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Abstract; Understanding spatial patterns of species richness is a hot topic in macroecology because of its significance in
biodiversity conservation. In many previous studies, current environmental variables representing energy and water
availability have been considered as the main drivers of geographic diversity patterns. However, the roles of different
environmental variables vary for different taxonomic groups and distinct biogeographic extents; therefore, there is no
consensus among ecologists on which environmental variables are primary drivers of the spatial variation in species richness.
China covers a wide range of latitudes and longitudes and has a wide range of variation in climate and vegetation (e.g., from
tropical rain forest in the south to boreal forest in the northwest and desert in the north and northwest). Thus, China offers
great opportunity for testing the relationships between species richness and environment. In the present study, geographic
pattern of ant species richness in China and its relationships with environmental factors were investigated based on ant

distribution data and environmental variables at a provincial scale. Several studies on the distribution of ants in other
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geographical areas show that temperature ( energy) is the most important factor that determines ant species richness patterns.
This conclusion might also apply to China. Therefore, four hypotheses were tested in the present study. (1) Compared to the
mean annual precipitation, ant species richness pattern was more likely affected by the mean annual temperature. (2)
Compared to the habitat heterogeneity associated with precipitation, ant species richness pattern was more affected by
habitat heterogeneity associated with temperature. Since ants are ectotherms and their survivorship under low temperature in
winter is critical for their populations and distribution, we further assumed that (3) compared to the mean annual
temperature , mean temperature of the coldest month better explains the spatial differentiation of ant species richness. Given
that precipitation seasonality and temperature seasonality are mainly determined by annual temperature range and annual
precipitation range, we inferred that, (4) compared to precipitation seasonality, temperature seasonality can better explain
spatial ant species richness pattern. To test these hypotheses, GIS was used to map ant species diversity and simple and
multiple linear regressions were used to determine the relative roles of different environmental variables. The results showed
that: (1) Ant species richness decreases significantly with latitude but not longitude; the species richness is higher in
southern provinces of China than in northern and northwestern regions of China. (2) Simple linear regression analyses

de_i =0.532) , annual precipitation (PREC, R?,=0.376),

showed that, mean temperature of the coldest month ( TEM i

min

and annual temperature range ( TEM Rih =0.539) are the variables that best fit energy, water, and seasonality,

var
respectively. However, none of the factors reflecting habitat heterogeneity have significant effect on ant species richness
when assessed independently. (3) Our results indicate that the best model based on the Akaike information criterion ( AIC)

includes the mean annual temperature ( TEM ), the range of elevation within a province ( ELEV and the annual

temperature range ( TEM ). This model can explain 68.4% of the geographic variance in ant species richness across
different provinces in China. The above four hypotheses were confirmed, and we conclude that temperature is the most
important factor controlling ant distribution in China. In addition, our analysis revealed that ant fauna in Hainan, Guizhou,

Jiangxi, Sichuan, Anhui, and Shanxi is poorly sampled, and these provinces are potential hot spots for new ant records.
Key Words: biogeography; spatial distribution pattern; temperature; sampling effort
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Fig.1 The geographic pattern of observed ant richness, predicted ant richness from the best model, and unsampled at richness at
provincial scale in China
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Table 1 Linear regression of ant richness against each environmental variable at province scale in China

A5 & Variable R R R2,
(1) A EHEK Energy availability

)1 Mean annual temperature (TEM ) 0.406**
5% 3 ¥JiE Temperature of the coldest month(TEM,;, ) 0532 %
e A iR Temperature of the warmest month( TEM, ) 0.098 *
AEVEAEZE & B Annual potential evapotranspiration( PET) 0.499 **
(2) K42 Water availability

K B Annual precipitation (PREC) 0.376
B &K B Summer precipitation( PREC,,,, ) 0.364 %
RSy 5 RTEEL Water deficit(WD) 0.054™
MR Moisture index( MI) 0.093™
(3) T HEAEML N3 Seasonality

AEIRIE LR Annual temperature range( TEM ) 0,539
H E5ARHEY The standard deviation of mean monthly temperature (TEM,; ) 0.536""
AR Rt AE AL Annual precipitation range ( PREC,,, ) 0.192*
H ¥R /K AR HEZ The standard deviation of mean monthly precipitation( PREC,, ) 0.247 %"
(4) 555 B [ & Habitat heterogeneity

AR AETE Bl The range of elevation within a province ( ELE,,,..) 0.040"™
AR 355 ) ZEAL T ) The range of mean annual temperature within a province (TEM,,,. ) 0.001™
AR WK i %3 RIS L5 ] The range of annual precipitation within a province( PREC,,,, ) 0.007™

+IFAIE, -fAMIE; = P < 0.05, % * P < 0.01,ns;: N3

12 St

AR FT R FH S T3 fe /)N 37k (Ordinary Least Squares, OLS) A — JTZE P ] 9455 75 25 5246 R 8% (R - %)
Moy O E R RERE 1, SR )G R AT #E L ( Forward Selection) , HR¥E Akaike 15 B 12 #E M ( Akaike Information
Criterion , AIC ) i 1 H e AR AL (L ALC IR/ N ) ST AL & A8 1200 0 SR O 32 25 P40 AT XY A 80 ] Esf .
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Fig.2 The relationships between ant richness and longitude (a) and latitude (b) at province scale in China
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Table 2 The best model selected based on Akaike Information Criterion ( AIC) through forward selection for ant richness at province scale

in China
AL BRI R AL
. Standardized regression P
Variable o
coefficient
2200 28 D
AR mean annual temperature (TEM ) 0.780 ® %
AR AL YL the range of elevation within a province ELEmge) 0.515 o
AEIREASALVEE annual temperature range( TEM ) -0.114 ns
K 0.684 % % %
PHEARXS T4 20 4 1
AR mean annual temperature (TEM ) 0.755 % % %
MR AEIEIE I the range of elevation within a province ELE, e ) 0.401 % % %
RS AL TE R annual temperature range( TEM, ) -0.246 ®
R 0.950 EE

# P<005,% % P<00L,% % % P<0.00l,ns; N3
FRAE Akaike {5 55N (ALC) G 8 H S PUAC B (0 5 4R Y0 ( TEM) 4R IR 2 ARG (TEM,,, ) P44 722
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