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ARTICLE

OLDEST KNOWN MYLOPHARYNGODON (TELEOSTEI: CYPRINIDAE) FROM THE
MONGOLIAN PLATEAU AND ITS BIOGEOGRAPHICAL IMPLICATIONS BASED ON
ECOLOGICAL NICHE MODELING

PINGFU CHEN™!? and GLORIA ARRATIA?
'Key Laboratory of Evolutionary Systematics of Vertebrates, Institute of Vertebrate Paleontology and Paleoanthropology, Beijing
100044, China, pchen@ivpp.ac.cn;
ZBiodiversity Research Center, The University of Kansas, Lawrence, Kansas 66045, U.S.A.,
garratia@ku.edu

ABSTRACT—Mylopharyngodon wui, sp. nov., based on a completely preserved right pharyngeal bone with teeth from a
middle Miocene deposit of the IVPP 346 Locality (43°24'53.4”N, 113°07'06.1”E) in the Tairum Nor area of Suniteyou Qi
(Banner), Inner Mongolia, China, is described and compared with the living counterpart. It is different from the living black
carp in having a generally smaller anterior angle, pharyngeal teeth a; and a; almost similar in size, and much rounder teeth a,
and a3. The ecological niche model of the living black carp, based on the Genetic Algorithm for Rule-set Production (GARP),
shows that the fossil black carp is no longer in the niche model area, indicating that the regional environment has changed
greatly, and that the black carp’s niche has shrunk southeastward. The niche model also confirms that the distribution of the
black carp is restricted by altitude above sea level. It may be inferred that the Inner Mongolia Plateau has risen more than
1000 m since the middle Miocene if the niche remained stable or evolved little over a long period of time.

INTRODUCTION

Cyprinidae are the largest family of freshwater fishes, contain-
ing 220 genera and about 2420 species and occurring widely in
Eurasia, Africa, and North America (Nelson, 2006). The great-
est generic diversity and number of species is in China and
Southeast Asia (Nelson, 2006). Amongst the great cyprinid di-
versity, 132 genera and 532 species and subspecies of living
cyprinids have been recorded in China (Chen et al., 1998),
and more than 28 genera and 34 species of fossil cyprinids
have been reported from Chinese Tertiary sediments (Zhou,
1990; Chang and Chen, 2000). The earliest fossil cypriniforms
(cyprinid and catostomid) are from the Eocene of China and
North America, but very few fossil cyprinids have been found
in deposits earlier than Miocene (Chang and Chen, 2000; Chang
and Chen, 2008). Most subfamilies of living cyprinids have
appeared in the Miocene, although very few species belong
to the living genera. Almost all fossil cyprinids from Chinese
Pliocene deposits can be compared to living genera, and more
than half of them to living species (Chang and Chen, 2000).
Although many fossil cypriniforms are represented in Asia,
their study has been largely neglected in China, owing to the
poor preservation of most specimens and their limited signifi-
cance to higher-level systematics (Chen et al., 2005). The ori-
gin, evolution, and interrelationships within the Cyprinidae are
still uncertain (e.g., Howes, 1991; Cavender and Coburn, 1992;
Chen et al., 1998), mainly due to scarce morphological infor-
mation on fossil members of the group as well as many extant
species and incomplete knowledge on the early diversification of
cyprinids.

Mylopharyngodon Peters, 1880, is a cyprinid genus native to
eastern Asia and represented only by one species— Mylopharyn-
godon piceus (Richardson), 1846, known as ‘the black carp.” The
black carp is one of the four Chinese pond-cultured carps, which

*Corresponding author.

