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Total aboveground plant biomass is more strongly affected by climate than species 
diversity on a grassland in Liaoning, China
La biomasa aérea total es más afectada por el clima que por la diversidad de especies en un pastizal 
natural de Liaoning, China.

Zhou C1,2, C Busso3, J Liu1, YG Yang1, Y Sun1, YZ Fang1, QQ Zhang1, YB Zhou1,4, YN Wang1,4, 
Z Zhang4,5, ZW Wang6, YF Yang2

Resumen. El objetivo de este estudio fue analizar las relaciones 
entre la biomasa vegetal aérea total versus altitud, latitud, longitud, 
temperatura promedio anual, precipitación promedio anual, y diver-
sidad de especies. Se utilizó regresión lineal simple para estudiar estas 
relaciones. Los resultados mostraron que la altitud se relacionó posi-
tivamente, significativamente (R2= 0,038, P<0,01) con la biomasa aé-
rea total. Al mismo tiempo, cuando la longitud (R2= 0,124, P<0,001) 
y la latitud (R2= 0,221, P<0,001) se incrementaron, la biomasa aérea 
total disminuyó. La biomasa aérea total y la precipitación prome-
dio anual estuvieron positivamente, significativamente (R2= 0,149, 
P<0,001) relacionadas. La temperatura promedio anual estuvo nega-
tivamente, significativamente (R2= 0,145, P<0,001) relacionada con 
la biomasa aérea total. Sin embargo, y si bien la diversidad de especies 
y la biomasa aérea total se relacionaron negativamente, significativa-
mente (i.e., R2<0,063, P<0,05), dicha relación fue comparativamente 
más débil que aquella obtenida para las variables climáticas. Es decir, 
la diversidad de especies explicó menos de 7% de la variación total 
en la biomasa aérea total. Este resultado concuerda con la hipótesis de 
respuesta idiosincrática la cual sugiere que la función del ecosistema 
cambia cuando la diversidad de especies cambia, pero la magnitud y 
dirección de estos cambios son impredecibles debido a que los roles 
individuales de las especies son complejos y variados. 

Palabras clave: Productividad; Diversidad de especies; Clima; 
Pastizales naturales. 

Abstract. The objective of this study was to analyze the relation-
ships between total aboveground plant biomass versus altitude, lati-
tude, longitude, mean annual temperature, mean annual precipita-
tion, and species diversity. Simple linear regression analysis was used 
to study these relationships. Results showed that altitude was signifi-
cantly, positively (R2= 0.038, P<0.01) related with total plant aboveg-
round biomass. Meanwhile, when longitude (R2= 0.124, P<0.001) 
and latitude (R2= 0.221, P<0.001) increased, total aboveground bio-
mass decreased. The relationship between biomass and mean annual 
precipitation was significantly, positively linear (R2= 0.149, P<0.001). 
Mean annual temperature was significantly, negatively correlated 
with biomass (R2= 0.145, P<0.001). The relationship between spe-
cies diversity and biomass was significant, but relatively weaker (i.e., 
R2<0.063, P<0.05) compared with those for the climatic variables. 
This is, species diversity explained less than 7% of the total variabil-
ity in total aboveground plant biomass. This result agrees with the 
idiosyncratic response hypothesis which suggests that ecosystem func-
tion changes when species diversity changes, but the magnitude and 
direction of these changes are unpredictable because the roles of in-
dividual plant species are complex and varied.
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INTRODUCTION
Diversity-productivity relationships play an important role 

in research related to sustainability of ecosystems (Tilman et 
al., 1996). Many studies have shown that environmental fac-
tors play an important role in determining productivity (i.e., 
change in biomass during a time period/time period) and spe-
cies diversity on plant communities (Mittelbach et al., 2001; 
Tilman et al., 2001; Maestre et al., 2006). Species diversity at 
a local scale may affect both production and stability of any 
given ecosystem (Weigelt et al., 2008). Many researches have 
hypothesized that the loss of species can influence vital eco-
logical processes and functions, such as the loss of trophic lev-
els and resilience (Begossi, 2000; Hooper et al., 2005; Fischer 
et al., 2006).The underlying mechanisms of this relationship 
have been greatly debated including measures (Shannon-
Wiener, Simpson, evenness), study scales and types (genetic, 
species) of diversity (Wardle & Zackrisson, 2005; Costanza 
et al., 2007). Therefore, diversity-total aboveground plant bio-
mass relationships are a current important issue for studying 
in ecology. 

