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Abstract

The cyprinid genus Sinocyclocheilus is endemic to.China with a distribution limited
to various karst areas in Yunnan and Guizhou Provinces and the Guangxi Zhuang Au-
tonomuous Region, Some are troglobites with typical adaptive characteristics for life in
caves or underground waterbodies; and some are troglophiles which lack special adapta-
tions to cavelife but nonetheless rely heavily on subterranean waters during their lifecy-
cle,

Sinocyclocheilus is the richest genus of Chinese cyprinid fishes in terms of species
diversity with more than 60 nominal species currently described. Examination of speci-
mens from almost all nominate species, including most of the type specimens, leads to
the recognition of 49 valid species. Since Sinocyclocheilus is a highly adaptive group to
cave environment, a systematic tree based on morphology is very unlikely to give an ac-
curate representation of the true evolutionary relationships among the species. So mo-
lecular genetic data, agumented by some morphological information, was utilized to con-
struct a phylogenetic tree incorporating all known species. Stnocyclocheilus is deter-
mined to be monophyletic group with four clades, given the appellations “ jii”, “ angu-
laris”, “cyphotergous” and “tingi”, The distributions of these different clades display
very little overlap,

Vicariance is the primary mechanism for speciation in the genus Sinocyclocheilus,
with diversification mainly resulting from genetic drift in small, isolated populations,
The evolution and distribution of Sinocyclocheilus species has a close relationship with
the Qinghai-Xizang Movement dating from late Tertiary. The hypothesized troglophile
ancestor of modern Sinocyclocheilus species presumably was distributed in the karst re-
gion of Yunnan and Guizhou at the beginning of the plateau uplift. After the violent
sudden uplift of the plateau approximately 3. 4 MaBP, designated as Act A of the Qing-
hai-Xizang Movement, the eastern population became isolated from other cogeners and
evolved into today’s “jii” clade. After that, some Sinocyclocheilus in the western region
became true troglobites, dwelling exclusively in caves and/or subterranean rivers,
These became ecologically isolated from other troglophile relatives in part in response to
climate changes and karst influences. The troglobite angularis clade emerged in this
manner. At almost the same time, further uplifting during Act B (2. 6 MaBP) of the
Qinghai-Xizang Movement served to isolate the remaining two clades. The “tingi”
clade, which today only (with one exception) exhibits troglophile levels of adaptation to
hypogean life, became limited to the watershed of the Nanpanjiang River, The remai-
ning “cyphotergous” clade, whose members include both troglobites and troglophiles, is
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today mainly distributed in the drainage of the Hongshuihe River. Whether a given Si-
nocyclocheilus species emerged as troglobite or a troglophile can be closely tied to physi-
ognomic characteristics of Yunnan-Guizhou plateau. Troglobite species are more heavily
concentrated in the middle of the genus’ overall distribution where violent uplifting has
produced steep slopes and a complicated karst environment. On the other hand, troglo-
phile species tend to be found nearer to the eastern and western edges of the overall dis-
tribution which exhibit flatter topologies.

The distribution of Sinocyclocheilus species is mainly influenced by climate, water
system topologies and karst processes. Modern species’ distributions exhibit recogniza-
ble horizontal and vertical aspects, with the former nicely matching the E-type structure
of the Guangxi landform and the latter intimately related to assorted altitude-dependent
karst features.

Other aspects of Sinocyclocheilus biology were also investigated, including repro-
ductive and feeding behavior as well as tolerance to an array of environmental factors.
Findings from these studies provide information crucial to future conservation planning.
Threats to the Sinocyclocheilus species and genetic diversity include pollution of their
subterranean waters, changes to their cave environments and the influence of overcap-
ture. Specialists studying this fascinating group have drawn governmental and NGO at-
tention to the urgent need for conservation measures to protect these fishes, and it is
highly possible that in the future the entire genus Sinocyclocheilus will be included on
the National List of Protected Wild Animals.