constitute the most important part of freshwater aquaculture in
China. It was recorded in ancient Chinese literature as early as
the Tsin dynasty (A.D. 265-420). Fossil remnants of black carp
have been recorded from a few geological deposits, and more
frequently, in archaeological sites, e.g., the Yingxu archeological
site of Anyang, Henan (Wu, 1948); the Jiahu Grave of Wuyan,
Henan (Wu Xinzhi, pers. comm. 2001); the Houjiazai archeolog-
ical site of Dingyuan, Anhui (Jiao-jian Zhou, pers. comm. 2001);
the Lijiaohe archaeological site of Neolithic Age at Yichang,
Hubei (Liu, 1957); the Dingchun archaeological site of Xiangfen,
Shanxi (Liu, 1958); the Pleistocene deposit at Sanmenxia, Henan
(Huang, 1957); and the Pliocene deposit of the Yushe basin,
Shanxi (Liu and Su, 1962). Single pharyngeal teeth of the black
carp were also reported in the lower Miocene deposits of Wo-
niushan, Tongxin County, Ningxia, the Guantao Formation in
Binxian County, Shandong (Zhang et al., 1985), and in the up-
per Eocene Tongjun Formation in the Baise basin of Guangxi
Province (Ding et al., 1977). As an individual pharyngeal tooth
of the black carp is very similar to the first tooth in the main row
of the common carp and that of certain species of the subfamilies
Barbinae and Rasborinae (Cyprinidae), these reports of isolated
pharyngeal teeth will require additional specimens and compar-
isons with living black carp to confirm whether or not they actu-
ally belong to the same species.

The specimen reported in this paper was collected by Dr. Xi-
aoming Wang (Natural History Museum of Los Angeles County,
Los Angeles, California) in Inner Mongolia on July 5, 2000. This
specimen was found in the IVPP 346 Locality (43°24'53.4"N,
113°07'06.1"E; altitude 1550 m) in the Tairum Nor area of
Suniteyou Qi (Banner). The Tertiary deposit here is well ex-
posed along the southern rim of the Tunggur Tableland. The
Tairum Nor exposure consists of a sequence of upper and lower
red mudstones, 34 m in total thickness, and a 3-m grayish yellow
cross-bedded sandstone unit between the red mudstones (Wang
et al., 2003). The entire sequence belongs to the lower part of
the Tunggur Formation, which is paleomagnetically dated to be
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FIGURE 1. Pharyngeal bone and teeth
of tMylopharyngodon wui, sp. nov. (IVPP
V12533), middle Miocene, Inner Mongolia. A,
dorsal view; B, inner lateral view; C, outer lat-
eral view; D, undetermined bivalves unearthed
with the holotype. Scale bars equal 1 cm.

approximately 12.5 Ma in the late middle Miocene, although re-
cent analysis of small mammals in the red mudstones seems to in-
dicate a somewhat older age (Qiu et al., 2006). The fossil remains
of the black carp were found near the top of the sandstone unit
and were associated with fossil bivalves (Fig. 1D), and large mam-
mals such as Platybelodon grangeri, Tungurictis spocki (Wang,
2004), Sansanosmilus sp., and Turcoceros sp. The red sandstones
and mudstones are rich in small fossil mammals, indicating a mid-
dle Miocene age (Qiu and Wang, 1999).

MATERIAL AND METHODS

The pharyngeal bone with teeth was mechanically prepared.
Measurements were taken with a digital caliper. Pharyngeal
bones and teeth of living black carp were used for comparison.
The comparative study was limited to a few specimens, because

only a few pharyngeal bones belonging to large individuals were
located in museum collections, which possess mainly small pha-
ryngeal bones belonging to young specimens.

Pharyngeal tooth terminology used here follows Chu (1935)
and Nakajima and Yue (1995). Tooth positions in the adult den-
tition are numbered according to the classic work of Vasnetsov
(1939). The most medial row is named major row (row a), and
lateral rows are named minor rows (rows b and c). Tooth posi-
tion is numbered from anterior to posterior in each row; tooth a;
is the first tooth of the major row (row a), and as is the last tooth
(see Fig. 1A).

Institutional Abbreviations—AMNH, American Museum
of Natural History, New York; BIZ, Beijing Institute of
Zoology, Chinese Academy of Sciences, Beijing; CAS-SU,
California Academy of Sciences specimens previously catalogued
at Stanford University, San Francisco, California; IVPP, Insti-
tute of Vertebrate Paleontology and Paleoanthropology, Chinese
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TABLE 1. Measurements (in mm) of the pharyngeal bone and teeth
of {Mylopharyngodon wui, sp. nov.

