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Patterns of hind-wing degeneration in Japanese riffle beetles (Coleoptera: 



Elmidae) 



Supplementary Online Information 



Table S1. Sample sizes and localities where the specimens used in this study of hind  wings were collected.   



Table S2. Sample sizes and localities where of the specimens used for measuring body  dimensions were collected. 



Fig. S1.  50% majority rule consensus tree that resulted from the Bayesian phylogenetic  analysis  of  the  COI  gene  sequences.  Numbers  above  branches  are  Bayesian  posterior  probabilities followed by maximum-likelihood bootstrap percentage (‘-‘ indicates below  50%). 



Fig. S2. 50% majority rule consensus tree that resulted from the Bayesian phylogenetic  analysis  of  the  28S  gene  sequences.  Numbers  above  branches  are  Bayesian  posterior  probabilities followed by maximum-likelihood bootstrap percentage (‘-‘ indicates below  50%). 



Fig.  S3. Adult beetles of (a)  Optioservus maculatus and (b)  Optioservus sp., and male  genitalia (aedeagus everted) of (c) Optioservus maculatus and (d) Optioservus sp. 



Fig. S4. Adult beetles of (a) Zeitzevia awana, (b)  Z. nitida and (c) Z. rivaris, and male 

genitalia (aedeagus everted) of (d) Z. awana, (e) Z. ntida and (f) Z. rivaris. 



(2)Table S1. Sample sizes and localities where the specimens used in study of hind wings were collected.   


Species  Wing form  N  Locality 


Dryopomorphus extraneus  macropterous  1  Sugoh, Kohfu, Tottori 


Dryopomorphus extraneus  macropterous  1  Matsubaraguchi, Nichinan, Tottori 
 Dryopomorphus extraneus  macropterous  8  Mt. Ohyorogisan, Okuizumo, Shimane 
 Dryopomorphus extraneus  macropterous  2  Mt. Azumayama, Okuizumo, Shimane 
 Dryopomorphus extraneus  macropterous  3  Inocho, Hamada, Shimane 


Dryopomorphus nakanei  macropterous  5  R. Shojingawa, Ichinotani, Daisen, 
 Tottori 


Dryopomorphus nakanei  macropterous  1  Kanayamahigashi, Nanbu, Tottori 
 Stenelmis nipponica  macropterous  4  R. Amidagawa, Daimyobashi, Daisen, 


Tottori 


Stenelmis nipponica  macropterous  1  R. Ohegawa, Daisen, Tottori 


Stenelmis nipponica  macropterous  2  R. Funatanigawa, Ebi, Kohfu, Tottori 
 Stenelmis nipponica  macropterous  4  R. Manasumigawa, Nakaya, Hino, 


Tottori 


Stenelmis nipponica  macropterous  4  R. Hossyojigawa, Aga, Nanbu, Tottori 
 Stenelmis nipponica  macropterous  1  R. Hiikawa, Kandachi, Izumo, Shimane 
 Stenelmis nipponica  macropterous  1  R. Hiikawa, Hinobori, Unnan, Shimane 
 Stenelmis vulgaris    macropterous  106  R. Hiikawa, Hikawa, Izumo, Shimane 
 Stenelmis vulgaris  macropterous  28  R. Hiikawa, Shimamura, Izumo, Shimane 
 Stenelmis miyamotoi    apterous  36  R. Hiikawa, Hikawa, Izumo, Shimane 
 Stenelmis miyamotoi    apterous  183  R. Hiikawa, Shimamura, Izumo, Shimane 
 Ordobrevia gotoi    macropterous  3  R. Amidagawa, Daisen, Tottori 


Ordobrevia gotoi    macropterous  2  R. Ohoegawa, Daisen, Tottori 
 Ordobrevia gotoi    macropterous  1  R. Kuraokagawa, Daisen, Tottori 
 Ordobrevia gotoi    macropterous  1  R. Chikaishigawa, Okinoshima, Shimane 
 Ordobrevia gotoi    macropterous  1  R. Ohmakigawa, Ohmori, Okuizumo, 


