database of Fishes, as R. a. 
aonumai. The subspecies is usually found in small pools 
of streams, called “Fuchi” in Japanese.

Etymology. The specific/subspecific name, aonumai, 
refers to Dr. Yoshimasa Aonuma, who was the pioneer 
in the taxonomic study of the genus Rhinogobius in the 
Ryukyu Islands. In his master's thesis, he was the first to 
suggest that the number of vertebrae in Rhinogobius sp. 
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Species Vertebrae Longitudinal
scales

Dark spot of
D1

Bands or vertical  rows
of dark spots on C. Reference

R. albimaculatus 28 29–31 present present Chen et al ., 1999a
R. aonumai aonumai 26–28 32–37 absent present This study
R. a. ishigakiensis 26–28 33–38 absent present This study
R. boa 27 30–33 present present Chen & Kottelat, 2005
R. bucculentus unknown 40–44 absent absent Herre, 1927
R. carpenteri 28–29 34–40 absent absent Endruweit, 2017; Seale, 1910
R. changtinensis 27 28–30 present present Huang & Chen, 2007
R. cheni 27 34–36 present present Chen et al ., 2008; Koumans, 1940; Nichols, 1931
R. chiengmaiensis 28 26–30 present present Chen et al ., 2008; Fowler, 1934； Koumans, 1940
R. cliffordpopei unknown 28–29 present present Nichols, 1925; Wu & Chen, 2008
R. coccinella 28 27–30 present present Endruweit, 2018

R. davidi 28 30–31 present absent in male;
present in female

Chen & Miller, 1998;
Sauvage & Dabry de Thiersant, 1874

R. duospilus 27 29–31 present present Herre, 1935; Huang & Chen, 2007
R. filamentosus 27 30–33 present present Chen et al ., 2008; Wu, 1939

R. flumineus 27–28 30–36 absent absent or present Akihito et al ., 2013 & Errata; Mizuno, 1960b; This
study

R. fukushimai unknown 30–31 absent present Mori, 1934; Wu & Chen, 2008
R. genanematus 27 27–29 absent present Chen & Fang, 2006; Zhong & Tzeng, 1998
R. henryi 28 30–32 present present Chen et al ., 2008； Herre, 1938
R. honghensis 28 32–34 present present Chen et al ., 1999c
R. houheensis 30 37–40 present absent Wanghe et al. , 2020
R. imfasciocaudatus 27–28 30–31 present absent Endruweit, 2018; Nguyen & Vo, 2005
R. immaculatus 27–28 29–31 absent present Li et al ., 2018

R. lentiginis 27 30–32 present absent in male;
present in female

Chen & Miller, 1998; Wu & Zheng, 1985;
Wu & Chen, 2008

R. lindbergi 27–28 30–32 present present Berg,1933; Sakai et al ., 2000
R. lineatus 28 29–32 present present Chen et al ., 1999a
R. linshuiensis 27–28 27–31 present present Chen & Miller, 2014; Chen et al ., 2002
R. liui 29 35–39 present present Chen & Wu, 2008
R. longyanensis 27 30–32 present absent Chen et al ., 2008
R. lungwoensis 28 31–34 present present Huang & Chen, 2007
R. maculagenys 27 32–34 present present Wu et al ., 2018
R. maculicervix 28 29–32 present present Chen & Kottelat, 2000
R. maxillivirgatus 27 28–30 present present Xia et al ., 2018
R. mekongianus 28 29–31 present present Chen et al ., 1999a; Pellegrin & Fang 1940
R. milleri 27 28–31 present present Chen & Kottelat, 2003
R. multimaculatus 29 33–37 present present Chen et al ., 1999b; Wu & Zheng, 1985
R. nammaensis 28 30–32 present present Chen & Kottelat, 2003
R. nanophyllum 28 29–32 present present Endruweit, 2018
R. ngutinhoceps 29 30–32 present present Endruweit, 2018

R. niger 27–28 35–37 present absent in male;
present in female Huang et al ., 2016

R. parvus 27 28–30 absent absent in male;
present in female Huang et al ., 2016; Luo, 1989

R. philippinus unknown 36–40 absent absent Herre, 1927

R. phuongae 28–29 28–32 present absent in male;
present in female Endruweit, 2018

R. ponkouensis 28 32–34 present present Huang & Chen, 2007
R. rubromaculatus 27–28 29–32 present present Lee & Chang, 1996; Wu & Chen, 2008
R. shennongensis unknown 31–33 absent present Wu & Chen, 2008; Yang & Xie, 1983
R. sowerbyi unknown 35–36 absent absent Ginsburg, 1917
R. sulcatus 27–28 26–29 present present Chen & Kottelat, 2005
R. szechuanensis 27 30–34 absent present Chen et al.,  2008; Tchang, 1939; Wu & Chen, 2008
R. taenigena 27 29 present present Chen et al ., 1999a
R. vermiculatus 28 32–34 present present Chen & Kottelat, 2003

R. wangchuangensis 27 28–30 present absent in male;
present in female Chen & Miller, 2014; Chen et al ., 2002

R. wangi 27 26–27 present present Chen & Fang, 2006
R. wuyanlingensis 27 30–32 present present Yang et al ., 2008
R. xianshuiensis 27 29–32 present present Chen et al ., 1999b; Wu & Chen, 2008
R. yaoshanensis 28 29–31 present present Chen et al ., 2008; Luo 1989
Abbreviations: D1, first dorsal fin; C, caudal fin

Table 3. Comparisons of 55 species-group taxa (species and subuspecies) of Rhinogobius with high or unknown vertebral counts 
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YB from the Yaeyama Group of the Ryukyu Islands was 
higher than those from other islands of the Ryukyu Islands 
(Aonuma, 1992).

Rhinogobius aonumai ishigakiensis subsp. nov.
(New Standard Japanese name: Ishigaki-painu-

kibara-yoshinobori)
(Figs 9–15 & 17B; Tables 2 & 3)

Rhinogobius brunneus (not of Temminck & Schlegel): 
Hayashi, 1984: 259 (in part: Medium Egg Type, 
Ishigaki-jima Island, the Yaeyama Group of the 

Ryukyu Islands, Japan).
Rhinogobius sp. YB: Iwata, 1989: 598 (in part: 

Ishigaki-jima Island); Akihito et al., 1993: 1082 
(in part: Ishigaki-jima Island); Akihito et al., 2000: 
1255 (in part: Ishigaki-jima Island); Akihito et al., 
2002: 1255 (in part: Ishigaki-jima Island); Suzuki 
et al., 2004: 460 (in part: Ishigaki-jima Island); 
Akihito et al., 2013: 1461 (in part: Ishigaki-jima 
Island); Suzuki et al., 2021: 466 (in part: Ishigaki-
jima Island).

Holotype. SPMN-PI 49269, male, 51.5 mm SL, Sakuta-

Fig. 9. Holotype of Rhinogobius aonumai ishigakiensis (SPMN-PI 49269, male, 51.5 mm SL) collected from Sakuta-gawa River, 
Ishigaki-jima Island, the Yaeyama Group of the Ryukyu Islands, Japan. A and B: freshly-collected; C: alcohol-preserved. 
Photographed by T. Suzuki.
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gawa River, Ishigaki-jima Island, the Yaeyama Group of 
the Ryukyu Islands, Japan, upper reaches above some falls 
(total vertical height about 100 m), 165 m above sea level, 
26 Oct. 2020, Fig. 9.

Paratypes. Total 11 specimens (6 males and 5 females, 
33.3–56.5 mm SL), collected from Ishigaki-jima Island. 
Miyara-gawa River: OMNH-P 40912 (Fig. 14A) and 
40914 (Fig. 14B), male and female, 38.0 and 38.4 mm 
SL, upper stream above Maezato Dam, 93 m above sea 
level, 19 June 2014; Sakuta-gawa River: OMNH-P 48920, 
48922, 48923 and 48924, three males and female, 38.0, 
37.2, 35.5 and 35.5 mm SL, stained with Alizarin Red 
S., the same locality as holotype, 18 Sep 2020, KPM-NI 

65589 and 65588 (Fig. 14C), female and male, 56.5 and 
55.9 mm SL, female is stained with Alizarin Red S., the 
same locality as holotype, 19 Oct. 2020, SPMN-PI 49270 
(Figs. 10, 14D), female, 45.0 mm SL, collected with the 
holotype; Sokobaru-gawa River, a tributary of the Miyara-
gawa River System: OMNH-P 40911 (Fig. 14E) and 
40913 (Fig. 14F), male and female, 39.9 and 33.3 mm SL, 
upper stream above Sokobaru Dam, 159.6 m above sea 
level, 22 June 2014.

Photograph Records from Image Database of 
Fishes. Ayamashi-gawa River, a tributary of the Miyara-
gawa River System: KPM-NR 217906 , male, about 40 
mm SL, 24°23′47.59″N 124°11′07.28″E, 34 m above sea 

Fig. 10. Female paratype of Rhinogobius aonumai ishigakiensis (SPMN-PI 49270, female, 45.0 mm SL) collected from Sakuta-
gawa River, Ishigaki-jima Island, the Yaeyama Group of the Ryukyu Islands, Japan. A and B: freshly-collected; C: alcohol-
preserved. Photographed by T. Suzuki.
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Fig. 11. Ventral view of pelvic fin (A) and dorsal view of 
head (B), in Rhinogobius aonumai ishigakiensis stained 
with Alizarin Red S. OMNH-P 48923, paratype, male, 
35.5 mm SL, Sakuta-gawa River. White lines indicate 
position where proximal most segment of each branch 
alignes transversely with the fifth segmented ray. Black 
wedge indicates slits between branches. Black circles 
with black letters H′, K′, and L′ indicate sensory-canal 
pores. P1, P2, and P3 indicate anteriormost point of 
anterior extension of scaly area along predorsal midline, 
anteriormost point of anterior extensions of scaly area 
on temporal region, and greatest concaved point of scaly 
area between P1 and P2, respectively. Photographed and 
annotated by T. Suzuki.

level, 17 September 2021, Naoharu Oseko; Isobe-gawa 
River: KPM-NR 217904 and 217905, male and female, 
about 35 mm SL, upper stream above Ishigaki Dam, 
24°22′28.39″N 124°09′59.25″E, 113 m above sea level, 
17 September 2021, Naoharu Oseko; Pensann-kara River, 
a tributary of the Uratabaru-gawa River System: KPM-
NR 217910 and 217911, male and female, about 40 and 
35 mm SL, 24°22′37.00″N 124°09′39.45″E, 90 m above 
sea level, 7 March 2018, Naoharu Oseko; Todoroki-gawa 
River: KPM-NR 217907 and 217908, male and female, 
about 35 mm SL, 24°23′52.60″N 124°13′36.59″E, 25 
m above sea level, 10 March 2021, Naoharu Oseko; A 
tributary of the Todoroki-gawa River: KPM-NR 217909, 
male, about 35 mm SL, 24°23′37.23″N 124°13′04.84″E, 

25 m above sea level, 10 March 2021, Naoharu Oseko.
Diagnosis. Rhinogobius aonumai ishigakiensis is 

distinguished from all congeneric species-group taxa by 
having the following combination of features: 10–14 
predorsal scales; 33–38 longitudinal scales; 10+16–18=26–
28 vertebrae (mode 27); anteriormost two pterygiophores 
(proximal radials) of second dorsal fin mounted over 
neural spine of nineth vertebra; fifth segmented pelvic-fin 
ray divided into 2–3 (usually two) branches at the position 
where proximal most segment of each branch alignes 
transversely; sensory-papillae rows on cheek arranged 
longitudinally, with no transverse rows; yellow-colored 
body in freshly-collected; no dark spot on first dorsal fin; 
caudal fin with 7–9 and 3–6 dark zigzag bands in males 
and females, respectively; a pair of short, vertically aligned, 
rod-shaped dark mark on caudal-fin base in females.

Description. First dorsal-fin rays V (1) or VI* (11); 
second dorsal-fin rays I, 8* (9) or I, 9 (3); anal-fin rays I, 7 
(2), I, 8* (2) or I, 9 (8); pectoral-fin rays (left/right) 18/18 
(1), 18/19 (1), 19/18 (1), 19/19 (4), 19/20 (3), 20/19* (1) 
or 20/20 (1); pelvic-fin rays I, 5 (12); segmented caudal-
fin rays (upper part + lower part) 9+8* (10) or 9+9 (2); 
branched caudal-fin rays (upper part + lower part) 7+7 
(6), 8+7* (5) or 9+7 (1); longitudinal scales 33 (2), 34 (1), 
35 (6), 36 (1), 37* (1) or 38 (1); transverse scales 9 (7) 
or 10*(5); scales between origin of dorsal fin and dorsal 

Fig. 12. Lateral view of body (A) and ventral view of belly (B) 
in Rhinogobius aonumai ishigakiensis stained with Alizarin 
Red S. OMNH-P 48923, paratype, male, 35.5 mm SL, 
Sakuta-gawa River. Yellow spots indicate the lateral anterior 
margin of ctenoid scale area. Photographed and annotated 
by T. Suzuki.
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insertion of pectoral fin 8 (5) or 9* (7); predorsal scales 10 
(1), 11 (4), 12 (2) or 14* (5); number of the first branches 
of fifth segmented pelvic-fin ray (left/right) at the position 
where proximal most segment of each branch alignes 
transversely (Fig. 11A) 2/2* (10), 2/3 (1) or 3/2 (1); P-V 
3/21210/9 (1), 3/22100/9 (1), 3/22110/9 (9) or 3/22200/9* 
(1); vertebrae (abdominal + caudal = total vertebrae) 
10+16=26 (3), 10+17=27 (7) or 10+18=28* (2).

Head slightly large and slightly depressed; body slightly 
slender, slightly compressed anteriorly, and compressed 
posteriorly. Snout nearly pointed, long, and longer than 
eye diameter; snout length of males greater than that of 
females. Eye large, dorsolateral on head, and located 
slightly behind a vertical through midpoint between snout 
tip and posterior margin of preopercle. Cheek somewhat 

bulbous and fleshy. Lips thick and fleshy; anterior tips of 
both lips even* or lower lip slightly protruding anteriorly; 
gape slightly oblique; posterior margin of lower jaw 
extending posteriorly to a vertical through anterior margin 
of eye in females and slightly beyond it in males. Anterior 
naris a short tube without skin flap at its tip, and its base 
located slightly behind the midpoint between snout tip 
and anterior margin of eye. Posterior naris a round pore 
with low rim and located the midpoint between base of 
anterior naris and anterior margin of eye. Gill opening 
usually extending anteriorly to center of operculum*, or 
to a vertical through posterior margin of preopercle. Gill 
membranes broadly attached to isthmus. No fleshy papillae 
or finger-like projections on lateral margin of shoulder 
girdle. Tongue free from floor of mouth, with rounded 
anterior margin. Genital papillae cone-shaped in males and 
oval in females. 

Origin of first dorsal fin about an eye diameter behind 
a vertical through dorsal insertion of pectoral-fin; first 
dorsal fin in males usually near falcate shape, and higher 
than second dorsal fin in height, whereas, in females, 
semicircular or semioval, and usually slightly higher 
than, or slightly lower than second dorsal fin in height; 
usually second, or third* spine longest; all dorsal-fin 
spines slender and flexible; distal tip of first dorsal fin in 
males usually second or third* spine filamentous, or with 
non-filamentous spines, whereas, in females with non-
filamentous spines; posterior tip (= distal tip of second or 
third* spines) of first dorsal fin in males extending between 
bases of first and fifth segmented ray of second dorsal fin 
(forth ray*) when adpressed, whereas, in females, posterior 
tip (= distal tip of third, fourth or sixth spine) usually not, or 
extending to origin of second dorsal fin, when adpressed. 
First and second dorsal fins not connected by membrane; 
all segmented rays of second dorsal fin branched; seventh 
or eighth* and second or third segmented rays longest in 
males and females, respectively; posterior tip (= distal tip 
of last or penultimate* segmented ray) of second dorsal fin 
not extending to caudal fin when adpressed; posterior end 
of second dorsal-fin base above posterior end of anal-fin 
base. Origin of anal fin below between origin and base of 
second segmented ray of second dorsal fin (between bases 
of first and second segmented rays*); anal fin slightly 
lower than second dorsal fin in height; all segmented anal-
fin rays branched; sixth or seventh*, and fourth or sixth 
segmented rays longest in males and females, respectively; 
posterior tip (= distal tip of last or penultimate* segmented 
ray) of anal fin not extending to caudal fin when adpressed. 
Pectoral fin oval, extending posteriorly to a vertical 
between base of sixth spine of first dorsal fin and origin of 

Fig. 13. Dorsal (top), lateral (middle), and ventral (bottom) 
views of head of Rhinogobius aonumai ishigakiensis 
stained with cyanine blue showing cephalic sensory pores 
and papillae. KPM-NI 65588, paratype, male, 55.9 mm 
SL. Red circles with red letters indicate sensory canal 
pores (letters with prime marks indicate terminal openings 
of sensory canals); rows of yellow spots indicated by 
yellow letters represent sensory papillae rows; black 
arrows show ventralmost positions of gill opening. 
Abbreviations: AN, anterior narial pore; PN, posterior 
narial pore. Photographed and annotated by T. Suzuki.
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scales. Predorsal squamation with trifurcate anterior 
edge; its mid-anterior extension (Fig. 11B: P1) extending 
anteriorly to between transverse lines through sensory-
canal pore H′ and K′; anterior extensions of lateral 
sides (Fig. 11B: P2) extending anteriorly to posterior 
oculoscapular canal; greatest concaved point of anterior 
margin of scaled area of predorsal region between P1 
and P2 (Fig. 11B: P3) extending posteriorly to above 
between sensory-canal pore K′ and upper end of pectoral-
fin axilla. Pectoral-fin base usually naked, or with one 
small cycloid scale. Prepelvic area usually naked, or with 
some small cycloid scales. Scaled area on belly with 
small cycloid scales usually extending anteriorly to, or not 
side of prepelvic area; belly above pelvic fin naked, and 
its following ventral midline of belly usually with small 
cycloid scale, or its anterior part naked (Fig. 12B).

Cephalic sensory systems are illustrated in Fig. 13. Nasal 

second dorsal fin (posterior end of first dorsal-fin base*); 
pectoral-fin rays branched, except for dorsalmost and 
ventralmost rays unbranched. Pelvic fins fused medially by 
well-developed frenum (between spines) and connecting 
membrane (between innermost rays), forming a circular 
cup-like disc; pelvic fins extending posteriorly to a vertical 
between bases of second and fifth* spines of first dorsal 
fin, not reaching to anus; pelvic-fin spine with a rounded 
membranous lobe at its tip; all segmented rays of pelvic fin 
branched. Caudal fin elliptical or fan-shaped*.

Scales on body largely ctenoid, becoming smaller 
anteriorly; anterior edge of scaled areas with ctenoid 
scales on lateral, dorsal and ventral sides of body reaching 
respectively to a little behind pectoral-fin axilla, to 
between end of first dorsal fin and end of second dorsal 
fin, and to anal-fin base (Fig. 12A). Small cycloid scales 
on anterodorsal part of body before the area with ctenoid 

Fig. 14. Freshly-collected paratypes of Rhinogobius aonumai ishigakiensis from Ishigaki-jima Island, the Ryukyu Islands, Japan. Miyara-
gawa River: A (OMNH-P 40912, male, 38.0 mm SL) and B (OMNH-P 40914, female, 38.4 mm SL); Sakuta-gawa River: C (KPM-NI 
65588, male, 55.9 mm SL) and D (SPMN-PI 49270, female, 40.5 mm SL); Sokobaru-gawa River: E (OMNH-P 40911, male, 39.9 mm 
SL) and F (OMNH-P 40913, female, 33.3 mm SL). Photographed by T. Suzuki.

Fig. 15. Underwater photographs of Rhinogobius aonumai ishigakiensis taken at Ishigaki-jima Island, the Ryukyu Islands, Japan. Sakuta-
gawa River: A (male, about 40 mm SL) and B (female, about 40 mm SL). Photographed by N. Oseko.
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extension of anterior oculoscapular canal with terminal 
pore B′ located above between both nares. Anterior 
interorbital sections of anterior oculoscapular canal 
separated bilaterally, with paired pore C and a single pore 
D. Pore E present just behind posterior edge of eye. Lateral 
section of anterior oculoscapular canal with anterior pore 
F and terminal pore H′. Posterior oculoscapular canal 
with two terminal pores K′ and L′. Gap between anterior 
and posterior oculoscapular canals much narrower than 
length of posterior oculoscapular canal. Preopercular 
canal present, with three pores M′, N, and O′. As unusual 
variations, there is an accessory pore on the canal between 
pores F and H′ in a paratype, and pore N is absent in two 
paratypes. Sensory-papillae row “a” oblique and uniserial, 
composed of loosely-arranged papillae, and extending 
anteriorly to a vertical through midpoint between anterior 
margin of eye and anterior margin of pupil. Row “b” 

longitudinal, composed of densely-arranged papillae, 
extending anteriorly to a vertical through center of pupil, 
and equal to eye diameter in length. Row “c” composed 
of loosely-arranged papillae, extending posteriorly to 
a vertical through posterior margin of eye. Row “d” 
composed of densely-arranged papillae, extending 
posteriorly to a vertical through midpoint of pupil. Row 
“cp” comprising a single papilla. Row “f” comprising 
paired papillae. Anterior end of row “oi” a little separated 
from a vertical row “ot”.

Coloration of male when freshly collected (Figs. 
9A, 9B, 14A, 14C, 14E, 14G). Ground color of head and 
body usually reddish yellow. Belly pale yellow and its side 
greenish. Head grayish; cheek, lower half of operculum 
and gill membrane with sparsely-arranged, some small 
purplish red dots. Snout with a broad oblique purplish red 
stripe between anterior margin of the eye and anteriormost 
part of snout. Several irregular-shaped, short purplish red 
stripes and minute spots on dorsal surface of snout and 
interorbital space, occipital region and nape; anterodorsal 
margin of cheek with a narrow purplish red line edged 
ventrally by a bright blue line; temporal region above 
operculum with a short purplish red stripe; upper part of 
operculum with two oblique purplish red stripes. Almost 
all scale pockets on body with reddish orange spots. Lateral 
side of body below dorsal-fin base with two longitudinal 
rows of blue spots. Ground color of fin membranes 
yellowish gray, partially with bluish sheen. Spines and 
segmented rays gray. Anterodorsal part of first dorsal fin 
and distal margin of second dorsal fin pale yellow; distal 
margin of anal fin white; dorsal and middle margins 
of caudal fin pale yellow and ventral margin white; 
membranes around spines and segmented rays of first 
dorsal and anal fins, and upper and lower parts of caudal 

Fig. 16. Rhinogobius flumineus at Ina-gawa River, Ina-gawa, Hyogo Prefecture, Japan. Freshly-collected: A (OMNH-P 43228, 52.3 mm 
SL, male) and B (OMNH-P 43229, 50.6 mm SL, female), photographed by T. Suzuki.; underwater photographs: C (male, about 40 
mm SL) and D (female, about 40 mm SL), photographed by M. Suzuki.

Fig. 17. Soft X-ray nagatives of holotypes of two subspecies of 
Rhinogobius aonumai. A: Rhinogobius aonumai aonumai, B: 
Rhinogobius aonumai ishigakiensis. Red and yellow spots 
indicate abdominal and caudal vertebrae, respectively; white 
arrows show anteriormost two pterygiophores (proximal 
radials) of second dorsal fin. Photographed and annotated 
by T. Suzuki.
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fin purplish red. Second dorsal fin with three longitudinal 
rows of reddish orange* or purplish red spots, or usually 
forming zigzag stripes; a reddish orange or purplish red* 
mottles above these spots or stripes. Central part of caudal 
fin with 7–9 (8*) reddish orange or purplish red* zigzag 
bands. Upper end of pectoral-fin base with a black triangle 
mark; pectoral-fin base with a reddish orange* or purplish 
red bow-shaped mark, and in some specimens (except 
holotype), a vertical row of spots behind it. 

Coloration of female when freshly collected (Figs. 
10A, 10B, 14B, 14D, 14F). Resembles that of male, except 
as follows. Red or orange marks of head and body darker. 
Purplish red dots on cheek and operculum fewer in number, 
usually absent on operculum; gill membrane with no 
orange dots. Ventral side of body usually with no reddish 
orange spots. Second dorsal fin with 0–4 longitudinal rows 
of purplish orange spots or forming zigzag stripes. Caudal-
fin base with a pair of short, vertically aligned, rod-shaped 
grayish brown mark; central part of caudal fin with 3–6 
indistinct purplish red zigzag bands. Pectoral-fin base with 
no vertical rows of spots behind a bow-shaped mark.

Coloration when alive based on underwater 
photographs (Fig. 15). Coloration when alive in the 
populations of Sakuta-gawa River, in Ishigaki-jima Island 
resembles that of freshly-collected coloration, except as 
follows. Ground color of head and body grayish; upper 
half of body with some pale blue spots; caudal-fin base 
with a Y-shaped, reddish gray mark in male. 

Coloration when preserved in alcohol (Figs. 9C, 
10C). Ground color of head and body turned to light gray; 
blue, green, yellow and white color faded; orange and red 
color turns to brown or gray. Dorsal side of body with 1–2 
longitudinal row(s) of dark gray spots; mid lateral side of 
trunk with a brownish gray broad stripe in female.

  Distribution and habitat. Rhinogobius aonumai 
ishigakiensis is known only from Ishigaki-jima Island, 
the Yaeyama Group of the Ryukyu Islands, Japan. In this 
island, it is seen in the upper reaches of freshwater streams 
above waterfalls in montane areas of Sakuta-gawa River, 
and the upper streams above Maezato Dam of Miyara-
gawa River and Sokobaru Dam of Sokobaru-gawa River 
of Miyara-gawa River System. In addition, we identified 
the gobies in the photographs taken from Isobe-gawa, 
Todoroki-gawa and Uratabaru-gawa rivers registered in 
the Image Database of Fishes, as R. a. ishigakiensis. The 
subspecies is usually found in small pools of streams, 
called “Fuchi” in Japanese.

Etymology. The subspecific name, ishigakiensis, refers 
to the type locality (Ishigaki-jima Island, the Yaeyama 
Group of the Ryukyu Islands, Japan).

Discussion

Subgroups of Rhinogobius sp. YB. Rhinogobius 
includes both amphidromous and freshwater resident 
species (Huang & Chen, 2007; Mizuno, 1960a). The latter 
is divided further into fluvial, lake-river migrating and 
lentic species (Takahashi & Okazaki, 2002). 

Nishijima (1968) named a fluvial species of Rhinogobius 
collected from Okinawa-jima Island of Okinawa Group of 
the Ryukyu Islands as the Medium-egg type (“Chuuran-
gata” in Japanese) with a note that it was characterized by 
its intermediate size and number of eggs between the small 
eggs of amphidromous species of Japanese Rhinogobius 
and the large eggs of Rhinogobius flumineus, and that it 
can spend its whole life in freshwater stream. Nakayama 
(1975) reported that there were two morphotypes of 
the Medium-egg type with yellow or blue bellies from 
Okinawa-jima Island. Hayashi (1984) reported that the 
Medium-egg type with a yellow belly was distributed 
from Amami-oshima Island (Amami Group of the Ryukyu 
Islands) to Taiwan. Iwata (1989) assumed this as a distinct 
unnamed species, tentatively named it as “Rhinogobius 
sp. YB” with a new Japanese vernacular name “Kibara-
yoshinobori”; he stated that it was distributed in the 
Ryukyu Islands, and that its distribution in the area outside 
of Japan was unknown. Akihito et al. (1993, 2000, 2002, 
2013) reported Rhinogobius sp. YB occurred in the 
Ryukyu Islands. Suzuki et al. (2004) reported Rhinogobius 
sp. YB was distributed Amami-oshima, Kakeroma-jima, 
Tokuno-shima and Okinoerabu-jima islands of Amami 
Group, Okinawa-jima and Kume-jima islands of Okinawa 
Group, and Ishigaki-jima and Iriomote-jima islands, the 
Yaeyama Group of the Ryukyu Islands, Japan. Suzuki et 
al. (2021), an updated and revised version of Suzuki et al. 
(2004), added Tokashiki-jima Island of Okinawa Group to 
its distribution areas.

Nishida (1994) hypothesized that Rhinogobius sp. YB 
speciated multiple times from Rhinogobius brunneus as 
an ancestor species in the Ryukyu Islands, Japan. Kano et 
al. (2012) collected Rhinogobius sp. YB and R. brunneus 
from multiple rivers in Iriomote-jima Island. They showed 
that mtDNA divergence between Rhinogobius sp. YB 
populations in respective rivers was larger than between 
Rhinogobius sp. YB and R. brunneus populations. 
They estimated that Rhinogobius sp. YB populations in 
respective rivers independently speciated from a common 
migratory ancestor in the rivers where they inhabited. 
However, this hypothesis was rejected by a subsequent 
analysis using multiple nuclear gene markers (Yamasaki 
et al., 2020). Yamasaki et al. (2020) revealed that the 
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speciation of Rhinogobius sp. YB from its migratory 
ancestor, R. brunneus, occurred in parallel across five 
islands or islands groups (Amami-oshima Island, Tokuno-
shima + Okinoerabu-jima islands, Okinawa-jima Island, 
Kume-jima Island, and Ishigaki-jima + Iriomote-jima 
islands) using population genetic analysis. 

Our investigation further revealed that the population 
of Rhinogobius sp. YB of the Yaeyama Group can be 
morphologically differentiated from the congeners, 
including the population of Rhinogobius sp. YB from 
the other island groups of the Ryukyu Islands, and 
that the population of Rhinogobius sp. YB of Ishigaki-
jima and Iriomote-jima islands can be morphologically 
distinguished. Considering together with the result of 
the molecular studies made by Yamasaki et al. (2020), 
therefore, we here recognize the population of Rhinogobius 
sp. YB of the Yaeyama Group as a distinct species (R. 
aonumai), comprising two subspecies (R. a. aonumai from 
Iriomote-jima Island and R. a. ishigakiensis from Ishigaki-
jima Island).

Comparisons with the congeners. Rhinogobius is 
currently known as the most specious freshwater gobiid 
genus, comprising 88 valid species-group taxa (Suzuki et 
al., 2020; Wanghe et al., 2020; present study). As indicated 
by Chen & Shao (1996) and Suzuki et al. (2015), the 
genus is divided into two distinct groups; one comprises 
only a single species R. similis, whereas the other includes 
all the remaining species. Rhinogobius similis differs from 
the other congeners by having large ctenoid scales on the 
nape (vs. nape naked or with cycloid scales in the others) 
and several short transverse rows of sensory papillae on the 
cheek (vs. no distinct transverse rows of sensory papillae 
on the cheek). Suzuki et al. (2020) assigned all species 
of the genus but R. similis to the “Rhinogobius brunneus 
complex”, following Chen & Shao (1996). Rhinogobius 
aonumai aonumai and R. a. ishigakiensis described here 
also belong to the R. brunneus complex.

Furthermore, Suzuki et al. (2020) attempted to divide 
the R. brunneus complex into two subgroups: one almost 
always has 27 or more vertebrae (named as “Group I”), 
whereas the others have lower counts of vertebrae (25–27, 
almost always 26) (“Group II”). The groups I and II, both of 
which appear to be phylogenetic grades merely assembled 
by the vertebral counts (Suzuki et al., 2020), hitherto 
comprise at least 47 and 32 described species, respectively. 
Unfortunately, Suzuki et al. (2020) failed to assign the 
remaining six species to these subgroups due to the lack 
of information on their vertebral counts. Rhinogobius 
aonumai aonumai and R. a. ishigakiensis, having 26–28 
vertebrae (usually 27), belong to Group I, making the total 

number of species-group taxa in the group 49.
Species of Group I and the assemblage with no 

information about vertebral counts including 49+6=55 
species-group taxa are compared in Table 3. Within 55 
species-group taxa, R. a. aonumai and R. a. ishigakiensis 
are most similar to Rhinogobius flumineus (Mizuno, 
1960) and R. szechuanensis (Tchang, 1939), by having 
the following combination of characters: the number of 
longitudinal scales (32–37 in R. a. aonumai; 33–38 in 
R. a. ishigakiensis; 30–36 in R. flumineus; 30–34 in R. 
szechuanensis); no dark spot on first dorsal fin; vertical 
rows of dark spots or dark bands on caudal fin (absent or 
vertical rows of dark spots in R. flumineus). Rhinogobius 
aonumai aonumai and R. a. ishigakiensis are, however, 
distinguished from R. flumineus and R. szechuanensis 
by having more than 9 predorsal scales (9–15 in R. a. 
aonumai; 10–14 in R. a. ishigakiensis vs. 2–9 in R. 
flumineus; 0 in R. szechuanensis). Furthermore, R. 
aonumai aonumai and R. a. ishigakiensis are distinguished 
from R. flumineus by having a yellow-colored body in 
freshly-collected (vs. gray in R. flumineus), and a pair of 
short, vertically aligned, rod-shaped mark on the caudal-
fin base in females (vs. single rod-shaped mark in both 
sexes) (Fig. 16). The previously-recognized “Rhinogobius 
sp. YB” (including R. a. aonumai and R. a. ishigakiensis) 
and Rhinogobius flumineus are distinguishable by genetic 
features, and the genetic distance between them is as large 
as that between the species of Rhinogobius (Yamasaki 
et al., 2015). Rhinogobius aonumai aonumai and R. a. 
ishigakiensis are distinguished from R. szechuanensis 
by having sensory canals on the head (vs. absent in R. 
szechuanensis). In the above comparisons, data on R. 
flumineus follow Akihito et al. (2013) and its errata 
(Nakabo & Tokai University Press, 2014), Mizuno (1960), 
as well as the comparative materials examined here (see 
below), and data on R. szechuanensis follow Chen et al. 
(2008), Tchang (1939) and Wu & Chen (2008).

Rhinogobius aonumai aonumai and R. a. ishigakiensis 
are distinguished from the populations of Rhinogobius 
sp. YB from the other islands by having usually 27 
vertebrae (vs. 26 in Rhinogobius sp. YB from the other 
islands). Furthermore, Rhinogobius sp. YB populations 
showed a large divergence between the Middle Ryukyu 
and South Ryukyu (including the Yaeyama Group), and 
Rhinogobius sp. YB has speciated in five islands in the 
Ryukyu Islands (Yamasaki et al., 2020). The Yaeyama 
Group is one of them.