Bone/teeth Measurement Bone/teeth Measurement
LP 74.72 AA 84°

WP 37.32 Length/width of a; 10.43/11.09 = 0.94
LAL 58.00 Length/width of a; 9.2/11.0 = 0.84
LPL 70.04 Length/width of a3 11.79/14.2 = 0.83
LAEP 30.60 Length/width of a4 7.5/10.0 = 0.75
LPEP 51.00 Length/width of as 4.1/55=0.75
LDS 41.30

See Anatomical Abbreviations for definitions.

Academy of Sciences, Beijing; KIZ, Kunming Institute of Zool-
ogy, Chinese Academy of Sciences, Kunming; MCZ, Museum of
Comparative Zoology, Harvard University; WIH, Wuhan Insti-
tute of Hydrobiology, Chinese Academy of Sciences, Wuhan.

Anatomical Abbreviations—a;—as, teeth 1-5 of row a; AA, an-
terior angle; AEP, anterior edentulous process; LAEP, length of
anterior edentulous process; LAL, length of anterior limb; LDS,
length of dentigerous surface; LP, length of pharyngeal bone;
LPEP, length of posterior edentulous process; LPL, length of
posterior limb; PEP, posterior edentulous process; WP, width of
pharyngeal bone.

SYSTEMATIC PALEONTOLOGY

Superorder OSTARIOPHYSI Sagemehl, 1885
Order CYPRINIFORMES Bleeker, 1859
Family CYPRINIDAE Cuvier, 1817
Genus MYLOPHARYNGODON Peters, 1880
tMYLOPHARYNGODON WUI, sp. nov.
(Fig. 1A-C)

Diagnosis—Anterior limb curves outward in a bow-shape; pos-
terior limb strongly bent upward from the middle; the anterior
angle is less than 90°; teeth a; and a, are nearly cylindrical and al-
most similar in size; and tooth as has a much larger length/width
ratio than the others.

Holotype—IVPP V12533, a completely preserved right pha-
ryngeal bone with teeth.

Etymology—The specific name honors the late Dr. Xianwen
Wu, in recognition of his great contribution to the study of
cyprinids in China.

Type Locality and Horizon—Near the top of the sandstone
in the lower part of the Tunggur Formation, IVPP 346 Lo-
cality (43°24'53.4’N, 113°07'06.1”E) in the Tairum Nor area in
Suniteyou Qi (Banner), Inner Mongol, middle Miocene.

DESCRIPTION

The pharyngeal bone IVPP V12533 is embowed and robust;
it is 74.72 mm in length, and its width is half of its length (for
other measurements and ratios, see Table 1). The anterior limb
(Fig. 1B, C) arches outward in a bow-shape, obviously different
from that of living black carps, which have a triangular shape (Fig.
2B,, B3, C;, C3). The posterior limb bends strongly upwards from
the middle region, about 1.2 times the length of the anterior one
(Table 1). The posterior edentulous process is compressed, taper-
ing to a blunt end. The anterior edentulous process extends into
a triangle, its inner side of the extreme end connected to the left
pharyngeal bone. The length of the posterior edentulous process
is about 1.67 times of that of the anterior. The anterior angle is
extended out from the middle of the pitted surface. About five
pits (Fig. 1C) are observed along the outer part of the pitted sur-
face, and are filled with quartz sandstone. The anterior angle is
less than 90° (Fig. 1B, C), smaller than that of the living species

in which it is greater than 90° (Fig. 2A,, As, B, B3, C;, C3). Two
pits are observed in the dorsal tooth side of the pharyngeal bone,
which are also filled with quartz sandstone.