Key words: China; hypogean fishes; Sinocyclocheilus; species diversity;
phylogenetic evolution; zoogeography
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F1E FENRBEPEES, SHEMEMBEXRHAR

EZEAR RN ARPFRART, RITRANRZE X ARNRSHEE AR
R, FERRRERRE RZE AR, FEUERER N aRER TRAR
HHEA, AHXFRER—ENER. X SRIIERARBITRATNSZ, ALE
et 7 AR R R RN BB BGOSR BN A REN B ERE.

1.1 ﬁ/\ﬁ%%%lu

“ﬂAﬁ%”i%L%—AE SEMBLE, KB XFRXZa. T LTS
A BRI CESRB R E P WAy, Hi, SENBKERK, NITMABEEA
R frik, BUNESFERKEMBATRED, EEE-RHERKNEBERRT
HHTW ., T SRR A S A,

HAREXBEHT=EMEREMA R EYHA RO R BMHXEM. H Schivdte
(1849) BWREREMFNEYHITERFE LR LK, HAREMN—-EZHIFIHR -1
BEVI B 3ChR X 5 TR R TR & f 237k, Schiner (1854) #H T —
AR EEN R SRR MR A EE, BEAY R NFREFEE, HAER ST
K BRI Y4 R SR 7CAEY) (troglobite B, stygobite) . JESLEIMEXAY) (tro-
glophile B stygophile) F{BAI7CAEY) (trogloxene B, stygoxene) ., J5 2 H b F K
*FEM5EE (Racovitza, 1907; Hesse, 1924; Thienemann, 1926; Romero, 2001a),
PR TRETh SPRRE P,

%ﬁﬁﬁkﬁ@ﬁAi%ﬁXWﬁﬁUﬂ@%ﬂ@*%ﬁﬁlﬁﬁﬁ%ﬁ%(%%
FEHB M, 2001; FKFEHF, 2003; WHRBIE, 2004), ALY, WRAIRZ
W HRRET, ENFBRE, HARSENST 0T 22 BENF M T K3
ﬁ*%ﬁ%ﬁ%;%&ﬁ%ﬁ%ﬁﬂ*%ﬁﬁﬂ?ﬁyﬁiﬁﬁxﬁﬁﬁ%ﬁaﬁﬁﬁ
RN B REFENER. B, 7TRUETER RS Tk SR8 S B A 2600 iy
WA, ERERARMEARNAL IFHEE (A D, MEEEX /MR A
HN R EFERTRE.

BARENGAE LFETRHASHTAAERHRAH —RINENERFER A, X
BAHERTBE (BERBLAD SfEREERL. BEaRNME. St RENRLD . B
R (L. M%) MEERLRSE.

EsBGENASE AEP R ERTRASH T KIRE S, BAFXERIREL
BT BRI RNARE; BNEINE LT RERA H LA B H5E B v A 461E Y
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Figure 1 Concepts of hypogean fishes

B, B, 2B FRERITUILKEZB AT E (Onychostoma macrolepis) [#F}
(Cyprinidae) #EFF} (Barbinae)], ZEHATE S FEERBMEARAEE N, S5
AL 6 N H BB EITEARABTAPEL GEHEE, 1986),

BARAEE FAHBARREAF NS T REKG A, BEFRESHTAERT
B, HAMUEBARZER, BALBAREMRANFEmN=4EESS L. i, £2RE
B R SR R T A B R BT B8 (Acrossocheilus iridescens) . Stbih
(Parasinilabeo assimilis) . X B3+ (Macropodus opercularis) % (HER, 2000),