Rhinogobius aonumai aonumai is distinguished from R. a. 
ishigakiensis by having 11 abdominal vertebrae (vs. 10 in R. 
aonumai ishigakiensis), the anteriormost two pterygiophores 
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鈴木寿之・大迫尚晴・山﨑　曜・木村清志・渋川浩一 , 2022. 琉球列島八重山諸島から得られたハゼ科

ヨシノボリ属魚類の 2 新亜種を含む 1 新種 . 神奈川県立博物館研究報告（自然科学）, (51): 9–34. [Suzuki, 
T., N. Oseko, Yo Y. Yamasaki, S. Kimura & K. Shibukawa, 2022. A New Species with Two New Subspecies of 
Rhinogobius (Teleostei: Gobiidae) from Yaeyama Group, the Ryukyu Islands, Japan. Bull. Kanagawa Pref. Mus. 
(Nat. Sci.), (51): 9–34.]
　琉球列島八重山諸島の河川渓流域に生息するハゼ科ヨシノボリ属魚類の 2 新亜種（Rhinogobius 
aonumai aonumai と Rhinogobius aonumai ishigakiensis）をふくむ 1 新種 Rhinogobius aonumai（新

標準和名パイヌキバラヨシノボリ）を記載した。Rhinogobius aonumai aonumai（新標準和名イリオ

モテパイヌキバラヨシノボリ）は西表島のみに分布し、背鰭前方鱗数 9–15、縦列鱗数 32–37、脊

椎骨数 11+15–17=26–28（モードは 27）、第 2 背鰭前端の 2 個の坦鰭骨は第 10 脊椎骨の神経棘を

またぐ、腹鰭第 5 軟条は最初に 3 または 4 分岐（ふつう 4 分岐）する、頬の孔器列は縦列する、生

鮮時の体の地色は黄色系である、第 1 背鰭に暗色斑はない、尾鰭に暗色の横点列かジグザグ横線が

並ぶ、雌の尾鰭基底に垂直に並ぶ 1 対の暗色の短い棒状斑があるなどの特徴で同属の他種階級タク

ソン（種及び亜種）から区別できる。Rhinogobius aonumai ishigakiensis（新標準和名イシガキパ

イヌキバラヨシノボリ）は石垣島のみに分布し、背鰭前方鱗数 10–14、縦列鱗数 33–38、脊椎骨数

10+16–18==26–28（モードは 27）、第 2 背鰭前端の 2 個の坦鰭骨は第 9 脊椎骨の神経棘をまたぐ、

腹鰭第 5 軟条は最初に 2 または 3 分岐（ふつう 2 分岐）する、頬の孔器列は縦列する、生鮮時の体

の地色は黄色系である、第 1 背鰭に暗色斑はない、尾鰭に暗色のジグザグ横線が並ぶ、雌の尾鰭基

底に垂直に並ぶ 1 対の暗色の短い棒状斑があるなどの特徴で同属の他種階級タクソン（種及び亜種）

から区別できる。
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Supplementary Material 1.  Comparative materials 

Rhinogobius flumineus: 9 specimens (41.0–53.5 mm 
SL): OMNH-P 43227–43230, 2 males and 2 females, 
47.5–53.5 mm SL, Ina-gawa River, Inagawa, Hyogo 
Prefecture, Japan, 34°54'42.93"N 135°22'8.05"E, 
10 October 2015; OMNH-P 42905, male, 48.1 mm 
SL, stained with Alizarin Red S., Ina-gawa River, 
34°55'0.54"N 135°21'18.62"E, 29 August 2014; 
OMNH-P 48836 and 48838, male and female, 41.0 
and 46.5 mm SL, stained with Alizarin Red S., Kuma-
gawa River, Kumakogen, Ehime Prefecture, Japan, 
33°36'55.65"N 132°57'16.91"E, 20 February 2020; 
OMNH-P 48840 and 48841, male and female, 42.0 and 
44.5 mm SL, stained with Alizarin Red S., Shimanto-
gawa River, Nakatosa, Kochi Prefecture, Japan, 
33°21'52.10"N 133°8'4.99"E, 20 February 2020. 

Rhinogobius sp. YB: 38 specimens: (27.0–61.0 mm 
SL). Amami-oshima Island (Amami Group of the 
Ryukyu Islands, Japan): OMNH-P 43030–43033, 
three males and a female, 38.3–42.3 mm SL, 
Kawauchi-gawa River, 28°20'0.88"N 129°25'13.9"E, 
27 July 2014; OMNH-P 42870–42872, two males 
and a female, 37.0–42.8 mm SL, Akina-gawa River, 
28°24'52.3"N 129°33'36.5"E, 28 July 2014. Tokuno-
shima Island (Amami Group): OMNH-P 43021 
and 43023, male and female, 41.0–50.8 mm SL, 
Agon-gawa River, 27°42'34.93"N 128°55'6.28"E, 
30 January 2015; OMNH-P 43024 and 43026, male 
and female, 41.5 and 46.5 mm SL, Uwanaru-gawa 
River, 27°44'12.25"N 128°55'37.15"E, 27 January 

2015; OMNH-P 43016 and 43017, male and female, 
48.0 and 53.6 mm SL, Akigiyan-gawa River, 
27°46'43.33"N 128°57'28.61"E, 28 January 2015; 
OMNH-P 43027, male, 38.0 mm SL, Oose-gawa 
River, 27°43'53.78"N 128°59'38.25"E, 30 January 
2015. Okinoerabu-jima Island (Amami Group): 
OMNH-P 43011–43014, two males and two females, 
38.0–53.5 mm SL, Amata-gawa River, 27°21'46.1"N 
128°36'40.9"E, 22 or 24 January 2014. Sampling in 
Kagoshima Prefecture was approved by Kagoshima 
Prefecture. Okinawa-jima Island (Okinawa Group 
of the Ryukyu Islands, Japan): OMNH-P 38191–
39194, two males and two females, 44.5–61.0 mm 
SL, Sukuta-gawa River, 26°33'41.6"N 127°59'18"E, 
11 December 2011; OMNH-P 43048 and 43050, 
male and female, 40.0 and 45.5 mm SL, Okukubi-
gawa River, 26°28'59.24"N 127°54'20.25"E, 2 
March 2015; OMNH-P 43051–43054, two males 
and two females, 39.3–49.1 mm SL, Yofuke-gawa 
River, 26°33'31.1"N 128°00'23.3"E, 2 March 2015. 
Tokashiki-jima Island (Okinawa Group): OMNH-P 
48916–48919, three males and a female, 36.5–38.0 
mm SL, a small stream with an unknown name, 
26°10'07.8"N 127°21'18.1"E, 27 February 2018. 
Kume-jima Island (Okinawa Group): OMNH-P 
42910–42912, two males and female, 27.0–32.0 
mm SL, Suhara-gawa River, 26°18'57.87"N 
126°47'27.41"E, 5 October 2014; OMNH-P 42913–
42915, two males and female, 28.0–38.4 mm SL, 
Shirase-gawa River, 26°21'31.04"N 126°46'22.62"E, 
6 or 8 October 2014. 
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Molecular Phylogenetic and Morphological Problems of the Aki Salamander  
Hynobius akiensis: Description of Two New Species from Chugoku, Japan

Hirotaka Sugawara1), Jun-ichi Naito2), Takayuki Iwata3) & Masahiro Nagano4)

Abstract.  Two new species of the genus Hynobius are described from the southern part of Hiro-
shima Prefecture, Japan. Hynobius akiensis was divided into three groups (Hiroshima-Ehime group, 
Higashihiroshima group, Northern Hiroshima group) based on morphological and molecular analyses; 
thus, the Hiroshima-Ehime and Higashihiroshima groups were described as Hynobius geiyoensis sp. 
nov. and Hynobius sumidai sp. nov., respectively. According to morphological comparisons, males of 
H. geiyoensis sp. nov. have significantly larger snout–vent length relative to those of males of the other 
two species, whereas members of H. sumidai sp. nov., unlike H. akinesis, have a distinct brownish–
yellow stripe on the dorsal side of their tail. Following this description, the distribution area of H. 
akiensis has changed substantially; thus, the habitat status of this species or two new species should be 
reassessed for its conservation.

Key words:  cytochrome b, fragmented habitat, Hiroshima Prefecture, natural monument, 
Seto Inland Sea
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Introduction

The Aki salamander, Hynobius akiensis, was described 
from Mirasakacho Haizuka, Miyoshi-shi, Hiroshima 
Prefecture, but it is distributed in Hiroshima and Ehime 
Prefectures across the Seto Inland Sea (Setonaikai) (Matsui 
et al., 2019). Based on mitochondrial DNA analyses, this 
species has three genetically distinct groups, namely the 
Northern Hiroshima, Higashihiroshima, and Hiroshima-
Ehime groups; monophyly is strongly supported in 
the latter two groups, whereas the Northern Hiroshima 
group is not part of the monophyletic group with the 
Higashihiroshima, and Southern Hiroshima groups (Matsui 
et al., 2019). However, these results were obtained from 
analysis of only 14 samples; thus, the monophyly of the 
three groups should be reassessed using many populations 

across the entire distribution range of H. akiensis. In 
addition, the morphological uniformity of the three H. 
akiensis groups is unreliable because Matsui et al. (2019) 
did not make comparisons among them; therefore, such 
comparisons are still required.

In the present study, we evaluated the species 
validity of the three aforementioned groups using the 
morphological, phylogenetic, and evolutionary species 
concepts, similar to Sugawara et al. (2018). To resolve 
the taxonomic issues related to H. akiensis, we performed 
statistical analyses of morphological characteristics to 
compare the three groups. We also used additional DNA 
sequence data to reconstruct the phylogeny of H. akiensis 
collected from the entire distribution range of this species. 
Finally, we revealed the new distribution ranges of the 
three H. akiensis groups in detail.
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Fig. 1. Sampling map of the three Hynobius species used in 
this study. The enlarged area includes the central to the 
western part of Hiroshima Prefecture and the northernmost 
part of Ehime Prefecture. Closed symbols correspond to 
each of the three species sequenced in the current study. 
Open symbols correspond to each of the three species 
sequenced by other studies. The underlined localities 
show the sampling points of individuals for morphological 
comparisons: Pops. 1 (18 males) and 2 (1 male) for H. 
geiyoensis sp. nov.; Pop. 8 (7 males) for H. sumidai sp. 
nov.; Pops. 14 (3 males), 15 (7 males), 20 (6 males), 29 (3 
males), 30 (1 male), 34 (6 males), 39 (1 male), 54 (1 male) 
for H. akiensis.

Materials and methods

Molecular analysis
For phylogenetic analysis, we collected DNA samples 

from personal property or fields from February 2007 to 
April 2021 (Table 1; Fig. 1). We obtained a single tailbud 
embryo from each paired egg sac or tissue samples from 
larvae when tissue sampling from fields; these tissues were 
preserved in 99.5  % ethanol. The DNA extraction was 
performed using a DNeasy Blood and Tissue Kit (Qiagen, 
Hilden, Germany). For constructing phylogenetic trees, 
we sequenced a 630-bp mitochondrial cytochrome b gene 
(630 bp) using the two primers: L14010 (5′-TAHGGWGA
HGGATTWGAWGCMACWGC-3′) and H14778 (5′-AA
RTAYGGGTGRAADGRRAYTTTRTCT-3′) (Matsui 
et al., 2007). We deposited the acquired sequences into 
the DNA Data Bank of Japan (Table 1). DNA sequences 
were aligned using MEGA X (Kumar et al., 2018) and 
then phylogenetic analyses of the aligned sequences were 
conducted using Bayesian inference (BI) and maximum 
likelihood (ML) estimations with several species of 
Hynobius and Salamandrella keyserlingii as the outgroup 
(Table 1). We estimated the best-fit nucleotide substitution 
model based on the Bayesian information criterion 
(Schwarz, 1978) and corrected Akaike’s information 
criterion (AICc) (Sugiura, 1978) via jModelTest 2 (Darriba 
et al., 2012). We selected the Hasegawa-Kishino-Yano 
model (gamma distribution) for BI and Tamura-Nei model 
(invariant sites) for ML and constructed Bayesian and 
maximum likelihood trees using MrBayes 3.2 (Ronquist et 
al., 2012) and MEGA X (Kumar et al., 2018), respectively. 
For Bayesian analyses, we performed two independent 
MCMC runs for 2,000,000 generations with a sampling 
frequency of 100; we examined the stationarity of the 
likelihood scores of sampled trees using Tracer version 
1.7 (http://tree.bio.ed.ac.uk/software/tracer/) with the 
first 25 % of generations discarded as burn-in. Finally, 
we assessed monophyly using the values of posterior 
probability (PP) and bootstrap (BS) based on the criteria of 
Huelsenbeck and Rannala (2004) and Hillis & Bull (1993): 
monophyletic group = PP ≥ 0.95 and BP ≥ 70.

Morphological analysis
We sampled 54 individuals of H. akiensis from February 

2017 to April 2021: 19 individuals of the Hiroshima-
Ehime group from 2 populations (Pops. 1, 2), 7 individuals 
of the Higashihiroshima group from 1 population (Pop. 8), 
and 28 individuals of the Northern Hiroshima group from 
8 populations (Pops. 14, 15, 20, 29, 30, 34, 39, 54) (Table 
1; Fig. 1). In this study, we used only male individuals 

for morphological analyses, as did Matsui et al. (2019), 
because we could not collect enough females for statistical 
analyses. The collected individuals were measured under 
anesthesia using ethyl 3-aminobenzoate methanesulfonate 
salt (Sigma-Aldrich®, St. Louis, MO, USA) diluted 
1,000-fold with water (Bennett, 1991). For conservation, 
measured individuals were subsequently returned to their 
site of capture except for the candidate individuals of type 
specimens. Before individuals were returned, photographs 
were taken of their dorsal, ventral, and lateral sides with a 
black background, and tissue samples (preserved to 99.5 % 
ethanol) were collected from the tail tips of all individuals 
as evidence of collection. All examined individuals were 
measured using a vernier caliper with the following 22 
measurements: snout–vent length (SVL), trunk length 
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Population Species Sampling licality Accession number / Label in Fig. 2
1 Hynobius geiyoensis sp. nov. Nakano, Osakikamijima-cho, Hiroshima* LC647835 / GEI01
2 Hynobius geiyoensis sp. nov. Harada, Osakikamijima-cho, Hiroshima LC647836 / GEI02
3 Hynobius geiyoensis sp. nov. Nikacho, Takehara-shi, Hiroshima LC647837 / GEI03
4 Hynobius geiyoensis sp. nov. Goharacho, Kure-shi, Hiroshima LC647838 / GEI04
5 Hynobius geiyoensis sp. nov. Chikamicho, Imabari-shi, Ehime LC279198 / EIC2018
6 Hynobius geiyoensis sp. nov. Saijocho Goso, Higashihiroshima-shi, Hiroshima LC436389 / H24
7 Hynobius geiyoensis sp. nov. Namikatacho Hinokuchi, Imabari-shi, Ehime LC436387 / H22
8 Hynobius sumidai sp. nov. Tamaricho, Takehara-shi, Hiroshima* LC647839 / SUM01
9 Hynobius sumidai sp. nov. Saijocho Goso, Higashihiroshima-shi, Hiroshima LC436390 / H25
10 Hynobius sumidai sp. nov. Hachihonmatsucho Yoshikawa, Higashihiroshima-shi, Hiroshima LC436392 / H27
11 Hynobius sumidai sp. nov. Akitsucho Mitsu, Higashihiroshima-shi, Hiroshima LC436394 / H29
12 Hynobius akiensis Kuicho Hagura, Mihara-shi, Hiroshima LC647840 / AKI01
13 Hynobius akiensis Daiwacho Shimotokura, Mihara-shi, Hiroshima LC647841 / AKI02
14 Hynobius akiensis Daiwacho Ogu, Mihara-shi, Hiroshima LC647842 / AKI03
15 Hynobius akiensis Daiwacho Kuramune, Mihara-shi, Hiroshima LC647843 / AKI04
16 Hynobius akiensis Tsukuchi, Sera-cho, Hiroshima LC647844 / AKI05
17 Hynobius akiensis Yoshiwara, Sera-cho, Hiroshima LC647845 / AKI06
18 Hynobius akiensis Naka, Sera-cho, Hiroshima LC647846 / AKI07
19 Hynobius akiensis Nagata, Sera-cho, Hiroshima LC647847 / AKI08
20 Hynobius akiensis Miwacho Kamiichi, Miyoshi-shi, Hiroshima LC647848 / AKI09
21 Hynobius akiensis Uedamachi, Miyoshi-shi, Hiroshima LC647849 / AKI10
22 Hynobius akiensis Miwakamachi, Miyoshi-shi, Hiroshima LC647850 / AKI11
23 Hynobius akiensis Megurikamimachi, Miyoshi-shi, Hiroshima LC647851 / AKI12
24 Hynobius akiensis Kisacho Shikiji, Miyoshi-shi, Hiroshima LC647852 / AKI13
25 Hynobius akiensis Mirasakacho Mirasaka, Miyoshi-shi, Hiroshima LC647853 / AKI14
26 Hynobius akiensis Minamihatajikimachi, Miyoshi-shi, Hiroshima LC647854 / AKI15
27 Hynobius akiensis Nishisakeyamachi, Miyoshi-shi, Hiroshima LC647855 / AKI16
28 Hynobius akiensis Takamiyacho Kurumegi, Akitakata-shi, Hiroshima LC647856 / AKI17
29 Hynobius akiensis Midoricho Ikeda, Akitakata-shi, Hiroshima LC647857 / AKI18
30 Hynobius akiensis Midoricho Yokota, Akitakata-shi, Hiroshima LC647858 / AKI19
31 Hynobius akiensis Yoshidacho Aio, Akitakata-shi, Hiroshima LC647859 / AKI20
32 Hynobius akiensis Yoshidacho Oyama, Akitakata-shi, Hiroshima LC647860 / AKI21
33 Hynobius akiensis Kodacho Kamiobara, Akitakata-shi, Hiroshima LC647861 / AKI22
34 Hynobius akiensis Mukaiharacho Saka, Akitakata-shi, Hiroshima LC647862 / AKI23
35 Hynobius akiensis Yachiyocho Sasai, Akitakata-shi, Hiroshima LC647863 / AKI24
36 Hynobius akiensis Kabecho Nabara, Asakita-ku, Hiroshima-shi, Hiroshima LC647864 / AKI25
37 Hynobius akiensis Inoshiyama, Akiota-cho, Hiroshima LC647865 / AKI26
38 Hynobius akiensis Tsushimi, Kitahiroshima-cho, Hiroshima LC647866 / AKI27
39 Hynobius akiensis Minamigata, Kitahiroshima-cho, Hiroshima LC647867 / AKI28
40 Hynobius akiensis Yorohoyobara, Kitahiroshima-cho, Hiroshima LC647868 / AKI29
41 Hynobius akiensis Haruki, Kitahiroshima-cho, Hiroshima LC647869 / AKI30
42 Hynobius akiensis Kawado, Kitahiroshima-cho, Hiroshima LC647870 / AKI31
43 Hynobius akiensis Kamiishi, Kitahiroshima-cho, Hiroshima LC647871 / AKI32
44 Hynobius akiensis Motsuna, Kitahiroshima-cho, Hiroshima LC647872 / AKI33
45 Hynobius akiensis Ikadazu, Kitahiroshima-cho, Hiroshima LC647873 / AKI34
46 Hynobius akiensis Otuka, Kitahiroshima-cho, Hiroshima LC647874 / AKI35
47 Hynobius akiensis Mizoguchi, Kitahiroshima-cho, Hiroshima LC647875 / AKI36
48 Hynobius akiensis Utsunohara, Kitahiroshima-cho, Hiroshima LC647876 / AKI37
49 Hynobius akiensis Takano, Kitahiroshima-cho, Hiroshima LC647877 / AKI38
50 Hynobius akiensis Iwaya, Onan-cho, Shimane LC647878 / AKI39
51 Hynobius akiensis Asuna, Onan-cho, Shimane LC647879 / AKI40
52 Hynobius akiensis Takamiyacho Bogo, Akitakata-shi, Hiroshima LC436381 / H16
53 Hynobius akiensis Miwacho Kamiitaki, Miyoshi-shi, Hiroshima LC436383 / H18
54 Hynobius akiensis Mirasakacho Haizuka, Miyoshi-shi, Hiroshima* LC436384 / H19
55 Hynobius akiensis Kurobuchi, Sera-cho, Hiroshima LC436385 / H20
56 Hynobius akiensis Toyosakacho Kiyotake, Higashihiroshima-shi, Hiroshima LC436386 / H21

Hynobius abuensis LC436395 / H. abuensis
Hynobius hidamontanus LC225434 / H. hidamontanus
Hynobius tosashimizuensis LC436447 / H. tosashimizuensis
Hynobius utsunomiyaorum LC436376 / H. utsunomiyaorum
Salamandrella keyserlingii NC_026032 / S. keyserlingii

Table 1. List of samples used for molecular analyses

The number of males indicates the individuals used in morphological analyses. Asterisks with sampling localities indicate the type 
locality of three species.
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(R1TL), right second toe length (R2TL), right third toe 
length (R3TL), right fourth toe length (R4TL), right fifth 
toe length (R5TL), IND, IOD, left upper eyelid length 
(LUEL), right upper eyelid length (RUEL), SL, left upper 
eyelid width (LUEW), right upper eyelid width (RUEW), 
and LJL. Measurements were taken after specimens were 
fixed in 10 % formalin and transferred to 70 % ethanol.

Two holotype specimens designated in this study are 
stored in the Shobara Municipal Hiwa Museum for Natural 
History: 1119-1, Hiwacho Hiwa, Shobra-shi, Hiroshima 
Prefecture, 727-0301, Japan. All paratypes of the two new 
species and a single topotype of H. akiensis are stored in 
the Kanagawa Prefectural Museum: 499 Iryuda, Odawara-
shi, Kanagawa Prefecture, 250-0031, Japan. Further details 
are available only by contacting the corresponding author 
or the museums for avoiding overcollection of the species.

Results

The monophyly of H. akiensis was not supported 
by PP and BS values (Fig. 2); indeed, the Hiroshima-
Ehime, Higashihiroshima, and Northern Hiroshima 
groups were genetically distinguishable. In contrast, the 
monophyly of H. akiensis, Hynobius utsunomiyaorum, 
and Hynobius hidamontanus was strongly supported by 
both BI and ML (Fig. 2). The transition type of H. akiensis 
was polyphyletic, included in the clade of the Northern 
Hiroshima group of H. akiensis (Fig. 2). 

Morphological measurements of the three groups and 
significant values of all measurements among these groups 
are shown in Table 2 and Table 3, respectively. Males of the 
Hiroshima-Ehime and Higashihiroshima groups differed 
significantly in terms of nine morphological characteristics; 
males of the Hiroshima-Ehime and Northern Hiroshima 
groups differed significantly in terms of ten morphological 
characteristics; males of the Higashihiroshima and 
Northern Hiroshima groups differed significantly in terms 
of three morphological characteristics (Table 3). The 
canonical discriminant analysis also indicated that the 
three groups were different and that the distribution area of 
scores did not overlap (Fig. 3).

Morphological observations are given in Table 4. The 
Hiroshima-Ehime group always had DWDV (19/19 = 
100 %), almost always had DTBYLD (17/19 = 89.5 %), 
12 CGN (17/19 = 89.5 %), and −2–0 CFBALN (18/19 = 
94.7 %), usually had DWDL (16/19 = 84.2 %), and almost 
always had no DGM (18/19 = 94.7 %), and never had 
DTBYLV (19/19 = 100 %). The Higashihiroshima group 
always had DTBYLD (7/7 = 100 %), usually had −1–0 
CFBALN (6/7 = 85.7 %), and never had DTBYLV (7/7 = 

(TRL), axilla-groin distance (AGD), head length (HL), 
tail length (TAL), median tail width (MTAW), median 
tail height (MTAH), vomerine teeth length (VTL), and 
vomerine teeth wide (VTW), head width (HW), forelimb 
length (FLL), hindlimb length (HLL), second finger 
length (2FL), third finger length (3FL), third toe length 
(3TL), five toe length (5TL), internarial distance (IND), 
interorbital distance (IOD), upper eyelid length (UEL), 
snout length (SL), upper eyelid width (UEW), and lower 
jaw length (LJL). On each individual, we also checked for 
the presence of the following markings: distinct black dots 
on the dorsal side of the body (DBDD), distinct white dots 
on the ventral side of the body (DWDV), distinct white 
dots on the lateral sides of the body (DWDL), distinct 
brownish–yellow lines on the dorsal (DTBYLD), and 
ventral (DTBYLV) sides of the tail, and distinct gular 
mottling (DGM). The number of costal folds between 
the adpressed limbs (CFBALN) and the number of costal 
grooves (CGN) were counted, with the counting method 
of Matsui et al. (2019) used to count CGN. Prior to 
performing morphological comparisons among the three 
groups, we tested the data for normality using a Shapiro–
Wilk test; when the data followed a normal distribution, we 
tested for homoscedasticity using Bartlett’s test. When the 
variances among populations were equal, we performed 
Tukey–Kramer tests; when variances were not equal, we 
performed Games–Howel tests. When data did not follow 
a normal distribution and variances among populations 
were not equal, we performed Steel–Dwass tests. To 
examine the overall morphological variation among 
the three groups, we performed canonical discriminant 
analysis using SVL and standardized values for the 21 
measurements: RTRL, RAGD, RHL, RTAL, RMTAW, 
RMTAH, RVTL, RVTW, RHW, RFLL, RHLL, R2FL, 
R3FL, R3TL, R5TL, RIND, RIOD, RUEW, RSL, RUEL, 
RLJL. Statistical analyses were conducted using R with α 
= 0.05 (Ihaka & Gentleman, 1996).

From type specimens, we took 43 measurements as 
follows: SVL, TRL, AGD, HL, TAL, MTAW, MTAH, 
basal tail width (BTAW), basal tail height (BTAH), VTL, 
VTW, HW, left forelimb length (LFLL), left hindlimb 
length (LHLL), right forelimb length (RFLL), right 
hindlimb length (RHLL), left first finger length (L1FL), 
left second finger length (L2FL), left third finger length 
(L3FL), left fourth finger length (L4FL), right first finger 
length (R1FL), right second finger length (R2FL), right 
third finger length (R3FL), right fourth finger length 
(R4FL), left first toe length (L1TL), left second toe length 
(L2TL), left third toe length (L3TL), left fourth toe length 
(L4TL), left fifth toe length (L5TL), right first toe length 
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100 %) and DGM (7/7 = 100 %). The northern Hiroshima 
group usually lacked the DTBYLD (25/28 = 89.3 %), 
usually had DWDV (23/28 = 82.1 %), 12 CGN (24/28 = 
85.7 %), and −1.5–0 CFBALN (89.3 %), but never had 
DTBYLV (7/7 = 100 %).

According to the results from molecular and 
morphological analyses, the Hiroshima-Ehime and 
Higashihiroshima groups of H. akiensis should be distinct 
species based on the three species concepts. Thus, we 
described them as new species below.

Taxonomy

Hynobius geiyoensis sp. nov.
(New standard Japanese name: Geiyo-sanshouo)

(Figs. 4–5)

Hynobius nebulosus: Okawa et al., 1990: 50, in part.
Hynobius akiensis Matsui, Okawa and Nishikawa in 

Matsui et al., 2019: 75, in part.

Etymology. The specific name is derived from 
“Geiyo.” In ancient times, the combined area of Aki 
(= central to the western part of Hiroshima Prefecture) 
and Iyo (= Ehime Prefecture), where the new species 
occurred, was called Geiyo.

Holotype. An adult male (specimen number: HMNH-
AM-101) from Nakano, Osakikamijima-cho, Hiroshima 
Prefecture, Chugoku, Japan [34° 13′ N, 132° 53′ E; 
elevation = 150 m above sea level (a.s.l.); in all cases, 
datum = WGS84], collected by Jun-ichi Naito on February 
23, 2019.

Paratype. An adult female (specimen number: KPM-
NFA 943) from Harada, Osakikamijima-cho, Hiroshima 
Prefecture, Chugoku, Japan [34° 14′ N, 132° 52′ E; 
elevation = 30 m above sea level (a.s.l.); in all cases, datum 
= WGS84], collected by Jun-ichi Naito on 23 February 
2019. An adult male (specimen number: KPM-NFA 944) 
from the same locality as the holotype, collected by Jun-
ichi Naito on February 23, 2019.

Diagnosis. A comparatively large species (with a 
mean snout–vent length of 60.1 mm in males) within the 
Japanese lentic Hynobius: snout–vent length usually more 
than 50 mm; distinct white dots on the ventral side of the 
body always present; distinct brownish–yellow line on the 
dorsal edge of the tail almost always present; distinct white 
dots on the lateral side of the body usually present; distinct 
yellow stripe on the ventral edge of the tail always absent; 
distinct gular mottling almost always absent in males; fifth 
toe of hindlimb always present; V-shaped vomerine teeth 

Fig. 2. Phylogenetic tree produced by Bayesian inference using 
630-bp cytochrome b genes. Salamandrella keyserlingii 
was used as an outgroup. Scale bar shows genetic distance 
(expected changes per site). Numbers located near the nodes 
are posterior probabilities (PP) for Bayesian inference and 
bootstrap (BS) values for maximum likelihood estimation. 
Values appearing in parentheses after the haplotype names 
correspond to population localities as indicated in Table 1 
and Fig. 1. Asterisks after the parentheses (Pops. 1, 8, and 
54) indicate the type locality of the three species. The labels 
covered by shaded boxes indicate the transition type of 
Hynobius akiensis.

Fig. 3. Two-dimensional plots of canonical discriminant 
analysis in males. The x and y axes show discriminant 
score 1 (DS1) and discriminant score 2 (DS2), respectively. 
The contribution ratios of DS1 and DS2 were 88.03 % and 
11.97 %, respectively.
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Trait Holotype n  = 19 Holotype n  = 7 Topotype n  = 28
SVL 58.4 60.1±3.23 48.2 47.2±2.23 55.3 51.2±4.07

(50.5-64.5) (44.9-49.7) (42.6-60.5)
RTRL 78.3 77.2±0.80 75.9 76.9±1.26 77.8 77.0±1.14

(75.5-78.4) (75.3-78.3) (74.6-78.9)
RAGD 54.1 52.5±1.32 53.9 53.5±1.78 50.3 52.9±1.41

(49.8-54.4) (51.0-56.8) (49.7-55.3)
RHL 21.4 23.1±0.86 23.4 24.3±1.54 23.1 24.2±0.82

(21.3-24.9) (22.6-27.4) (23.1-26.0)
RTAL 85.6 75.7±6.46 71.8 68.9±7.47 58.2 68.2±5.91

(60.5-85.7) (55.5-76.2) (57.2-78.4)
RMTAW 6.8 6.0±0.78 5.0 5.9±0.53 4.9 6.5±0.86

(4.7-7.5) (5.0-6.7) (4.2-8.1)
RMTAH 14.0 11.7±1.00 9.8 10.7±1.19 10.1 10.4±1.18

(9.5-14.0) (9.3-12.6) (7.7-12.7)
RVTL 5.4 4.9±0.48 5.4 5.2±0.49 4.7 4.7±0.38

(3.9-5.9) (4.3-5.6) (3.3-5.3)
RVTW 4.8 5.3±0.26 5.2 5.4±0.24 5.6 5.5±0.35

(4.8-5.7) (5.1-5.7) (4.9-6.1)
RHW 17.5 16.4±0.60 16.6 16.6±0.58 17.7 16.7±0.61

(15.3-17.8) (15.7-17.4) (15.4-17.8)
RFLL 23.6 23.0±1.29 24.5 25.1±1.42 22.8 25.1±1.22

(20.6-25.0) (23.9-28.1) (22.7-27.5)
RHLL 30.5 30.6±1.03 29.3 30.1±1.80 31.8 30.6±1.29

(28.4-32.7) (27.6-32.7) (27.2-32.9)
R2FL 5.5 5.0±0.54 4.4 4.8±0.27 5.8 4.9±0.58

(4.2-6.1) (4.4-5.1) (3.8-5.8)
R3FL 5.3 4.5±0.64 3.9 3.8±0.21 5.2 4.2±0.43

(3.0-5.3) (3.6-4.2) (3.4-5.3)
R3TL 9.1 8.2±0.49 6.8 7.5±0.72 8.9 7.9±0.69

(7.4-9.3) (6.7-8.7) (6.3-9.5)
R5TL 2.7 2.4±0.44 1.7 1.3±0.37 2.2 1.3±0.79

(1.7-3.4) (0.8-1.8) (0.0-2.6)
RIND 5.0 5.4±0.43 4.8 5.2±0.35 5.2 5.3±0.47

(4.7-6.1) (4.7-5.7) (4.1-6.2)
RIOD 6.5 5.8±0.31 6.2 6.4±0.62 6.0 6.3±0.33

(5.1-6.6) (5.6-7.6) (5.7-7.0)
RUEW 2.7 2.9±0.20 3.3 3.4±0.19 2.7 3.4±0.35

(2.6-3.4) (3.2-3.8) (2.6-4.0)
RSL 6.8 6.3±0.36 7.1 6.2±0.47 7.2 6.5±0.47

(5.7-6.8) (5.7-7.1) (5.4-7.3)
RUEL 4.3 3.9±0.21 5.0 4.7±0.35 4.2 4.7±0.31

(3.6-4.4) (4.4-5.1) (3.8-5.1)
RLJL 12.5 13.4±0.61 14.3 13.9±0.62 13.6 14.3±0.73

(12.5-14.4) (13.0-14.9) (13.1-15.8)

H. geiyoensis  sp. nov. H. sumidai  sp. nov. H. akiensis

Table 2. Measurements (mm) of SVL and character ratios (R = %SVL) of TRL to LJL (ranges are shown 
in parentheses) 

series; 12 (rarely 11) costal grooves; the number of costal 
folds between adpressed limbs always −2 to 0.5 in males.