Five flat, round, molar-like pharyngeal teeth are present.
Crowns are smooth and high, except those of the last two teeth
(a4, as), which are partially damaged. No grooves or lines are ob-
served on their surfaces. Tooth a; is cylindrical; the length/width
ratio is 0.94. The crown is round, different from that of the liv-
ing black carp in which the crown of a, is oval (Fig. 2A, By, Cy).
The chewing surface is smooth except for some worn regions on
the inner side. Tooth a; is cylindrical and almost the same size as
tooth a;. The crown is round and smooth, with a dent in the mid-
dle of the lateral surface. Tooth aj is the largest of the five pharyn-
geal teeth, located opposite to the end of the posterior edentulous
process. The crown is smooth with a backward-inclined chewing
surface; the length/width ratio is 0.83. The crowns of teeth a; and
as are damaged but discernable; they are compressed and ellip-
tic, and the length/width ratios of both teeth are estimated as 0.75.
From teeth a; to as_the size decreases considerably, so that tooth
as is about nine times smaller than tooth as.

Living black carp may weigh 70 kg or more (Chen et al.,
1998). Recently, a large black carp of 181 cm in length and 83
kg in weight was reported. Its age was estimated at 70 years
(http://www.sznews.com/n2/cal513290.htm, accessed on June 6,
2005). According to the measurements of a pharyngeal bone of
an extant black carp of 63 kg from Fuxian Lake, Yunnan (Junxin
Yang, pers. comm. 2003), it is reasonable to extrapolate that the
fossil pharyngeal bone studied here belongs to a specimen of
about 3743 kg.

COMPARISON

The black carp is a unique cyprinid native to eastern Asia, dif-
ferent from all other species of Cyprinidae because of the pres-
ence of one row of molariform pharyngeal teeth (Chu, 1935). Six
pharyngeal bones and their teeth of M. piceus were measured
and used to compare with M. wui, sp. nov. (Table 2). Specimen
IVPP V852 was recovered from the Lijiaohe archaeological site
of Neolithic Age in Yichang, Hubei (Fig. 2B;-B3), and specimen
IVPP P40 (Fig. 2C;-C;5), IVPP P41 (Fig. 2A1-A3), BIZ9710, and
BIZ45158 are Recent black carps without specific locality data.
Specimen IVPP P41 (Fig. 2A;—Aj3) is from the Shisanling Reser-
voir of suburban Beijing. AMNH 10893 is a small Recent speci-
men from Hunan, China. KIZ is a Recent uncatalogued specimen
from Wuxian Lake, Yunnan, China, with a gross weight of 63 kg.
Most pharyngeal bones and teeth of black carps in museum col-
lections are too small to be useful for a significant comparison
(e.g., CAS-SU 29456, CAS-SU 31171, and MCZ 32654).

All measurements of the fossil pharyngeal bone are within the
measurement range of Recent ones (see Table 2), but the ante-
rior angle is 84° in M. wui, whereas it is about 90° or more in living
black carp. Tooth a; is relatively round in M. wui, and has almost
the same size as tooth a;, in contrast to the living black carp spec-
imens in which a, is much smaller than a; and oblong in shape;
the length/width ratio of tooth as is larger than that of the living
black carp (see Table 2).

The fossil specimen described above is different from the ob-
served pharyngeal bones and teeth of living black carp and from
the archaeological remains found so far in China. Therefore, a
new species, Mylopharyngodon wui, is established. Mylopharyn-
godon was assigned to Leuciscinae according to Chinese authors
such as Chu (1935), Chen et al. (1984), and Chen et al. (1998),
or to Squaliobarbinae after Arai and Kato (2003) and Nelson
(2006). Because the structure of the pharyngeal bone and teeth
of Mylopharyngodon is unique within the family Cyprinidae, a
discussion of concerning both subfamilies and the position of My-
lopharyngodon is far beyond the scope of this paper.
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FIGURE 2. Pharyngeal bone and teeth of Mylopharyngodon piceus. Aj-A3z, IVPP P41; B1-B3, IVPP V852; C;-C3, IVPP P40. A4, By, C;, dorsal
view; Az, By, Cz, inner lateral view; A3, B3, C3, outer lateral view. Scale bars equal 1 cm.