FEUERR S, REXEN NGRS REYE T 2 E, FRE (19840,
1985) ERA/CEIERIS R ERA A, AR ERMBFEAE, Ml ERNAKE
WEEER, HAaRBFBEREA—, MRNAREELHESS L, TEZERS
HAITERED, WOURERERETEEX— B MR, RSt HIER i akrmL
BT ARBRISY . UTXRELRI (Sinocyclocheilus anophthalmus) F4), FhEENZHK
MERIEZ WK, ARS—-HAIMETUEDH BHES. FF (1985 FHEHMNE
T ARMANARBELER LT, BREAFRRERENEE, KU, NBT
RRBI SN A2 TR aRERE MR, BRHMERHE, SR
FIRMBYR A, BRRAMBELSH (1998). HER (20000 Zxt#MA BT A
RETRER, FRAERAIHER AL (DFRBASK)., TR AR CRRES
2 MAMRAER AL AL, M1 AR OKEESE T HREEE Y —
TEENERRE. HXTEXNHRENRAIT LRI MWL, & TR K REEEE X
fEl, MXRYL, XEERTEOIRAESRE TR B4h, RITYEVOBR G R a%k
WEXREFENE, WAEEMALSRIKPAMERAEANEE, RREOANE
BRI B F AT RIS,

1.2 HMERNARKTEERE
SRR I R Y B0 I RS T A AR R AT, AR B

GRREEIRREP BRI FIAETE GARIBIL) . X BRI T g0 R A T
PINTTE : OREVRIFMERL: MERSA STERE, SN HEETET, B35k

O SIHANTIY. A 1984 IEABRRAKAKEEY E+EE=H). . K EBRKRE
BSE. TR B X AR K B B R AT
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THE%; ARAERERL, SAREAOCLEIR, BRATRNEREAEFTLYS (B
R 43) 5 IREEZPORRERBRL (R 44), QIS ARLME IR, WFHE %+
AR, W (REMESE BHEEK BEM, 2006; Tajano, 2001) (ERK 44-A),
MEBRWREALR A% MR NARETE T —HERNEH, WERAS S
(Stnocyclocheilus tileihornes) FEkH 3R BURBIZE B 2 ARG (BJR 44-B),

1.3 HFRAXGROYF SRS

Romero % (2009) Stitt RN AAKH TR, HATH R L 3tA 7 m2k 299

Table 1 List of troglobite fishes in world

. 55b, Romero 1 Paulson (2001) Xt b B AR SRR X R AT T S,
HFHhH 86 s 2006 47, RWHEMIKA NN R HEOR N AR KL H OB IE 107 7h,
SGEBFHBIE (Romero et al. , 2009) i3, HATA MR B0 i B R 5 £ 3K 3k
122 %, SMEF 10 B 198538 (& 1).

£1 HRAMENGERE BRI

F EZA FR FXH kil
Species Author Year  Chinese name Distribution
87 B Cypriniformes
828 Cyprinidae
Caecobarbus geertsi Boulenger 1921 WIREHE RISRE T
* Caecocypris basimi Banister & Bunni 1980 EH# e