Description of holotype. A moderately large individual: 
HL larger than HW; TAL shorter than SVL; body 
almost cylindrical; rounded snout; gular fold present; tail 
gradually compressed toward the tip; clearly expanded 
cloaca; webbing between digits absent; four fingers on 
each forelimb, order of length II > III > IV > I on both 

sides; five toes on each hindlimb, order of length III > IV 
> II > I > V on both sides; V-shaped vomerine teeth; skin 
smooth and shiny; DBDD present; DWDV and DWDL 
present (it became unclear after preservation); DTBYLD 
present; DTBYLV absent; DGM absent. The holotype had 
the following measurements (in mm): SVL =58.4, TRL 
= 45.7, AGD = 31.6, HL = 12.5, TAL = 50.0, MTAW = 
4.0, MTAH = 8.2, BTAW = 8.0, BTAH = 7.3, VTL = 3.2, 

See Materials and Methods for definitions of morphological characteristics.
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Trait GEI vs. SUM GEI vs. AKI SUM vs. AKI

SVL P < 0.001 P < 0.0001 P < 0.05

RTRL NS NS NS

RAGD NS NS NS

RHL P < 0.05 P < 0.01 NS

RTAL P < 0.05 P < 0.001 NS

RMTAW NS NS NS

RMTAH NS P < 0.001 NS

RVTL NS NS P < 0.05

RVTW NS NS NS

RHW NS NS NS

RFLL P < 0.01 P < 0.0001 NS

RHLL NS NS NS

R2FL NS NS NS

R3FL P < 0.01 NS P < 0.01

R3TL P < 0.05 NS NS

R5TL P < 0.0001 P < 0.0001 NS

RIND NS NS NS

RIOD NS P < 0.0001 NS

RUEW P < 0.001 P < 0.0001 NS

RSL NS NS NS

RUEL P < 0.001 P < 0.0001 NS

RLJL NS P < 0.001 NS

P < 0.05 3 0 2

P < 0.01 2 1 1

P < 0.001 3 3 0

P < 0.0001 1 6 0

Total 9 10 3

Male

Table 3. Significant values of the 22 morphological traits in 
males among three species  

VTW = 2.8, HW = 10.2, MXHW = 10.4, LFLL = 13.8, 
RFLL = 13.7, LHLL = 17.8, RHLL = 18.0, L1FL = 1.5, 
L2FL = 3.2, L3FL = 3.1, L4FL = 1.7, R1FL = 1.3, R2FL 
= 3.4, R3FL = 2.7, R4FL = 1.6, L1TL = 1.9, L2TL = 3.9, 
L3TL = 5.3, L4TL = 4.0, L5TL = 1.6, R1TL = 1.6, R2TL 
= 3.6, R3TL = 5.0, R4TL = 3.7, R5TL = 1.0, IND = 2.9, 
IOD = 3.8, LUEW = 1.6, RUEW = 1.4, SL =4.0, LUEL 
=2.5, RUEL = 2.7, LJL = 7.3, CGN = 12.

Comparisons. The new species statistically differs from 
H. akiensis in terms of the following length measurements 
in males: SVL, RHL, RTAL, RMTAH, RFLL, R5TL, 
RIOD, RUEW, RUEL, and RLJL; except for SVL, RTAL, 
RMTAH, and R5TL, these lengths were significantly 
shorter in H. geiyoensis sp. nov. relative to the lengths in H. 
akiensis. The new species differs from H. akiensis by the 
following characters: SVL > 57.1 mm (18/19 = 94.7 %) vs. 
SVL < 57.2 mm (26/28 = 92.9 %); RUEW < 3.2 % (18/19 
= 94.7 %) vs. RUEW > 3.1 % (23/28 = 82.1 %); RUEL < 
4.2 % (17/19 = 89.5 %) vs. RUEL > 4.1 % (27/28 = 96.4 %); 
usually have DTBYLD (17/19 = 89.5 %) vs. usually lack 

Fig. 4. Holotype of Hynobius geiyoensis sp. nov. (HMNH-
AM-101, adult male, 58.4 mm SVL) from the (A) dorsal 
and (B) ventral perspective; holotype of H. sumidai sp. 
nov. (HMNH-AM-102, adult male, 48.2 mm SVL) from 
the (C) dorsal and (D) ventral perspective; and a specimen 
from the type locality (topotype) of H. akiensis (KPM-
NFA 946, adult male, 55.3 mm) from the (E) dorsal and (F) 
ventral perspective.

DTBYLD (25/28 = 89.3 %).
Variation. Morphometric measurements and observations 

are presented in Tables 2 and 4, respectively. The dorsum 
is uniformly yellowish brown or darkish brown. In the new 
species, DBDD are sometimes present (8/19 = 42.1 %), 
DWDL (3/19 = 15.8 %) and DTBYLD (2/19 = 10.5 %) are 
rarely absent, DGM is rarely present (1/19 = 5.3 %), CGN 
rarely 11 (2/19 = 10.5 %), and CFBALN rarely more than 0 
(1/19 = 5.3 %). The iris is dark brown. When preserved, the 
dorsal coloration tends to fade to dark gray and DTBYLD 

GEI, SUM, and AKI are abbreviations for Hynobius geiyoensis 
sp. nov., H. sumidai sp. nov., and H. akiensis, respectively. 
Significant differences (P < 0.001) are shown in bold. See 
Materials and Methods for definitions of morphological 
characteristics.
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H. geiyoensis  sp. nov. H. sumidai sp. nov. H. akiensis

Character Condition n  = 19 n  = 7 n  = 28

DBDD Absent 11 (57.9 %) 2 (28.6 %) 20 (71.4 %)

Present 8 (42.1 %) 5 (71.4 %) 8 (28.6 %)

DWDV Absent 0 (0 %) 3 (42.9 %) 5 (17.9 %)

Present 19 (100 %) 4 (57.1 %) 23 (82.1 %)

DWDL Absent 3 (15.8 %) 3 (42.9 %) 6 (21.4 %)

Present 16 (84.2 %) 4 (57.1 %) 22 (78.6 %)

DTBYLD Absent 2 (10.5 %) 0 (0 %) 25 (89.3 %)

Present 17 (89.5 %) 7 (100 %) 3 (10.7 %)

DTBYLV Absent 19 (100 %) 7 (100 %) 28 (100 %)

Present 0 (0 %) 0 (0 %) 0 (0 %)

DGM Absent 18 (94.7 %) 7 (100 %) 22 (78.6 %)

Present 1 (5.3 %) 0 (0 %) 6 (21.4 %)

CGN 11 2 (10.5 %) 0 (0 %) 0 (0 %)

12 17 (89.5 %) 4 (57.1 %) 24 (85.7 %)

13 0 (0 %) 3 (42.9 %) 4 (14.3 %)

CFBALN 1 0 (0 %) 0 (0 %) 2 (7.1 %)

0.5 1 (5.3 %) 1 (14.3 %) 1 (3.6 %)

0 5 (26.3 %) 2 (28.6 %) 7 (25.0 %)

-0.5 8 (42.1 %) 3 (42.9 %) 11 (39.3 %)

-1 3 (15.9 %) 1 (14.3 %) 6 (21.4 %)

-1.5 1 (5.3 %) 0 (0 %) 1 (3.6 %)

-2 1 (5.3 %) 0 (0 %) 0 (0 %)

Table 4. Characteristics among the three species of Hynobius  

becomes unclear after preservation.
Distr ibut ion.  This  new spec ies  i s  known 

from Higashihiroshima-shi (including the former 
Higashihiroshima-shi and Kurose-cho), Takehara-shi, and 
Kure-shi (including the former Kure-shi) in Hiroshima 
Prefecture, and Imabari-shi (including the former Imabari-
shi and Namikata-cho) in Ehime Prefecture. DNA samples 
from the former Kurose-cho is not included in this study; 
however, based on previous field surveys (Okawa et 
al., 1990), this species may be distributed in this area. 
This new species may also occur in the former Akitsu-
cho (currently part of Higashihiroshima-shi) but there is 
currently no evidence to support this hypothesis. It was 
reported in 2018 that the populations of Kure-shi (2018) 
might already be extinct as. However, sufficient field 
surveys with objective evidences to support its extinction 
in Kure-shi have not been performed. Therefore, further 
field surveys are needed to clarify the current distribution 
range of the new species in greater detail. 

Natural History. The dominant vegetation type of the 
type locality is a mixed forest of evergreen Fagaceae trees 
(i.e., Quercus and Castanopsis spp.) and Japanese cedar 

(Cryptomeria japonica) (Fig. 5). Larvae have distinct 
black dots on the lateral sides of the tail, whereas claws 
on the tips of the fingers and toes are absent. One pair of 
balancers is present during the early developmental stages 
of the larvae. Egg sacs are coil-shaped and are attached to 
fallen branches or leaves in ponds, puddles, or swamps at 
forest edges from February to April.

Remarks. The new species forms a monophyletic group 
with the Highland and Aki groups (Matsui et al., 2019). 
The morphology of females is unclear; thus, further studies 
to clarify female morphology are required.

Hynobius sumidai sp. nov.
(New standard Japanese name: Hiroshima-sanshouo)

(Figs. 4–5)

Hynobius nebulosus: Okawa et al., 1990: 50, in part.
Hynobius akiensis Matsui, Okawa and Nishikawa in 

Matsui et al., 2019: 75, in part.

Etymology. The specific name “sumidai” is dedicated 
to Dr. Masayuki Sumida who was the phylogenetic 

Values show the number of individuals exhibiting the characteristic (with associated percentages 
given in parentheses). See Materials and Methods for definitions of morphological trait
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Fig. 5. Larvae, egg sacs, and habitat at the type locality of 
Hynobius geiyoensis sp. nov. (A, C, and E, respectively) 
and H. sumidai sp. nov. (B, D, and F, respectively).

taxonomist of amphibians at Hiroshima University.
Holotype. An adult male (specimen number: HMNH-

AM-102) from Tamaricho, Takehara-shi, Hiroshima 
Prefecture, Chugoku, Japan [34° 24′ N, 132° 47′ E; 
elevation = 340 m above sea level (a.s.l.); in all cases, 
datum = WGS84], collected by Jun-ichi Naito on 23 
March 2021. 

Paratype. An adult female (specimen number: KPM-
NFA 945) from the same locality of the holotype, collected 
by Jun-ichi Naito on 23 March 2021. 

Diagnosis. A comparatively small species (mean snout–
vent length of 47.2 mm in males) within the Japanese 
lentic Hynobius; SVL usually less than 50 mm; distinct 
brownish–yellow stripe on the dorsal edge of the tail 
always present; distinct brownish–yellow line on the 
ventral side of the tail never present; distinct gular mottling 
never present; yellowish–brown to blackish–brown on 
dorsum; the fifth toe of hindlimb always present; V-shaped 
vomerine teeth series; usually 12 costal grooves (rarely 
13); costal folds between adpressed limbs always less than 
1.0; coil-shaped egg sacs.

Description of holotype. A moderately large individual 
with HL larger than HW; TAL shorter than SVL; body 
almost cylindrical; rounded snout; gular fold present; 

tail gradually compressed toward the tip; non-expanded 
cloaca; webbing between digits absent; four fingers on 
each forelimb, order of length II > III > I > IV on left and 
II > III > IV > I on right; five toes on each hindlimb, order 
of length III > IV > II > I > V on both sides; V-shaped 
vomerine teeth; skin smooth and shiny; DBDD absent; 
DWDV and DWDL absent; DTBYLD present (it became 
unclear after preservation); DTBYLV absent; DGM absent. 
The holotype had the following measurements (in mm): 
SVL = 48.2, TRL = 36.6, AGD = 26.0, HL = 11.3, TAL = 
34.6, MTAW = 2.4, MTAH = 4.7, BTAW = 5.4, BTAH = 4.4, 
VTL = 2.6, VTW = 2.5, HW = 8.0, MXHW = 8.2, LFLL = 
11.8, RFLL = 11.9, LHLL = 14.1, RHLL = 14.0, L1FL = 1.3, 
L2FL = 2.1, L3FL = 1.9, L4FL = 0.9, R1FL = 0.7, R2FL 
= 1.6, R3FL = 1.2, R4FL = 0.8, L1TL = 1.1, L2TL = 2.0, 
L3TL = 3.3, L4TL = 2.3, L5TL = 0.8, R1TL = 1.3, R2TL = 
1.7, R3TL = 2.9, R4TL = 1.9, R5TL = 0.7, IND = 2.3, IOD 
= 3.0, LUEW = 1.6, RUEW = 1.4, SL = 3.4, LUEL = 2.4, 
RUEL = 2.2, LJL = 6.9, and CGN = 12.

Comparisons. The new species statistically differs 
from H. geiyoensis sp. nov. in the following length 
measurements: SVL, RHL, RTAL, RFLL, R3FL, R3TL, 
R5TL, RUEW, and RUEL in males; the lengths of these 
measurements, except for RHL, RFLL, RUEW, and 
RUEL, are significantly longer in H. sumidai sp. nov. 
relative to the measurements in H. geiyoensis sp. nov.. 
The new species differs from H. geiyoensis sp. nov. by 
the following characters: SVL < 50 mm (7/7 = 100 %) 
vs. SVL > 50 mm (19/19 = 100 %); R5TL < 1.9 % (7/7 = 
100 %) vs. R5TL > 1.8 % (18/19 = 94.7 %); RUEW > 3.1 
% (7/7 = 100 %) vs. RUEW < 3.2 % (18/19 = 94.7 %); 
RUEL > 4.3 % (7/7 = 100 %) vs. RUEL < 4.3 % (18/19 
= 94.7 %). The new species statistically differs from H. 
akiensis in the following length measurements: SVL 
(shorter), RVTL (longer), and R3FL (shorter) in males. The 
most distinct characteristic between the two species is the 
presence of DTBYLD: H. sumidai sp. nov. always has this 
characteristic (7/7 = 100 %), whereas H. akiensis usually 
lacks it (25/28 = 89.3 %).

Variation. Morphometric measurements and 
observations are presented in Tables 2 and 4, respectively. 
The dorsum is uniformly yellowish–brown or darkish–
brown. The venter is lighter than the dorsum. DBDD rarely 
absent (2/7 = 28.6 %), DWDV and DWDL sometimes 
absent (3/7 = 42.9 %), sometimes it has 13 CGN (3/7 
= 42.9 %), and rarely has more than 0 CFBALN (1/7 = 
14.3 %). The iris is dark brown or light brown. When 
preserved, the dorsal coloration tends to fade to dark gray 
and DTBYLD becomes unclear after preservation.

Distribution. This new species is endemic to Hiroshima 
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Prefecture, and it is known from Higashihiroshima-
shi (only former Higashihiroshima-shi and Akitsu-
cho) and Takehara-shi. Its distribution is thought to 
bein the former Kurose-cho and Kure-shi areas, but no 
supporting evidence is available to confirm this hypothesis. 
Further phylogenetic studies using more samples from 
Higashihiroshima-shi and Kure-shi are therefore essential.

Natural History. The dominant vegetation type in the 
type locality is a mixed forest of evergreen oak (Quercus 
spp.) and Japanese cypress (Chamaecyparis obtusa). The 
larval and egg sac morphologies of this new species are 
similar to those of H. geiyoensis sp. nov. The breeding 
season of the new species is February to April.

Remarks. The new species forms a monophyletic group 
with the Highland and Aki groups (Matsui et al., 2019). 
The morphology of females is unclear; hence, additional 
studies to clarify the morphology of females are needed.

Hynobius akiensis Matsui, Okawa et Nishikawa, 2019
(Standard Japanese name: Aki-sanshouo)

(Fig. 4)

Hynobius akiensis Matsui, Okawa and Nishikawa in 
Matsui et al., 2019: 75, in part.

Holotype. An adult male (specimen number: 
KUHE 35925) from Mirasakacho Haizuka, Miyoshi-
shi, Hiroshima Prefecture, collected by Yasuchika 
Misawa and Kanto Nishikawa on 26 March 2005. 
This specimen is stored in the Graduate School of 
Human and Environmental Studies, Kyoto University: 
Yoshidahonmachi, Sakyo-ku, Kyoto-shi, Kyoto Prefecture, 
606-8501, Japan.

Diagnosis. A comparatively small species (mean snout–
vent length of 51.2 mm in males) within the Japanese 
lentic Hynobius; distinct white dots on the ventral side 
of the body usually present; distinct brownish–yellow 
stripe on the dorsal edge of the tail usually absent; distinct 
brownish–yellow line on the ventral side of the tail never 
present; distinct gular mottling usually absent; yellowish–
brown to blackish–brown on dorsum; fifth toe of hindlimb 
always present; V-shaped vomerine teeth series; 12 costal 
grooves (rarely 13); costal folds between adpressed limbs 
usually less than 0.5; coil-shaped egg sacs.

Description of a specimen from the type locality 
(Topotype). An adult male (specimen number: KPM-
NFA 946) from the same locality of holotype, collected 
by Takayuki Iwata on 23 March 2019. A moderately large 
individual with HL larger than HW; TAL shorter than 
SVL; body almost cylindrical; rounded snout; gular fold 

present; tail gradually compressed toward the tip; slightly 
expanded cloaca; webbing between digits absent; four 
fingers on each forelimb, order of length II > III > IV > I in 
left and III > II > IV > I in right; five toes on each hindlimb, 
order of length III > IV > II > V > I in left and III > IV > 
II > I > V in right; V-shaped vomerine teeth; skin smooth 
and matte; DBDD absent; DWDV and DWDV present 
before preservation (it became unclear after preservation); 
DTBYLD and DTBYLV absent; DGM absent. The 
holotype had the following measurements (in mm): SVL 
= 55.3, TRL = 43.0, AGD = 27.8, HL = 12.8, TAL = 32.2, 
MTAW = 2.7, MTAH = 5.6, BTAW = 6.7, BTAH = 5.6, 
VTL = 2.6, VTW = 3.1, HW = 9.8, MXHW = 9.9, LFLL = 
12.6, RFLL = 12.7, LHLL = 17.6, RHLL = 16.8, L1FL = 0.6, 
L2FL = 3.2, L3FL = 2.9, L4FL = 1.5, R1FL = 0.8, R2FL 
= 3.0, R3FL = 3.2, R4FL = 1.7, L1TL = 1.1, L2TL = 3.2, 
L3TL = 4.9, L4TL = 3.4, L5TL = 1.2, R1TL = 0.8, R2TL = 
3.3, R3TL = 4.9, R4TL = 3.5, R5TL = 0.3, IND = 2.9, IOD 
= 3.3, LUEW = 1.5, RUEW = 1.7, SL = 4.0, LUEL = 2.3, 
RUEL = 2.4, LJL = 7.5, and CGN = 12.

Comparisons. This species is parapatrically distributed 
with Hynobius iwami but is distinguishable concerning 
for the presence of the fifth toe as well as distinct and 
bright yellow lines on the dorsal and ventral sides of the 
tail (Matsui et al., 2019). Moreover, H. utsunomiyaorum 
is distributed near the range of H. akiensis but H. akiensis 
significantly differs from H. utsunomiyaorum by longer 
vomerine teeth series, fifth toe, and a greater degree of 
limb separation (Matsui et al., 2019).

Variation. Morphometric measurements and 
observations were presented in Tables 2 and 4, respectively. 
The dorsum is uniformly darkish–brown or blackish–
brown. The venter is lighter than the dorsum. DBDD (8/28 
= 28.6 %), DGM (6/28 = 21.4 %), and DTBYLD (3/28 = 
10.7 %) are rarely present. DWDV (5/28 = 17.9 %) and 
DWDL (6/28 = 21.4 %) rarely absent. CGN rarely 13 (4/28 
= 14.3 %), and CFBALN rarely more than 0 (3/28 = 10.7 
%). The iris is dark brown. When preserved, the dorsal 
coloration tends to fade to dark gray.

Distribution. According to Matsui et al. (2019), this 
species is endemic to Hiroshima Prefecture. However, 
the results of our field survey do not support this finding; 
we show that the species is known from Hiroshima 
and Shimane Prefectures as follows: Mihara-shi (only 
former Kui-cho and Daiwa-cho), Miyoshi-shi (only 
former Miyoshi-shi and Mirasaka-cho, Kisa-cho, and 
Miwa-cho), Akitakata (former Takamiya-cho, Koda-
cho, Mukaihara-cho, Yoshida-cho, Yachiyo-cho, and 
Midori-cho), Higashihiroshima (only former Toyosaka-
cho), and Hiroshima (only former Hiroshima-shi, 
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Asakita-ku), and Sera-cho (only former Sera-cho and 
Nishisera-cho), Akiota-cho (only former Togochi-cho), 
and Kitahiroshima-cho(former Chiyoda-cho, Oasa-cho, 
Toyohira-cho, and Geihoku-cho), Hiroshima Prefecture, 
and Onan-cho (only former Mizuho-cho, and Hasumi-
mura), Shimane Prefecture.

Remarks. Hynobius akiensis from Akitakata-shi 
and Kitahiroshima-cho is called the transition type 
of H. akiensis (Okawa et al., 2019), but the common 
morphological character of transition type is not defined 
and unclear, and a type is a polyphyletic group (Fig. 2).

Discussion

According to Matsui et al. (2019), H. akiensis and the 
two new species described in this study can be regarded as 
the same species. However, the monophyly of H. akiensis 
and the two new species described here was rejected 
based on the criteria of Huelsenbeck and Rannala (2004) 
and Hillis & Bull (1993) (Matsui et al., 2019; Fig. 2). 
Neither mitochondrial data nor phylogenetic analyses from 
allozyme data supported the monophyletic relationship 
among the species (Matsui et al., 2006). Therefore, there is 
no evidence that H. akiensis and the two new species are 
in a monophyletic group as the closest relatives. Moreover, 
these species are morphologically distinguishable based 
on our analyses (Tables 2–4; Fig. 3). Thus, H. akiensis 
and the two new species should be distinct species based 
on three species concepts. Although the monophyly of H. 
geiyoensis sp. nov. and H. sumidai sp. nov. was supported 
by Matsui et al. (2019), our analyses did not support it (Fig. 
3). The two new species were identified by mitochondrial 
DNA and morphologically distinct according to their 
differences (Tables 2-4; Fig. 3). Thus, we suggest that they 
should be different species based on the morphological 
species concept.

Okawa et al. (2019) suggested that the transition type 
of H. akiensis is a new species based on morphological 
perspectives. However, this type is included in the clade 
of H. akiensis and it cannot be recognized as a new 
species based on the phylogenetic and evolutionary 
species concepts (Fig. 2) (Matsui et al., 2019). Thus, 
this type should be regarded as one morphotype of H. 
akiensis at present.

Following this description, the distribution area of 
H. akiensis is substantially changed; the species is not 
distributed in the southern part of Hiroshima Prefecture 
(Table1; Fig 1). However, the number of samples and 
localities from Higashihiroshima-shiwas not sufficient 
in our analyses. In Higashihiroshima-shi, H. akiensis 

has been protected by law since November 5, 1986, so 
permission must be granted to collect individuals. We 
applied to collect specimens in Higashihiroshima-shi, but 
our application was rejected because individuals must not 
be killed to ensure the conservation of H. akiensis. Unlike 
before, the current populations in Higashihiroshima-
shi and the surrounding areas might be decreasing (e.g., 
Kure-shi, 2018), therefore morphological re-examination 
of living male and female individuals of H. geiyoensis 
sp. nov. and H. sumidai sp. nov. from Higashihiroshima-
shi should be performed in the future. The conservation 
statuses of these three species must be reassessed after our 
description and management plans for the conservation 
of these species should be made immediately to ensure 
they do not become extinct.
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Taxonomic Re-examination of the Yamato Salamander Hynobius vandenburghi: 
Description of a New Species from Central Honshu, Japan

Hirotaka Sugawara1), Takeshi Fujitani2), Shota Seguchi3),  
Takuo Sawahata3) & Masahiro Nagano4)

Abstract.  A new species of the genus Hynobius is described from the western part of Aichi Prefecture, 
Japan. Hynobius vandenburghi can be divided into two groups, the Aichi and Kinki groups, based on mo-
lecular and morphological analyses; thus, we described the Aichi group of H. vandenburghi as a new spe-
cies, H. owariensis sp. nov.. Morphological comparisons revealed that although male H. vandenburghi 
have distinct bright yellow lines on the dorsal and ventral sides of the tail, males of the new species do 
not. Additionally, in males, the new species usually has fewer costal folds between its adpressed limbs 
than are observed in H. vandenburghi. Other significant differences in several morphological characteris-
tics were also found between H. vandenburghi and the new species, and results of discriminant analyses 
between the two species in both sexes suggested that they are separated in terms of morphological data. 
The new species is restricted in the western part of Aichi Prefecture, which is threatened with extinction 
by artificial development or reformation of well-drained paddy fields.

Key words:  Chita Peninsula, discriminant analysis, extinction, Kinki District, mitochondrial DNA
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Introduction

The Yamato salamander, Hynobius vandenburghi, 
was originally described from Yamato Province (= Nara 
Prefecture) (Dunn, 1923a), and it is distributed in Kinki 
(Osaka, Nara, Kyoto, and Shiga Prefectures) and Tokai 
(Mie, Gifu, and Aichi Prefectures) Districts (Matsui et 
al., 2019). This species is genetically separated into two 
distinct groups, the Aichi (excluding populations of Atsumi 
Peninsula) and Kinki (including populations of Atsumi 
Peninsula) groups, based on molecular analyses (Matsui 
et al., 2019). Additionally, the monophyly of the two 
groups is strongly supported by maximum likelihood (ML) 
estimations and Bayesian inference (BI) (99/1.00) (Matsui 

et al., 2019). However, these analyses were performed 
using only 10 populations; thus, the monophyly of the 
two groups should be reassessed using a lot of populations 
across the entire distribution range of H. vandenburghi. 
Furthermore, the morphological similarity of the two 
H. vandenburghi groups is unreliable because Matsui et 
al. (2019) did not compare the Aichi and Kinki groups 
despite clear genetic evidence that they are separated. 
Indeed, the Aichi populations of H. vandenburghi are 
morphologically more similar to Hynobius tokyoensis than 
those of H. vandenburghi (Sato, 1943; Nakamura & Ueno, 
1963); therefore, it is doubtful that the Aichi populations 
satisfy the diagnosis of H. vandenburghi. Consequently, 
it is necessary to reassess the morphology of the two H. 
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近畿大学大学院農学研究科 
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4) Faculty of Science and Technology, Oita University, 
700 Dannoharu, Oita-shi, Oita 870-1192, Japan 
大分大学理工学部 
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ZooBank LSID: urn:lsid:zoobank.org:pub:2EAF8F62-A4E0-45AE-

922D-DA7EC45E28ED
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Fig. 1. Localities for populations of two species of Hynobius sampled in their distribution 
areas. Population numbers match those used for molecular analyses (see Table 1 and 
Fig. 2). The left and right enlarged areas include the central part of Kinki and central 
part of Tokai, respectively. The closed symbols correspond to each of three species 
sequenced in this study. The open symbols correspond to each of three species cited 
from other studies. For the morphological comparisons, individuals of the two species 
were sampled from the localities that are underlined: Pops. 1 (type locality of H. 
owariensis sp. nov.: 2 males and 1 female), 3 (18 males and 6 females), and 8 (2 males 
and 3 females) for H. owariensis sp. nov.; Pops. 19 (6 males and 3 females), 20 (7 
males), 25 (3 females), and 28 (4 males) for H. vandenburghi.

vandenburghi groups.
In the present study, we evaluated the species validity of 

the two H. vandenburghi groups using the morphological, 
phylogenetic, and evolutionary species concepts following 
Sugawara et al. (2018). To resolve the taxonomic problems 
associated with H. vandenburghi, we performed statistical 
analyses on morphological characteristics to compare the 
two H. vandenburghi groups. We also used additional 
DNA sequence data to reconstruct the phylogeny of H. 
vandenburghi collected from the entire distribution range 
of this species. Finally, we reveal the distribution ranges of 
the two H. vandenburghi groups in detail.

Materials and methods

Molecular analysis
To reconstruct a molecular phylogeny, we collected 

DNA samples from H. vandenburghi located on personal 
property or in fields from February 2007 to April 2021 
(Table 1; Fig. 1). When sampling in fields, we obtained a 
single tailbud embryo from each paired egg sac or tissue 
samples from larvae. The tissues collected from fields were 
preserved in 99.5 % ethanol. Subsequently, we extracted 
total genomic DNA from the tissues using a DNeasy 
Blood and Tissue Kit (Qiagen, Hilden, Germany). For 
molecular analyses, we then amplified a 585-bp fragment 

of the cytochrome b gene from each individual using the 
primers L14010 (5′-TAHGGWGAHGGATTWGAWGC
MACWGC-3′) and H14778 (5′-AARTAYGGGTGRAAD
GRRAYTTTRTCT-3′) (Matsui et al., 2007). Our methods 
for polymerase chain reaction (PCR) and sequencing 
analysis followed those of Sugawara et al. (2018). The 
obtained sequences were registered in the DNA Data Bank 
of Japan (DDBJ) (Table 1). Before phylogenetic analyses, 
DNA sequences were aligned using MEGA X (Kumar et 
al., 2018). After alignment, molecular phylogenies were 
constructed using other Hynobius species, Salamandrella 
keyserlingii as the outgroup (Table 1), and with BI and 
ML estimation. The best-fit nucleotide substitution model 
was decided based on the Bayesian information criterion 
(BIC) (Schwarz, 1978) and corrected Akaike’s information 
criterion (AICc) (Sugiura, 1978) using jModelTest 2 
(Darriba et al., 2012). The Hasegawa-Kishino-Yano (HKY) 
model was selected with a gamma distribution in BI and 
ML. The Bayesian and ML trees were reconstructed using 
MrBayes 3.2 (Ronquist et al., 2012) and MEGA X (Kumar 
et al., 2018), respectively. For Bayesian analyses, we 
performed two independent MCMC runs for 2,000,000 
generations with a sampling frequency of 100. In the 
Bayesian analysis, we examined the stationarity of the 
likelihood scores of sampled trees using Tracer version 1.7 
(http://tree.bio.ed.ac.uk/software/tracer/) and we discarded 
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Table 1. List of specimens used in molecular analyses 
Population Species Sampling licality Accession number / Label in Fig. 2

1 Hynobius owariensis sp. nov. Tenpaku-ku, Nagoya-shi, Aichi LC644689 / OWA01

2 Hynobius owariensis sp. nov. Chikusa-ku, Nagoya-shi, Aichi LC644690 / OWA02

3 Hynobius owariensis sp. nov. Midori-ku, Nagoya-shi, Aichi LC644691 / OWA03

4 Hynobius owariensis sp. nov. Owariasahi-shi, Aichi LC644692 / OWA04

5 Hynobius owariensis sp. nov. Nagakute-shi, Aichi LC644693 / OWA05

6 Hynobius owariensis sp. nov. Tokoname-shi, Aichi LC644694 / OWA06

7 Hynobius owariensis sp. nov. Taketoyo-cho, Aichi LC644695 / OWA07

8 Hynobius owariensis sp. nov. Mihama-cho, Aichi LC644696 / OWA08

9 Hynobius owariensis sp. nov. Toyota-shi, Aichi AB972617 / TYO10

10 Hynobius owariensis sp. nov. Moriyama-ku, Nagoya-shi, Aichi AB972596 / NagF7

11 Hynobius owariensis sp. nov. Seto-shi, Aichi LC225431 /  H81

12 Hynobius owariensis sp. nov. Meito-ku, Nagoya-shi, Aichi LC436440 / H78

13 Hynobius owariensis sp. nov. Chita-shi, Aichi LC436441 / H79

14 Hynobius owariensis sp. nov. Minamichita-cho, Aichi AB266662 / H80

15 Hynobius vandenburghi Inabe-shi, Mie LC644697 / VAN01

16 Hynobius vandenburghi Suzuka-shi, Mie LC644698 / VAN02

17 Hynobius vandenburghi Kameyama-shi, Mie LC644699 / VAN03

18 Hynobius vandenburghi Iga-shi, Mie LC644700 / VAN04

19 Hynobius vandenburghi Nara-shi, Nara LC644701 / VAN05

20 Hynobius vandenburghi Yamatokoriyama-shi, Nara LC644702 / VAN06

21 Hynobius vandenburghi Shijonawate-shi, Osaka LC644703 / VAN07

22 Hynobius vandenburghi Katano-shi, Osaka LC644704 / VAN08

23 Hynobius vandenburghi Hirakata-shi, Osaka LC644705 / VAN09

24 Hynobius vandenburghi Takatsuki-shi, Osaka LC644706 / VAN10

25 Hynobius vandenburghi Ibaraki-shi, Osaka LC644707 / VAN11

26 Hynobius vandenburghi Mino-shi, Osaka LC644708 / VAN12

27 Hynobius vandenburghi Sakai-shi, Osaka LC644709 / VAN13

28 Hynobius vandenburghi Izumi-shi, Osaka LC644710 / VAN14

29 Hynobius vandenburghi Gifu-shi, Gifu AB972627 / GIF9

30 Hynobius vandenburghi Tahara-shi, Aichi AB266663 / H72

31 Hynobius vandenburghi Tsu-shi, Mie AB266665 / Tsu

32 Hynobius vandenburghi Shima-shi, Mie AB266666 / Shimacho

33 Hynobius vandenburghi Otsu-shi, Shiga AB266667 / Otsu

34 Hynobius vandenburghi Nagahama-shi, Shiga LC274713 / Tk2

35 Hynobius vandenburghi Maibara-shi, Shiga LC274716 / Iso12

36 Hynobius vandenburghi Omihachiman-shi, Shiga LC274709 / Mt5

37 Hynobius vandenburghi Koka-shi, Shiga LC274699 / nakahatah10

38 Hynobius vandenburghi Takashima-shi, Shiga LC274701 / Makinoh3

39 Hynobius vandenburghi Hino-cho, Shiga LC436436 / H74

40 Hynobius vandenburghi Minamiyamashiro-mura, Kyoto LC436437 / H75

41 Hynobius vandenburghi Ikoma-shi, Nara LC436438 / H76

42 Hynobius vandenburghi Hannan-shi, Osaka LC436439 / H77

43 Hynobius setouchi Toyono-cho, Osaka LC644711 / SET01

44 Hynobius setouchi Misaki-cho, Osaka LC436432 / H69

Hynobius setouchi LC436426 / H. setouchi (Holotype)

Hynobius abei LC225433 / H. abei

Hynobius lichenatus AB750782 / H. lichenatus

Hynobius mikawaensis LC225429 / H. mikawaensis

Hynobius nigrescens AB548378 / H. nigrescens

Hynobius setoi LC225432 / H. setoi

Hynobius takedai LC225430 / H. takedai

Hynobius tokyoensis AB266640 / H. tokyoensis

Salamandrella keyserlingii NC_026032 / S. keyserlingii

Population number corresponds to the localities in Fig. 1 from which the individuals were collected.
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variances were equal, we performed Student’s t-tests; 
when variances were not equal, we performed Welch’s 
t-tests. When data did not follow a normal distribution, 
we performed Brunner–Munzel tests. To examine the 
overall morphological variation between the two groups, 
we performed discriminant analyses using SVL and 
standardized values (R =  %SVL) for 21 measurements as 
follows: RTRL, RAGD, RHL, RTAL, RMTAW, RMTAH, 
RVTL, RVTW, RHW, RFLL, RHLL, R2FL, R3FL, 
R3TL, R5TL, RIND, RIOD, RUEW, RSL, RUEL, RLJL. 
All statistical analyses were performed in R with α = 0.05 
(Ihaka & Gentleman, 1996).