The pharyngeal bone and teeth described here has turned
out to be the oldest-known specimen of black carp found so
far, and, consequently, the oldest-known squaliobarbin or the
oldest known leuciscin, depending on the assignment of My-

lopharyngodon in one or another subfamily. This specimen could
doubtless provide some evidence for further study on the origin,
evolution, and biogeography of the most diverse and largest
family of freshwater fishes.
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FIGURE 3. Locality of Mylopharyngodon wui, sp. nov., and geographical distribution of the black carp in East Asia. Triangle indicates locality
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deposits; pentagons indicate localities of black carps in Holocene deposits; the shaded area is the predicted distribution of the black carp based on

niche modeling.

ECOLOGICAL AND BIOGEOGRAPHICAL
IMPLICATIONS

The living black carp, Mylopharyngodon piceus, mainly inhab-
its the middle and lower layers of waters, and rarely swims to the
water surface. Its optimum water temperature is 22-28°C. In its
growing season it stays in river bends, lakes, and ancillary wa-
ters, mainly feeding on mollusks and crustaceans, and survives
the winter by staying in deep water (Chen et al., 1998). The larvae
of black carp feed on zooplankton and fingerlings, and they start
to feed on small mollusks and crustaceans when they reach 15 cm
in length. The powerful molar-like pharyngeal teeth and the hard
callous pad on the basioccipital process permit the adult black
carp to crush the thick shells of large mollusks. Mylopharyngodon
wui was found near the top of the sandstone unit, which is inter-
preted as river-bend deposits, and was associated with fossil bi-
valves, revealing that the black carp inhabited clear mollusk-rich
water during the middle Miocene.

According to Li and Fang (1990), the extant black carp inhabits
large rivers and lakes of great plains with distinctive seasonal con-
ditions, e.g., it requires water temperatures below 30°C in sum-
mer and slightly higher than 4°C in winter. It cannot live in high-
gradient rivers in mountainous regions. The gonads of black carp
need low water temperatures (after summer) to mature, and suffi-
cient currents are required to stimulate spawning. Spawning only
occurs in rush waters with water temperatures around 26°C. The

river course downstream also must be long enough for the semi-
buoyant eggs to hatch, and the river also must have bodies of calm
waters for fry to feed and grow. Therefore, the native distribution
of Mylopharyngodon piceus is generally limited within the lower
valleys of large rivers in eastern Asia, but the accurate geograph-
ical distribution of this species is unclear due to the very limited
sampling and ground surveys. The ecological niche of a species
is a critical determinant of its geographical distribution, defined
as the ranges of all environmental conditions within which a
species is able to maintain populations (Grinnell, 1917; Hutchin-
son, 1957; MacArthur, 1972). In order to define the accurate
geographical distribution of the living black carp for further dis-
cussion, the occurrence points of black carp were collected from
FishBase (www.fishbase.com), and the institutions and museums
in China, then used GARP (the Genetic Algorithm for Rule-set
Production, for details refer to http:/nhm.ku.edu/desktopgarp/)
(Stockwell, 1999; Stockwell and Peters, 1999) to calculate the
correlations between occurrence points and a set of globally
available environmental data, and then to build the ecological
niche model for the black carp. GARP has been proven to be
an efficient tool for building and predicting the geographical
distribution of species (Peterson, 2001; Wiley et al., 2003; Iguchi
et al., 2004; Chen et al., 2007). Fifteen environmental variables
were used for model building, which well summarize aspects of
topography (elevation, topographic index, flow accumulation,
slope, and aspect from USGS Hydro-1K data set; available at
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http://edcdaac.usgs.gov/gtopo30/hydro/), tree cover percent-
age (Hansen et al., 2003), and climatic conditions (annual
means of diurnal temperature range; frost days; precipitation;
maximum, minimum, and mean monthly temperatures; solar
radiation; wet days; and vapor pressure; for 1960-1990 from
the Intergovernmental Panel on Climate Change Worldwide
Climate Data Distribution Centre, available at http://ipcc-
ddc.cru.uea.ac.uk/index.html). Fifty-three out of 73 unique
occurrence points were randomly selected for model building,
and the remaining 20 points were used for model verification.
The niche model for the black carp, which is visualized as the
shadow area in Figure 3, is highly statistically significant, and well
outlines the area where the black carp is able to live. The niche
model for the black carp shows that fossil Mylopharyngodon wui
is not in the niche model area. Speciation theory (Peterson et al.,
1999) supports low niche differentiation between phylogeneti-
cally closely related species, and ecological niches evolve little
at or around the time of the speciation event and may remain
stable over long periods of time. Peterson et al. (1999) compared
reciprocal geographic predictions of sister-taxon pairs of birds,
mammals, and butterflies in southern Mexico, and found niches
quite conservative over several million years of independent
evolution below the family level. If the ecological niche of the
black carp changes little or remains stable after speciation, we
can infer that the provincial environment has changed greatly
since the middle Miocene, and that the black carp’s niche has
shrunk southeastward.