Garra barreimiae Fowler & Steinitz 1956 MEFH# By &
Garrd dunsirei Banister 1987 SRECEBL iy &
Iranocypris typhlops Bruun & Kaiser 1944 (REEHER F
Phreatichthys andruzzii Vinciguerra 1924 ROBEH RO HE
Poropuntius speleops Roberts 1991 EHXILEH4m ®HE
Sinocyclocheilus altishoulderus Li & Lan 1992 HE4&L8m REST
S. anatirostris Lin & Luo 1986 HEBESLRH HET
S. angularis Zheng & Wang 1990 fy&4hm S
S. anophthalmus Chen, Chu, Luo & Wu 1988 ZiR&4em HEAE
S. aquihornes Li & Yang 2007 MERASLm hE = E
S. bicornutus Wang & Liao 1997 WHELRE FERM
S. brevibarbatus Zbhao, Lan & Zhang 2008 HAMERIE FE R
S. broadihornes Li & Mao 2007 ALK FEEE
S. cyphotergous Dai 1988 BEiy4rakam T #M
S. furcodorsalis Chen, Yang & Lan 1997 X &4 o [ g
S. hugeibarbus Li & Ran 2003 EHi&LRin HERM
S. hyalinus Chen & Yang 1994 EBA-SLRHm FEIE
S. jiuzuensis Li & Lan 2003 JuiF4skem FE P
S. ling yunensis Li 2000 BrRELRen FE
S. longibarbatus Wang & Chen 1989 KIM44kan FEEM. TR
S. longi finus Li 1998 KiEE2Ram HhEEHE
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#h EBEA FR X H ixi)
Species Author Year  Chinese name Distribution
S. luopingensis Li & Tao 2002 BY-oxekem FEEE
S. maculatus Li 2000 RRIESLRHE FE A
S. microphthalmus Li 1989 /MNER4&Z4m hET
S. multipunctatus Pellegrin 1931 ZWE&L40 hEHBEM,
S. rhinocerous Li & Tao 1994 RASLRem FERE
S. tianlinensis Zhou, Zhang & He 2004 HMEL5H HRE7
S. tileihornes Mao, Lu & Li 2003 ERALHE FEEH
S. xunleensis Lan, Zhao & Zhang 2004 HiGk4&LRam S E T
Troglocyclocheilus khammouanensis ~ Kottelat & Bréhier 1999 HEERE it
Typhlobarbus nudiventris Chu &. Chen 1982 HHEE® FEEE
Typhlogarra widdowsoni Trewavas 1955 HBk@ T
$# R} Cobitidae
Protocobitis polylepis Zhu, Lu, Yang & Zhang 2008 EA 307 4 HEH
P. typhlops Yang, Chen & Lan 1994 EFERIRAESH HEP
Fe8F! Balitoridae
Cryptotora thamicola Kottelat 1988 [pask 35|
Heminoemacheilus hyalinus Lan, Yang & Chen 1996  FHH (F] At PEH
Nemachilus evezardi Day 1872 1R &o% 1)
N. starostini Parin 1983 Kughitang E# +ESNHE
N. troglocataractus Kottelat & Géry 1989 &8 #H
Oreonectes anophthalmus Zheng 1981 JGHR 8 FES
O. furcocaudalis Zhu & Cao 1987 X B8 HE7E
O. microphthalmus Du, Chen & Yang 2008 /MR SEBK FE 7
O. translucens Zhang, Zhao & Zhang 2006 FEHH 6% el il
Paracobitis maolanensis Li, Ran & Chen 2006 7% 22 B HIsK 5
P. posterodarsalus Ran, Li & Chen 2006 JSOEE Bk M
P. smithi Greenwood 1976  SHECE RIS 8
Schistura dabryi microphthabmus  Liao, Wang & Luo 1997 /MERIRECEESR FE M
S. deansmarti Vidthayanon & Kottelat 2003 i G EasH FEHILE
S. jarutanini Kottelat 1990 ZSECHESHK E |
S. ling yunensis Liao & Luo 1997 BB hE
S. oedipus Kottelat 1988 il RgsK #H
S. sijuensis Menon 1987 4B mEH 121); §
S. spekuli Kottelat 2004 RN A6 FEHIER
S. spiesi ‘ Vidthayanon & Kottelat 2003 7 Fa#it FEILE
Sundoreonectes tiomanensis Kottelat 1990 MEFH 23 i
Triplophysa aluensis Li & Zhu 2000 B T FEEE
T. gejiuensis Chu & Chen 1979 MHEREH +HEAE
T. longibarbatus Chen, Yang, Sket& 1000 ke FEBN
Aljancie
T. rosa Chen & Yang 2003 HUBH B S FEERE
T. shilinensis Chu & Yang 1992 FHEREH +E=EH
T. tianeensis Chen, Cui & Yang 2004 R Ey A% R E
T. xiangzxiensis Yang, Yuan & Liao 1986 AV S R SRR

ER#8 B Characiformes
HE#8F, Characidae