For measurements of the holotype and a specimen 
from the type locality of H. vandenburghi (topotype), 43 
characteristics were measured including SVL, TRL, AGD, 
HL, TAL, MTAW, MTAH, basal tail width (BTAW), basal 
tail height (BTAH), VTL, VTW, HW, maximum head 
width (MXHW), left forelimb length (LFLL), left hindlimb 
length (LHLL), right forelimb length (RFLL), right 
hindlimb length (RHLL), left first finger length (L1FL), 
left second finger length (L2FL), left third finger length 
(L3FL), left fourth finger length (L4FL), right first finger 
length (R1FL), right second finger length (R2FL), right 
third finger length (R3FL), right fourth finger length (R4FL), 
left first toe length (L1TL), left second toe length (L2TL), 
left third toe length (L3TL), left fourth toe length (L4TL), 
left fifth toe length (L5TL), right first toe length (R1TL), 
right second toe length (R2TL), right third toe length (R3TL), 
right fourth toe length (R4TL), right fifth toe length (R5TL), 
IND, IOD, left upper eyelid length (LUEL), right upper 
eyelid length (RUEL), SL, left upper eyelid width (LUEW), 
right upper eyelid width (RUEW), LJL.

The holotype of a new species described in this study is 
stored in the Toyohashi Museum of Natural History: 1-238, 
Oiwacho Oana, Toyohashi-shi, Aichi Prefecture, 441-
3147, Japan. A single topotype of H. vandenburghi and 
two paratypes of the new species described in this study 
are stored in the Kanagawa Prefectural Museum of Natural 
History: 499, Iryuda, Odawara-shi, Kanagawa Prefecture, 
250-0031, Japan. In order to avoid overcollection of these 
species, further details would be made available only by 
either contacting the corresponding author or each museum.

Results

The monophyly of the Aichi and Kinki groups of H. 
vandenburghi was supported (but not strongly supported) 
by PP, whereas it was rejected by BS (Fig. 2). The 
monophyly of each group was strongly supported by PP 
and BS (Fig. 2). Genetically, these groups were not divided 

the first 25 % of generations as burn-in. The assessment 
of monophyly was performed using posterior probability 
(PP) and bootstrap (BS) values based on the criteria of 
Huelsenbeck & Rannala (2004) and Hillis & Bull (1993); 
thus, a monophyletic group was considered to have PP ≥ 
0.95 and BP ≥ 70.

Morphological analysis
We sampled 55 individuals of H. vandenburghi from 

February 2019 to March 2021, including 32 individuals 
(22 males and 10 females) of the Aichi group from 
three populations (Pops. 1, 3, and 8) and 23 individuals 
(17 males and 6 females) of the Kinki group from four 
populations (Pops. 19, 20, 25, and 28) (Table 1; Fig. 1). The 
collected adults were measured after being anesthetized 
using ethyl 3-aminobenzoate methane sulfonate salt 
(Sigma-Aldrich, St. Louis, MO, USA) diluted 1,000-
fold in water (Bennett, 1991). For conservation of H. 
vandenburghi, measured adults were returned to their site 
of capture except for the candidates of type specimens. 
Before we returned individuals to their site of capture, 
we took photos of their dorsal, ventral, and lateral sides 
against a black background, and we also obtained tissue 
samples (preserved in 99.5 % ethanol) from their tail 
tips for evidence of collection. All examined adults were 
measured using a vernier caliper with 22 measurements 
as follows: snout-vent length (SVL), trunk length (TRL), 
axilla-groin distance (AGD), head length (HL), tail length 
(TAL), median tail width (MTAW), median tail height 
(MTAH), vomerine teeth length (VTL), and vomerine 
teeth width (VTW), head width (HW), forelimb length 
(FLL), hindlimb length (HLL), second finger length (2FL), 
third finger length (3FL), third toe length (3TL), five 
toe length (5TL), internarial distance (IND), interorbital 
distance (IOD), upper eyelid length (UEL), snout length 
(SL), upper eyelid width (UEW), lower jaw length (LJL). 
For each individual, we also recorded data for the presence 
of distinct black dots on the dorsum (DBDD), the presence 
of distinct white dots on the venter (DWDV), the presence 
of distinct white dots on the lateral side of the body 
(DWDL), the presence of a distinct and bright yellow line 
on the dorsal (DBTYLD) and ventral (DBTYLV) sides 
of the tail, and presence of distinct gular mottling (DGM). 
The number of costal folds between the adpressed limbs 
(CFBALN) and the number of costal grooves (CGN) was 
counted using the method of Matsui et al. (2019).

Before performing morphological comparisons between 
the two groups, we tested for normality using Shapiro–
Wilk tests. When data followed a normal distribution, we 
tested for homoscedasticity using F tests. When population 
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had DBTYLD and DBTYLV (22/22 = 100 %). Females of 
the Aichi group almost always had 13 CGN (9/10 = 90.0 %) 
and CFBALN ≤ −1.5 (9/10 = 90.0 %), almost always had 
no DBTYLV (9/10 = 90.0 %), and never had DGM (10/10 
= 100 %). Males of the Kinki group always had DBTYLD 
and DBTYLV (17/17 = 100 %), and usually had 13 CGN 
(14/17 = 82.4 %) and CFBALN ≥ −1.0 (15/17 = 88.2 %), 
and usually had no DBDD (15/17 = 88.2 %). Females of 
the Kinki group always had DBTYLD, DBTYLV, and 
CFBALN ≤ −1.5 (6/6 = 100 %), usually had 13 CGN 
(5/6 = 83.3 %), usually had no DBDD (5/6 = 83.3 %), and 
never had DGM (6/6 = 100 %).

Given the results of molecular and morphological 
analyses, we described the Aichi group of H. vandenburghi 
as a new species based on three species concepts.

Taxonomy

Hynobius owariensis sp. nov.
(New standard Japanese name: Owari-sanshouo)

(Figs. 4–5)

Hynobius nebulosus: Kuzumi and Kakegawa, 1989; 
Fujitani, 2000; Fujitani et al., 2016: 3, in part.

Hynobius vandenburghi: Matsui et al., 2019: 49, in 

Fig. 2. Phylogenetic tree produced using Bayesian inference 
(BI) based on 585-bp cytochrome b sequences rooted 
with Salamandrella keyserlingii as an outgroup. Scale 
represents genetic distance (expect for changes per site). 
Numbers located near the nodes are posterior probabilities 
(PP) for BI and bootstrap values (BS) for maximum 
likelihood estimation. Values appearing in parentheses 
after the haplotype names correspond to population 
localities as indicated in Table 1 and Fig. 1. Asterisks after 
the parentheses (Pops. 1 and 19) indicate the type locality 
of each species.

into further populations based on PP and BS (Fig. 2).
Morphological measurements of the two groups 

are shown in Table 2 and the significant values of all 
measurements between the two groups are listed in Table 3. 
Males and females of the Aichi and Kinki groups differed 
significantly in 11 (SVL, RTRL, RAGD, RHL, RMTAH, 
RVTW, RHLL, R3TL, RUEW, RUEL, and RLJL) 
and 2 (SVL and RVTL) morphological characteristics, 
respectively (Table 3). Discriminant analyses indicated 
that the two groups were different and that the distribution 
areas of scores did not overlap (Fig. 3). Results of 
morphological observations are shown in Table 4. Males 
of the Aichi group almost always had DGM (20/22 = 
90.9 %), almost always had no DBDD (20/22 = 90.9 %), 
usually had no DWDV (18/22 = 81.8 %) and DWDL 
(19/22 = 86.4 %), usually had 13 costal grooves (18/22 = 
81.8 %) and CFBALN ≤ −1.5 (19/22 = 86.4 %), and never 

Fig. 3. Results of discriminant analyses of two species for (A) 
males and (B) females. The x axis indicates “discriminant 
score 1” (DS1).
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Table 2. Measurement (mm) of SVL and character ratios (R =  %SVL) of TRL to LJL  Ranges are 
shown in parentheses. 

part; Ichioka et al., 2021

Etymology. The specific epithet “owariensis” refers 
to the old name of the western part of Aichi Prefecture (= 
Owari) where the new species occurs.

Holotype. An adult male (specimen number: TMNH-

AM-78) from Tenpakucho Yagotourayama, Tenpaku-ku, 
Nagoya-shi, Aichi Prefecture, Japan (35° 08’ N, 136° 58’ 
E; elevation = 50 m), collected by Takeshi Fujitani on 18 
February 2020. This population is on private land; thus, 
we obtained permission from the landowner to collect the 
specimen.

Holotype Male Female Topotype Male Female
Trait n  = 22 n  = 10 n  = 17 n  = 6
SVL 58.2 60.6±4.65 59.1±6.46 54.5 53.8±3.30 54.3±1.52

(51.2-66.7) (47.3-65.7) (49.6-60.3) (52.0-56.0)
RTRL 79.7 77.9±1.31 78.0±3.69 77.1 77.2±0.63 78.0±0.75

(75.4-82.0) (69.6-84.5) (76.2-78.2) (77.4-79.5)
RAGD 55.7 54.5±1.42 55.7±1.76 53.4 53.4±1.43 56.1±0.78

(51.7-57.0) (53.8-59.0) (50.7-56.1) (54.6-56.8)
RHL 21.5 22.8±0.89 22.8±0.97 23.3 23.5±0.91 23.0±1.08

(21.4-24.8) (21.2-24.0) (22.2-24.8) (21.6-24.5)
RTAL 76.5 74.1±7.33 71.1±5.24 74.3 77.8±5.73 71.8±8.30

(60.9-86.9) (60.7-77.2) (65.7-87.3) (58.1-81.3)
RMTAW 6.9 7.5±0.94 7.3±1.27 5.9 6.9±0.91 7.0±1.53

(4.9-8.7) (5.5-9.3) (5.8-9.0) (5.1-9.3)
RMTAH 12.0 13.8±1.87 12.5±1.82 10.5 12.2±1.20 12.0±0.79

(9.8-17.8) (9.9-15.7) (10.5-14.0) (10.5-12.5)
RVTL 4.1 4.8±0.49 4.5±0.42 5 4.8±0.46 5.0±0.31

(3.8-5.7) (4.1-5.2) (3.6-5.6) (4.6-5.4)
RVTW 5.5 5.5±0.46 5.2±0.27 5.1 5.1±0.47 4.9±0.28

(4.6-6.3) (4.7-5.5) (4.2-5.9) (4.6-5.3)
RHW 16.8 17.0±0.91 16.7±0.69 15.6 16.7±0.73 15.9±0.70

(14.9-18.8) (15.6-17.7) (15.3-18.1) (15.3-17.2)
RFLL 21.1 23.1±1.35 21.9±1.95 21.5 23.6±1.53 23.2±1.44

(21.0-25.6) (19.1-25.6) (21.4-26.1) (21.5-24.9)
RHLL 25.9 28.3±1.56 27.9±2.05 28.6 30.8±1.34 28.6±2.14

(24.4-30.7) (25.1-31.1) (28.5-33.2) (25.5-30.8)
R2FL 5.0 5.2±0.44 4.5±0.56 5.7 5.2±0.50 4.7±0.28

(4.4-6.1) (3.2-5.3) (4.0-5.7) (4.4-5.2)
R3FL 3.1 4.2±0.62 4.2±0.49 5.1 4.1±0.71 4.1±0.58

(2.7-5.3) (3.2-5.0) (2.9-5.2) (3.3-5.0)
R3TL 7.0 7.4±0.62 7.3±0.84 7.2 8.1±0.76 7.5±0.57

(5.9-8.5) (6.2-9.0) (6.8-9.4) (7.0-8.5)
R5TL 1.2 2.1±0.48 2.0±0.64 2.4 2.1±0.71 2.1±0.21

(1.1-3.1) (1.2-3.1) (1.0-3.3) (1.8-2.4)
RIND 4.1 4.2±0.52 4.5±0.63 4.6 4.3±0.54 4.4±0.48

(3.4-5.7) (3.9-5.7) (2.9-5.1) (3.8-5.1)
RIOD 6.4 5.7±0.35 5.8±0.32 6.1 5.7±0.45 5.6±0.47

(4.9-6.4) (5.5-6.4) (4.9-6.9) (4.9-6.1)
RUEW 2.6 2.8±0.20 3.0±0.31 2.8 3.3±0.31 3.3±0.23

(2.5-3.2) (2.5-3.6) (2.6-3.9) (2.9-3.6)
RSL 6.4 5.8±0.37 5.8±0.37 6.6 5.9±0.29 5.9±0.29

(5.2-6.4) (5.1-6.2) (5.5-6.6) (5.4-6.2)
RUEL 4.1 4.2±0.39 4.4±0.30 4.6 4.4±0.25 4.4±0.48

(3.7-5.6) (4.1-5.1) (4.0-4.8) (3.8-5.1)
RLJL 11.7 12.6±0.60 12.8±0.86 12.8 13.9±0.65 13.4±0.38

(11.4-13.5) (11.7-14.2) (12.8-14.8) (12.9-13.8)

H. owariensis  sp. nov. H. vandenburghi

See Materials and Methods section for definitions of morphological traits.
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Table 3. Significant values for the 22 morphological 
characteristics compared between the two species (for 
both sexes and between sexes of each species)  

Paratypes. An adult female (specimen number: KPM-
NFA 940) from the same locality of the holotype, collected 
by Takeshi Fujitani on 28 February. 2020. An adult male 
(specimen number: KPM-NFA 941) from Odakacho 
Takayama, Midori-ku, Nagoya-shi, Aichi Prefecture, Japan 
(35° 03’ N, 136° 56’ E; elevation = 30 m), collected by 
Takeshi Fujitani on 4 March 2019. This population is also 
on private land; therefore, we again obtained permission 
from the landowner to collect specimens.

Diagnosis. A comparatively large species (mean SVL 
= 60.6 mm in males and 59.1 mm in females) within the 
Japanese lentic Hynobius species: SVL usually > 56 mm 
in males; ratio of hindlimb length almost always < 30 
%SVL in males; distinct and bright yellow stripe on the 
ventral edge of tail always absent in males and almost 
always absent in females; distinct and bright yellow stripe 
on the dorsal edge of tail always absent in males; distinct 
black dots on the dorsum almost always absent in males; 
distinct white dots on the ventral and lateral sides of the 
body usually absent in males; DGM almost always present 

Fig. 4. Holotype of Hynobius owariensis sp. nov. (TMNH-
AM-78, adult male, 58.2 mm SVL): (A) dorsal and (B) 
ventral views.

in males and never present in females; fifth toe of hindlimb 
always present; U-shaped or V-shaped vomerine teeth 
series; 13 (rarely 12 or 14) costal grooves; number of 
costal folds between adpressed limbs usually −3.0 to −1.5 
in males and almost always −4.0 to −1.5 in females.

Description of holotype. A moderately large individual: 
HL slightly larger than HW; TAL shorter than SVL; body 
almost cylindrical; rounded snout; gular fold present; tail 
gradually compressed toward the tip; expanded cloaca; 
webbing between digits absent; four fingers on each 
forelimb, order of length II > III > IV > I on left and III > 
II > IV > I on right; five toes on each hindlimb, order of 
length III > II > IV > I > V on left and III > IV > II > V > I 
on right; U-shaped vomerine teeth; skin smooth and shiny; 
DWDV and DWDL absent; DBDD absent; DBTYLD 
and DBTYLV absent; DGM present. The holotype had 
the following measurements (in mm): SVL =58.2, TRL 
= 46.4, AGD = 32.4, HL = 12.5, TAL = 44.5, MTAW = 
4.0, MTAH = 7.0, BTAW = 7.6, BTAH = 6.4, VTL = 2.4, 
VTW = 3.2, HW = 9.8, MXHW = 10.1, LFLL = 12.3, 
RFLL = 10.7, LHLL = 15.1, RHLL = 14.6, L1FL = 1.3, 
L2FL = 2.9, L3FL = 1.8, L4FL = 1.5, R1FL = 0.9, R2FL 
= 1.4, R3FL = 1.8, R4FL = 1.3, L1TL = 1.5, L2TL = 3.2, 
L3TL = 4.1, L4TL = 2.9, L5TL = 0.7, R1TL = 0.9, R2TL 

Trait Males Females OWA VAN

SVL P < 0.0001 P < 0.05 NS NS

RTRL P < 0.05 NS P < 0.0001 P < 0.05

RAGD P < 0.05 NS P < 0.05 P < 0.0001
RHL P < 0.05 NS NS NS

RTAL NS NS NS NS

RMTAW NS NS NS NS

RMTAH P < 0.01 NS NS NS

RVTL NS P < 0.05 NS NS

RVTW P < 0.01 NS NS NS

RHW NS NS NS P < 0.05

RFLL NS NS P < 0.05 NS

RHLL P < 0.0001 NS NS P < 0.01

R2FL NS NS P < 0.01 P < 0.01

R3FL NS NS NS NS

R3TL P < 0.01 NS NS NS

R5TL NS NS NS NS

RIND NS NS NS NS

RIOD NS NS NS NS

RUEW P < 0.0001 NS P < 0.0001 NS

RSL NS NS NS NS

RUEL P < 0.01 NS P < 0.01 NS

RLJL P < 0.0001 NS NS NS

P < 0.05 3 2 2 2

P < 0.01 4 0 2 2

P < 0.001 0 0 0 0

P < 0.0001 4 0 2 1

Total 11 2 6 5

OWA vs. VAN Male vs. Female

OWA and VAN are abbreviations of Hynobius owariensis sp. 
nov. and H. vandenburghi, respectively. Larger significant 
difference values are shown in bold. See Materials and 
Methods section for definitions of morphological traits.
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Table 4. Characteristics of skin markings between the two 
species of Hynobius  

= 2.9, R3TL = 3.8, R4TL = 3.1, R5TL = 1.2, IND = 2.4, 
IOD = 3.7, LUEW = 1.5, RUEW = 1.1, SL =3.9, LUEL 
=2.4, RUEL = 2.6, LJL = 6.8, CGN = 13.

Comparisons. The new species resembles H. 
vandenburghi in morphology but differs statistically 
from it in the following length measurements: SVL, 
RTRL, RAGD, RHL, RMTAH, RVTW, RHLL, R3TL, 
RUEW, RUEL, and RLJL in males and SVL and RVTL 
in females; the lengths of these measurements, except for 
SVL, RTRL, RAGD, RMTAH, and RVTW in males and 
SVL in females, are significantly shorter in H. owariensis 
sp. nov. than in H. vandenburghi. In males, H. owariensis 
sp. nov. differs from H. vandenburghi by the following 
combination of characters: SVL > 56 mm (18/22 = 81.8 
%) vs. SVL < 56 mm (14/17 = 82.4 %); RHLL shorter 
than 30 % (20/22 = 90.9 %), vs. RHLL of 30 % or longer 
(14/17 = 82.4 %); usually have CFBALN ≤ −1.5 (19/22 = 
86.4 %) vs. usually have CFBALN ≥ −1.0 (15/17 = 88.2 
%); always lack DBTYLD and DBTYLV (22/22 = 100 
%) vs. always have DBTYLD and DBTYLV (17/17 = 
100 %). In females, H. owariensis sp. nov. almost always 
lacks DBTYLV (9/10 = 90 %), whereas H. vandenburghi 

always have DBTYLV (6/6 = 100 %).
Variation. Morphometric measurements are presented 

in Table 2 and the significant values of all measurements 
between sexes are listed in Table 3. Males have relatively 
longer RFLL and R2FL than females, whereas males have 
relatively shorter RTRL, RAGD, RUEW, and RUEL than 
those of females. The skin markings of H. owariensis 
sp. nov. are listed in Table 4. The dorsum is uniformly 
yellowish-brown or darkish-brown. DBDD is rarely 
present in males (2/22 = 9.1 %) and sometimes present 
in females (3/10 = 30 %). The venter is lighter than the 
dorsum. DWDV is rarely present in males (4/22 = 18.2 %) 
and sometimes absent in females (4/10 = 40 %). DWDL is 
rarely present in males (3/22 = 13.6 %) and rarely present 
in females (3/10 = 30.0 %). In females, DBTYLD is 
sometimes present (5/10 = 50 %) and DBTYLV is rarely 
present (1/10 = 10 %). DGM is rarely absent in males 
(2/22 = 9.1 %). CGN is rarely 12 (2/22 = 9.1 %) or 14 
(2/22 = 9.1 %) in males and rarely 14 in females (1/10 
= 10.0 %). CFBALN is rarely > −1.5 in males (3/22 = 
13.6 %) and rarely > −1.0 (1/10 = 10 %) in females. The 
iris is dark brown. When preserved in 70 % ethanol, the 
dorsal coloration tends to fade to dark gray. The indistinct 
yellowish line on the dorsal and ventral sides of the tail (e.g., 

Male Female Male Female

Character Condition n  = 22 n  = 10 n  = 17 n  = 6

DBDD Absent 20 (90.9%) 7 (70.0%) 15 (88.2%) 5 (83.3%)

Present 2 (9.1%) 3 (30.0%) 2 (11.8%) 1 (16.7%)

DWDV Absent 18 (81.8%) 4 (40.0%) 11 (64.7%) 3 (50.0%)

Present 4 (18.2%) 6 (60.0%) 6 (35.3%) 3 (50.0%)

DWDL Absent 19 (86.4%) 7 (70.0%) 11 (64.7%) 3 (50.0%)

Present 3 (13.6%) 3 (30.0%) 6 (35.3%) 3 (50.0%)

DBTYLD Absent 22 (100%) 5 (50.0%) 0 (0%) 0 (0%)

Present 0 (0%) 5 (50.0%) 17 (100%) 6 (100%)

DBTYLV Absent 22 (100%) 9 (90%) 0 (0%) 0 (0%)

Present 0 (0%) 1 (10%) 17 (100%) 6 (100%)

DGM Absent 2 (9.1%) 10 (100%) 10 (58.8%) 6 (100%)

Present 20 (90.9%) 0 (0%) 7 (41.2%) 0 (0%)

CGN 12 2 (9.1%) 0 (0%) 3 (17.6%) 0 (0%)

13 18 (81.8%) 9 (90.0%) 14 (82.4%) 5 (83.3%)

14 2 (9.1%) 1 (10.0%) 0 (0%) 1 (16.7%)

CFBALN 1.0 0 (0%) 0 (0%) 1 (5.9%) 0 (0%)

0.5 0 (0%) 0 (0%) 1 (5.9%) 0 (0%)

0.0 0 (0%) 0 (0%) 5 (29.4%) 0 (0%)

-0.5 1 (4.5%) 1 (10.0%) 1 (5.9%) 0 (0%)

-1.0 2 (9.1%) 0 (0%) 7 (41.2%) 0 (0%)

-1.5 10 (45.5%) 2 (20.0%) 2 (11.8%) 3 (50.0%)

-2.0 4 (18.2%) 2 (20.0%) 0 (0%) 0 (0%)

-2.5 4 (18.2%) 0 (0%) 0 (0%) 0 (0%)

-3.0 1 (4.5%) 1 (10.0%) 0 (0%) 3 (50%)

-3.5 0 (0%) 3 (30.0%) 0 (0%) 0 (0%)

-4.0 0 (0%) 1 (10.0%) 0 (0%) 0 (0%)

H. owariensis  sp. nov. H. vandenburghi

Fig. 5. (A) Live holotype of Hynobius owariensis sp. nov. 
(TMNH-AM-78), and the (B) larva, (C) banana-shaped 
egg sacs, and (D) type locality of the new species.

Values indicate the number of individuals exhibiting that 
characteristic with percentages show for each condition 
in parentheses. See Materials and Methods section for 
definitions of morphological characteristics.
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Fig. 4) is difficult to confirm after preservation.
Natural History. The main vegetation in the surrounding 

habitat of the new species is an evergreen forest of Fagaceae 
trees (i.e., Castanopsis and Quercus spp.) (Fig. 5). Larvae 
have black spots on the lateral sides of their body and tail, 
and they have no claws on the tips of their fingers and toes. 
In the early developmental stages of the larvae, they have 
one pair of balancers. Egg sacs are banana-shaped and are 
attached to fallen leaves or branches in puddles or ponds at 
forest edges from February to April.

Distribution. It is known from Nagoya-shi (including 
the Midori-ku, Tenpaku-ku, Moriyama-ku, Chikusa-ku, 
and Meito-ku), Tokai-shi, Chita-shi, Tokoname-shi, Seto-
shi, Toyota-shi (only former Fujioka-cho), Nagakute-
shi, and Owariasahi-shi, and Higashiura-cho, Agui-
cho, Mihama-cho, Taketoyo-cho, and Minamichita-cho 
(Matsui et al., 2019) in Aichi Prefecture. In this study, 
DNA data from Higashiura-cho and Agui-cho were not 
included, but adult specimens from these towns are stored 
in the Toyohashi Museum of Natural History (confirmed 
by T. Fujitani). It is possible that this species may also 
be distributed in Handa-shi, but reliable records on its 
inhabitation are not available. Probably, the populations 
of Tokai-shi, Chita-shi, and Tokoname-shi, as well as 
Higashiura-cho, Agui-cho, and Taketoyo-cho, were already 
extinct by 2021 based on our field surveys.

Remarks. The new species forms a monophyletic group 
with H. vandenburghi (Matsui et al., 2019). The results of 
our study support this hypothesis by BI, but the posterior 
probability is not high (Fig. 2).

Hynobius vandenburghi Dunn, 1923
(Standard Japanese name: Yamato-sanshouo)

(Fig. 6)

Hynobius nebulosus: Fujitani et al., 2016: 3, in part.

Holotype. An adult male (specimen number: CAS 
26714) from Nara, Yamato Province, Hondo, collected by 
Victor Kühne (an alias used by John Cheesman Thompson) 
(Beolens et al., 2011) in May 1907 (Dunn, 1923a; Dunn, 
1923b). This specimen is stored in the California Academy 
of Sciences: 55 Music Concourse Drive, San Francisco, 
California, 94118, United States.

Diagnosis. A comparatively small species (with a 
mean SVL of 53.8 mm in males and 54.3 mm in females) 
within the Japanese lentic salamander species complex 
of Hynobius: SVL usually < 56 mm in males; the ratio of 
hindlimb length usually ≥ 30 %SVL in males; distinct and 
bright yellow stripe on the dorsal and ventral edges of the 

tail always present in both sexes; distinct black dots on 
dorsum usually absent in both sexes; distinct gular mottling 
never present in females; fifth toe of hindlimb always 
present; V-shaped or U-shaped vomerine teeth series; 13 
(rarely 12 or 14) costal grooves; the number of costal folds 
between adpressed limbs usually > −1.5 in males and 
always < −1.0 in females.

Description of a specimen from the type locality 
(Topotype). An adult male (specimen number: KPM-
NFA 942) from Nakamachi, Nara-shi, Nara Prefecture, 
Japan (34° 40’ N, 135° 43’ E; elevation = 230 m), collected 
by Shota Seguchi on 1 March 2020. This specimen was 
collected after obtaining collection permission from The 
Unit of Natural Environment, Division of Landscape 
and Natural Environment, Department of Water Cycle, 
Forest, and Landscape Environment, Nara Prefecture. A 
moderately large individual: HL larger than HW; TAL 
shorter than SVL; body almost cylindrical; rounded snout; 
gular fold present; tail gradually compressed toward the 
tip; slightly expanded cloaca; webbing between digits 
absent; four fingers on each forelimb, order of length II > 
III > IV > I on left and II > III > I > IV on right; five toes 
on each hindlimb, order of length III > IV > II > I > V on 
left and III > II > IV > V > I on right; V-shaped vomerine 

Fig. 6. A specimen of Hynobius vandenburghi (KPM-NFA 
942, adult male) from the type locality: (A) dorsal, (B) 
ventral, and (C) lateral views.
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teeth; skin smooth and shiny; DWDV and DWDL 
absent; DBDD absent; DBTYLD and DBTYLV present; 
DGM absent (but indistinct gular mottling present). This 
specimen had the following measurements (in mm): SVL 
=54.5, TRL = 42.0, AGD = 29.1, HL = 12.7, TAL = 40.5, 
MTAW = 3.2, MTAH = 5.7, BTAW = 5.1, BTAH = 5.0, 
VTL = 2.7, VTW = 2.8, HW = 8.5, MXHW = 8.8, LFLL 
= 11.7, RFLL = 11.8, LHLL = 15.6, RHLL = 14.9, L1FL 
= 1.1, L2FL = 3.1, L3FL = 2.8, L4FL = 1.3, R1FL = 1.2, 
R2FL = 3.4, R3FL = 2.7, R4FL = 1.1, L1TL = 1.5, L2TL 
= 3.3, L3TL = 3.9, L4TL = 3.4, L5TL = 1.3, R1TL = 1.2, 
R2TL = 3.3, R3TL = 3.7, R4TL = 3.1, R5TL = 1.7, IND 
= 2.5, IOD = 3.3, LUEW = 1.5, RUEW = 1.4, SL = 3.6, 
LUEL =2.5, RUEL = 2.4, LJL = 7.0, CGN = 13.

Variation. Morphometric measurements are presented 
in Table 2 and the significant values of all measurements 
between sexes are listed in Table 3. Males have relatively 
longer RHW, RHLL, and R2FL than those of females, 
whereas males have relatively shorter RTRL and RAGD 
than those females. Skin markings are listed in Table 4. 
The dorsum is uniformly yellowish-brown or darkish-
brown. DBDD are rarely present in males (2/17 = 11.8 
%) and females (1/6 = 16.7 %). The venter is lighter than 
the dorsum. DWDV are often lacking in males (11/17 = 
64.7 %) and sometimes present in females (3/6 = 50.0 %). 
DWDL are frequently lacking in males (11/17 = 64.7 %) 
and sometimes present in females (3/6 = 50.0 %). DGM 
sometimes lacking in males (10/17 = 58.8 %). CGN rarely 
12 in males (3/17 = 17.6 %) and rarely 14 in females (1/6 
= 16.7 %). CFBALN rarely < −1.0 in males (2/17 = 11.8 %) 
and sometimes > 2.0 in females (3/6 = 50 %). Iris is dark 
brown. When preserved in 70 % ethanol, dorsal coloration 
tends to fade to dark gray. DBTYLD and DBTYLV can be 
confirmed after preservation.

Distribution. It is known from Tahara-shi (only 
former Tahara-cho and Atsumi-cho), Aichi Prefecture 
(Matsui et al., 2019), Gifu-shi (only former Gifu-shi), 
Seki-shi (only former Seki-shi), Kakamigahara-shi (only 
former Kakamigahara-shi), and Kaizu-shi (only former 
Nanno-cho), and Ibigawa-cho (only former Tanigumi-
mura), Gifu Prefecture (Matsui et al., 2019; Sakai et al., 
2019; Gifu High School, 2018), Nagahama-shi (only 
former Nagahama-shi, and Azai-cho and Kinomoto-
cho), Maibara-shi (former Maibara, Omi-cho, and 
Santo-cho), Hikone-shi, Omihachiman-shi (only former 
Omihachiman-shi), Konan-shi (only former Kosei-cho), 
Higashiomi-shi (only former Yokaichi-shi and Gamo-cho), 
Koka-shi (only former Minakuchi-cho, Konan-cho, Koka-
cho, and Tsuchiyama-cho), Ritto-shi, Kusatsu-shi, Otsu-
shi (only former Otsu-shi ), Takashima-shi (only former 

Adogawa-cho, Shin-asahi-cho, Imazu-cho, and Makino-
cho), and Hino-cho and Ryuo-cho , Shiga Prefecture (Tago, 
1931; Kokashi-Minakuchi-Kodomonomori-Shizenkan, 
2013; Mito et al., 2018; Matsui et al., 2019), Kuwana-
shi (only former Tado-cho), Inabe-shi (only former 
Inabe-cho), Suzuka-shi, Kameyama-shi (only former 
Kameyama-shi), Iga-shi (only former Ueno-shi), Tsu-shi 
(only former Tsu-shi and Hisai-shi, and Kawage-cho, Ano-
cho, Hakusan-cho, and Ichishi-cho), Matsusaka-shi (only 
former Matsusaka-shi and Ureshino-cho), and Shima-shi 
(only former Ago-cho, Daio-cho, and Shima-cho), Mie 
Prefecture (Miyamoto, 2001; Shimizu, 2014; Matsui et al., 
2019), Nara-shi (only former Nara-shi), Yamatokoriyama-
shi, and Ikoma-shi, and Oyodo-cho, Nara Prefecture 
(Matsui et al., 2019), Kyoto-shi (only former Kyoto-
shi of Nishikyo-ku, Higashiyama-ku, and Fushimi-ku), 
Nagaokakyo-shi, Kyotanabe-shi, Kizugawa-shi (only 
former Kizu-cho and Kamo-cho), Uji-shi and Kameoka-
shi, Oyamazaki-cho, Seika-cho, and Ujitawara-cho, and 
Minamiyamashiro-mura, Kyoto Prefecture (Tanabe & 
Matsui, 2002; Matsui et al., 2019), Toyonaka-shi, Mino-
shi, Ibaraki-shi, Takatsuki-shi, Hirakata-shi, Katano-shi, 
Shijonawate-shi, Higashiosaka-shi, Tondabayashi-shi, 
Sakai-shi (only former Sakai-shi), Izumi-shi, and Hannan-
shi, Osaka Prefecture (Osaka Prefecture, 1978; Matsui 
et al., 2019). Populations from Nantan-shi (only former 
Sonobe-cho) of Kyoto Prefecture (Tanabe & Matsui, 
2002) are lacking DNA data. This population is adjacent 
to the distribution area of Hynobius setouchi, so there 
is a possibility that this is the H. setouchi population. 
DNA analyses including samples from this population 
are essential for deciding the distribution range of H. 
vandenburghi.

Remarks. We examined a male specimen (specimen 
number: TMNH-AM-70) from Tahara-shi stored in the 
Toyohashi Museum of Natural History (1-238, Oiwacho 
Oana, Toyohashi-shi, Aichi Prefecture, 441-3147), but 
DBTYLD was not clear. The line of this specimen may 
have already faded; thus, the presence of DBTYLD still 
requires confirmation in several living individuals from 
the area after obtaining Hynobius vandenburghi collection 
permission from Tahara-shi. H. vandenburghi is also 
parapatrically distributed with H. setouchi, but it has no 
DBTYLD and DBTYLV.