According to the compiled ecological data (Li and Fang, 1990),
the distribution of Mylopharyngodon piceus is restricted by the
altitude above sea level. Its distribution is restricted to localities
less than 420 m above sea level in the lower valley of Yellow
River, less than 200 m in the drainages of Heilongjian River, and
less than 500 m in the middle and down streams of Yangtze River.
The niche model for the black carp also generally confirms the
above findings. As Mylopharyngodon wui is located in the Inner
Mongolia Plateau, 1550 m above sea level within the drainages of
the Yellow River, it may inferred that the plateau has risen more
than 1000 m since the middle Miocene.

ACKNOWLEDGMENTS

We thank Drs. C. Zhang (BIZ), J. Yang (KIZ), S. He (WIH),
and H. Liu (WIH), for allowing access to their museum data and
helping measure some specimens for comparison; and D. Cata-
nia (CAS), A. Williston (MCZ), B. Brown (AMNH), for loan-
ing materials for comparison. P. Chen is particularly indebted to
Dr. Xiaoming Wang, Natural History Museum of Los Angeles
County, for generously providing the specimen for study, and for
his helpful discussion; Dr. H.-P. Schultze, University of Kansas,
for his review of an earlier draft of the manuscript and helpful
comments; Drs. Mee-mann Chang and Jiao-jian Zhou, IVPP, for
their discussions and helps with literature; G. Chen and N. Wang,
IVPP, for their collecting materials for comparison; Dr. E. O.
Wiley, University of Kansas, for providing necessary informat-
ics infrastructure, and facilities for building the ecological niche
model. S. A. Rages, University of Kansas, improved the style of
the manuscript. The comments of two anonymous reviewers are
greatly appreciated. This research is partly supported by the Chi-
nese National Science Foundation (grant no. 40432003), the Chi-
nese Academy of Sciences (grant no. KZCX3-SW-126), and the
Cypriniformes Tree of Life, NSF grant no. 37870 (to G. Arratia).

LITERATURE CITED

Arai, R., and K. Kato. 2003. Gross morphology and evolution of the lat-
eral line system and infraorbital bones in bitterlings (Cyprininidae,
Achelognathinae): with an overview of the lateral line system in the
family Cyprinidae. University Museum, University of Tokyo, Bul-
letin 40:1-42.

Bleeker, P. 1859-1860. Conspectus systematis Cyprinorum. Natu-
urkundig tijdschrift voor Nederlandsch-Indie 20:421-441.

Cavender, T. M., and M. M. Coburn. 1992. Phylogenetic relationships of
North American Cyprinidae; pp. 293-327 in R. L. Mayden (ed.),
Systematics, Historical Ecology and North American Freshwater
Fishes. Stanford University Press, Stanford, California.

Chang, M.-M., and P. Chen. 2000. Phanerozoic succession of fish faunas
in mainland China; pp. 475-490 in Y.-S. Chow, F.-K. Hsieh, S.-H.
Wu, and W.-H. Chou (eds.), 2000 Cross-strait Symposium on Bio-
diversity and Conservation. National Museum of Natural Science,
Taichung, Taiwan, China.

Chang, M.-M., and G. Chen. 2008. Fossil Cypriniformes from China
and its adjacent areas and their palacobiogeographical implica-
tions. Geological Society, London, Special Publications 295:337—
350.

Chen, G., F. Fang, and M.-m. Chang. 2005. A new cyprinid closely related
to cultrins + xenocyprinins from the Mid-Tertiary of South China.
Journal of Vertebrate Paleontology 25:492-501.