Shimane 


Ordobrevia gotoi  macropterous  1  R. Kandogawa, Tachikue, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  1  R. Kandogawa, Hitokubota, Sada, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  1  R. Kaondogawa, Tokorobara, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  4  R. Isagawa, Hitokubota, Sada, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  2  R. Hatagawa, Sada, Izumo, Shimane 



(3)Ordobrevia gotoi  macropterous  1  R. Tanbedanigawa, Sada, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  1  R. Ohtsukigawa, Tokorobara, Izumo, 
 Shimane 


Ordobrevia gotoi  macropterous  3  R. Yoshinogawa, Sada, Izumo, Shimane 
 Ordobrevia gotoi  macropterous  1  R. Odagawa, Taki, Izumo, Shimane 
 Ordobrevia gotoi  macropterous  1  R. Nishimeigawa, Taki, Izumo, Shimane 
 Ordobrevia gotoi  macropterous  3  R. Tagigawa, Taki, Izumo, Shimane 
 Ordobrevia maculata    macropterous  3  R. Wakasugigawa, Nichinan, Tottori 
 Ordobrevia maculata    macropterous  2  R. Funatanigawa, Ebi, Kohfu, Tottori 
 Ordobrevia maculata    macropterous  2  R. Ohegawa, Daisen, Tottori 


Ordobrevia maculata    macropterous  1  R. Odakasuiro, Odaka, Yonago, Tottori 
 Ordobrevia maculata    macropterous  1  Mt. Azumayama, Okuizumo, Shimane 
 Ordobrevia maculata    macropterous  1  Mt. Sentuzan, Okuizumo, Shimane 
 Ordobrevia maculata    macropterous  6  Mt. Ohyorogisan, Tonbara, Iinan, 


Shimane 


Ordobrevia maculata    macropterous  1  R. Miyamagawa, Manda, Izumo, 
 Shimane 


Ordobrevia maculata    macropterous  1  R. Shimizugawa, Matsue, Shimane 
 Ordobrevia maculata    macropterous  1  R. Inomegawa, Inome, Izumo, Shimane 
 Ordobrevia maculata    macropterous  1  R. Takajirigawa, Kamitakajiri, Yoshika, 


Shimane 


Ordobrevia foveicollis  macropterous  10  Komichi, Okinoshima, Shimane 
 Ordobrevia foveicollis  macropterous  1  Nagu, Okinoshima, Shimane 
 Ordobrevia foveicollis  macropterous  4  R. Hiikawa, Izumo, Shimane 


Leptelmis gracilis  apterous  1  R. Hossyojigawa, Aga, Nanbu, Tottori 
 Leptelmis gracilis  apterous  13  R. Hiikawa, Izumo, Shimane 


Leptelmis gracilis  apterous  27  R. Hiikawa, Hikawa, Izumo, Shimane 
 Leptelmis gracilis  apterous  3  R. Hiikawa, Shimamura, Izumo, Shimane 
 Leptelmis gracilis  apterous  1  Nishidai Izumo, Shimane 


Leptelmis gracilis  apterous  2  R. Hiratafunagawa, Izumo, Shimane 
 Leptelmis parallela  macropterous  2  R. Hiikawa, Izumo, Shimane 


Leptelmis parallela  macropterous  7  R. Hiikawa, Hikawa, Izumo, Shimane 
Leptelmis parallela  macropterous  4  R. Hiikawa, Shimamura, Izumo, Shimane 
Leptelmis parallela  macropterous  1  R. Hossyojigawa, Aga, Nanbu, Tottori 



(4)Leptelmis parallela  macropterous  1  Toyota, Shimonoseki, Ymaguchi 
 Graphelmis shirahatai      macropterous  5  R. Hiikawa, Izumo, Shimane 


Graphelmis shirahatai      macropterous  10  R. Hiikawa, Shimamura, Izumo, Shimane 
 Neoriohelmis kurosawai    macropterous  10  Kamekawa, Kinotani, Hokkaido 