Discussion

According to Matsui et al. (2019), H. owariensis 
sp. nov. and H. vandenburghi are the same species. In 
our study, the monophyly of the two species was also 
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supported by BI based on the criteria of Huelsenbeck & 
Rannala (2004), but the probability was very low (Fig. 
2). However, the monophyly was rejected by ML based 
on the criteria of Hillis & Bull (1993) (Fig. 2). Therefore, 
the monophyly of the two species was not strongly 
supported by our molecular analyses. On the other hand, 
the two species were morphologically distinguishable 
based on our analyses (Tables 2–4; Fig. 3). Males of H. 
vandenburghi usually have yellow stripes on the edges 
of their tail based on the diagnosis of H. vandenburghi 
(Matsui et al., 2019); however, all examined males from 
H. owariensis sp. nov. did not have clear yellow stripes 
on the dorsal and ventral sides of their tail (Table 4). 
Therefore, H. owariensis sp. nov. does not strictly satisfy 
the diagnosis of H. vandenburghi described by Matsui 
et al. (2019). Furthermore, statistical analyses using 
morphological data suggested that these two groups were 
distinguishable (Table 3; Fig. 3). Furthermore, they are 
also genetically distinguishable based on the phylogenetic 
analyses using allozyme and mitochondrial data (Fig. 
2) (Matsui et al., 2006; Matsui et al., 2019). Thus, we 
conclude that H. owariensis sp. nov. should be distinct 
species based on the morphological, phylogenetic, and 
evolutionary species concepts.

The distribution area of H. vandenburghi was limited 
to Tokai and Kinki Districts (Matsui et al., 2019); it is not 
distributed in the Chita Peninsula and surrounding areas 
of Nagoya-shi, Aichi Prefecture (Figs 1–2). Following this 
description, the eastern, northern, southern, and western 
limits of the distribution range for H. vandenburghi are 
as follows: the Tahara-shi (Aichi Prefecture) and Seki-shi 
(Gifu Prefecture) line, Nagahama-shi (Shiga Prefecture) 
and Ibigawa-cho (Gifu Prefecture) line, Shima-shi (Mie 
Prefecture) and Hannan-shi (Osaka Prefecture) line, 
and Mino-shi (Osaka Prefecture) and Hannan-shi line, 
respectively. The distribution areas of H. vandenburghi 
and H. setouchi are adjacent in the northwestern and 
southwestern parts of Osaka Prefecture (Fig. 1; Table 1). 
According to Matsui et al. (2019), the boundary of the 
two species in the southwestern part of Osaka Prefecture 
is located in Hannan-shi (Pop. 42) and Misaki-cho (Pop. 
44) (See Fig. 1). In addition, our analyses suggested that 
the boundary for the two species’ distributions in the 
northwestern part of Osaka Prefecture is located in Mino-
shi  (Pop. 26) and Toyono-cho (Pop. 43) (Fig. 1). In our 
molecular analyses, samples from Kyoto Prefecture only 
included single sequencing data (Pop. 40) obtained by 
Matsui et al. (2019) because H. vandenburghi is protected 
by law in Kyoto Prefecture and collection is not allowed 
without permission. According to Tanabe & Matsui (2002), 

H. nebulosus (which currently is H. vandenburghi) is 
distributed in Nantan-shi of Kyoto Prefecture, but this 
species is not distributed in the adjacent area. Further 
molecular analyses, including samples from Nantan-shi, 
are required to clarify the boundary of H. vandenburghi 
and H. setouchi.

Hynobius vandenburghi is widely distributed in 
Tokai to Kinki regions, but our analyses only included 
individuals from Nara and Osaka Prefecture. Thus, there is 
a possibility that additional morphological variation exists. 
However, populations from Aichi (only Atsumi Peninsula), 
Gifu, Shiga, and Kyoto Prefectures are protected by the 
laws of the local governments; hence, we were unable to 
include these populations in our morphological analyses. 
Additionally, the present study did not include the Mie 
populations, which are not protected by local government 
law, because we could not obtain normal individuals from 
the Mie populations. Further morphological analyses, 
including individuals from the Mie and other populations, 
are therefore needed (following H. vandenburghi collection 
permission being granted by each local government) to 
reach a final decision on the diagnosis of H. vandenburghi. 
Based on our field surveys and previous reports (e.g., Sakai 
et al., 2018), populations of H. vandenburghi are threatened 
with extinction. Considering that H. vandenburghi has a 
wider distribution range than H. owariensis sp. nov., some 
populations might already be extinct (e.g., former Tahara-
cho of Aichi Prefecture, Kuwana-shi of Mie Prefecture, 
Toyonaka-shi, Tondabayashi-shi, and Higashi-osaka-shi 
of Osaka Prefecture). To save this species from extinction, 
reassessment of the conservation status of H. vandenburghi 
should be performed after widely incorporating the 
opinions of actors who conserve this species locally and 
without being overly focused on the apparent scale of the 
distribution area of H. vandenburghi.

Hynobius owariensis sp. nov. is found only at the Chita 
Peninsula and surrounding areas of Nagoya-shi (Fig. 1); 
however, the introduction of H. vandenburghi to Nagoya-
shi has been confirmed in a specific park of the city (Fujitani 
et al., 2016). To avoid a more artificial introduction of 
H. vandenburghi, information on the taxonomic revision 
of H. vandenburghi should be widely and immediately 
disseminated. This new species exists in very fragmented 
habitats and all populations are unsustainable because of 
their small population size or location close to development 
areas. Therefore, the viability of H. owariensis sp. nov. 
may be strongly affected by catastrophes or human 
activities such as deforestation and development. As 
previously mentioned, several populations (e.g., Tokai-
shi, Chita-shi, and Tokoname-shi, and Higashiura-cho, 
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サンショウウオ属の 1 新種を、日本の愛知県西部から記載した。分子遺伝学的および形態学的解析

の結果、ヤマトサンショウウオは愛知グループと近畿グループの二つに分けられることが示唆され
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Distribution Records and Re-descriptions of Some Japanese Species of the 
Subfamily Phygadeuontinae (Hymenoptera, Ichneumonidae)
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Abstract.  New distribution records of six species of Japanese Phygadeuontinae, Acrolyta spola Mo-
moi, 1970 (from Tokunoshima Is.), Diatora lissonota (Viereck, 1912) (from Tokunoshima Is.), Mastrus 
oshimensis (Uchida, 1930) (from Honshu), Phygadeuon elongatus (Uchida, 1930) (from Honshu), P. 
yonedai Kusigemati, 1986 (from Honshu and Izuoshima Is.), and Theroscopus maruyamanus (Uchida, 
1930) (from Honshu), are recorded. These species except A. spola and P. yonedai are re-described. In 
addition, P. akaashii Uchida, 1930 and T. fukuiyamensis (Uchida, 1936) are also re-described. Mastrus 
oshimensis and T. maruyamanus have only been recorded in the original description and these are the 
second record for both species.
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Introduction

The subfamily Phygadeuontinae Förster, 1869 is a large-
sized subfamily of the family Ichneumonidae, consisting 
of over 120 genera and 1900 species from the world 
(Yu et al., 2016). They are idiobiont parasitoid, while 
the strategy and the host preference are highly varied. 
In Japan, 41 genera and 126 species of this subfamily 
have been recorded (Watanabe, 2021). In this study, 
I provide additional distribution data of the Japanese 
Phygadeuontinae. Furthermore, some re-descriptions of 
Japanese species (e.g., species described by Dr. Toichi 
Uchida (1898–1974)) are provided.

Materials and methods

Dried specimens deposited in Kanagawa Prefectural 
Museum of Natural History, Odawara, Kanagawa, Japan 
(KPM-NK), Museum of Nature and Human Activities, 
Sanda, Hyogo, Japan (MNHAH), and Systematic 
Entomology, Hokkaido University, Sapporo, Japan 
(SEHU) were examined.

A stereomicroscope (Nikon SMZ800) was used for 

morphological observation. Photographs were taken 
using OLYMPUS TG-4 digital camera joined with the 
stereomicroscope. Digital images were edited using Adobe 
Photoshop® CC. Morphological terminology follows 
Broad et al. (2018). Eady (1968) is also referred to for the 
description of micro-sculpture. The following abbreviations 
are used in this paper: female (F), the segment of antennal 
flagellum (FL), Malaise trap (MsT), the diameter of lateral 
ocellus (OD), ocello-ocular line (OOL), postocellar line 
(POL), standard Japanese name (SJN), the segment of 
tarsus (TS), and metasomal tergite (T).

In this study, I treat the subtribes of Gelini sensu Townes 
(1970) as a genus-group because the monophyly of these 
groups is still debated and there is little reliable evidence.

Results and discussion

New distribution records are found for the following 
six species of Japanese Phygadeuontinae: Acrolyta spola 
Momoi, 1970; Diatora lissonota (Viereck, 1912); Mastrus 
oshimensis (Uchida, 1930); Phygadeuon elongatus 
(Uchida, 1930); P. yonedai Kusigemati, 1986; Theroscopus 
maruyamanus (Uchida, 1930). All species except A. spola 
and P. yonedai were insufficiently described. Therefore, 
they are re-described below.

Phygadeuon akaashii Uchida, 1930 and T. fukuiyamensis 
(Uchida, 1936) have been recorded from several areas 
of Japan. Similar to the case of the above-mentioned 
species, however, the descriptions of these species were 

Original article
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insufficient. Therefore, these species are also re-described 
based on the additional materials below.

Mastrus oshimensis and T. maruyamanus have only 
been recorded in the original description (Uchida, 1930), 
and the additional specimens reported in this study are the 
second records of both species.

Subfamily Phygadeuontinae Förster, 1869

Acrolyta genus group
(subtribe Acrolytina sensu Townes (1970))

Genus Acrolyta Förster, 1869

Acrolyta Förster, 1869: 174. Type: Acrolyta empretiae 
Ashmead, 1896 (= Ischnoceros nigricapitatus Cook & 
Davis, 1891). Designated by Viereck (1914).

Rhadinocera Förster, 1869: 177. Type: Hemiteles 
(Rhadinocera) algonquinus Viereck, 1917 (= 
Ischnoceros nigricapitatus Cook & Davis, 1891). 
Included by Viereck (1922).

Mosia Seyrig, 1952: 69. Type: Mosia crassicornis 
Seyrig, 1952. Original designation.

Parhemiteles Seyrig, 1952: 82. Type: Parhemiteles 
flaviger Seyrig, 1952. Original designation.

Since Watanabe (2021), a single specimen of A. spola 
Momoi, 1970 has been collected from Tokunoshima Island 
and its record is reported here.

Acrolyta spola Momoi, 1970
(SJN: Munebuto-mame-togari-himebachi)

Acrolyta spola Momoi, 1970: 344.

Description. See Momoi (1970).
Material examined. JAPAN: KPM-NK 81409, F, 

Kagoshima Pref., Tokunoshima Is., Isen Town, Itokina, 30. 
V. 2007, K. Watanabe leg.

Distribution. Japan (Yakushima Is., Amamioshima Is., 
Tokunoshima Is., Okinawajima Is., and Ishigakijima Is.).

Remarks. This is the first record of this species from 
Tokunoshima Island.

Genus Diatora Förster, 1869

Diatora Förster, 1869: 180. Type: Diatora prodeniae 
Ashmead, 1904. Included by Ashmead (1904).

Microtoridea Viereck, 1912: 150. Type: Microtoridea 
lissonota Viereck, 1912. Original designation.

Zaparaphylax Viereck, 1913: 647. Type: Zaparaphylax 
perinae Viereck, 1913 (= Microtoridea lissonota 
Viereck, 1912). Original designation.

Apanteloctonus Seyrig, 1952: 135. Type: Apanteloctonus 
albiscapus Seyrig, 1952. Original designation.

A single species, D. lissonota (Viereck, 1912), has been 
recorded from Japan. In this study, I newly record this 
species from Tokunoshima Island and re-describe it herein.

Diatora lissonota (Viereck, 1912)
(SJN: Okinawa-mame-togari-himebachi)

(Figs 1A–D)

Microtoridea lissonota Viereck, 1912: 150.
Zaraparaphylax perinae Viereck, 1913: 647.
Microtoridea secunda Cushman, 1934: 1.
Hemiteles guamensis Fullaway, 1946: 223.

Description. Female (n=1). Body length 3.7 mm. Body 
polished, covered with silver setae.

Head 0.57 times as long as wide in dorsal view. Clypeus 
0.5 times as wide as maximum length, sparsely punctate, 
its anterior margin thin. Face densely punctate laterally, 
punctate medially. Length of malar space 0.95 times as 
long as basal width of mandible. Frons, gena, and vertex 
sparsely punctate. OD: POL: OOL = 0.5: 0.75: 0.7. 
Occipital carina complete except for dorsal part narrowly 
absent, its lower end joined with hypostomal carina distant 
from mandibular base. Upper tooth of mandible slightly 
shorter than lower tooth. Base of mandible flat, with a 
weak transverse concavity near base. Antenna with 19 
flagellomeres, subapical part not widened. Length of FL I 
5.0 times as maximum depth of FL I in lateral view and 1.05 
times as long as length of FL II.

Mesosoma. Upper side of collar with a weak median 
carina. Lateral part of pronotum sparsely punctate. 
Epomia present. Mesoscutum smooth (Fig. 1C), with a 
few, very sparse punctures. Notaulus distinct and sharp, 
its posterior end beyond the centre of mesoscutum. 
Scutellum smooth, with a few, sparse punctures, without 
a lateral longitudinal carina except for base. Mesopleuron 
covered with fine longitudinal striae and fine punctures 
except for smooth area on speculum. Epicnemial carina 
present laterally, its dorsal end not reaching anterior 
margin of mesopleuron. Sternaulus complete. Posterior 
transverse carina of mesosternum largely absent in front 
of middle coxa. Metapleuron punctate, with a weak, 
complete juxtacoxal carina. Propodeal carinae and areas 
complete. Postero-lateral corner of area densipara not 
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Fig. 1. Diatora lissonota (Viereck, 1912), female, KPM-NK 81410. A: lateral habitus; B: head, frontal view; C: head, mesoscutum, 
and scutellum, dorsal view; D: T II to T IV, dorsal view.

projected. Area basalis wider than area superomedia. Area 
superomedia slightly wider than long, receiving lateral 
section of anterior transverse carina near the antero-
lateral corner (thus shape of area superomedia rectangle). 
Length of fore wing 3.0 mm. Areolet absent. Vein 1cu-
a interstitial to vein M&RS. Nervellus subvertical, 
intercepted near middle. Hind femur 3.9 times as long as 
maximum depth in lateral view. Hind TS I: II: III: IV: V 
= 2.0: 0.8: 0.6: 0.3: 0.5. Tarsal claws simple.

Metasoma. T I to T VII smooth (Fig. 1D), with a few, 
fine punctures. T I 2.0 times as long as maximum width. 
Dorso-lateral carina of T I present except for posterior part. 
T II 0.55 times as long as maximum width. Ovipositor 
sheath 1.0 times as long as hind tibia. Ovipositor straight, 
with a nodus and ventral teeth.

Coloration (Figs. 1A–D). Body (excluding wings 
and legs) black to blackish brown. Mandible except for 
apex, postero-dorsal corner of pronotum, tegula, and 
membranous part of metasomal sternites yellow. Scape, 
pedicel, and ovipositor yellowish brown. Flagellum more 
or less tinged with brown. Wings hyaline. Veins and 
pterostigma brown to yellowish brown except for yellow 
wing base. Legs yellowish brown. Fore coxa and fore and 
mid trochanters and trochantelli yellow. Base and apex of 
hind tibia darkened.

Male. Not examined in this study.
Material examined. JAPAN: KPM-NK 81410, F, 

Kagoshima Pref., Tokunoshima Is., Tokunoshima Town, 
Kedoku, 20. V. 2008, K. Watanabe leg.

Distribution. Japan (Tokunoshima Is. and Okinawajima 
Is.); China, Guam, India, Malaysia, Palau, Philippines, 
Taiwan, and Truk Island.

Bionomics. Unknown in Japan. According to Yu et 
al. (2016), some lepidopterous and braconid hosts are 
recorded in other countries.

Remarks. KPM-NK 81410 has been compared with a 
specimen deposited in MNHAH (1 F, Taiwan, Hsien, III. 
1966, K. Yano & H. Kajita leg., det. by S. Momoi). By the 
result of the comparison, no noteworthy morphological 
differences were observed. In Japan, only a single male 
collected from Okinawa Island was recorded (Momoi, 
1970). Therefore, the KPM-NK 81410 is the second record 
of this species from Japan. This is also the first record of 
this species from Tokunoshima Island.

Mastrus genus group
(subtribe Mastrina sensu Townes (1970))

Genus Mastrus Förster, 1869

Mastrus Förster, 1869: 176. Type: Phygadeuon (Mastrus) 
neodiprioni Viereck, 1911. Included by Viereck (1911).

Daictes Förster, 1869: 176. Type: Phygadeuon (Daictes) 
fukaii Viereck, 1911 (= Hemiteles aciculatus 
Provancher, 1886). Included by Viereck (1911).

Aenoplex Förster, 1869: 176. Type: Aenoplex betulaecola 
Ashmead, 1896 (= Orthocentrus pilifrons Provancher, 
1879). Included by Ashmead (1896).
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distant from mandibular base. Upper tooth of mandible 
longer than lower tooth. Base of mandible flat. Antenna 
with 20–21 flagellomeres, subapical part not widened. 
Length of FL I 4.0 times as maximum depth of FL I in 
lateral view and 0.9 times as long as length of FL II.

Mesosoma polished. Lateral part of pronotum 
coriaceous, sparsely punctate dorsally. Epomia present. 
Mesoscutum matt. Notaulus distinct and weak, its 
posterior end not beyond the centre of mesoscutum. 
Scutellum densely punctate, without a lateral longitudinal 
carina except for base. Mesopleuron covered with fine 
longitudinal striae with coriaceous surface and fine 
punctures except for a smooth area on speculum and 
its anterior area. Epicnemial carina present laterally, its 
dorsal end not reaching anterior margin of mesopleuron. 
Sternaulus present except for posterior 0.4. Posterior 
transverse carina of mesosternum largely absent in front 
of middle coxa. Metapleuron punctate, with a complete 
juxtacoxal carina. Propodeal carinae and areas complete. 
Postero-lateral corner of area densipara not projected. Area 
basalis as wide as area superomedia. Area superomedia 
longer than wide, receiving lateral section of anterior 
transverse carina just in front of middle (Fig. 2C). Length 
of fore wing 4.3–4.9 mm. Areolet absent. Vein 1cu-a 
slightly postfurcal to vein M&RS. Nervellus inclivous, 
intercepted posterior to middle. Hind femur 4.8 times as 

Seven species, M. ecornutus Momoi, 1970, M. 
fukaii (Viereck 1911), M. molestae (Uchida, 1933), M. 
oshimensis (Uchida, 1930), M. sugiharai (Uchida, 1936), 
M. takadai Momoi, 1970, and M. tenuibasalis (Uchida, 
1940), have been recorded from Japan. I found more than 
ten undetermined species from Japan. The taxonomic 
treatment of these species requires the additional 
specimens and comparison with European species. In this 
study, I newly record Ma. oshimensis from Honshu and re-
describe it herein.

Mastrus oshimensis (Uchida, 1930)
(SJN: Ooshima-chibi-togari-himebachi)

 (Figs 2A–C)

Hemiteles oshimensis Uchida, 1930: 342.

Description. Female (n=2). Body length 4.6–5.6 mm. 
Body covered with silver setae.

Head matt (Fig. 2B), 0.6 times as long as wide in dorsal 
view. Clypeus 0.45 times as wide as maximum length, 
sparsely punctate dorsally, its anterior margin narrowly 
marginate, with a minute median concavity. Length of 
malar space 0.9–0.95 times as long as basal width of 
mandible. OD: POL: OOL = 0.5: 0.65: 0.8. Occipital carina 
complete, its lower end joined with hypostomal carina 

Fig. 2. Mastrus oshimensis (Uchida, 1930), female, KPM-NK 81411. A: lateral habitus; B: head, frontal view; C: propodeum, 
dorsal view.
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crassus Perkins, 1962. Designated by Perkins (1962).
Isochresta Förster, 1869: 181. Type: Isochresta unicincta 

Ashmead, 1902. Included by Ashmead (1902).
Bathymetis Förster, 1869: 182. Type: Phygadeuon 

(Bathymetis) cylindricus  Brischke, 1891 (= 
Phygadeuon dimidiatus Thomson, 1884). Designated 
by Viereck (1914).

Iselix Förster, 1869: 182. Type: Phygadeuon nitidus 
Gravenhorst, 1829. Designated by Viereck (1914).

Homelys Förster, 1869: 182. Type: Phygadeuon 
lapponicus Thomson, 1884. Designated by Viereck 
(1914).

Ernoctona Förster, 1869: 183. Type: Phygadeuon 
rugulosus Gravenhorst, 1829. Designated by Perkins 
(1962).

Zaphleges Förster, 1869: 184. Type: Phygadeuon 
leucostigmus Gravenhorst, 1829. Designated by 
Ashmead (1900).

Ischnocryptus Kriechbaumer, 1892: 351. Type: 
Phygadeuon nitidus Gravenhorst, 1829. Designated by 
Viereck (1914).

Eight species, P. akaashii Uchida, 1930, P. bidentata 
(Uchida, 1930), P. elongatus (Uchida, 1930), P. kiashii 
Uchida, 1930, P. kochiensis Uchida, 1936, P. sapporoensis 
(Ashmead, 1906), P. similis (Uchida, 1930), and P. 
yonedai Kusigemati, 1986, have been recorded from 
Japan. I found more than 20 undetermined species from 
Japan. The taxonomic treatment of these species requires 
the additional specimens and comparison with European 
species. In this study, I re-describe P. akaashii and P. 
elongatus and record some distribution data of these 
species and P. yonedai.

Phygadeuon akaashii Uchida, 1930
(SJN: Akaashi-futakobu-chibi-togari-himebachi)

 (Figs 3A–D)

Phygadeuon akaashii Uchida, 1930: 338.

Description. Female (n=6). Body length 4.6–6.4 mm. 
Body polished, covered with silver setae.

Head 0.65–0.7 times as long as wide in dorsal view. 
Clypeus 0.4 times as wide as maximum length, sparsely 
punctate dorsally (Fig. 3C), its anterior margin narrowly 
marginate except for a pair of median teeth. Face densely 
punctate. Frons with smooth areas above antennal sockets. 
Length of malar space 0.7–0.75 times as long as basal 
width of mandible. Maximum width of gena as wide 
as eye in lateral view. OD: POL: OOL = 0.5: 0.6–0.8: 

long as maximum depth in lateral view. Hind TS I: II: III: 
IV: V = 2.0: 0.9: 0.6: 0.35: 0.5. Tarsal claws simple.

Metasoma. T I 1.9–2.05 times as long as maximum 
width, coriaceous. Median dorsal carina of T I present 
except for posterior part. Dorsolateral carina of T I 
complete. T II 0.7 times as long as maximum width, 
coriaceous except for smooth posterior margin. T III to T 
VII polished and finely punctate. Ovipositor sheath 1.3–
1.45 times as long as hind tibia. Ovipositor straight, with a 
weak nodus and ventral teeth.

Coloration (Figs. 2A–C). Body (excluding wings and 
legs) black to blackish brown. Ventral surface of pedicel 
and base of FL I tinged with yellowish brown. Posterior 
areas of T VI and T VII white. Membranous part of 
metasomal sternites whitish brown. Posterior margins of 
T I to T V narrowly tinged with reddish yellow. Median 
area of T III sometimes slightly tinged with reddish brown. 
Ovipositor reddish brown. Wings hyaline. Veins and 
pterostigma brown to blackish brown except for base and 
apex of pterostigma yellowish brown. Legs reddish brown. 
Mid and hind coxae, hind trochanter, hind trochantellus, 
and apical part of hind tibia blackish brown to black.

Male. Unknown.
Materials examined. JAPAN: SEHU (lectotype), F, 

“Oshima”, 2. IV. 1928, K. Sato leg.; KPM-NK 81411, F, 
Kanagawa Pref., Hiratsuka City, Okazaki, Hiraokanomori, 
14. XI. 2018, Y. Hotta leg.

Distribution. Japan (Honshu and Izuoshima Is.).
Bionomics. Unknown.
Remarks. KPM-NK 81411 is the second record of 

this species and also the first record of this species from 
Honshu.

Phygadeuon genus group
(subtribe Phygadeuontina sensu Townes (1970))

Genus Phygadeuon Gravenhorst, 1829

Phygadeuon Gravenhorst, 1829: 635. Type: Phygadeuon 
flavimanus Gravenhorst, 1829. Designated by 
Westwood (1840).

Apterophygas Förster, 1869: 172. Type: Apterophygas 
paradoxus  B r idgman ,  1889 .  Inc luded  by 
Schmiedeknecht (1897).

Gunopaches Förster, 1869: 174. Type: Gunopaches 
crassus Perkins, 1962. Designated by Perkins (1962).

Habromma Förster, 1869: 176. Type: Habromma nigrum 
Ashmead, 1902 (= Isochresta unicincta Ashmead, 
1902). Included by Ashmead (1902).

Pantolispa Förster, 1869: 178. Type: Gunopaches 
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0.85–1.0. Occipital carina complete, its lower end joined 
with hypostomal carina distant from mandibular base. 
Upper tooth of mandible slightly longer than lower tooth. 
Base of mandible flat. Antenna with 17–18 flagellomeres, 
subapical part slightly widened. Length of FL I 2.2–2.5 
times as maximum depth of FL I in lateral view and 0.7–0.9 
times as long as length of FL II.

Mesosoma. Lateral part of pronotum punctate dorsally, 
with oblique and longitudinal rugae postero-ventrally. 
Epomia weakly present. Mesoscutum punctate. Notaulus 
distinct and weak, its posterior end not beyond the centre 
of mesoscutum. Scutellum punctate, without a lateral 
longitudinal carina except for base. Mesopleuron covered 
with sparse punctures except for a large smooth area on 
speculum and its anterior area. Epicnemial carina present 
laterally, its dorsal end not reaching anterior margin of 
mesopleuron. Sternaulus complete. Posterior transverse 
carina of mesosternum largely absent in front of middle 
coxa. Metapleuron punctate, with a complete juxtacoxal 
carina. Propodeal carinae and areas complete. Postero-
lateral corner of area densipara weakly projected. Area 
basalis as wide as area superomedia. Area superomedia 
wider than long, receiving lateral section of anterior 
transverse carina near or just behind of middle (Fig. 3D). 
Length of fore wing 4.1–5.0 mm. Areolet present. Vein 
1cu-a interstitial to vein M&RS. Nervellus subvertical, 
intercepted near posterior 0.75. Hind femur 3.9–4.1 times 
as long as maximum depth in lateral view. Hind TS I: II: 
III: IV: V = 2.0: 0.9: 0.7: 0.3: 0.8. Tarsal claws simple.

Metasoma. T I 1.8–1.9 times as long as maximum 
width, smooth except for postero-lateral area with a few 
longitudinal striae (Fig. 3D). Median dorsal carina of T I 
present except for area near posterior margin. Dorsolateral 
carina of T I complete except for area near spiracle. T 
II 0.55–0.73 times as long as maximum width, largely 
smooth. T III largely smooth. T V to T VI smooth basally 
and finely punctate posteriorly. T VI and T VII usually 
concealed under T V in dried specimen. Ovipositor sheath 
0.4–0.5 times as long as hind tibia. Ovipositor straight, 
with an indistinct nodus and ventral teeth.

Coloration (Figs. 3A–D). Body (excluding wings and 
legs) black to blackish brown. Basal segments of flagellum, 
pedicel, mandible except for apex and base, tegula, 
and apical margin of T II tinged with reddish brown. 
Membranous part of metasomal sternites yellowish brown. 
Ovipositor reddish brown. Metasomal tergites sometimes 
partly tinged with dark reddish brown. Wings hyaline. 
Veins and pterostigma brown to blackish brown except for 
base of pterostigma whitish yellow. Legs reddish brown. 
Apex of hind femur, base and apical part of hind tibia, and 
hind tarsus blackish brown.

Male. Not examined in this study.
Materials examined. JAPAN: KPM-NK 81851, F, 

Yamanashi Pref., Ichinose, 7. IX. 1982, T. Murota leg.; 
KPM-NK 81854, F, Fukui Pref., Arashi, 23. IX. 1973, T. 
Tano leg.; KPM-NK 81855, F, ditto, 29. IX. 1973.; KPM-
NK 81853, 81856, 81857, 3 F, ditto, 4. X. 1973.

Distribution. Japan (Hokkaido, Honshu, and Shikoku).

Fig. 3. Phygadeuon akaashii Uchida, 1930, females (A, B, D: KPM-NK 81851; C: KPM-NK 81853). A: lateral habitus; B: dorsal 
habitus; C: head, frontal view; D: scutellum, propodeum, and T I, dorsal view.
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Bionomics. Host record: Istochaeta aldrichi (Mesnil, 
1953) (Diptera, Tachinidae) (Kato, 1935); Sarcophaga sp. 
(Diptera, Sarcophagidae) (Minamikawa, 1969).

Remarks. KPM-NK 81853 has been compared with 
the lectotype deposited in SEHU.

Phygadeuon elongatus (Uchida, 1930)
(SJN: Naga-futakobu-chibi-togari-himebachi)

 (Figs 4A–D)

Ischnocryptus elongatus Uchida, 1930: 338.

Description. Female (n=3). Body length 6.9–8.0 mm. 
Body polished, covered with silver setae.

Head 0.65–0.7 times as long as wide in dorsal view. 
Clypeus 0.4 times as wide as maximum length, sparsely 
punctate dorsally, punctate along anterior margin except 
for a pair of median teeth. Face densely punctate. Frons 
largely smooth above antennal sockets. Length of malar 
space 0.7–0.75 times as long as basal width of mandible. 
Maximum width of gena distinctly wider than eye in 
lateral view. OD: POL: OOL = 0.5: 0.7–1.0: 1.1–1.2. 
Occipital carina complete, its lower end joined with 
hypostomal carina distant from mandibular base. Upper 
tooth of mandible slightly longer than lower tooth. Base 
of mandible shallowly concave. Antenna with 18–20 
flagellomeres, subapical part slightly widened. Length of 
FL I 2.2 times as maximum depth of FL I in lateral view 
and 0.7–0.85 times as long as length of FL II.

Mesosoma. Lateral part of pronotum punctate dorsally, 
with oblique and longitudinal rugae postero-ventrally. 

Fig. 4. Phygadeuon elongatus (Uchida, 1930), female, KPM-NK 81801. A: dorsal habitus; B: lateral habitus; C: head, frontal 
view; D: propodeum, dorsal view.

Epomia weakly present. Mesoscutum sparsely punctate. 
Notaulus indistinct and weak. Scutellum sparsely punctate, 
without a lateral longitudinal carina except for base. 
Mesopleuron covered with sparse punctures except for 
a smooth area on speculum. Epicnemial carina present 
laterally, its dorsal end not reaching anterior margin of 
mesopleuron. Sternaulus present except for posterior 
0.1. Posterior transverse carina of mesosternum largely 
absent in front of middle coxa. Metapleuron punctate, 
with a complete juxtacoxal carina. Propodeal carinae and 
areas complete (sometimes carinae partly and narrowly 
indistinct: Fig. 4D). Postero-lateral corner of area densipara 
not projected. Area basalis as wide as area superomedia. 
Area superomedia as long as wide, receiving lateral 
section of anterior transverse carina just behind of middle 
(Fig. 4D). Length of fore wing 5.9–6.7 mm. Areolet 
present. Vein 1cu-a interstitial to vein M&RS. Nervellus 
subvertical, intercepted near posterior 0.6–0.7. Hind femur 
3.2–3.6 times as long as maximum depth in lateral view. 
Hind TS I: II: III: IV: V = 2.0: 0.9–1.0: 0.7: 0.3–0.35: 
0.8–0.9. Tarsal claws simple.

Metasoma. T I 1.9–2.4 times as long as maximum width, 
largely covered with minute and fine striae. Median dorsal 
carina of T I present except for posterior part. Dorsolateral 
carina of T I present in front of spiracle. T II 0.8–1.1 times 
as long as maximum width, largely smooth. T III to T VII 
smooth, with minute punctures. Ovipositor sheath (HT: 
0.55) 0.65–0.75 times as long as hind tibia. Ovipositor 
straight to slightly decurved, without nodus and indistinct 
ventral teeth.

Coloration (Figs. 4A–D). Body (excluding wings and 
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legs) black to blackish brown. Basal segments of flagellum 
and pedicel partly tinged with brown. Mandible except for 
base and apex, T II, and T III reddish brown. Membranous 
part of metasomal sternites and ovipositor dark yellowish 
brown. Wings hyaline. Veins and pterostigma brown to 
blackish brown except for apex and base of pterostigma 
whitish yellow. Legs black to blackish brown. Fore and 
mid trochantelli, femora, tibiae, and tarsus reddish brown. 
Tibial spurs yellowish brown. Subbasal part of hind tibia 
tinged with reddish brown.

Male. Unknown.
Materials examined. JAPAN: KPM-NK 81800, F, 

Gunma Pref., Katashina Vil., Marunuma, Yuzawa, 12. VII. 
2014, K. Watanabe leg.; KPM-NK 81801, F, Nagano Pref., 
Outaki Vil., Mt. Ontakesan, Hakkaisan, 17. VII. 2007, K. 
Watanabe leg.; KPM-NK 81802, F, Fukui Pref., Ikeda 
town, Mizuumi Mt. Heko-san, 18. VI. 2016, S. Shimizu 
leg.

Distribution. Japan (Hokkaido and Honshu); Far East 
Russia.

Bionomics. Unknown.
Remarks. KPM-NK 81802 has been compared with 

the holotype deposited in SEHU. The above additional 
specimens differ from the holotype in the body length 
(6.9–8.0 mm in the additional specimens, “11 mm” in 
holotype) (Uchida, 1930), while I judged that this character 
state is an intraspecific variation. The above record is the 
first of this species from Honshu. 

Phygadeuon yonedai Kusigemati, 1986
(SJN: Yoneda-futakobu-chibi-togari-himebachi)

Phygadeuon yonedai Kusigemati, 1986: 257.

Description. See Kusigemati (1986).
Materials examined. JAPAN: KPM-NK 81841–81843, 

3 F, Tokyo, Izuoshima Is., Ohshima Town, Mt. Omaru, 
17. VIII. – 5. X. 2012, K. Tsujii leg. (MsT); KPM-NK 
81844, F, Tokyo, Izuoshima Is., Ohshima Town, Kandachi, 
12. IX. 2012, K. Tsujii leg. (MsT); KPM-NK 81850, F, 
Kanagawa Pref., Ebina City, Sagamigawa-Riv., 20. IX. 
1992, H. Nagase leg.; KPM-NK 81848, 81849, 2 F, ditto, 
25. V. 2006, M. Ooishi & R. Watanabe leg. (Yellow pan 
trap); KPM-NK 81845, 81846, 2 F, Toyama Pref., Toyama 
City, Arimine, Inonedani, 1–8. IX. 2009, M. Watanabe et 
al. leg. (MsT); KPM-NK 81847, F, ditto, 15–22. IX. 2009, 
M. Watanabe et al. leg. (MsT); SEHU, F (holotype), Saga 
Pref., Miyuki, Kitashigeyasu, 18. XII. 1984 m Y. Yoneda 
leg. (Host: puparium of Sepedon aenescens).