Chen, P., E. O. Wiley, and K. M. McNyset. 2007. Ecological niche model-
ing as a predictive tool: silver and bighead carps in North America.
Biological Invasions 9:43-51.

Chen, X., P. Yue, and R. Lin. 1984. Major groups within the family
Cyprinidae and their phylogenetic relationships. Acta Zootaxonom-
ica Sinica 9:424-440.

Chen, Y., X. Chu, Y. Luo, Y. Chen, H. Liu, M. He, P. Yue, S. He, W.
Chen, and R. Lin (eds.). 1998. Fauna Sinica: Osteichthyes— Cyprini-
formes II. Science Press, Beijing, China, 531 pp.

Chu, Y. T. 1935. Comparative studies on the scales and on the pharyn-
geals and their teeth in Chinese cyprinids, with particular reference
to taxonomy and evolution. Biological Bulletin of Saint John’s Uni-
versity 2:1-290.

Cuvier, G. 1817. Le Regne Animal distribué d’aprés son organisa-
tion pour servir de base a I'histoire naturelle des animaux et
d’introduction a I’anatomie comparée; p. 532 in Les reptiles, les pois-
sons, les mollusques et les annélides. A. Belin, Paris.

Ding, S. Y., J. J. Zheng, Y. P. Zhang, and Y. S. Tong. 1977. The age
and characteristic of the Liuniu and the Dongjun faunas, Bose Basin
of Guangxi. Vertebrata PalAsiatica 15:35-45. [Chinese with English
abstract]

Grinnell, J. 1917. Field tests of theories concerning distributional control.
American Naturalist 51:115-128.

Hansen, C. M., R. S. DeFries, J. R. G. Townshend, M. Carroll, C. Dim-
iceli, and R. A. Sohlberg. 2003. Global percent tree cover at a spatial
resolution of 500 meters: first results of the MODIS vegetation con-
tinuous fields algorithm. Available at http://glcf.umiacs.umd.edu/
data/treecover/index.shtml. Accessed May 20, 2004.

Howes, G. J. 1991. Systematics and biogeography: an overview; pp. 1-33
in I. J. Winfield and J. S. Nelson (eds.), Cyprinid Fishes, Systematics,
Biology and Exploitation. Chapman & Hill, New York.

Huang, W. L. 1957. Early Pleistocene fish remains from Sanmen Area,
Honan. Vertebrata PalAsiatica 1:313-319. [Chinese with English ab-
stract]

Hutchinson, G. E. 1957. Concluding remarks. Cold Spring Harbors Sym-
posium on Quantitative Biology 22:415-427.

Iguchi, K., K. Matsuura, K. McNyset, A. T. Peterson, R. Scachetti-
Pereira, K. A. Powers, D. A. Vieglais, E. O. Wiley, and T. Yodo.
2004. Predicting invasions of North American basses in Japan us-
ing native range data and a genetic algorithm. Transactions of the
American Fisheries Society 133:845-854.

Institute of Hydrobiology Academia Sinica. 1976. Fishes of the Yangtze
River. Science Press, Beijing. 278 pp.

Li, S. Z., and F. Fang. 1990. On the geographical distribution of the
four kinds of pond-cultured carps in China. Acta Zoologica Sinica
36:244-250. [Chinese with English abstract]

Liu, X. T. 1957. Fish bones from Neolithic Lijiahe site, Yichang Hubei.
Archaeology Correspondence 3:78-80.

Liu, X. T. 1958. Description of Fish Bones; pp. 77-79 in P. W. Chung
(ed.), Report on the Excavation of Palaeolithic Sites at Tingtsun,
Hsiangfenhsien, Shansi Province, China. Memoir of the Institute
of Vertebrate Palacontology and Palacoanthropology, Academia
Sinica, Beijing, China.

Liu, X. T., and T. Z. Su. 1962. Pliocene fishes from Yushe basin, Shanxi.
Vertebrata PalAsiatica 6:1-25. [Chinese with English abstract]
MacArthur, R. H. 1972. Geographical Ecology: Patterns in the Distribu-
tion of Species. Harper & Row Publishers, New York, 269 pp.