Neoriohelmis kurosawai    macropterous  1  Sugoh, Kohfu, Tottori 


Optioservus hagai  macropterous  1  R. Sugasawagawa, Nichinan, Tottori 
 Optioservus hagai    brachypterous  10  R. Sugasawagawa, Nichinan, Tottori 
 Optioservus hagai    brachypterous  9  R. Akiharagawa, Nichinan, Tottori 
 Optioservus hagai    brachypterous  22  R. Amidagawa, Boryo, Daisen, Tottori 
 Optioservus sp.    macropterous  29  R. Kitanizawa, Onarubara, Kohfu, 


Tottori 


Optioservus maculatus    macropterous  5  R. Sugasawagawa, Nichinan, Tottori 
 Optioservus maculatus    macropterous  16  R. Wakasugi, Wakasugi, Nichinan, 


Tottori 


Optioservus maculatus    macropterous  44  R. Abiregawa, Nichinan, Tottori 
 Optioservus maculatus    macropterous  30  Sugo, Kohfu, Tottori 


Optioservus maculatus    macropterous  6  R. Kitanizawa, Ohnarubara, Kohfu, 
 Tottori 


Optioservus nitidus  macropterous  1  R. Ohtanigawa, Ihara, Hino, Tottori 
 Optioservus nitidus  macropterous  1  R. Masumigawa, Hino, Tottori 
 Optioservus nitidus  macropterous  1  R. Wakasugi, Wakasugi, Nichinan, 


Tottori 


Optioservus nitidus  macropterous  27  R. Funatanigawa, Ebi, Kohfu, Tottori 
 Optioservus nitidus  macropterous  10  R. Ohegawa, Daisen, Tottori 


Optioservus nitidus  macropterous  15  R. Kiyoyamagawa, Hoki, Tottori 
 Optioservus nitidus  macropterous  1  R. Shojingawa, Daisenbashi, Daisen, 


Tottori 


Optioservus nitidus  macropterous  14  R. Amidagawa, Daimyobashi, Daisen, 
 Tottori 


Optioservus nitidus  macropterous  1  R. Amidagawa, Hatakebashi, Daisen, 
 Tottori 


Optioservus nitidus  macropterous  1  R. Amidagawa, Boryo, Daisen, Tottori 
 Pseudamophilus japonicus    macropterous  2  R. Hossyojigawa, Yonago, Tottori 
 Pseudamophilus japonicus    macropterous  2  R. Hatagawa, Sada, Izumo, Shimane 
 Pseudamophilus japonicus    macropterous  3  R. Anamigawa, Sada, Izumo, Shimane 
 Pseudamophilus japonicus    macropterous  4  R. Susagawa, Sada, Izumo, Shimane 
 Pseudamophilus japonicus    macropterous  4  R. Hiikawa, Shimamura, Izumo, Shimane 
 Grouvellinus marginatus    macropterous  16  R. Kandogawa, Tokorobara, Izumo, 


Shimane 



(5)Grouvellinus marginatus    macropterous  19  R. Kandogawa, Ottachi, Izumo, Shimane 
 Grouvellinus marginatus    macropterous  7  R. Kandogawa, Tanbe, Sada, Izumo, 


Shimane 


Grouvellinus marginatus    macropterous  2  R. Kandogawa, Tachikue, Izumo, 
 Shimane 


Grouvellinus marginatus    macropterous  4  R. Hiikawa, Izumo, Shimane 


Grouvellinus marginatus    macropterous  2  R. Hiikawa, Hikawa, Izumo, Shimane 
 Grouvellinus nitidus  macropterous  2  R. Amidagawa, Daimyobashi, Daisen, 


Tottori 


Grouvellinus nitidus  macropterous  9  R. Ohegawa, Daisen, Tottori 
 Grouvellinus nitidus  macropterous  5  Sousenkyo, Misato, Shimane 
 Paramacronychus granulatus  apterous  1  R. Miyaharagawa, Fujieda, Shizuoka 
 Paramacronychus granulatus  macropterous  1  R. Kurokawa, Kotoura, Tottori 
 Paramacronychus granulatus  brachypterous  4  R. Kurokawa, Kotoura, Tottori 
 Paramacronychus granulatus  brachypterous  13  Mt. Kongosan, Chihayaakasaka, Osaka 
 Paramacronychus granulatus  brachypterous  1  R. Kamikuroo, Nasu, Tochigi 