Distribution. Japan (Honshu, Izuoshima Is., and 

Kyushu); Taiwan.
Bionomics. Host: Sepedon aenescens Wiedemann, 

1830 (Diptera, Sciomyzidae) (Kusigemati, 1986).
Remarks. This is the first record of this species from 

Honshu and Izu-oshima Is.

Genus Theroscopus Förster, 1850

Theroscopus Förster, 1850: 72. Type: Ichneumon pedestris 
Fabricius, 1775. Designated by Viereck (1914).

Chamerpes Förster, 1869: 172. Type: Pezomachus 
hemipterus Gravenhorst, 1829 (= Ichneumon hemipterus 
Fabricius, 1793). Designated by Viereck (1914).

Eriplanus Förster, 1869: 180. Type: Hemiteles (Eriplanus) 
metacomet Viereck, 1917 (= Ichneumon rufulus Gmelin, 
1790). Designated by Viereck (1917).

Phyrtus Förster, 1869: 181. Type: Pezomachus hemipterus 
Gravenhorst, 1829 (= Ichneumon hemipterus Fabricius, 
1793). Designated by Ashmead (1900a).

Thysiotorus Förster, 1869: 181. Type: Thysiotorus 
brevipennis Brischke, 1891 (= Ichneumon hemipteron 
Riche, 1791). Designated by Viereck (1914).

Aenoplegimorpha  Viereck,  1912: 147.  Type: 
Aenoplegimorpha phytonomi Viereck, 1912 (= 
Ichneumon rufulus Gmelin, 1790). Original designation.

Seven species, T. akanensis (Uchida, 1930), T. 
daisetsuzanus (Uchida, 1930), T. fukuiyamensis (Uchida, 
1936), T. maruyamanus (Uchida, 1930), T. pennulae 
(Uchida, 1932), T. shanaensis (Uchida, 1936), and T. 
striatus (Momoi, 1970), have been recorded from Japan. 
I found more than ten undetermined species from Japan. 
The taxonomic treatment of these species requires the 
additional specimens and comparison with European 
species. In this study, I re-describe Th. fukuiyamensis and 
Th. maruyamanus.

Theroscopus fukuiyamensis (Uchida, 1936)
(SJN: Fukuiyama-chibi-togari-himebachi)

 (Figs 5A–D)

Hemiteles (Aenoplex) fukuiyamensis Uchida, 1936: 13.

Description. Female (n=11). Body length 6.1–8.5 mm. 
Body polished, covered with silver setae.

Head 0.6 times as long as wide in dorsal view. Clypeus 
0.45 times as wide as maximum length, sparsely punctate, 
its anterior margin with a pair of minute median teeth. Face 
almost flat, densely punctate. Length of malar space 0.85–
0.95 times as long as basal width of mandible. OD: POL: 
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OOL = 0.5: 0.5–0.7: 1.0–1.2. Occipital carina complete, 
its lower end joined with hypostomal carina distant from 
mandibular base. Upper tooth of mandible slightly longer 
than lower tooth. Base of mandible flat. Antenna with 19–
20 flagellomeres, subapical part slightly widened. Length 
of FL I 5.7–6.7 times as maximum depth of FL I in lateral 
view and 0.83–0.9 times as long as length of FL II.

Mesosoma. Lateral part of pronotum coriaceous and 
sparsely punctate dorsally, longitudinally striate posteriorly, 
smooth along sharp epomia. Mesoscutum matt, densely 
punctate. Notaulus distinct, its posterior end not beyond the 
centre of mesoscutum. Scutellum finely punctate, without 
a lateral longitudinal carina except for base. Mesopleuron 
covered with fine and dense punctures, with fine 
longitudinal striae ventrally, without a conspicuous smooth 
area. Epicnemial carina present laterally, its dorsal end 
not reaching anterior margin of mesopleuron. Sternaulus 
present except for posterior 0.35. Posterior transverse 
carina of mesosternum largely absent in front of middle 
coxa. Metapleuron punctate, with a complete juxtacoxal 
carina. Propodeal carinae and areas complete or sometimes 
lateromedian longitudinal carina and lateral longitudinal 
carina partly obtuse (Fig. 5D). Propodeum finely punctate 
except for area superomedia, area dentipara except lateral 

part, and area postero smooth. Postero-lateral corner of 
area densipara not projected. Area basalis narrower than 
area superomedia. Area superomedia longer than wide, 
receiving lateral section of anterior transverse carina just 
in front of middle (Fig. 5D). Length of fore wing 5.0–6.6 
mm. Areolet absent. Vein 1cu-a interstitial to vein M&RS. 
Nervellus subvertical, intercepted posterior 0.75. Hind 
femur 4.95–5.2 times as long as maximum depth in lateral 
view. Hind TS I: II: III: IV: V = 2.0: 0.9: 0.6: 0.2–0.3: 
0.4–0.5. Tarsal claws simple.

Metasoma. T I 2.0–2.6 times as long as maximum 
width, largely coriaceous. Median dorsal carina of T I 
present except for posterior part. Dorsolateral carina of T I 
complete. T II 0.7–0.85 times as long as maximum width. 
T II to T VII covered with minute punctures. Ovipositor 
sheath 0.85–0.95 times as long as hind tibia. Ovipositor 
straight, with a weak nodus and ventral teeth.

Coloration (Figs. 5A–D). Body (excluding wings and 
legs) black to blackish brown. FL IV to FL VII (sometimes 
also base of FL VIII) and posterior part of T VII white. 
Posterior margins of T II and T III tinged with reddish 
brown. Ovipositor reddish brown. Wings hyaline, slightly 
darkened behind of pterostigma. Veins and pterostigma 
brown to blackish brown except for base of pterostigma 

Fig. 5. Theroscopus fukuiyamensis (Uchida, 1936), female, KPM-NK 81812.  A: lateral habitus; B: dorsal habitus; C: head, frontal 
view; D: scutellum and propodeum, dorsal view.
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whitish brown. Wing base whitish yellow. Fore and 
mid legs reddish brown (coxae and femora more or 
less darkened. Hind leg black to blackish brown. Hind 
trochanter, trochantellus, base of femur, and subbasal part 
of tibia tinged with reddish brown.

Male. Unknown.
Materials examined. JAPAN: KPM-NK 81809, F, 

Kanagawa Pref., Yokosuka City, Mt. Oogusu-yama, 7. V. 
2014, K. Watanabe leg.; KPM-NK 81810, F, Kanagawa 
Pref., Hadano City, Mt. Koubou-yama, 29. IV. 2007, K. 
Watanabe leg.; KPM-NK 81811, 81812, F, ditto, 1. V. 
2016, K. Watanabe & H. Utsugi leg.; KPM-NK 81803, 
F, Nagano Pref., Ueda City, Sugadairakogen, Tsukuba 
University, 3–26. IX. 2014, S. Shimizu leg. (MsT); 
KPM-NK 81807, 81808, 2 F, Toyama Pref., Nanto City, 
Togamura-kamimomose, 21–28. VII. 2009, M. Watanabe 
et al. leg. (MsT); KPM-NK 81805, 81806, 2 F, ditto, 25. 
VIII. 2009, 1. IX. 2009; KPM-NK 81804, F, ditto, 15–29. 
IX. 2009; SEHU, F (holotype), Kochi Pref., Kochi City, 
Fukuiyama, 18. V. 1931, Y. Sugihara leg.

Distribution. Japan (Honshu and Shikoku).
Bionomics. Unknown.
Remarks. KPM-NK 81812 has been compared with 

the holotype deposited in SEHU. The above additional 
specimens differ from the holotype in the body length 
(6.1–8.5 mm in the additional specimens, “10 mm” in 
holotype) (Uchida, 1936), while I judged that this character 
state is an intraspecific variation.

Theroscopus maruyamanus (Uchida, 1930)
(SJN: Kitaguni-chibi-togari-himebachi)

 (Figs 6A–E)

Phygadeuon maruyamanus Uchida, 1930: 336.

Description. Female (n=1). Body length 5.9 mm. Body 
covered with silver setae.

Head matt, 0.6 times as long as wide in dorsal view. 
Clypeus 0.45 times as wide as maximum length, sparsely 
punctate dorsally, its anterior margin with a pair of minute 
median teeth. Frons with smooth areas above antennal 
sockets. Length of malar space 1.1 times as long as basal 
width of mandible. OD: POL: OOL = 0.5: 0.8: 0.95. 
Occipital carina complete, its lower end joined with 
hypostomal carina distant from mandibular base. Upper 
tooth of mandible slightly longer than lower tooth. Base of 
mandible flat, with a shallow concavity. Antenna broken in 
KPM-NK 81838, see remarks. 

Mesosoma polished. Lateral part of pronotum punctate 
dorsally, longitudinally rugulose along posterior margin. 
Epomia present. Mesoscutum punctate, matt medially. 
Notaulus weak and short. Scutellum densely punctate, 
without a lateral longitudinal carina except for base. 
Mesopleuron covered with fine longitudinal striae and 
fine punctures except for smooth area on speculum and 
its anterior area. Epicnemial carina present laterally, its 
dorsal end not reaching anterior margin of mesopleuron. 
Sternaulus present except for posterior 0.45. Posterior 

Fig. 6. Theroscopus maruyamanus (Uchida, 1930), females (A–C, E: KPM-NK 81838; D: lectotype deposited in SEHU) ― A: dorsal 
habitus; B: lateral habitus; C: head, frontal view; D: head and antenna, lateral view; E: scutellum and propodeum, dorsal view.
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transverse carina of mesosternum largely absent in front 
of middle coxa. Metapleuron punctate, with a complete 
juxtacoxal carina. Propodeal carinae and areas complete. 
Postero-lateral corner of area densipara projected. 
Propodeum punctate except for area superomedia 
largely smooth. Area basalis slightly narrower than area 
superomedia. Area superomedia as long as wide, receiving 
lateral section of anterior transverse carina just behind of 
middle (Fig. 6E). Length of fore wing 4.9–6.0 mm. Areolet 
absent. Vein 1cu-a interstitial to vein M&RS. Nervellus 
subvertical, intercepted posterior 0.75. Hind femur 4.0 
times as long as maximum depth in lateral view. Hind TS I: 
II: III: IV: V = 2.0: 1.0: 0.7: 0.3: 0.7. Tarsal claws simple.

Metasoma polished. T I 1.5 times as long as maximum 
width, coriaceous anteriorly, longitudinally striate 
posteriorly. Median dorsal carina of T I present except for 
posterior part. Dorsolateral carina of T I complete except 
it on spiracle. T II 0.55 times as long as maximum width, 
coriaceous except for smooth posterior area. T III to T VII 
polished and finely punctate. Ovipositor sheath 0.8 times 
as long as hind tibia. Ovipositor straight, with a nodus and 
ventral teeth.

Coloration (Figs. 6A–C, E). Body (excluding wings 
and legs) black to blackish brown (pedicel and flagellum 
see remarks below). Basal spot of mandible yellowish 
brown. Tegula brown. T II, T III, and posterior margins of 
T IV and T V reddish brown. Posterior parts of T VI and 
T VII white. Membranous part of metasomal sternites 
and ovipositor reddish brown. Wings hyaline. Veins and 
pterostigma brown to blackish brown except for base 
of pterostigma yellowish brown. Legs reddish brown to 
dark reddish brown. Coxae and trochanters black. Hind 
trochantellus, femur, base and apical part of tibia, and 
tarsus darkened.

Male. Unknown.
Material examined. JAPAN: KPM-NK 81838, F, 

Tokyo, Hinohara Vil., Mt. Outakyama, 1. VI. 2008, T. 
Ban leg.

Distribution. Japan (Hokkaido and Honshu).
Bionomics. Unknown.
Remarks. KPM-NK 81838 has been compared with 

the lectotype deposited in SEHU. Although the antennae 
of KPM-NK 81838 are lost, I conclude that this specimen 
is T. maruyamanus by the other characteristics. KPM-NK 
81838 is the second record of this species and is the first 
record of this species from Honshu. The character states 
of the antenna of lectotype: antenna with 20 flagellomeres, 
subapical part slightly widened; length of FL I 2.7 times 
as maximum depth of FL I in lateral view and 1.0 times 
as long as length of FL II; FL IV to FL VII white (Fig. 

6D). KPM-NK 81838 differs from the lectotype in the 
following three characteristics: body length 5.9 mm (7.0 
mm in lectotype); T I 1.5 times as long as maximum width 
(1.3 times in lectotype); ovipositor sheath 0.8 times as long 
as hind tibia (ca. 0.55 times in lectotype), while I judged 
that these character states are intraspecific variations.
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日本産のチビトガリヒメバチ亜科 Phygadeuontinae の 6 種について、新分布記録を報告した。すな

わち、徳之島からムネブトマメトガリヒメバチ Acrolyta spola Momoi, 1970 とオキナワマメトガリヒ

メバチ Diatora lissonota (Viereck, 1912) を、本州と伊豆大島からヨネダフタコブチビトガリヒメバチ

Phygadeuon yonedai Kusigemati, 1986 を、本州からオオシマチビトガリヒメバチ Mastrus oshimensis 
(Uchida, 1930) 、ナガフタコブチビトガリヒメバチ P. elongatus (Uchida, 1930) およびキタグニチビト

ガリヒメバチ Theroscopus maruyamanus (Uchida, 1930) を新たに記録した。これらの種のうち、ムネ

ブトマメトガリヒメバチとヨネダフタコブチビトガリヒメバチを除いた種は、先行研究で形態形質

の十分な記載がされていないため、新たに再記載を行った。これらに加えて、同様に記載が不十分

なアカアシフタコブチビトガリヒメバチ P. akaashii Uchida, 1930 とフクイヤマチビトガリヒメバチ T. 
fukuiyamensis (Uchida, 1936) についても、追加標本の情報とともに再記載を行った。オオシマチビト

ガリヒメバチとキタグニチビトガリヒメバチはいままで原記載による記録のみが知られており、今回

の記録はそれぞれの種において 2 例目の記録となる。
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神奈川県内の絶滅危惧種キバネツノトンボの生態的知見

Ecological Knowledge of Endangered Species Libelloides ramburi  
(M'Lachlan, 1875) in Kanagawa Prefecture

苅部治紀 1)・加賀玲子 1)

Haruki Karube & Reiko Kaga

Abstract.  Libelloides ramburi is an endangered species whose distribution in Kanagawa Prefecture 
is currently limited to a corner of the northern part of the prefecture. In this study, we report the results 
of the ecological survey conducted in 2020 and 2021. We newly observed that this species rested on 
dead herbal stems such as Japanese pampas grass in the nocturnal habitat. In addition to the preference 
for resting places of the L. ramburi (i.e., Japanese pampas grass in the early stage, rice grass in the 
latter half), we also found that the specie has the preference for the height of the resting position. In 
2021, we marked 174 adults of L. ramburi for individual identification, of which 6 % were recaptured. 
The result suggests that adult members in the populations interchange rather frequently. The number 
of days to survive was as follows: male: 34 days, female: 24 days. The ratio of males was high in the 
early stage, but it was remarkably decreased in the later stage. Other new ecological knowledge are 
1) Two species of spiders were recorded as predators of this species, 2) The average number of eggs 
in a mass was 60.4, 3) The majority of spawning targets were dead stems of alien plants, Solidago 
canadensis var. scabra (74 % of the total spawning targets). 

Key words:  marking survey, night rest, oviposition, population dynamic, predator
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序　論

キバネツノトンボ　Libelloides ramburi (M’

Lachlan,1875) （図 1）は、良好な草地環境に生息

する種とされ、国内では本州、九州に分布するが

（日本昆虫目録 , 2016）、その分布は局所的である。

近年多くの地域で減少が顕著になっており、現在

15 都道府県で地域のレッドリストに掲載されて

いる。神奈川県でも、最近の記録がほとんどなく

なっていることから、2006 年のレッドリストで

は絶滅危惧 I 類に指定されている。

筆者らは、神奈川県における本種の現状に興

味を持ち、2017 年から調査に着手し、分布的な

知見については、昨年度報告した（苅部・加賀 , 
2021）。近年の本種の公表記録はごく少数だが、

苅部・加賀（2021）は相模原市緑区の旧藤野町

地域には多産地を含めて産地が複数現存するこ

とを明らかにした。本報では、一連の調査で確認

できた多産地において、これまでほとんど知見の

ない本種の生態と生活史を解明することを目的

として、個体マーキングなどの手法を用いて調査

を実施したので、結果を報告する。

調査目的と方法

筆者らは、神奈川県内での本種の分布調査を

展開する中で、相模原市緑区の旧藤野町地域に

は多産地を含めて産地が複数現存することを明
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らかにした（苅部・加賀 ,  2021）。今回の調査は、

産地群の中でも個体数がとくに多く、立地が周囲

と地形的に隔離されている場所を選び、個体群動

態や生態の調査地として継続観察を実施した。

調査については、1) これまで全く知見のない、

本種の夕方から夜間の休止生態を静止位置や雌

雄の別を記録する。この手法を利用することで個

体群動態も調査した。よく静止が見られるスス

キ株には番号をつけて、静止株の選択の有無や

季節推移を記録した。また、産卵数や位置など

は他の産地を含めて調査した。これらの調査は、

2020 年 5 月 8 日、11 日、17 日、24 日、29 日、6
月 4 日の夕方に行った。2020 年 5 月 8 日と 11 日

は、個体への影響を考えて個体数チェックにとど

めたが、影響が無いことを確認し、同 5 月 17 日

以降は静止状態の個体の翅を開かせた状態で尾

端を目視することで、雌雄の判別も行った。

2) 同産地で、個体マーキングを実施し、夕方

の静止時に確認できた全個体の前翅に数字マー

キングを継続して行い、その動態を追跡した。

2020 年度に調査した夜間休止個体の推移を追跡

する手法では、個体識別や確認個体群の産地間の

出入りが確認できないため、個体を識別し追跡

するための新たな手法として導入した。調査は、

2021 年 5 月 4 日、5 月 14 日、5 月 28 日、6 月 7
日に実施した。

これらの手法によって、断片的な生態情報し

かなかった本種の生態を解明した。

結　果

１）夜間休止

本種の生態については、日中の行動について

は断片的な報告があるが、夕方からの休止の生態

についてはこれまで報告されたことはない。2020
年度に筆者らは調査地において、日中活発に飛翔

していた個体が夕方になると草地のススキ枯れ

枝などに静止し（図 2）、以降飛翔しないことを

確認した。本種は鮮黄色の目立つ色調をしている

ことから、確認は容易に思われたが、実際には薄

茶色の枯れ葉や枯れ枝に静止すると、発見は困難

であり、確認には習熟が必要であった。

夕方飛翔を終えて休止に入った個体は、最初は

調査者の接近に反応して再飛翔する個体も見られ

たが、気温の低下とともに活動は終息し、休止個

体を刺激しても翅を広げる威嚇姿勢と思われる行

動は示しても（図 3）、飛翔することはなくなった。

また、接触刺激にはヨコバイ類のように掴まった

茎をぐるぐる回る逃避行動も見られた。

今回の調査で得られたデータを図 4 に示す。

2020 年 5 月 8 日の最初の詳細生態調査は、本調

査地が生態調査に好適と考えてから着手したも

ので、初回調査を実施した 5 月 1 日には、すで

に多数が見られたこと、成虫の成熟状況から判断

すると初回調査時には、発生中盤に入っていたも

のと考えられる。なお、接触刺激に対する反応を

確認したところ個体の影響はほとんどないこと

Fig. 1. Libelloides ramburi, male.
図 1. キバネツノトンボ　オス．

Fig. 2. Individual stationary in the evening.
図 2. 夕方静止する個体．

Fig. 3. Resting individual.
図 3. 休止した個体．
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Fig. 4. 2020 confirmed population and male/female ratio.
図 4.  2020 年確認個体数と雌雄比．

が確認できたため、調査後半は静止個体を刺激し

翅を開かせることで雌雄の判別を実施した。

まず、毎回の総確認個体数は、5 月 8 日 41 頭、

11 日 57 頭、17 日 77 頭（43 ♂ 34 ♀）、24 日 39
頭（16 ♂ 23 ♀ ）、29 日 60 頭（14 ♂ 46 ♀ ）、6
月 9 日 16 頭（16 ♀）と推移した。本種はオスが

最初に出現し、末期にはメスのみになることは東

（2018）で指摘されているが、本調査地の詳細調

査でも、初期に雌雄の判別調査を実施できなかっ

たが、出現後半の動向は明らかになったと言え

る。性比は調査に着手した 5 月 17 日以降では、

オスの比率は、5 月 17 日 56 % 、24 日 41 %、29
日 23 %、6 月 9 日は 0 % と推移した。発生初期

のデータはないが、発生後期にむけてメスの比率

が急速に上昇した。今回の調査時の個体数のピー

クは 5 月 17 日の 77 頭であったが、5 月下旬まで

性比を変えながら高水準を保った。

本種の夜間休止は枯れ茎に静止するが、初回

調査時は、調査地はまだ早春の景観で枯れ残った

植物が主で、ススキ Miscanthus sinensis Andersson
やセイタカアワダチソウ Solidago canadensis var. 
scabra の枯れ茎が目立った（図 5）。発生終盤に

は急速に植物が成長し、イネ科草本（アズマガヤ

Hystrix duthiei (Stapf) Bor subsp. longearistata (Hack.) 
Baden, Fred. et Seberg、オニウシノケグサ Festuca 
arundinacea Schreb. など）の被覆された緑の草地

に枯れ茎が点在する景観になった（図 6）。
静止する植物別の個体数は、詳細を調査する

ようになった 5 月 17 日以降のデータとなるが、

図 7 に示す。

本種がおもに静止する植物は、5 月 17 日、24 日、

29 日の調査で、オスでは、ススキ枯れ茎の選択

が76.7 %→81.2 %→28.6 %と後期にむけて減少、

Fig. 5. Landscape of habitat in May.
図 5. 5 月の調査地の景観．

Fig. 6. Landscape of habitat in June.
図 6. 6 月の調査地の景観．

一方、イネ科を選択するケースは、4.7 % → 18.8 
% → 64.3 % と急上昇している。メスでは、5 月

17 日，24 日、29 日、6 月 9 日の調査で、ススキ

枯れ茎を選択するケースは 50 % → 82.6 % → 8.7 
% → 0 % と後期にむけて急減し、イネ科の選択

率は、0 % → 0 % → 76.1 % → 50.0 % と後期にむ

けて増加した。

 静止位置は、地表から 10 cm ピッチでカウン

トした。その結果、静止位置は地上 50–110 cm に

集中し、80–90 cmの位置がピークになった（図 8）。
集中して静止個体の利用がみられるススキ株

については、ナンバリングして調査期間中の追跡

を実施した。その結果追跡した 30 株のうち、5
回の調査中毎回利用があったのが 2 株、4 回利用

があったのが 11 株であった。このことから、特

定のススキ株を選択的に利用していることが示

唆された（図 9）。

２）産卵

今回発生後期に、多くの産卵も確認できたので、
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Fig. 9. Japanese pampas grass where multiple resting.
図 9. 複数が休止するススキ株（矢印は静止しているキ

バネツノトンボ）．

塊あたりの平均卵数は 60.4 個であった。卵塊の

左右での卵数はほぼ同一になっていた（表 1）。
産卵対象の植物種別内訳は、5 月 24 日の調査

では、ススキ 3 卵塊、イネ科が 16 卵塊、セイタ

カアワダチソウ 54 卵塊（74 %）と圧倒的にセイ

タカアワダチソウ枯れ枝が好まれていた。卵塊の

付着位置の地上からの平均高は、ススキが 120.7 
cm、イネ科が 43.7 cm、セイタカアワダチソウが

80.1 cm であった。この日確認された 73 卵塊の

うち、14 例計 36 卵塊が同一の茎に付着していた

（図 11）。
幼虫はいっせいに孵化し、しばらく卵塊上に

産卵位置や卵数についても調査を行った。本種の

産卵はおもに枯れ茎に左右一列ずつ付着する形状

で行われる。産卵対象には好みがあるようで、複

数の卵塊がみられる枯れ茎もあった（図 10）。18
卵塊の調査によると、各卵塊の最小数は 28 卵、

最大数は 107 卵となり 4 倍の開きがあった。１卵

Fig. 7. Changes in stationary plants due to seasonal changes.
図 7. 季節の推移による静止植物の変化．

凡例

イネ科 : イネ科草本　Gramineae plants
ススキ株 : ススキ株枯れ茎 : Withered stocks of Japanese 

pampas grass
ススキ生 : ススキ株生葉 : Living Japanese Pampas grass
セイタカ枯れ : セイタカアワダチソウ枯れ茎 : Withered 

Solidago canadensis
セイタカ : セイタカアワダチソウ生茎 : Living Solidago 

canadensis
不明・その他 : 植物種不明・その他 : Unknown

Fig. 8. Resting Height and Population 2020.
図 8. 2020 年休息場所高さと個体数．
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とどまる（図 12）。

３）捕食者

観察中に本種が捕食された死体を確認した。

直接確認された事例はすべてクモ類によるもの

であった。捕食者はコガネグモダマシ Larinia 

Fig. 10. Multiple egg masses.
図 10. 複数の卵塊の例．

Fig. 12. Hatched larvae.
図 12. 孵化した幼虫．

Fig. 11. Differences in egg count by plants.
図 11. 植物種による卵数の違い．

Fig. 13. Predation by Larinia argiopiformis.
図 13. コガネグモダマシによる捕食．

Fig. 14. Predation by Oxyopes badius.
図 14. クリチャササグモによる捕食．

卵塊番号 サンプル番号 左列個数 右列個数 備  考 合 計
1 27 30 57
2 23 22 45
3 34 35 69
4 52 55 107  

3 5 35 33 68
4 6 31 30 61
5 7 29 28 57
6 8 30 31 61
7 9 32 35 67

10 27 28 55
11 18 17 35
12 31 31 62

9 13 37 34 71
10 14 25 26 51
11 15 32 35 67
12 16 17 11 28

17 32 32 64
18 32 31 63

13
卵塊上に

重ねて産卵

2 ⼀枝に2卵塊

8 ⼀枝に3卵塊

1 ⼀枝に2卵塊

Table 1.  Number of eggs on May 24, 2021
表 1. 一卵塊あたりの卵数（2021 年 5 月 24 日）
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* 太枠は 1 卵塊 , 細枠は 1 枝当たりの卵数を表す

* The thick frame indicates the number of eggs, and the thin 
frame indicates the number of eggs laid in one branch.
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argiopiformis（ 図 13） と ク リ チ ャ サ サ グ モ

Oxyopes badius（図 14）であった。観察時期の後

半には、毎回数個体ずつの被捕食個体を確認し、

観察時にはまだ生存している個体もあった。

４）マーキング調査による個体群動態調査

2021 年の調査では、詳細な個体群動態を把握

するために、夕方草地に静止する全個体に個体

識別のマーキングを行い、追跡を実施した。マー

キングは右の前翅の透明部分に油性黒色サイン

ペン（商品名サクラマイネーム）使用し通しナン

バーを付けた。捕獲時に雌雄の別とメスについて

は腹部の状態を記録した。

前年の調査では、毎回の確認個体数は記録でき

たが、今回初めて調査地における総確認数（174 頭）

を把握できた。個体群としては、オスが最初に出

現し、徐々にメスの比率が上がっていくことが昨

年の調査でも明らかになっていたが、本調査では

個体識別ができるので、調査時の重複のない完全

なデータとしても実証できた。それによると、5

Fig. 15. 2021 confirmed population and male/female ratio.
図 15.  2021 年個体数と雌雄比．

月 4 日の初回調査でオスの比率は 78 %、5 月 14
日は同 33 % とこの 10 日間で急減し、5 月 28 日

は 4 %、6 月 7 日は 7 % となった。なお、今回の

初回調査時はすでに多数の個体が出現しており、

初期の様相は不明である（図 15）。
また、今回マーキングによって再捕獲による

追跡が初めて成功したが、期間中の再捕獲例は

10 例（6 %）のみであった。このうち一例は翅の

マーキング位置で破損しており、数字が読み取れ

ず、不明の 1 例（No.33）は再捕獲時に重複マー

キングに気が付かず個体判別ができなかったた

めである。再捕獲はオス 4 例（図 16）、メス 5 例（図

17）、不明 1 例であった。また、今回再捕獲され

た個体は、すべてが一回のみの確認であり、継

続して、あるいは複数回の再確認例はなかった。

再捕獲までの日数はマーキング時の次回調査（10
日後 : 3 例・14 日後 : １例）、2 回後（24 日後 : 3 例）、

3 回後（34 日後 : 2 例）となった。（表 2）。Fig. 16. Male individuals reconfirmed after marking.
図 16.  マーキング後再確認された個体（オス）．

Fig. 17. Female individuals reconfirmed after marking.
図 17. マーキング後再確認された個体（メス）．

番号 雌雄 マーキング⽇ 再捕獲⽇
再確認まで
の⽇数

47 オス 5⽉4⽇ 5⽉14⽇ 10⽇
60 オス 5⽉4⽇ 5⽉14⽇ 10⽇
33 不明 5⽉4⽇ 5⽉28⽇ 24⽇
67 メス 5⽉4⽇ 5⽉28⽇ 24⽇
94 メス 5⽉4⽇ 5⽉28⽇ 24⽇
25 オス 5⽉4⽇ 6⽉7⽇ 34⽇
27 オス 5⽉4⽇ 6⽉7⽇ 34⽇
87 メス 5⽉14⽇ 5⽉28⽇ 14⽇
128 メス 5⽉28⽇ 6⽉7⽇ 10⽇

番号不明 メス 不明 6⽉7⽇ 不明

Table 2. Days took for reconfirmation of marking individuals.
表 2.  マーキング個体の再確認までの日数．
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考　察

過去の生態的知見

本種の生態的な知見はごく少ない。過去の文

献では、東（2018）に筆者らの知る限りもっと

も詳細な記述があるので、以下に紹介する。それ

によると、兵庫県の観察地では、

・本種の卵数と卵期については、一回の産卵数は

枯れ枝に 2 列に並べて 22 から 24 で卵数にする

と 44 個から 48 個になる、卵期は 29 日。

・成虫の発生について、まずオスが現れ、4 ～ 5
日してからメスが姿を見せ、早い時期に飛翔し

ているのは殆どオスで、5 月も半ばを過ぎると

メスばかりになる。

・成虫の飛翔には、摂食活動は地上よりおおむね

1 m くらいの高さを水平に飛びながら餌を捉え

てそのまま食する。2–3 m の高さを餌が飛ぶと

それに飛翔して捉える。

・4–5 m の高さを同種の個体が飛翔してくるとそ

れに向かって上昇し、これは雌雄を確認するた

めの行動でオスであれば下降してくる。一頭も

飛翔しない時間帯があり、一頭が飛翔し始める

と周りから飛び出してくる。

・成虫の生存期間についてはオスでは 20 日ぐら

い、メスでは 25 日ぐらい、出現期間は約一ヶ

月半で長くても二ヶ月。

などの記述がある。

今回の生態調査によって、本種の生態につい

て多くの新知見が得られた。

１）夜間休止観察による知見

本種の飛翔行動が終了する夕方以降の休止状

況が初めて明らかになった。夕方遅くに休止を始

める静止個体の調査だけでも、ある程度の個体群

動態が把握できる可能性が示せた。本種は、日中

は盛んに飛翔するため産地における正確な個体

数カウントや雌雄の判別は極めて困難であった

が、本調査のような夕方観察の方法をとれば、正

確な個体数データが得られる手法が確立できた

ことは今後の調査についても重要である。

静止する植物は、初期のススキから後期はイネ

科に推移したが、これは、観察初期から中期は草

地の芽吹きの枯れ茎が目立つ時期で、静止場所と

してもススキが選択されやすく、後期はイネ科草

本が急速に伸長する時期にあたり、ススキ枯れ茎

が目立たなくなることと相関するものと思われる。

本産地では、産卵対象は外来植物であるセイタ

カアワダチソウの枯れ茎（74 %）を圧倒的に選択

していた。在来種の外来種利用としても興味深い。

２）個体群動態

個体数の推移については、2020 年は、静止個

体の観察で、個体数は後期に向けて急減し、また

メスの比率が上昇することを明らかにできたが、

2021 年に実施したマーキング調査でより詳細な

動向が判明した。2021 年の個体数は上下動しな

がら、オスは初期の 78 % から 10 日後には 33 %、

24 日後には 4 % と急減していった。調査日は等

間隔では実施できなかったが、いったん減少した

総個体数がその後回復したように見えることは、

メスの羽化参入によるものと思われる。また、調

査地は毎回数十頭が確認できる多産地であるが、

今回のマーキング調査で、その構成員は、再確認

率は 5 % とほとんどが入れ替わっていることが

初めて明らかになったことも注目される。

本種の成虫の寿命データはこれまで存在して

いなかったが、本調査で少なくともオスで 34 日

以上、メスで 24 日以上生存し得ることも初めて

明らかにできた。

本種の県内における生息環境は、定期的な環

境かく乱が生じる（草地としてはリセットが繰り

返される）ところに生息しており、こうした環境

は自然状態では崩壊地や山火事の跡地などに不

定期に生じていたものと思われ、本種はそうした

環境を渡りあるいて生存してきたメタ個体群構

造をもつ種と言え、広域の草地探索と移動によっ

て維持されてきたものと考えられる。本調査での

定着率の低さ＝個体群の出入りの多さは、そのこ

とを強く示唆する。

一連の調査で明らかになったのは、本種の現

在の生息環境は耕作地に隣接する定期的に草刈

りが実施される里山環境であることである。この

ため、生息環境は外来植生が卓越する場所が多

く、本種が好んで利用する産卵対象種は、外来植

物であるセイタカアワダチソウやイネ科雑草で

あったことも注目される。とくにセイタカアワ

ダチソウは本種の産卵対象として重要な役割を

持っている。在来のススキの枯れ茎はほとんど利

用されていないことと対照的であった。国内には

在来植生を主とする自然草原の本種の生息環境

はほとんど残されていないものと考えられるが、

本種の本来の利用植物にも興味がもたれる。

今回二年間の野外調査の結果を報告したが、

近年継続する暖冬や春の訪れの早期化は、本種の

出現時期に影響をあたえ、過去の記録と比較する

と、一カ月近く出現が早まっていることを指摘し

た（苅部・加賀 , 2021）。本年度も調査開始時期

が 5 月頭になり、出現初期の様相をとらえること

ができなかった。
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苅部治紀・加賀玲子 , 2022.  神奈川県内の絶滅危惧種キバネツノトンボの生態的知見 . 神奈川県立博

物館研究報告（自然科学）, (51): 73–80. [Karube, H. & R. Kaga, 2021. Ecological Knowledge of Endangered 
Species Libelloides ramburi (M'Lachlan, 1875) in Kanagawa Prefecture. Bull. Kanagawa Pref. Mus. (Nat. Sci.), (51): 
73–80.]
キバネツノトンボは、現在、神奈川県内での分布が県北部の一角に極限される絶滅危惧種である。

本報では、これまでほとんど報告のなかった本種の生態を解明するために、2020 年、2021 年に継続

観察を実施した生態調査の結果を報告した。まず、今回本種が夜間生息地の草地のススキなどの枯れ

茎に静止して休止することを初めて明らかにした。この中で発生初期はススキ、後期はイネ科草本を

利用するなどの休止場所の選択や休止位置などの知見が得られた。また、休止時調査によりその時点

の生息個体数や性比の確認、本種の天敵としての 2 種のクモ類についても明らかにできた。産卵対

象は、外来植物のセイタカアワダチソウの枯れ茎が 74 % と多数を占めた。今回本種では初めて実施

された個体識別マーキング調査により、総計 174 頭にマークし、再捕獲率は 6 % と個体群の出入り

が激しい種であることや、発生初期にオスが多く、後期に向かって減少する性比の変動、オスで 34 日、

メスで 24 日の個体寿命など、これまで未知であった多くの新知見を得ることができ、この調査手法

の有効性を示すことができた。

摘 要
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次年度以降の調査では、おそらく 4 月末には

始まっているであろう出現初期の状況を把握す

ること、多くの成果をもたらしたマーキング調

査を継続していきたい。また、現状野外での知

見がほとんどない幼虫や蛹時期の生態、とくに

幼虫の餌の解明、さらに、成虫の日周活動や交

尾産卵などの繁殖行動の解明も重要な課題であ

る。これら生態調査から得られる情報によって、

今後の本種の保全管理の手法の構築も期待でき

よう。
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自動撮影カメラで確認された神奈川県小田原市入生田地区の哺乳類相

Mammal Fauna Survey Using Camera Traps in Iryuda, Odawara City, 
Kanagawa Prefecture, Japan

鈴木　聡 1)

Satoshi Suzuki

Abstract.  I conducted a mammal fauna survey using a camera trap in Iryuda, Odawara City, 
Kanagawa Prefecture, from April 2020 to May 2021. Cameras set at 10 sites took a total of 2,500 
photographs of eight species of middle to large mammals and unidentified species of Rodentia 
Muridae and Chiroptera. The most photographed species was Sus scrofa, followed by Paguma lar-
vata, Nyctereutes procyonoides and Cervus nippon, in this order. In correlation analyses of relative 
abundance index (RAI) between eight taxa (seven species and Muridae) that were photographed at 
more than seven sites, the correlation between S. scrofa and C. nippon was especially high and the 
correlations between Mu. itatsi and Muridae, and between Me. anakuma and Muridae, were present. 
Several species pairs showed negative correlations, such as between Mu. itatsi and P. larvata. 
Correlations of RAI between species could partly reflect the similarity of habitats and strength of 
competition between species. 