Downloaded by [National Science Library] at 19:00 27 January 2016

340 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 30, NO. 2, 2010

Nakajima, T., and P. Q. Yue. 1995. Morphological changes in devel-
opment of pharyngeal teeth in Mylopharyngodon piceus. Chinese
Journal of Oceanology and Limnology 13:271-277.

Nelson, J. S. 2006. Fishes of the World. Fourth Edition. John Wiley and
Sons, Hoboken, New Jersey, 601 pp.

Peters, W. C. H. 1880. Uber die von der chinesischen Regierung zu
der internationalen Fischerei-Austellung gesandte Fischsammlung
aus Ningpo. Monatsberichte der Akademie der Wissenschaften zu
Berlin 1880:921-927.

Peterson, A. T. 2001. Predicting species’ geographic distribu-
tions based on ecological niche modeling. The Condor 103:
599-605.

Peterson, A. T., J. Soberén, and V. Sanchez-Cordero. 1999. Conser-
vatism of ecological niches in evolutionary time. Science 285:
1265-1267.

Qiu, Z. D., and X. M. Wang. 1999. Small mammal faunas and their ages
in Miocene of central Nei Mongol ( Inner Mongolia). Vertebrata
PalAsiatica 37:120-139. [Chinese with English abstract]

Qiu, Z.-D., X. Wang, and Q. Li. 2006. Faunal succession and biochronol-
ogy of the Miocene through Pliocene in Nei Mongol (Inner Mongo-
lia). Vertebrata PalAsiatica 44:164-181.

Richardson, J. 1846. Report on the ichthyology of the seas of China
and Japan. Report of the British Association for Advanced Science
1846:187-320.

Sagemehl, M. 1885. Beitrdge zur vergleichenden Anatomie der Fis-
che. III. Das Cranium der Characiniden nebst allgemeinen Be-
merkungen iiber die mit einem Weber’schen Apparat verse-
henen Physostomenfamilien. Morphologisches Jahrbuch 10:1-
119.

Stockwell, D. R. B. 1999. Genetic algorithms II; pp. 123-144 in A. H.
Fielding (ed.), Machine Learning Methods for Ecological Applica-
tions. Kluwer Academic Publishers, Boston.

Stockwell, D. R. B., and D. P. Peters. 1999. The GARP modeling sys-
tem: problems and solutions to automated spatial prediction. Inter-
national Journal of Geographic Information Science 13:143-158.

Vasnetsov, V. V. 1939. Evolution of the pharyngeal teeth in Cyprinidae.
A la mémoire de A. N. Severtzoff 1:439-391.

Wang, X. 2004. New materials of Tungurictis (Hyaenidae, Carnivora)
from Tunggur Formation, Nei Mongol. Vertebrata PalAsiatica
42:144-153.

Wang, X., Z. Qiu, and N. D. Opdyke. 2003. Litho-, bio-, and magne-
tostratigraphy and paleoenvironment of Tunggur Formation (mid-
dle Miocene) in central Inner Mongolia, China. American Museum,
Novitates 3411:1-31.

Wiley, E. O., K. M. McNyset, A. T. Peterson, C. R. Robins, and A.
M. Stewart. 2003. Niche modeling and geographic range predic-
tions in the marine environment using a machine-learning algo-
rithm. Oceanography 16:120-127.

Wu, H. W. 1948. Some relics of fish bones from the Shang Dynasty. Sinen-
sia 19:1-5.

Zhang, M. M., J. J. Zhou, and D. R. Qin. 1985. Tertiary fish fauna from
coastal region of Bohai Sea. Memoir of the Institute of Vertebrate
Palaeontology and Palaeoanthopology, Academia Sinica 17:55-128.
[Chinese with English abstract]

Zhou, J. J.1990. The Cyprinidae fossil from middle Miocene of Shanwang
Basin. Vertebrata PalAsiatica 28:95-127. [Chinese with English
abstract]

Submitted August 6, 2008; accepted June 12, 2009.