Zaitzeviaria gotoi    macropterous  1  R. Kinoegawa, Daisen, Tottori 


Zaitzeviaria gotoi    apterous  40  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzeviaria ovata    apterous  243  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzeviaria ovata    apterous  1  R. Wakasugigawa, Nichinan, Tottori 
 Zaitzeviaria ovata    macropterous  1  R. Ohegawa, Daisen, Tottori 
 Zaitzeviaria ovata    apterous  4  R. Sugasawagawa, Nichinan, Tottori 
 Zaitzeviaria brevis    apterous  23  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzeviaria brevis    apterous  5  R. Kiyoyamagawa, Hoki, Tottori 
 Zaitzeviaria brevis  macropterous  1  R. Kiyoyamagawa, Hoki, Tottori 
 Zaitzevia awana  macropterous  1  R. Yukawagawa, Nichinan, Tottori 
 Zaitzevia awana  macropterous  2  R. Masumigawa, Nichinan, Tottori 
 Zaitzevia awana  macropterous  19  R. Funatanigawa, Ebi, Kohfu, Tottori 
 Zaitzevia awana  macropterous  1  R. Sadagawa, Hoki, Tottori 


Zaitzevia awana  macropterous  49  R. Amidagawa, Daimyobashi, Daisen, 
 Tottori 


Zaitzevia awana  macropterous  5  R. Ohegawa, Daisen, Tottori 



(6)Zaitzevia awana  macropterous  7  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzevia awana  macropterous  1  Yamasa, Hirose, Yasugi, Shimane 
 Zaitzevia nitida    macropterous  4  R. Kurumakawa, Misato, Takasaki, 


Gunma 


Zaitzevia nitida    macropterous  3  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Zaitzevia nitida    macropterous  2  R. Shojingawa, Ichinotani, Daisen, 


Tottori 


Zaitzevia nitida  macropterous  1  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzevia nitida  macropterous  4  R. Takajirigawa, Kamitakajiri, Yoshika, 


Shimane 


Zaitzevia rivalis  macropterous  19  R. Wakasugi, Wakasugi, Nichinan, 
 Tottori 


Zaitzevia rivalis  macropterous  4  R. Abiregawa, Nichinan, Tottori 
 Zaitzevia rivalis  macropterous  10  R. Funatanigawa, Ebi, Kohfu, Tottori 
 Zaitzevia rivalis  macropterous  1  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzevia rivalis  macropterous  1  R. Syojingawa, Ichinotani, Daisen, 


Tottori 


Zaitzevia rivalis  macropterous  3  R. Kurokawa, Nakamura, Kotoura, 
Tottori 



(7)Table S2. Sample sizes and localities where the specimens used for measuring body dimensions were 
 collected.   


Species  Wing form  N  Locality 


Dryopomorphus extraneus  macropterous  6  Mt. Sentsuzan, Okuizumo, Shimane 
 Dryopomorphus extraneus  macropterous  8  Mt. Ohyorogisan, Iinan, Shimane 
 Dryopomorphus extraneus  macropterous  8  Mt. Azumayama, Okuizumo, Shimane 
 Dryopomorphus nakanei  macropterous  3  Mt. Senjozan, Kotoura, Tottori 


Dryopomorphus nakanei  macropterous  7  R. Shojingawa, Ichinotani, Daisen, Tottori 
 Stenelmis nipponica  macropterous  20  R. Akagawa, Kamo, Unnan, Shimane 
 Stenelmis vulgaris    macropterous  22  R. Hiikawa, Hikawa, Izumo, Shimane 
 Stenelmis miyamotoi    apterous  24  R. Hiikawa, Hikawa, Izumo, Shimane 
 Ordobrevia gotoi    macropterous  7  R. Kurokawa, Kamikurokawa, Kotoura, 


Tottori 


Ordobrevia gotoi    macropterous  4  R. Chikaishigawa, Okinoshima, Shimane 
 Ordobrevia gotoi    macropterous  3  R. Ohmakigawa, Izumo, Shimane 
 Ordobrevia gotoi    macropterous  2  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Ordobrevia gotoi    macropterous  1  R. Takashirigawa, Kamitakashiri, 