Key words:  abandoned cultivated land, Cervus nippon, Nyctereutes procyonoides, Paguma 
larvata, Sus scrofa
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はじめに

神奈川県の陸生哺乳類相（外来種と翼手目を

除く）は、絶滅種も含めて 29 種で構成される（中

村 , 2003）。哺乳類の生息状況は年々変化してお

り、1995 年と 2006 年の神奈川県版レッドデータ

ブックでは、評価される種が異なっているが、絶

滅の危険性が増加している種は少なくない。一方

で、ニホンジカ Cervus nippon のように個体数を

増加させ、生態系に影響を与えている種も見られ

る。野生哺乳類が関わる様々な問題解決のために

は、まず哺乳類の生息状況を把握する必要があ

る。そのためのアプローチの一つは、特定の種

を対象にした分布研究である（塩沢ほか , 1984; 
古内ほか , 1988; 有馬ほか , 1993; 青木ほか , 2006; 
岡田ほか , 2007）。もう一つのアプローチが地域

の哺乳類相を調査する方法である。神奈川県にお

いて、哺乳類の種多様性の高い地域は、丹沢と箱

根である。丹沢地域では動植物を対象に総合調査

が 3 回行われている（神奈川県 , 1964, 1997; 丹沢

大山総合調査団 , 2007）。一方、箱根では、特定

の種を対象にした分布調査は行われているもの

の（例 : 山口・山口 , 2005）、哺乳類相調査はほ

とんど行われてこなかった。自然度の高い山地以

外では里山において、地元の大学などが中心とな

り、哺乳類相の調査が行われてきた（藤吉ほか , 
2007; 岩崎ほか , 2021）。

哺乳類の生息調査の方法は分類群によって異

なる。例えば、ネズミ類やモグラやジネズミなど

の真無盲腸類を含む小型哺乳類の生息を確認す
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るためには、捕獲して標本を作製しないと同定が

困難な場合もあるため、捕獲調査を実施すること

が多い。中大型哺乳類では、捕獲調査以外に糞や

足跡などの痕跡調査がしばしば実施されている

（金子ほか , 2009）。近年では、自動撮影調査も多

く実施されており、日本国内でも各地の哺乳類

相の解明に貢献している（例 : 遠藤・北村 , 2014; 
幸田 , 2016; 香川ほか , 2020）。近年、自動撮影装

置の入手がコスト的に容易になったことが大き

く影響している。

上述のとおり、箱根では哺乳類相調査がほと

んど行われてこなかったが、自動撮影調査を実施

することにより、この地域における中大型哺乳

類相を明らかにすることが期待できる。これま

でに、箱根町畑宿の玉川大学箱根自然観察林や

同湯本の早雲寺林で自動撮影調査が行われてい

る（關・鈴木 , 2018; 關 , 2019; 鈴木 , 2020）。近年、

箱根ではニホンジカの生息数が増加しており（永

田 , 2019）、林床植生の退行やそれに伴う動物相

への影響が懸念される。また、箱根の山麓ではイ

ノシシ Sus scrofa が、年々増加する耕作放棄地周

辺の耕作地の農作物に被害を与えるため、箱罠を

用いた捕獲が行われている。箱根の哺乳類の生息

状況は、特定の哺乳類の個体数の増加や人間活動

の縮小など、様々な要因により年々変化している

可能性がある。哺乳類の生息状況の変遷を把握す

るためには、定期的に同じ方法で調査を行う必要

がある。今回、これまで自動撮影調査が実施され

たことのない小田原市入生田地区で調査を行っ

た。本稿では調査から明らかになったこの地域の

中大型哺乳類相を報告するとともに、箱根の他の

地域の哺乳類相との比較および生息種の種間関

係についての考察を行う。

小田原市入生田は、西端に箱根外輪山の東側外

壁の塔ノ峰の山頂があり、東端は国道 1 号線が通

る早川の左岸河川敷で、わずかに早川の右岸が含

まれる地域で、標高はおおよそ 45 m から 566 m
である。標高約 80 m から 300 m の範囲の南向き

斜面には耕作地があり、ミカンなどが栽培されて

いるが、耕作放棄地も多い。

材料と方法

１．調査方法

2020 年 4 月から 2021 年 5 月まで、自動撮影カ

メラを小田原市入生田の耕作地周辺部および山

林（35°14’37”N, 139°07’00”E 周辺、標高 90–200 
m）に設置し、この地域に生息する哺乳類を調

査した。調査に用いた自動撮影カメラの機種は、

FOSITAN HC-1 である。

環境の異なる 10 定点にカメラを設置した（図

１）。各定点の環境は、定点 1: 耕作地の外縁部 ; 
定点 2: 耕作地の隣にある耕作放棄地 ; 定点 3: 沢
沿い ; 定点 4: 耕作放棄地周辺の針広混交林 ; 定点

5: 季節によって流水がある針葉樹林と耕作放棄

地の境界部 ; 定点 6: 斜面の耕作放棄地の下にあ

る針葉樹林 ; 定点 7: 直径の大きい杉のある針葉

樹林 ; 定点 8: 針広混交林 ; 定点 9: 沢から 20 m ほ

ど北の斜面にある針葉樹林 ; 定点 10: 斜面の落葉

広葉樹林である。
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Fig. 1. Maps showing study area based on the Digital Topographic Maps published by Geospatial Information Authority of Japan. A: 
wide-range map with an asterisk showing the study area; B: detailed map with circles showing camera trapping sites.

図 1. 本研究の調査地を示した図（国土地理院電子地形図を加工して作成）.  A: 星印で調査地周辺を示した広域図 ; 
B: 丸印でカメラの設置定点を示した詳細図 .
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２．解析方法

カメラ回収後、撮影された動物種を同定し、

撮影された回数を集計した。種同定が困難な小型

哺乳類については、目または科まで同定し、以下

の分析では種と同じレベルの扱いとした。本研究

では O'Brian et al. (2003) に従って、個体識別が

困難な同一種が 30 分以内に連続して撮影されて

いた場合には、一連の行動による撮影と判断して

集計から除外した。なお、撮影画像 1 枚あたり親

子やペアなどと推測される複数個体が含まれて

いる場合があったが、個体数ではなく撮影回数と

して集計した。全定点の合計および各定点につい

て各動物種の撮影頻度指数（以下、RAI: Relative 
Abundance Index）を以下の式で算出した（O'Brian 
et al., 2003）。

RAI = （総撮影回数［回］）／（カメラ稼働台・日

数［日］）

種間の生息環境の簡易的な類似度の指標とし

て、定点間における RAI の変化の種間における

共通性を示すことができると考えられる相関係

数を用いた。相関係数は 7 定点以上で撮影された

種について算出した。

なお、哺乳類の和名および学名は川田ほか

（2018）に従った。ただし、Meles anakuma の和

名については、近年多くの文献で採用されており

（例えば Ohdachi et al. 2015）、かつて同種とされ

ていたほかのアナグマ属の他種と区別する意味

で使用される「ニホンアナグマ」を採用した。

結　果

2,710 台・日（使用した自動撮影カメラの稼

働日数の合計）の稼働期間で種同定ができた中

大型哺乳類 8 種および種同定の困難なネズミ科

Table 1. Number of photographs of mammals in each trapping site
表 1. 撮影された哺乳類の定点ごとの撮影数

動物 Muridae gen. et sp. indet. および翼手目動物 
Chiroptera fam., gen. et sp. indet. が、合計で 2,500
回撮影された（表 1）。最も多く撮影されたの

はイノシシでのべ 806 回、次いでハクビシン 
Paguma larvata のべ 568 回 、タヌキ Nyctereutes 
procyonoides のべ 562 回、ニホンジカのべ 233 回

であった。定点別にみると、定点 1、2、5 では

タヌキ、定点 3、9 ではハクビシン、定点 4、6、7、8、
10 ではイノシシがそれぞれ最も多く撮影された。

イノシシ、ニホンアナグマ、タヌキおよびハクビ

シンは全定点で撮影された。ニホンジカは定点

1 以外の 9 定点、ニホンテン Martes melampus は
定点 2 以外の 9 定点、ニホンイタチ Mustela itatsi
は定点 1、2、4 以外の 7 定点、ネズミ科動物は

定点 4、7、10 以外の 7 定点と全定点の半分以上

で撮影された。一方でイエネコ Felis catus は 3 定

点（定点 4、9、10）で撮影され、そのうちの 1
つの定点で撮影された個体には首輪が装着され

ていたことから飼育個体の可能性がある（定点番

号および画像は非公開）。

撮影回数と稼働日数（表 2）をもとに計算した

RAI を表 3 に示す。全定点の RAI は、イノシシ

0.297、ハクビシン 0.210、タヌキ 0.207、ニホン

ジカ 0.086 の順に大きかった。定点別にみると、

各定点で最も RAI の大きい種はそれぞれ最も多

く撮影された種であった。種ごと（7 定点以上で

撮影された種）にみると、RAI が最大の定点はイ

ノシシおよびニホンジカでは定点 4、ニホンアナ

グマでは定点 9、ニホンテン、タヌキおよびハク

ビシンでは定点１、ニホンイタチでは定点 5、ネ

ズミ科動物では定点 9 であった。

種間の RAI の相関係数は、イノシシとニホン

ジカの間で最大であった（r = 0.868; 表 4）。それ

以外の 7 定点以上で撮影された種（ネズミ科を含

む）の間の相関係数は絶対値が 0.7 以下で、0.603
（ニホンアナグマとネズミ科）、0.522（ニホンイ

イノシシ ニホンジカ ニホンアナグマ ニホンテン ニホンイタチ タヌキ ハクビシン イエネコ ネズミ科 翼⼿⽬
S. scrofa C. nippon Me. anakuma Ma. mealmpus Mu. itatsi N. procyonoides P.larvata F. catus Muridae Chiroptera

No.1 21 0 1 4 0 103 65 0 5 0 199
No.2 51 5 1 0 0 63 19 0 3 0 142
No.3 73 3 1 3 5 13 106 0 15 0 219
No.4 143 69 13 1 0 55 53 3 0 0 337
No.5 54 37 23 3 16 65 17 0 21 2 238
No.6 107 53 19 4 11 78 48 0 15 1 336
No.7 171 40 4 5 1 42 87 0 0 1 351
No.8 28 2 22 4 1 26 13 0 7 0 103
No.9 101 14 39 1 6 69 118 2 54 0 404
No.10 57 10 7 2 1 48 42 4 0 0 171
Total 806 233 130 27 41 562 568 9 120 4 2500

Total
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Month

Site

0 0 0 0 28 23 31 30 15 29 28 4 0 0 188

0 2 22 30 16 16 31 7 5 19 18 2 0 0 168

29 16 30 31 28 30 31 25 5 29 28 31 27 0 340

29 17 30 22 0 16 31 30 11 0 0 0 0 0 186

29 17 30 22 31 24 31 15 5 25 0 18 30 4 281

29 17 30 31 31 24 31 9 5 14 0 17 30 28 296

29 17 30 10 31 30 31 17 0 0 12 31 30 28 296

1 31 30 31 10 0 0 0 5 31 28 31 30 28 256

29 17 30 31 27 30 31 28 5 31 30 31 30 28 378

0 3 30 27 31 30 31 18 5 29 28 31 30 28 321

No.4

No.5

May Jun JulApr. 2020

No.1

No.2

No.3

No.9

No.10

TotalSep Oct Nov Dec Jan. 2021 Feb MayAprAug Mar

No.6

No7

No.8

Table 2. Working days of camera trap for each trapping site
表 2. 各定点における自動撮影カメラの稼働日数

イノシシ ニホンジカ ニホンアナグマ ニホンテン ニホンイタチ タヌキ ハクビシン イエネコ ネズミ科 翼手目

S. scrofa C. nippon Me. anakuma Ma. mealmpus Mu. itatsi N. procyonoides P.larvata F. catus Muridae Chiroptera

No.1 0.112 0 0.005 0.021 0 0.548 0.346 0 0.027 0

No.2 0.304 0.030 0.006 0 0 0.375 0.113 0 0.018 0

No.3 0.215 0.009 0.003 0.009 0.015 0.038 0.312 0 0.044 0

No.4 0.769 0.371 0.070 0.005 0 0.296 0.285 0.016 0 0

No.5 0.192 0.132 0.082 0.011 0.057 0.231 0.060 0 0.075 0.007
No.6 0.361 0.179 0.064 0.014 0.037 0.264 0.162 0 0.051 0.003

No.7 0.578 0.135 0.014 0.017 0.003 0.142 0.294 0 0 0.003

No.8 0.109 0.008 0.086 0.016 0.004 0.102 0.051 0 0.027 0

No.9 0.267 0.037 0.103 0.003 0.016 0.183 0.312 0.005 0.143 0

No.10 0.178 0.031 0.022 0.006 0.003 0.150 0.131 0.012 0 0

Total 0.297 0.086 0.048 0.010 0.015 0.207 0.210 0.003 0.044 0.001

Table 3. Relative abundance indices (RAI) of mammals at each trapping site.  Underline: maximum value for each site; bold: 
maximum value for each species 

表 3. 各定点における哺乳類の撮影頻度指数 (RAI). 下線 : 各定点における最大値 ; 太字 : 各種における最大値

イノシシ ニホンジカ ニホンアナグマ ニホンテン ニホンイタチ タヌキ ハクビシン

S. scrofa C. nippon Me. anakuma Ma. mealmpus Mu. itatsi N. procyonoides P.larvata

ニホンジカ
C. nippon 0.868

ニホンアナグマ
Me. anakuma 0.055 0.318

ニホンテン
Ma. melampus -0.197 -0.116 -0.150

ニホンイタチ
Mu. itatsi -0.190 0.143 0.450 0.047

タヌキ
N. procyonoides 0.003 0.087 -0.216 0.166 -0.144

ハクビシン
P. larvata 0.339 0.102 -0.293 0.144 -0.371 0.180

ネズミ科
Muridae -0.317 -0.226 0.603 -0.239 0.522 -0.118 0.095

Table 4. Correlation coefficients of RAI between species.  Bold: absolute value larger than 0.3
表 4. 撮影頻度指数の種間の相関係数 . 太字：絶対値が 0.3 以上の値
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状況の変化は分からない。しかし、箱根山麓部

の植生破壊や農作物への被害等の人との軋轢と

いった問題に対処するための基礎的な情報を得

るため、定期的に自動撮影調査によるモニタリ

ングを行うことが必要だと考えられる。その他

の中大型哺乳類 4 種（ニホンアナグマ、ニホン

テン、ニホンイタチ、イエネコ）が上記 4 種と

くらべ RAI が極端に小さいことは、個体数が少

ない、あるいは行動圏が小さいことを示唆する。

生息状況を把握するためには、行動圏について

も考慮する必要がある。

著者は 2018 年 10 月から 2019 年 1 月まで、今

回の調査地から西南西に約 1.8 km 離れた早雲寺

林において自動撮影調査を行った（鈴木 , 2020）。
ここでは、今回確認された中大型哺乳類のうち 6
種が確認され、ニホンジカとニホンテンの 2 種

が確認されなかった。調査期間が短く、カメラ

の台数も少なかったため（7 台）、確認できなかっ

た可能性もあるが、早雲寺林は早川と住宅、学校、

旅館等の建物に囲まれ孤立した森林であるため、

これらの 2 種の定住は困難かもしれない。イノ

シシが最も多く撮影され、次にハクビシンとタ

ヌキが多かったという点は、本研究の結果と一

致している。

入生田の 7 km 南西にあり、箱根南部の玉川大

学箱根自然観察林（標高 410–990 m）では、今回

確認された 8 種に加え、ニホンリス、ニホンノ

ウサギ、アカギツネ、ツキノワグマ、ニホンザ

ルの 5 種が確認されている（關・鈴木 , 2018; 關 , 
2019）。小田原市入生田と箱根南部の間には、旧

東海道（県道 732 号線）および国道 1 号線がある

ものの、ほぼ連続した森林でつながっている。そ

れにも関わらず、ニホンリス、ニホンノウサギ、

アカギツネの 3 種が確認されなかったことの理由

として、今回の調査地域が人の利用環境（人家等

の建物、畑地）内またはそれらと隣接しているこ

とが考えられる。これら 3 種の生息の有無に関わ

る要因を明らかにするためには、より広範囲での

調査が必要である。ツキノワグマはかつて箱根町

および湯河原町に生息していたが、1945 年以前

に絶滅したと考えられている（野崎ほか , 1979）。
關・鈴木（2018）は、箱根南部において 2017 年

6 月から 10 月にかけて少なくとも 3 個体を確認

しており、複数個体が継続的に撮影された状況か

ら、この地域にツキノワグマが恒常的に生息して

いる可能性が高いと考えた。今後、個体数が増え

れば入生田など東側の標高の低い地域まで生息域

を拡大する可能性がある。關・鈴木（2018）にお

いてニホンザルは 1 回しか確認されていない。こ

の個体の詳細は不明だが、西湘地域個体群の S 群

タチとネズミ科）、0.450 （ニホンアナグマとニホ

ンイタチ）、-0.371（ニホンイタチとハクビシン）

の順に大きかった。

なお、撮影された静止画および動画を神奈川

県立生命の星・地球博物館の哺乳類画像データ

ベース（KPM-NQM）に登録し、神奈川県立生命

の星・地球博物館収蔵資料データベース（https://
nh.kanagawa-museum.jp/kpmnh-collections/） で 公

開する予定である。

考　察

本研究では、中大型哺乳類 8 種および同定困

難な小型哺乳類の齧歯目ネズミ科と翼手目の動

物が記録された。箱根の他の地域や大磯丘陵の

西縁など周辺地域ではこれらの 8 種に加え、中

大型哺乳類ではアライグマ Procyon lotor、ムササ

ビ Petaurista leucogenys、ニホンリス Sciurus lis、
ニホンノウサギ Lepus brachyurus、アカギツネ 
Vulpes vulpes、ツキノワグマ Ursus thibetanus、ニ

ホンザル Macaca fuscata が確認されている（葉山

ほか , 2005; 青木ほか , 2006;田畑ほか , 2006; 山口 , 
2015; 關・鈴木 , 2018; 關 , 2019）。これらのうち、

ムササビは自動撮影カメラで撮影されることが

少ないため、本研究の結果からは生息の可能性を

否定できない。地域の生息種確認調査を新規に行

う際の目安は、200–300 台・日 / km2 と考えられ

ている（金子ほか , 2009）。本研究で自動撮影カ

メラを設置した場所を直線で結んだ最外郭凸多

角形の面積はおおよそ 0.16 km2 であることから、

本研究の調査努力量は 16,900 台・日 / km2 であり、

目安を大幅に上回っている。このことから、今回

の自動撮影カメラ調査で記録された種以外の中

大型哺乳類は、現時点でこの地域に生息している

可能性は低いと考えられる。

今回の調査では、イノシシが最も多く撮影さ

れ、RAI も最大であり、ハクビシン、タヌキ、ニ

ホンジカが次いで撮影回数と RAI が大きかった。

RAI を生息個体数の指標とすることには批判があ

るものの（Sollmann et al., 2013）、入生田地区に

生息する中大型哺乳類で最も個体数が多いのは

イノシシであり、ハクビシンおよびタヌキも個体

数が多いと考えられる。ニホンジカは住宅地から

離れた定点（4–7）で多く出現していることから、

現時点での主な生息地はより標高の高い場所で

あると考えられる。2000 年には、塔ノ峰の稜線

沿いで糞が発見されるようになり、入生田および

箱根町山崎でも人家近くまでニホンジカが来て

いるという情報があった（広谷 , 2008）。今回の

調査結果からは、ニホンジカの 20 年間での生息
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または H 群に属する個体（神奈川県県西地域県

政総合センター , 2021）と考えられる。西湘地域

個体群は小田原市、箱根町および湯河原町の周辺

に生息しており、神奈川県レッドデータブック

2006 において絶滅の恐れのある地域個体群（LP）
に選定されている（広谷 , 2006）。その中で入生田

地区を含む地域に生息していた S 群は 2020 年 12
月までに除去されたことから（神奈川県県西地域

県政総合センター , 2021）、箱根南部で撮影され

た個体はすでに除去されている可能性がある。今

後、S 群に隣接していた H 群の個体が入生田に出

没する可能性がある。ツキノワグマおよびニホン

ザルは、人的被害をもたらすことがある一方で、

神奈川県西部では絶滅が危惧されている。これら

の種の保護管理は難しい問題であるが、自動撮影

調査により定期的にモニタリングすることが保護

管理に役立つだろう。

本研究では、入生田に生息する中大型哺乳類

の種間関係を予測するための簡易的な分析とし

て、RAI の相関分析を行った（表 4）。イノシシ

とニホンジカの間の相関が最大であった。このこ

とは 2 種の生息環境の類似性の高さを示してい

ると考えられる。著者はイノシシとニホンジカが

多く撮影された定点周辺で、イノシシの休息場所

を確認しているが、そのような場所には低木や

草本の密度が高くニホンジカの餌場にもなって

いる可能性がある。坂田ほか（2008）では、兵

庫県においてニホンジカの目撃効率が高い地域

でイノシシの目撃効率が下がることから、ニホ

ンジカの食害による植生の衰退がイノシシの生

息数を減らし目撃効率を下げるという間接的な

競争関係が示唆されている。研究の地理的スケー

ルは異なるが、今後ニホンジカの生息密度が高く

なれば、イノシシの生息密度は減少する可能性が

ある。現時点では、各定点のニホンジカの RAI
はイノシシの RAI の 7.1–68.5 % であることから

（表 3）、ニホンジカの生息密度は相対的に低いと

考えられる。また、これら 2 種の関係については、

入生田では有害捕獲や狩猟が行われているため、

それらの影響も考慮する必要があるだろう。それ

以外の種間の相関はあまり大きくなかったが、ネ

ズミ科動物との間でニホンアナグマ（0.60）とニ

ホンイタチ（0.52）がやや高い相関を示した（表

4）。ネズミ類は多くの食肉目動物の採食物となっ

ているが、ニホンアナグマの主な採食物はミミズ

であり、ネズミ類などの哺乳類は春にわずかに利

用されるのみであるため（金子 , 2018）、ニホン

アナグマとネズミ科動物間の RAI の相関は生息

環境の類似性によるところが大きいと考えられ

る。一方で、ニホンイタチはネズミ類を多く捕食

するため（鈴木 , 2018）、このような傾向を示し

た可能性が考えられる。また、負の相関（例えば、

ニホンイタチとハクビシン）は生息環境の類似性

のほかに種間競争も反映している可能性がある。

本研究では 10 定点で調査を行ったが、相関分

析を行う上ではやや定点数が少ない。また、相関

分析は種の生息環境や種間関係を評価するため

には、簡易的すぎる分析であるが、数少ない定点

からのデータを用いて傾向を予測することがで

きた。定点数を増やし、密度推定に必要なカメラ

の設置方法を取り、適切な解析を行うことで、哺

乳類の生息数や種間関係のより正確な推定が可

能になるだろう。
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鈴木　聡 , 2022.  自動撮影カメラで確認された神奈川県小田原市入生田地区の哺乳類相 , (51): 81–88. 
[Suzuki, S., 2021. Mammal Fauna Survey Using Camera Traps in Iryuda, Odawara City, Kanagawa Prefecture. Bull. 
Kanagawa Pref. Mus. (Nat. Sci.), (51): 81–88.]

2020 年 4 月から 2021 年 5 月までの期間、神奈川県小田原市の入生田地区において自動撮影カメラ

を用いた哺乳類相調査を行った。10 定点に設置したカメラにより、中大型哺乳類 8 種および種同定

の困難な齧歯目ネズミ科および翼手目の動物が合計で 2,500 回撮影された。撮影数と撮影頻度指数は

ともにイノシシ、ハクビシン、タヌキ、ニホンジカの順に大きい値を示した。7 定点以上で撮影され

た 7 種およびネズミ科を対象とした、定点ごとの撮影頻度指数を用いた種間の相関分析では、イノ

シシとニホンジカの間で特に高い相関を示し、ニホンイタチとネズミ科の間およびニホンアナグマの

ネズミ科の間でも相関が見られた。一方でニホンイタチとハクビシンの間などで弱い負の相関が見ら

れた。撮影頻度指数の種間での相関は、生息環境の類似性や種間競争を反映している可能性がある。

摘 要
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First Records from Japan of European Vermi-composter Dendrobaena veneta 
(Rosa, 1886) and of “Classical” Lumbricus terrestris Linnaeus, 1758 (Annelida, 

Oligochaeta, Megadrilacea, Lumbricidae)

Robert J. Blakemore1), Takehiro Sato1), Chelsea Vasnick2), Shu Yong Lim3)

Abstract.  European earthworms Dendrobaena veneta veneta (Rosa, 1886) and Lumbricus terrestris 
Linnaeus, 1758 are new records for Japan found in vermi-compost and fishing bait supplies. Both were 
likely introduced via the USA some years earlier when much stock was shipped to meet Japanese com-
posting needs.

Key words:  Annelid, exotic alien invertebrates, megadrile earthworm, vermi-compost
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Introduction

In 2019 a local Zama school teacher (C. Vasnick) found 
some school project compost worms that looked interesting 
and different to the usual Eisenia fetida (Savigny, 1836). 
Preliminary identification as Dendrobaena veneta (Rosa, 
1886) was confirmed in 2020 from specimens obtained 
from bait worm growers (Fig. 1). Online bait catalogue 
images from at least 2018, and the primary author’s 
collection records from 2001 (Blakemore, 2002) of worms 
“sold throughout Japan as fishing bait worms from 
Kyushu (pers. obs. 11.IX.2001)”, now indicate this new 
exotic species has likely been introduced to Japan several 
years earlier. Possibly from China (e.g. www.japanfs.org/
ja/news/archives/news_id024010.html) or more likely the 
USA as, from 1985-1987 alone, Japan reportedly imported 
3,000 “mt” (= metric tonnes) of earthworms from the USA 
for cellulose waste composting (Kale, 1998). It is further 
likely that the similar and common vermicomposting 
species, Dendrobaena hortensis (Michaelsen, 1890), with 
which D. veneta is often confused, is also present in some 

Japanese cultures, but this has yet to be demonstrated. 
The current report provides formal identification and 
distribution records for Dendrobaena veneta veneta 
with unambiguous support sought from mtDNA barcode 
analysis.

The research continued in 2021 with Lumbricus terrestris 
Linnaeus, 1758 also found in “Ozeki” (“ 大関 ”) bait worm 
boxes that are routinely sent around Japan (Fig. 1).

Materials and methods

Representative specimens (in 70 % EtOH), identified 
under low magnification using keys and descriptions in 
Blakemore (2000, 2002, 2020), are deposited in Kanagawa 
Prefectural Museum: D. veneta, is Accession No. KPM-
NJL 78 (from compost in garden in Zama, collected 
November, 2020 by RJB) with small tissue samples sent 
to Monash University genomics laboratory for mtDNA 
barcode sequencing (detailed in the Supplementary file); 
L. terrestris specimens deposited in 2021 are KPM-NJL 
79–80. Both species are briefly described and compared to 
similar taxa in the following account. 

Results

The current specimen of concern (KPM-NJL 78; Fig. 2) 
matches with other D. veneta reports with a DNA analysis 
confirmation in the Supplementary file.

Lumbricus terrestris (Accession Nos. KPM-NJL 79–80) 
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Fig. 1. Fishing baits as supplied throughout Japan contain 
a variety of worm specieas including Eisenia fetida, 
Dendrobaena veneta & Lumbricus terrestris (author's photo).

was further identified (Fig. 3).

Discussion

First records from Japan of Eisenia fetida were by 
Michaelsen (1892: 320, 1900: 476). (The primary 
author’s copy of Michaelsen’s 1900 monograph is now 
donated to Kanagawa Prefectural Museum of Natural 
History library). Its occurrence in Japan extends to before 
1876 and likely introduction along with medicinal plants 

to Koishikawa Gardens, Tokyo with specimens collected 
there by Dr Franz Hilgendorf.

Michaelsen (1900) described Dendrobaena veneta as 
widespread in Europe and the Middle East (cf. https://
www.gbif.org/species/5739805), it is now known from 

Fig. 2. Dendrobaena veneta (Rosa, 1886) dorsal and zoomed 
ventral habitus of mature specimen from Zama, Nov. 2020; 
fixed in 70 % EtOH (KPM-NJL 78 that provided small tissue 
samples for DNA analysis) (author's photo).

Fig. 3. Lumbricus terrestris Linnaeus, 1758 diagram (modified from Blakemore 1997, 2000, 2020, 2021) 
compared to 2021 KPM specimens (KPM-NJL 79–80).
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introduction to the USA, South America (e.g. Argentina, 
Brazil, Chile), Iran (although its identification there may 
now be questioned – see Supplementary file), South Africa, 
China, South Australia (J. Buckerfield, pers. com. 1991) 
and New Zealand (Blakemore et al., 2007) – the latter 
both new records for those countries. [In an update to 
this, an unpublished Australian Museum record online 
is of D. veneta from Lake Taupo, N.Z. from as early as 
1935 – https://biocache.ala.org.au/occurrences/8cf893c7-
2de7-43cd-9451-372348aba463]. Full eco-taxonomy, 
synonymy, distribution and DNA data are provided in 
Blakemore (2020 a copy of which is also donated to 
KPM library – accession No. KPM-XYZ 99) with a 
July 2021 update of a claim from Guatamala (https://
invertebase.org/stri/collections/list.php?db=23&reset=1
&country=Guatemala) and of its compost use in Ethiopia 
(https://academicjournals.org/journal/AJB/article-full-
text-pdf/D3A468E58527).

Dendrobaena hortensis (Michaelsen, 1890) – also 
reported from South Australia (J. Buckerfield, pers. com. 
1991) and Tasmania (Blakemore, 2000) both as new 
records – is similar in distribution and appearance to D. 
veneta and is differentiated by Briones et al. (2009: tab. 
3). The taxonomy, morphology and genetic identification 
of these and related taxa are revised in Szederjesi et al. 
(2019) and Blakemore (2020). In summary:

Length mature > 50mm; pigment always banded …... 
.............................Dendrobaena veneta (Rosa, 1886)

Length < 50mm; pigment more uniform .... 
................................D. hortensis (Michaelsen, 1890)

Although the epithet “veneta” in Latin can mean “sea 
blue” or “blue-green”, the name derives from its type 
locality of Campo di Marte, Venice (and Rosa noted its 
colour as being the same as Eisenia fetida, i.e., ruddy 
with yellow intersegmental stripes) hence these two 
species are easily and often confused. A simple distinction 
is that the setae are wider in Dendrobaena veneta (readily 
observable in the dark under blue light) also the clitellum 
tends to be whitish in D. veneta but more ruddy in E. 
fetida (Figs. 4–6). 

Photo images are also available for comparison on Ben 
Crabb’s website (https://bjc792.wixsite.com/earthworm-
images). Note that E. fetida often has a yellow caudal tip 
(rarely reported for D. veneta) and exudes fetid-smelling 
yellow coelomic fluid when distressed or handled, unlike 
the more placid D. veneta (RJB pers. obs.).

