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The origin and ecology of Kana nigromaculata introduced
into Hokkaido
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Introduced species pose major threats to natural environments. Understanding the origin
and mechanisms underlying the expansion pattern of introduced species and their impact is crucial in
managing them to protect native ecosystems effectively. In Japan, Rana nigromaculata originally
occurs on the three main islands, Honshu, Shikoku and Kyushu, but not on the northernmost main
island, Hokkaido. @~ However, Takenaka (1997) reported a small exotic population of R.
nigromaculata in paddy fields, ponds, and neighboring habitats in Kitahiroshima, central Hokkaido.
In addition, this species has been found in Hiraoka Park and the campus of Hokkaido University,
Sapporo. To determine the origin of these introduced R. nigromaculata populations, I examined
phylogeography of this species in China, Korea and Japan, by analyzing mitocondrial DNA of Cyt b
1143 bp. I also monitored the expansion of their distribution in Kitahiroshima from 2006 to 2009
and 1 examined food menu of the Kitahiroshima population from their stomach contents to
understand the effect of this species on ecosystem.

In the samples collected in Honshu, Shikoku and Kyushu Islands, Japan, a total of 76
haplotypes were identified: 49 for R. nigromaculata, 18 for R. porosa porosa, 9 for R. p. brevipoda.
Including 29 haplotypes reported from China and‘ Korea, a Bayesian tree and a maximum parsimony
tree were constructed. These trees showed five major clades in pond frogs in Japan. Clade 1
consisted of eight R. nigromaculata haplotypes found in Chubu Region and a part of Aomori
Prefecture; clade 2 was compossed of 31 R. nigromaculata haplotypes found in most sampling sites
in Honshu; clade 3 consisted of 10 R. nigromaculata haplotypes from those only in Kyushu. R.
porosa porosa haplotypes were found in Tohoku and Kanto Regions, forming clade 4, and R. porosa
brevipoda haplotypes were observed in only two sampling sites Takashima, Shiga Pref. and Inuyama,
Aichi Pref., forming clade 5. The northernmost ranid populations in China and Korea were more
closely related to Japanese R. porosa than to R. nigromaculata unlike Zhang et al. (2008) who had
identified them R. nigromaculata.

Within R. nigromaculata, Kyushu populations are phylogenetically distinct from Chinese
populations and Honshu-Shikoku populations which are more closely related to each other. A
molecular clock of Cyt b strongly suggested that the R. nigromaculata groups had diverged in
Quaternary when landbridges had been formed between China and Japan across East China Sea in

some glacial eras. | assume that R. nigromaculata had colonized Japan twice through the
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landbridges and the first immigrants had been extinct in Japan except Kyushu and the second
immigrants had been extinct only in Kyushu.

Whereas Aomori Pref. and Chubu Regionvare located about 340 km apart from each other
the two regions shared the same haplotypes which were not found in any other region, suggesting an
artificial introduction of R. nigromaculata from Chubu Region to Aomori Pref of Tohoku Region, in
addition to previously reported invasions of R. nigromaculata into Tsushima and Hokkaido. In
Hokkaido, there were eight R. nigromaculata and three Rana porosa porosa haplotypes including six
and two new haplotypes, which were not found in other regions of Japan, China or Korea: for R.
nigromaculata a new haplotype Hol in the campus of Hokkaido University, haplotypes 12 and 63
and new haplotypes kital-5 from Kitahiroshima District, haplotypes 63, 2 and 12 in Hiraoka Park;
Rana porosa porosa, haplotype 4 and new haplotypes Iwl and Iw2 from Iwamizawa. In the
Bayesian tree, R. nigromaculata haplotype Hol belonged to a clade of haplotypes which were
discovered in Shizuoka, Aichi, Nagano (Chubu Region), and Aomori. Kital, kita3, kitad4 and kita5
formed a clade with haplotype 12 found in Shiga and Hyogo Prefectures, (Kinki Region) and kita 2
formed a clade with haplotypes 63 and 64 found in Shimane and Yamaguchi Prefectures, (Chugoku
Region).

From the haplotype compositions, I discussed how the ranid frogs had been introduced
into Hokkaido. In Hokkaido University, some researchers have bought frogs as experimental
materials from agensts of Shizuoka Pref. and a few of the frogs might be once released to a pond.
In Kitahiroshima and Hiraoka Park, it is unlikely that the releases of educational materials have been
sources of the introduced frogs, because these popﬁlations seemed to originate from western Honshu
where the agents providing frogs to schools are much fewer than in eastern Honshu. The
Iwamizawa population shares one haplotype with a Machida population, Tokyo and Matumoto,
Nagano, indicating its origin to be Tokyo where some agents deal ranids as educational materials.