Yoshika, Shimane 


Ordobrevia maculata    macropterous  20  R. Kurokawa, Kamikurokawa, Kotoura, 
 Tottori 


Ordobrevia foveicollis  macropterous  20  R. Hiikawa, Izumo, Shimane 


Leptelmis gracilis  apterous  16  R. Hiikawa, Hikawa, Izumo, Shimane 
 Leptelmis parallela  macropterous  10  R. Hiikawa, Hikawa, Izumo, Shimane 
 Graphelmis shirahatai      macropterous  20  R. Hiikawa, Hikawa, Izumo, Shimane 
 Neoriohelmis kurosawai    macropterous  1  Mt. Sentsuzan, Okuizumo, Shimane 
 Neoriohelmis kurosawai    macropterous  1  R. Yoshidagawa, Sugito, Yoshida, 


Unnnan, Shimane 


Neoriohelmis kurosawai    macropterous  1  Mt. Sentsuzan, Okuizumo, Shimane 
Neoriohelmis kurosawai    macropterous  4  R. Kurokawa, Kamikurokawa, Kotoura, 



(8)Tottori 


Neoriohelmis kurosawai    macropterous  1  R. Kinoegawa, Hatai, Daisen, Tottori 
 Optioservus hagai    brachypterous  20  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Optioservus sp.    macropterous  20  R. Kitanizawa, Onarubara, Kofu, Tottori 
 Optioservus maculatus    macropterous  16  R. Sugitanigawa, Kamisaka, Hino, Tottori 
 Optioservus maculatus    macropterous  2  R. Wakasugi, Wakasugi, Nichinan, 


Tottori 


Optioservus maculatus    macropterous  2  R. Ohtanigawa, Ihara, Hino, Tottori 
 Optioservus nitidus  macropterous  20  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Pseudamophilus japonicus    macropterous  20  R. Hiikawa, Hikawa, Izumo, Shimane 
 Grouvellinus marginatus    macropterous  27  R. Hiikawa, Hikawa, Izumo, Shimane 
 Grouvellinus nitidus  macropterous  26  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Paramacronychus granulatus  brachypterous  21  Mt. Kongosan, Chihayaakasaka, Osaka 
 Zaitzeviaria gotoi    apterous  8  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Zaitzeviaria gotoi    apterous  11  R. Odakasuiro, Odaka, Yonago, Tottori 
 Zaitzeviaria gotoi    apterous  1  R. Kurokawa, Kamikurokawa, Kotoura, 


Tottori 


Zaitzeviaria ovata    apterous  20  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Zaitzeviaria brevis    apterous  20  R. Shojingawa, Ichinotani, Daisen, Tottori 
 Zaitzevia awana  macropterous  20  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Zaitzevia nitida    macropterous  10  R. Amidagawa, Kuraoka, Daisen, Tottori 
 Zaitzevia rivalis  macropterous  20  R. Wakasugi, Wakasugi, Nichinan, 


Tottori 



(9)Fig. S1. 50% majority rule consensus tree that resulted from the Bayesian phylogenetic analysis 

of  the 
COI  gene  sequences.  Numbers  above  branches  are  Bayesian  posterior  probabilities 


(10)Fig. S2. 50% majority rule consensus tree that resulted from the Bayesian phylogenetic analysis 

of  the 
28S  gene  sequences.  Numbers  above  branches  are  Bayesian  posterior  probabilities 
followed by maximum-likelihood bootstrap percentage (‘-‘ indicates below 50%). 



(11)Fig. S3. Adult beetles of (a) Optioservus maculatus and (b) Optioservus sp., and male genitalia 

(aedeagus everted) of (c) Optioservus maculatus and (d) Optioservus sp.



(12)Fig. S4. Adult beetles of (a) Zeitzevia awana (b) Z. nitida and (c) Z. rivaris, and male genitalia 

(aedeagus everted) of (d) Z. awana, (e) Z. ntida and (f) Z. rivaris. 
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