Incidentally, confusion by non-specialist growers in a 
UK report (Katsiamides & Stürzenbaum, 2021) found 
only one of 25 specimens from five suppliers of “Eisenia 
fetida” was correct (conflation with E. andrei Bouché, 
1972 or other sub-species notwithstanding), most were D. 
veneta. A similar situation may pertain in Japan as, despite 
having a lower reproductive rate, D. veneta is larger than E. 
fetida and may come to dominate in cultures under certain 
conditions (RJB pers. obs.).

As well as for fishing bait markets, beneficial human 

Fig. 4. Striped body and pale or pinkish matured clitellum are shared characteristics, but closely 
paired setae are distinctive for Eisenia fetida as indicated (after Wiki image “close-up of red 
wiggler worm [sic] with visible bristles [sic]” Eisenia_fetida_HC1.jpg).
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Government Aphis website (https://www.aphis.usda.
gov/) says:- “Eisenia (=Dendrobaena) veneta” and D. 
hortensis are currently the only earthworm species that 
are permitted for importation into the U.S. under strict 
conditions from countries other than Canada for release 
into the environment. Japan has also imported compost 
worms from Asia or India as other possible sources (e.g. 
for E. fetida, D. hortensis or other species?), although the 
Japanese Ministry of Agriculture Forestry & Fisheries 
(MAFF – https://www.maff.go.jp/e/) at this time does not 
restrict Eisesnia spp., Dendrobaena spp. nor Lumbricus 
spp, import and redistribution into and within Japan. 
[Email enquiries to MAFF by the primary author in 2021 
on any restrictions, on these or other worm species, are 
unanswered].

Initial preliminary report of Lumbricus terrestris 
from Japan by Blakemore (2021 – https://vermecology.
wordpress.com/2021/12/31/lterrestris-in-japan/) is now 
supported with specimens deposited in KPM. Its full 
taxonomic description based upon the restored British 
Museum Neotype plus many other specimens, its ecology 
and global distribution (with an earlier new report from 
Tasmania and thus for Australia) are provided in Blakemore 
(1997, 2000, 2013, 2020). Confirmation of this “classical” 
species as a new exotic record from Japan is thus also a new 
record for East Asia (see CABI map in Blakemore, 2021 as 
also in Supplementary file appended below).

uses of D. veneta are as an important species for 
vermicomposting of “wastes” used in organic farming 
for healthy, pesticide-free foods. A recent publication 
(Szederjesi et al., 2019) lists its application for “several 
cell-biological (Siekierska 2003; Adamowicz 2005), 
immunological (Molnár et al. 2015; Swiderska et al. 2017), 
soil biological and environmental studies (Marinussen et 
al. 1997; Natal-da-Luz et al. 2011).” In addition, another 
2019 study (Fiolka et al., 2019) found anti-tumor effect 
from D. veneta coelomic fluid on human lung cancer cells 
as “an interesting and promising preparation for further 
biological, chemical, and biomedical research.” [Cf. 
medical uses of Eudrilus eugeniae (Kinberg, 1867) as 
summarized in Blakemore (2015)].

The likely origin of the Japanese specimens was 
via the USA (as noted in Introduction) and the US 

Fig. 5. Setal ratios provide simple differentiation.

Fig. 6. Eisenia fetida (author's camera lucida image) compared to D. veneta 
[after Sims & Gerard (1999: fig. 28) of “Eisenia veneta” with its cocoon]. 
TP = tubercula pubertatis.
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This report brings the number of known exotics to more 
than 42 taxa in Japan (and Okinawa/Ryukyus) which, 
plus ~80 natives, gives a total tally of approximately 122 
earthworm species (Easton, 1981; Blakemore, 2003, 2019, 
2021 cf. Minamiya, 2021).
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Blakemore, R. J., 佐藤武宏 , C. Vasnick & S. Y. Lim, 2022.  ヨーロッパ産ミミズの一種 Dendrobaena 
veneta (Rosa, 1886) と Lumbricus terrestris Linnaeus, 1758（環形動物門，貧毛綱，Megadrilacea, ツリミミ
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Lumbricidae). Bull. Kanagawa Pref. Mus. (Nat. Sci.), (51): 89–94.]
日本初記録となるヨーロッパ原産のミミズ Dendrobaena veneta (Rosa, 1886) と Lumbricus terrestris 

Linnaeus, 1758 が確認された。本種はミミズコンポスト構成種や釣餌として利用されており、日本の

コンポストの需要増加を満たすために、数年前より米国を経由して導入されたと考えられる。

摘 要

Supplementary Materials

Supplementary file.
Appendix with Figs. and Reference online links – https://archive.org/details/appendix_202202.
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Two New Species of Japanese Earthworms (Annelida, Oligochaeta, Megadrilacea, 
Megascolecidae) Update Biodiversity on Okinawa and at Lake Biwa to ca. 30 Species

Robert J. Blakemore1), Shawn Miller2), Shu Yong Lim3)

Abstract.  Two large native worms are an Amynthas from Kumejima, Okinawa and a Metaphire from 
Lake Biwa, Shiga-ken both supported by mtDNA COI barcodes, and two new species are described. 
New 2016 Okinawa exotic reports are of small American lumbricid Bimastos parvus (Eisen, 1874) and 
confirming of Asian megascolecid Pithemera bicincta (Perrier, 1875).
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Introduction

In 2015 an interesting image of a luminescent earthworm 
from Kumejima Island, Okinawa was uploaded to a natural 
history photo website (by Nature photographer Shawn 
Miller – Fig. 1). The next year, in 2016, an opportunity 
arose for the survey of earthworms on Kumejima to try to 
find and identify this possibly novel species.

Kumejima “ 久米島 ” is a volcanic, sub-tropical island 
shaped like the silhouette head of an English cocker spaniel 
(Fig. 2). No earthworms were previously reported from 
this island whereas other Okinawan Islands have a limited 
history of reports since Kobayashi (1941) described ten 
species and Ohfuchi (1956, 1957a,b) reported ~24 with 
current totals of ~30 Ryukyu megadrile taxa (Easton, 1981; 
Blakemore, 2003, 2020a, b).

Furthermore, another unknown earthworm from Kinki 
Region, Honshu, Japan was found. Both the earthworms 

from Kumejima and from the Kinki Region are described 
as new species herein. 

Materials and methods

Representative Kumejima specimens collected in 
February, 2016 were deposited in Lake Biwa Museum 
(LBM, Accession Nos. FY2015-11) with small tissue 
samples taken for mtDNA barcoding at molecular genetics 
laboratories using standard routines for DNA extraction, 
PCR amplification and COI gene Sanger sequencing 
(e.g., Blakemore et al. 2010). Other earthworms donated 
to LBM’s collection were simultaneously inspected with 
a summary of the current Lake Biwa worm biodiversity 
provided in an Appendix.

Results

Specimens deposited in Lake Biwa Museum (LBM) and 
Kanagawa Prefectural Museum (KPM) are described below. 

Amynthas kume Blakemore, sp. nov.

Distribution: Mt Aratake, Kumejima Island, Okinawa, 
Japan (26°18'38.3"N 126°47'15.0"E); also reported from 
Mt Daruma by S. Miller (RJB pers. comm.).

Etymology: The species name is derived from its island 
location (noun in apposition).

Material examined (see Figs. 3–4): Holotype (H), 
LBM FY2015-11-1 mature, dissected (DNA tissue 

ZooBank LSID: urn:lsid:zoobank.org:pub:977BA713-4F9D-4E15-

AFA5-86B5DF36E2AB
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Fig. 1. Mystery luminescent Kumejima Island earthworm (photo: Shawn Miller).

Fig. 2. Satellite image of Kumejima with collection sites (Wiki Commons: ISS049.jpg).
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samples #K3-5.1, #K5.2 re-sent to DNA lab via KPMNH); 
Paratype 1 (P1) FY2015-11-2 (DNA #K1); Paratypes 2–3 
(P2–4) FY20015-11-3–4; all collected 15th Feb., 2016 (by 
RJB) from under forest litter or logs beside mountain road.

Description: Large and brown with yellow/buff 
intersegmental bands (i.e., striped). Lengths, H 190+20 mm 
(posterior amputee = 210 mm); P1, 220 mm; P2, 205 mm; 
P3, 190 mm. Prostomium epi-lobous. First dorsal pore 
11/12. Setae about 60 on segment 12. Spermathecal pores 
in line with male pores four pairs in 5/6/7/8/9 in semi-
circular pits. Clitellum 14–16. Female pore on 14. Male 
pores superficial in small circular patches on 18 with about 
14 (H) or 12 (P1) setae intervening between pores. No 

genital markings (GMs) found. Septa 8/9/10 absent around 
muscular gizzard in 8. Spermathecae four pairs in 6–9 each 
with single diverticulum about as long as ampulla. Seminal 
vesicles in 11 and 12. Ovaries and last hearts in 13. Small 
ovisacs in 14. Intestine from 15. Racemose prostates in 18. 
Intestinal caeca smooth and simple in 27–24. No glands 
found near spermathecal pores.

Diagnosis: Other megascolecid species currently 
reported from Okinawan Islands with four pairs of 
spermathecae in segments 5/6/7/8/9 are exotic Amythas 
corticis (Kinberg, 1867) species-complex and A. 
micronarius (Goto & Hatai, 1898) parthenogenetic 
species-complex with A. obtusus (Ohfuchi, 1957) 
currently in its synonymy (see Blakemore, 2012a, b, 
2020). All these taxa have genital markings (GMs). A 
recent taxon on Okinawa Island is A. cucurbita Azama 
& Ishizuka, 2018 (emend.) that, however, is smaller at 
<75 mm and also has markings around its male pores. 
Quadrithecate Metaphire riukiuensis (Ohfuchi, 1957) 
has seminal grooves in 17–19 amongst other differences 
while the M. formosae (Michaelsen, 1922) group is 
mainly from Taiwan and adjacent islands. The present 
specimens thus appear unique to Kumejima representing 
a new species. It is unusual for an Amynthas to lack GMs, 
a trait more common to Metaphire that typically has 
fewer spermathecae and eversible penes to compensate.

Other earthworms found on the island in this study 

Fig. 3. Amynthas kume sp. nov. from Kumejima Island (photo courtesy of Shawn Miller).

Fig. 4. Amynthas kume sp. nov. Holotype sketch with 
spermathecae and caecum.
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Metaphire kinki Blakemore, sp. nov.

Distribution: Kinki Region, Shiga-ken, Otsu-shi, 
Katsuragawa, Boumura-cho (35.247719, 135.868247) 
and stream at Sakamoto just below the Mt. Hiei 
cable-car station (35.069342, 135.865797); Kyoto-
fu, around Mt Kumotori/Kibune River (35°10'25.7"N 
135°46'05.2"E) (Wes Lang pers. comm.: found “coiled 
up in the middle of the hiking path” from the bus stop 
at Hanase Kogen). Searches by RJB assisted by Dr 
Grygier in rivers and on hills at Sakamoto in Feb., 2016 
failed to find further specimens.

Etymology: The name is derived from its regional 
location (noun in apposition).

Material examined (see Figs. 5–7): Holotype (H), LBM 
FY2015-8-1 mature, dissected (DNA tissue samples #K7–9, 
sample #K8 now KPM-NJL 83) collected by Kazuhiro 
Masunaga “2015/8/1”; “On road where water runs across. 
Captured alive but died overnight. 80–85 % EtOH”; 
Paratype 1 (P1) FY2015-8-2 large, macerated specimen 
(no DNA) ditto “2015-8-2”; Paratype 2 (P2) FY2010-24 
“Sakamoto coll. Masunaga” March, 2011; Paratype 3 (P3) 
FY2011-19 ditto, “25.III.2012”.

Description: Large and dark blue with light grey 
intersegmental bands (i.e., striped). Lengths, H 260 mm 

were the exotic lumbricid of American origin: Bimastos 
parvus (Eisen, 1874) (LBM FY2015-11-5) from 
Gushikawa Castle, Kumejima collected 16th Feb., 2016 
from under rocks as a new record for Okinawa (published 
in Blakemore, 2016a), and Asiatic exotic Pithemera 
bicincta (Perrier, 1875) (LBM FY2015-11–6 providing 
tissue samples #K2 & K6 – KPM-NJL 82) that had been 
previously reported from Okinawa, not least by Ohfuchi 
(1957a: 254), Easton (1981) and Blakemore (2002, 2003, 
2020a,b; Blakemore et al., 2007). Despite Ito et al.’s 
(2019) claim, Ohfuchi’s description precisely matches P. 
bicincta and he clearly states: “Intestine begins in XIV, 
and a pair of intestinal caeca which are very short, are 
less developed compared with many other species; broad, 
apparently rudimentary, or may be altogether absent..” 
but he has then inadvertently added a transcription error 
with: “..commences (sic) in XXVI or XXVII..” (in actuality 
its small caeca are often paired in 22). As for B. parvus, 
it is relatively common on the main islands of Japan 
and Kobayashi (1941) reports it from “ 海士村 ” that is 
translated as Ama mura, possibly on Nakanoshima in Oki 
Islands, Shimane-ken, but it has not been previously found 
on Okinawan Islands. 

Fig. 5. Metaphire kinki sp. nov. P2 specimen (photo courtesy Kazuhiro Masunaga March, 2011 with LBM permission via M.J. 
Grygier pers. comm. 22nd July, 2015).



New earthworm species 99

is the mtDNA COI barcode (in Appendix 1) that differs by 
4.13 % from its closes match of AB482078 “Metaphire 
sieboldi” from Nara-ken that was part of Minamiya et 
al.’s (2009) “Group I” mostly confined to the Kinki region 
and also most diverged of their study samples. Only their 
AB482080, also Group I, was from Shiga-ken and it 
differs by 4.57 %. These authors’ found: “Among the M. 
sieboldi samples, the infraspecific sequence divergences of 
the COI gene ranged from 0.1 % to 18.1 %, and the mean 
infraspecific sequence divergences between phylogenetic 
groups of our study ranged 5.7 % to 15.9 % (Table 2).” 

x 15 mm wide; P2, 210 mm; P3, 195 mm. Segments (H) 
~140. Prostomium epi-lobous, open. First dorsal pore 
12/13. Setae about 80 on segment 12. Spermathecal pores 
in line with male pores three pairs in 6/7/8/9. Clitellum 14-
16. Female pore on 14. Male pores slits on 18 with about 
16 (H) setae intervening. No genital markings (GMs) 
found. Septa 8/9/10 absent around muscular gizzard in 
8. Spermathecae three pairs in 7-9 with single, coiled 
diverticulum longer than ampulla when unravelled. 
Seminal vesicles in 11 and 12. Ovaries and last hearts 
in 13. Racemose prostates in 18. Intestinal caeca from 
27, deeply incised on one side at the base (not strictly 
manicate, more like intermediate or multiple, as found in 
M. megascolidioides – see Blakemore (2016a: Fig. 3 and 
Supplementary Materials, Appendix 1: Fig. 12).

Diagnosis: The only known native Metaphire species 
currently from Shiga-ken with three pairs of spermathecae 
in segments 6/7/8/9 is reported as “M. sieboldi” sensu lato 
by Minamiya et al. (2009). Major differences from the 
original and most subsequent species diagnoses of proper 
M. sieboldi (Horst, 1883) – the first species described 
from Japan – are lack of bright and uniform blue iridescent 
colouration and less defined manicate caecae; also the 
spermathecal diverticula may be longer than the ampullae 
even when they are coiled. The most definitive difference 

Fig. 6. “Kumotori/Kibune” worm, likely M. kinki in Nature (image permissions courtesy Wes Lang https://tozantales.
wordpress.com). Compare with uniformly-coloured, bright electric-blue M. sieboldi from Fukuoka and Kumamoto, Kyushu 
www.flickr.com/photos/pokoroto/2950708988; www.flickr.com/photos/anaguma/7540289876. 

Fig. 7. Metaphire kinki sp. nov. holotype spermatheca 9lhs and 
caecum.
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However, an accepted COI barcode range for inter-specific 
differentiation is as low as 2–3 % (e.g. Hebert et al. 2003, 
2004; Smith et al. 2005), also by Zhang & Zhang (2014) 
and by Wang et al. (2018) who found: “almost 98 % of 
the species can be correctly distinguished for both COI 
and 16S when a threshold of 3 % nucleotide divergence 
was used for species discrimination”. As the current 
specimen divergence is >4 % from other known samples 
it would qualify, on the information currently available, 
for specific status. Its furthest BLASTn result differs from 
other sampled concepts of “M. sieboldi”  by up to 14 % (see 
Appendix 1).

Other examples in the Appendix support an inter-
specific COI gene division at >3–4 %.

Metaphire sieboldi proper is defined by its Leiden type 
(RNHL 1825) and any substantial derivation or deviation 
from this (e.g. DNA >3–4 %) warrants separate specific, 
or at least sub-specific status, seemingly as do most of 
Minamiya et al.’s (2009) group taxa.

Three LBM collection worms from Hokkaido dated 
“2014 09 11” sent by Y. Minamiya were identified (by 
RJB in 2016) as common exotic Aporrectodea rosea 
(Savigny, 1826).

About 35 species occur on the Ryukyu (Okinawan) 
Islands and all 30+ earthworm species reports from 
Lake Biwako’s satoyama habitats are summarized in 
Appendix 1, several supported by mtDNA. Along with 
~50 aquatic worm taxa, Biwako is Japan’s most megadrile 
& microdrile biodiverse site due to intensity of eco-
taxonomic survey. 

Discussion

Application of DNA to nomenclatural typification helps 
reduce taxonomic impediments. The first genetic analysis 
of worms (megadriles and microdriles) was by Siddall et 
al. (2001) and explicit linking of a genetic barcode to a 
worm’s type was by Blakemore et al. (2010). Henceforth, 
molecular confirmations are advised for any eco-taxonomic 
surveys, albeit determining specific cut-offs between 
intraspecific and interspecific series, within Amynthas and 
Metaphire, as with other genera, is often difficult when 
a morphological continuum occurs. Yet DNA data are 
reliable only if initial identifications are good. Appendix 
1 has several examples of misidentifications/misnomers 
relating to DNA data.

A suggestion for Genbank’s DNA database is thus for a 
colour confidence system (or a kind of taxonomic triage) 
that, as with taxonomy, requires regular review, e.g.:-

RED – definitive, based upon taxon’s primary types.

ORANGE – reliable, based upon taxon’s secondary types.
GREEN – verified, on authoritative taxonomic 

identification. 
BLACK – speculative or non-specialist identification of 

specimen.
[GREY or in braces – obvious misidentifications or 

highly unlikely taxon].
An unfortunate autocorrect feature of GenBank results 
in uploaded species names being changed according to 
some “official” list, not infrequently wrong, and also a 
modification of some uploaded sequences to comply with 
their models. Both these kinds of “corrections” detract 
from the validity of the unadulterated original data.

Returning to a supposed lack of molecular monophyly 
of both Amynthas and Metaphire (e.g., Zhang et al., 
2016), this is irrelevant to ICZN (1999) nomenclatural 
taxonomy where the genus is defined by characteristics 
of its type-species, as was clearly and simply explained 
by Blakemore (2002, 2008a, 2012c, 2020b). Thus male 
pores (when present!) are superficial in species defaulting 
to Amynthas and non-superficial in Metaphire species 
as, indeed, are found in its type M. javanica (Kinberg, 
1867) [and its possible synonym, M. californica (Kinberg, 
1867)]. Whereas the male pores in proper Pheretima type 
(P. montana Kinberg, 1867) are in deep invaginations, 
these are most developed as doubled and eversible penes 
in Duplodicodrilus [type D. schmardae (Horst, 1883) 
itself often misidentified as Metaphire javanica or M. 
californica in overseas reports (RJB pers. obs.)]. There is 
no implication that form of male pores is the same in these 
latter genera, merely that they are all “non-superficial”.

Consequently, the recently described Metaphire glauca 
(Azama & Ishizuka, 2018) n. comb. (as mooted in 
Blakemore 2020a) from northern Okinawa complies with 
a Metaphire houlleti (Perrier, 1872) species-complex as 
in Blakemore (2016b, 2020b) that has >50 member taxa 
including many synonyms or parthenogenetic morphs that 
now need comparison with it. Several other taxonomic 
names proposed by these authors are possibly invalidated 
by non-compliance with ICZN (1999: Arts. 11.4 and/
or 11.5) by synonymy and homonymy (as noted by 
Blakemore, 2003, 2010, 2020a) (see Appendix 2).

Aside from classic ICZN nomenclatural taxonomy 
based upon morphology, now molecular DNA information 
plus behaviour and ecology are obviously needed to fully 
define a species. The new species M. kinki seemingly 
occurs often in streams or wet situations that may indicate 
an habitual characteristic separate from its sibling taxa.

Blakemore (2002, 2020b) speculated that bright blue 
colouration (only manifest in adults) of Metaphire sieboldi 
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[as with Didymogaster sylvatica Fletcher, 1886 in NSW 
and Diporochaeta terraereginae (Fletcher, 1890) in tropical 
forests in Qld., Australia], may serve to distract predators, 
especially birds. Similarly for banding as in the two new taxa 
herein seen also in A. yambaruensis (Ishizuka & Azama, 
2000) in Okinawa; Fletcherodrilus fasciatus (Fletcher, 
1890) in Australia and Eophila tellinii (Rosa, 1888) or E. 
crodabepis Paoletti 2016 in Italy. Both characteristics are 
manifest in an unidentified megadrile found wandering on 
the soil surface in North Vietnam (Fig. 8).

During the Kumejima survey an abundance of several 
other native and exotic earthworms (plus enchytraids 
and planarians) were found in the woodlands and public 
areas, most not collected, but, remarkably, no earthworms 
were detected in the adjacent sugar cane fields. Possibly 
the earthworm fauna has been eradicated by intensive 
agrichemical use, a situation recently reported as a 
global issue of concern (Blakemore, 2018). This latter 
publication determined that organic sugar production 
offered substantial benefits in terms of yield, soil health (e.g. 
earthworm counts) and soil carbon sequestration compared 
to detriments of conventional agrichemical agriculture.

Other Kinki/Shiga species in LBM collection were 
described in Blakemore & Kupriyanova (2010), Blakemore 
(2010, 2016a) and Blakemore & Grygier (2011) that, with 
the current new species, now bring known Lake Biwa 
region taxa to about 30 megadriles, the most biodiverse 
habitat currently in Japan (see summary and DNA data in 
Appendix 1). This earthworm biodiversity compares to ~21 
megadrile taxa from Lake Pedder in Tasmania (Blakemore, 
2010: tab. 2) and other examples from Blakemore (2018) 
such as: “a mixed farm in Queensland, Australia had 
24 earthworm species whilst an organic farm studied in 
the Philippines had 23 [17,47,48]. In one instance, 13 
species were unearthed from gardens at Y Plas House at 
Machynlleth, Wales in half-a-day’s collection in 2013 [49] 
matching the earthworm diversity reported at another UK 
site sampled for an entire 10-year period (1990–2000) 
[50].” This Y Plas site report (Blakemore, 2013) was the 
most biodiversity in UK or Ireland until surveys found 19 
lumbricid earthworm species at Isabella Tree’s and Charlie 
Burrell's Knepp Castle rewilding farm in England (Cole, 
2013). Such high counts from proper eco-taxonomic 
surveys contradict hackneyed claims that earthworms have 

Fig. 8. Large unknown worm from North Vietnam on the Phan Si Pan Mountain in Lao Cai district with striking blue-striped colouration 
(photo taken in 2016 courtesy of Dr Richard Barnes of Logan Botanic Gardens, Scotland, UK; pers. comm. April, 2018).
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Blakemore, R. J., S. Miller & S. Y. Lim, 2022.  日本産フトミミズ科の 2 新種（環形動物門，貧毛綱，

Megadrilacea）. 神奈川県立博物館研究報告（自然科学）, (51): 95–104. [Blakemore, R. J., S. Miller & S. Y. 
Lim, 2022. Two New Species of Japanese Earthworms (Annelida, Oligochaeta, Megadrilacea, Megascolecidae) Update 
Biodiversity on Okinawa and at Lake Biwa to ca. 30 Species. Bull. Kanagawa Pref. Mus. (Nat. Sci), (51): 95–104.]
形態学的特徴および mtDNA の COI バーコーディングに基づき、沖縄県久米島産のアズマフトミミ

ズ属の新種と、滋賀県琵琶湖産のフクロフトミミズ属の新種を記載した。また、2016 年に採集され

た標本に基づき、アメリカ原産のフクロナシツリミミズ Bimastos parvus (Eisen, 1874) と東南アジア

原産のフィリピンミミズ Pithemera bicincta (Perrier, 1875) を沖縄県からの初記録として報告した。

摘 要

Supplementary Materials

Appendix 1. DNA analyses support IDs with earthworm 
biodiversity table at Lake Biwa compared to Samford, 
Qld. (plus some items of taxonomic “housekeeping”).

Supplementary file Online. Available from internet:  
https://archive.org/details/appendix-1 

Appendix 2. On rediscovering some of Japan’s historical 
& heritage earthworm types (with confirmed Eisenia 

japonica record in Japan from 1876; also an earlier 
Amynthas vittatus or “Metaphire levis” USA record 
here corrected as A. tokioensis). Thus the Odawara 
earthworm, Amynthas vittatus (Goto & Hatai, 1898) 
(Appendix 2: Fig. 16), is not proven to occur in USA 
and its tentative report from there should be scratched 
in favour of A. tokioensis (Beddard,1892) that already 
has many USA records (Appendix 2: Fig. 17).

Supplementary file Online. Available from internet:  
https://archive.org/details/appendix-2 

Reports, 6: 20096.
Zhang R.L. & B. Zhang, 2014. Prospects of using DNA 

barcoding for species identification and evaluation of the 
accuracy of sequence databases for ticks (Acari: Ixodida). 
Ticks Tick Borne Diseases, 5(3): 352–358. 
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日本産トガリヒメバチ亜科（ハチ目、ヒメバチ科）6 種の新分布記録

New Distribution Records of Six Species of Japanese Cryptinae 
(Hymenoptera, Ichneumonidae)

渡辺恭平 1)

Kyohei Watanabe1)

Key words:  Aptesini, Cryptini, fauna, new record, parasitoid wasps

報　告

1)  神奈川県立生命の星 ・ 地球博物館 
〒 250-0031 神奈川県小田原市入生田 499 
Kanagawa Prefectural Museum of Natural History, 
499 Iryuda, Odawara, Kanagawa 250-0031, Japan 
watanabe-k@nh.kanagawa-museum.jp

トガリヒメバチ亜科 Cryptinae Kirby, 1837 はヒ

メバチ科の中では 2 番目に大きな亜科で、日本

からは 62 属 148 種が報告されている（Watanabe, 
2020）。チョウ目やコウチュウ目など、様々な昆

虫に寄生するほか、クモ類にも寄生する分類群も

おり、生態的に多様な一群である。また、中には

農林業害虫の天敵となる種も含まれるなど、総合

的病害虫管理等 の観点からも重要な分類群であ

る。Watanabe (2019, 2020) は知見が断片的な日本

産の本亜科について分類学的検討を加えるとと

もに、多くの分布記録を報告したが、依然として

国内のファウナの解明度は低いままである。

筆者は現在も日本各地から収集した本亜科の

標本の整理を進めているが、その過程で 6 種にお

いて新しい分布記録がいくつか見いだされたの

で、以下に目録形式で報告する。

本報告で用いた標本はすべて神奈川県立生命の

星・地球博物館に収蔵されている。標本は Nikon 
SMZ800 実体顕微鏡により観察し、同定した。図

に用いた画像は OLYMPUS TG-4 デジタルカメラ

を顕微鏡の接眼レンズに近接させて撮影した。画

像の編集は Adobe Photoshop® CC により行った。

各標本のデータは KPM-NK で始まる神奈川県立

生命の星・地球博物館の資料番号、個体数（報告

する個体はすべてメスのため F と表記）、採集地

名、採集年月日（月はローマ数字で表記）、採集

者名で示した。また、採集地名と採集者名につい

てはラベルに準じてローマ字で表記した。

目　録

トガリヒメバチ亜科

Subfamily Cryptinae Kirby, 1837
Tribe Aptesini Smith & Shenefelt, 1955

テラニシキモントガリヒメバチ

Javra teranishii (Uchida, 1952)

標本．JAPAN: KPM-NK 81397, F, Hokkaido, Horo-
kanai Town, Moshiri, 16. VII 2012, M. Ito leg.

分布．日本（北海道、本州）．

備考．本稿での記録は本種の北海道初記録で

ある。

マルヤマコガタフトトガリヒメバチ

Schenkia sylvatica Townes, Momoi & Townes, 1965

標本．JAPAN: KPM-NK 81398, F, Toyama Pref., 
Toyama City, Arimine, Kamedani, 14–21. VII. 2009, 
M. Watanabe leg. (Malaise trap); KPM-NK 81399, 
F, Toyama Pref., Toyama City, Arimine, Inonedani, 
11–16. VIII. 2009, M. Watanabe leg. (Malaise trap); 
KPM-NK 81400, F, Toyama Pref., Toyama City, 
Arimine, Juroudani, 1–8. IX. 2009, M. Watanabe leg. 
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(Malaise trap).
分布．日本（国後島、北海道、本州）．

備考．本種は原記載（Uchida, 1936）で用い

られた北海道札幌市円山と国後島で得られた 2
個体のメスしか知られていなかった。本稿での

記録は本種の本州初記録であるとともに、原記

載以降初めての追加記録となる。なお、本種は

Microcryptus maruyamensis Uchida, 1936 として記

載されたが、種小名が先行して別のタクソンで使

用されていたため Townes et al. (1965) により置換

名が提唱された。

Tribe Cryptini Kirby, 1837

ハラアカシロテントガリヒメバチ（新称）

Agrothereutes abbreviatus (Fabricius, 1794)
(Figs 1 A, B)

標本．JAPAN: KPM-NK 81401, F, Hokkaido, Otaru 
City, Zenibako, Shinkawa-kako, 11. VII. 2013, A. 

Yamamoto leg.
分布．日本（国後島、北海道）; 全北区．

備考．本種は全北区に広く分布し、他種と比

べて大きな種内変異をもち、その影響で異名も多

い。Horstmann (1993) は本種のメスを 4 つの型に

分類したが、上記北海道産の標本はこのうちの

"Forma abbreviator" の特徴に合致した。この型は

中体節がほとんど、あるいは完全に黒色である点

と、前翅の長さが後脚脛節の長さの 0.5–0.8 倍で

あり、短翅型とならない点で定義される。本種は

日本産の同属他種とは以下の形質状態により容

易に区別できる : 触角の基部方は白帯の基部方に

赤褐色部をもつ : 後体節第 1–3 背板は赤褐色 ; 脚
は後脚腿節の基部と後脚脛節の基部を除き赤褐

色（図 1 A, B）。
本種は Kasparyan et al. (2012) で国後島の記録

が扱われているものの、小西・松本（2020）の

目録には含まれておらず、和名もない。本報では

本種を北海道から初めて記録するとともに標準

和名としてハラアカシロテントガリヒメバチを

図 1. A, B: ハラアカシロテントガリヒメバチ（新称）Agrothereutes abbreviatus (Fabricius, 1794) のメス（KPM-NK 
81401）; C: トウキョウツヤトガリヒメバチ Trychosis tokioensis (Uchida, 1930) のメス（KPM-NK 81408）; D: トウキョ

ウツヤトガリヒメバチの生息環境 . A, C: 側方から見た全形 ; B: 背方から見た全形 .
Fig. 1. A, B: Agrothereutes abbreviatus (Fabricius, 1794), female (KPM-NK 81401); C: Trychosis tokioensis (Uchida, 1930), 

female (KPM-NK 81408); D: habitat of T. tokioensis. A, C: lateral habitus; B: dorsal habitus.
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提唱する。

なお、本種はユーラシア大陸では比較的普通

に得られるヒメバチである（筆者が各国の博物館

の収蔵庫で見た標本数より判断）が、日本国内で

の採集例は極めて少なく、稀な種である。この違

いが地史的な理由によるものであるか、寄主をめ

ぐって競合する寄生蜂が日本国内に豊富に生息し

ているためによるかは、現時点では不明である。

オウシュウトガリヒメバチ

Cryptus spiralis (Fourcroy, 1785)

標本．JAPAN: KPM-NK 81402, F, Hokkaido, Rishiri 
Is., Rishiri Town, Oshidomari-sakae, 19. VIII. 2019, T. 
Amano leg.; KPM-NK 81403, F, Hokkaido, Rishiri Is., 
Rishiri Town, Kutsugata, 21. VIII. 2019, T. Amano leg.

分布．日本（利尻島、北海道、本州）; 旧北区．

備考．本種は全北区に広く分布し、国内では

北海道と本州から記録がある。本稿での記録は本

種の利尻島初記録である。

ミナミコクロオナガトガリヒメバチ

Picardiella rufa (Uchida, 1932)

標本．JAPAN: KPM-NK 81404, F, Okinawa Pref., 
Iriomotejima Is., Taketomi Town, Otomi-rindo, 1. VI. 
2006, K. Watanabe leg.; KPM-NK 81405, F, Okinawa 
Pref., Iriomotejima Is., Taketomi Town, Uehara, 19. VII. 
2007, H. Kawamoto leg.

分布．日本（奄美大島、沖縄本島、石垣島、

西表島）; 台湾．

備考．本稿での記録は本種の西表島初記録で

ある。

トウキョウツヤトガリヒメバチ

Trychosis tokioensis (Uchida, 1930)
(Figs 1 C, D)

標 本．JAPAN: KPM-NK 81406, F, Toyama Pref., 
Toyama City, Arimine, Kamedani, 14–21. VII. 2009, M. 
Watanabe leg. (Malaise trap); KPM-NK 81407, 81408, 
2 F, Kagoshima Pref., Kimotsuki Town, Minamikata, 
Kanaedake, 18–20. VII. 2019, K. Watanabe & K. 
Matsumoto leg. (YPT).

分布．日本（本州、九州）．

備考．本種は Uchida (1930) により東京で得ら

れた 3 個体のメスに基づき記載されたが、その

後の記録はなかった。本稿での記録は本種の九州

初記録であるとともに、原記載以降初めての追加

記録となる。九州で得られた個体（図 1 C）は低

木やササ類が茂る森林の林縁（図 1 D）に沿って

設置したイエローパントラップで得られたもの

である。本種のタイプは 4 月に得られているが、

今回確認した追加個体はいずれも 7 月に得られて

おり、体に顕著な破損は認められなかった。従っ

て、本種の成虫は年二回出現する可能性がある。

末筆ではあるが、貴重な標本をご提供いただ

いた天野　匠、伊藤誠人、能瀨晴菜、清水　晃、

山本亜生、山内健生の各氏に感謝申し上げる。ま

た、本研究の一部は科研費（17K15185）の助成

を受けて行われたものである。
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