In Kitahiroshima, R. nigromaculata occurred 27.1 km? of paddy fields and adjacent
habitats in 2006, whereas it had been found only in the area of 1.7 km? in 1997. Surveys in 2008
and 2009 further demonstrated their gradual expansion. In Iwamizawa, the distribution of R.
porosa porosa also expanded to paddy fields, and the range reached 5 km away from the range of R.
nigromaculata in Kitahiroshima, suggesting that they will encounter each other in the near future.

To survey food habits, 140 frogs of R. nigromaculata were captured in 2005 and examined
stomach contents. 662 prey items of 38 types were collected. Main prey items were lepidopteran
larvae, Gerridae, Araneae, Isopoda and Carabidae. Hyla japonica showed a similar food habit, with
Pianka’s overlap index of 0.78. Only one R. nigromaculata stomach contained a piece of anuran
which was probably an adult Hyla japonica, and there were a significant negative correlation
between the densities of groundsurface invertebrates and frogs. These results suggest that R.

nigromaculata may affect H. japonica through competition for food resource but not through
predation.
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The origin and ecology of Kana nigromaculata introduced
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EBZOENTNVWS N U HIINEEKBEEZSIRELT, S R KUY DNA
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E3) 5, HERRIIKEMNS N/ UYIHIINN_EEALTEEEZEZIASN
5, WINOEFIHZFDAVOTHo=EBHND N TH WEEEENE &
BoTWEHEER, SEMAESR TEREEISECIAREEOENWEERRE
RTH3, A

S SICHBEEFX ILEED N /U< H )V 8O EMEIZ DV T DNASGHT 2170,
NNTO¥17E2RHELE. Zhs2EM - mE - lonNTasy 1 Ficmz
TR ZARHEBEER L2 E 2 A, LB R ZEREII PR OEEREIZ,
MR - JUA BEEE RS - FEMFORMEEIENWS &, A RIREERIEH
SMIIRTFavFIIHINTHD. BE - FEHFOEERITENT &0
HohEiaolk,. TNETIEBENDODBARKE LTI, 1) BEOEHESR
AELTEHROEENSBASNEAINNEE-EEHFNCHEIN, EBL
7z, 2) BERMEEENHENSBALZENAICHINOIRRDA IR Sy 73
BRIVAAUTRALE, D20ONEBZANTERN, EROSWEREMNSIERD
BERIIL) OFr—XATH5LEEBDLNS, ARROBEERIEREMSDH T
EEDPSCBAINEZEBRAAINBKREIN=TEEREG V. /- JLEBEE
HORABRIIEZARHLN, 8 - PEMARBEEEZI NS ENS, &
BHONMNITEBRREEND S,

LR BEEEA G D SEHEIL. 1997 FEITIXHTH 25.6km2 ITBE /R o =48
(Takenaka 1997). FIEEEVEAZEL %, 2006 £i21d 134.1km2, 2008 £
121 223.1km2, 2009 FITiX 231.6km2 TH V. 10 ER D OREICH 10 ZITET
FRLUTWBZENHSENER STz, BT, FRITRE~NOHEANEL L,
MNMOFHENIZE> THHEIT2EMDH B Z ENFERENE, ERETHZ=
BT IAINANDEENBREIND 2D, 2BOFEOHBEEGERDEEZ
5, BERAOHENRD N, 2BOBHNEMEFANEZEZ A, Wbk
BEHREEAEREZEREELTBY, ETH0BEEEEELEWE
(0.78) ZRUL7z. KRIZ. MY HI)L & FEEMmIE BB HEBY) O 5B EE D
BaRkHizEls, REIVEERERAOHENED N, N YITHIILOE
MO ZRTIHINDOEENIFEAER DN S RN ENG., TFH
RCBNWTREINZEENBRICL BB IIAVEEDN 2. HEES
DS BEENPERZ > T BATEEMITE .,

BEZE—RL. CNSOREZESTMEL. TEAMEZEE L TREN O
DTHY, RERBLREBICB I IMEDESEMREbHDOE T, HEEN
Ht RERD) ORMNEZZTI3DRCKRIBERELETEILDEHELE.
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