Much research has studied five productivity-diversity pat-
terns: (1) no relationship (Lawton, 1994), (2) hump-shaped 
(Guo & Berry, 1998), (3) U-shaped (Gillman & Wright, 2006), 
(4) positive (Bai et al., 2007), or (5) negative (Oksanen, 1996). 
It is then of interest to know the pattern between total aboveg-
round plant biomass and species diversity. A meta-analysis 
by Mittelbach et al. (2001) showed that unimodal shapes are 
found mainly at local to landscape scales, whereas the pattern of 
humped-back usually happens at finer scales. Many ecologists 
have found that productivity-diversity relationships depend on 
the extent of the study area. Thus, different relationship patterns 
can be found at different spatial scales. Different area extents 
are different from the effects of historical and ecological pro-
cesses (Fukami & Morin, 2003; Ma et al., 2010), productivity 
gradients (Virtanen et al., 2013) and sampling grains (Hector 
et al., 2010). However, surveys on the influences of plant di-
versity on its biomass or productivity have not been consistent 
possibly because of the intricacy in ecological features among 
investigations (e.g., Wu, 1980). 	

In nature, the diversity-productivity relationships have 
changed with spatial scales. At the within-community scale, 
the modal is dominated by unimodal relationships (Wu et 
al., 2014). No significant relationships have always occurred 
at the across-community scale (Postor et al., 1996). At the 
continental-to-global scale, the relationship between produc-
tivity and species diversity has often been positive (Waide et 
al., 1999). References about negative patterns between these 
variables are scarce. Even more rare are reports on the rela-
tionship between total aboveground plant biomass and spe-
cies diversity. 

There are typical meadow-, desert-, mountain-, and 
alpine-steppes, and upland meadows in China (Ma et al., 

2010). Upland meadows are a special grassland type located 
at arid and semi-arid areas, below 150 m elevation. Different 
regional species composition and different dominant envi-
ronmental factors may result in different relationships be-
tween total aboveground plant biomass and species diversity. 
In recent years, the meadow resources have been damaged by 
rodents, pests, and overgrazing because of a lack of any sci-
entific control (Smith, 1985). Moreover, the most likely ex-
planation for the potential upland meadow degradation and 
changes in species diversity on the plant communities has 
been the result of the combined impact of global warming 
and human activities (Rodwell et al., 1992). Species diversity 
and aboveground biomass of upland meadows are influenced 
by a range of ecological factors, including altitude, longi-
tude, latitude, mean annual precipitation and mean annual 
temperature (Waide et al., 1999; Schmid, 2002a; Schmid et 
al., 2002b). However, and especially in the upland meadow, 
the relationship between species diversity and aboveground 
biomass is not clear.

 This research was set up in an upland meadow area. The 
relationships between total aboveground biomass and lati-
tude, longitude, altitude, mean annual precipitation and mean 
annual temperature were analyzed. Also, we analyzed the re-
lationship between species diversity and total aboveground 
biomass. This study provides a major reference for an efficient 
protection and use of the natural meadow resources (Pre´vosto 
et al., 2004; Grace et al., 2007). Our results are also helpful for 
knowing the upland meadow, and recovering of the degraded 
meadow by using natural vegetation.

MATERIALS AND METHODS 
Study area. The study was conducted at twelve sites 

across an upland meadow transect in the Liaoning Province 
of China. These sites represented a range of vegetation types 
.The transect covered latitudes from 41.33° to 42.71° N, and 
longitudes from 119.47° to 122.54° E. Altitude ranged from 
218 to 800 m a.s.l. Along the transect, the mean annual tem-
perature ranged from 5.6 to 7.9 °C, the mean annual pre-
cipitation from 391.9 to 510.4 mm. Each selected site was 
protected by an enclosure. The main vegetation types cor-
responded to a semiarid upland meadow. The main species 
at this site are Bothriochloa ischaemum, Cleistogenes polyphylla, 
Leymus chinensis, Ostryopsis davidiana, Lespedeza daurica, 
Phragmites adans, Arundinella anomala, Carex callitrichos, 
Zoysia japonica, and Stipa grandis. 

Experimental design. The 12 field sites along the tran-
sect were sampled in July and August (i.e., mid-summer) 
of 2011, 2012 and 2013. Their geographical positions are 
shown in Fig. 1B and C. At each site, we established 24-30 
quadrats (1 x 1 m) and followed the method of the transect 
line (Mueller-Dombois & Ellenberg, 1974). 
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Aboveground biomass and species diversity in a grassland

Measurements. In each quadrat, the numbers of plant 
species was first counted for calculating the diversity indi-
ces (i.e., Shannon-Wiener and Simpson indexes). Thereafter, 
the aboveground plant material was harvested, oven-dried at 
60 °C for 48 h, and then weighed to determine total above-
ground biomass. Mean annual precipitation (MAP) and mean 
annual temperature (MAT) were calculated from the World-
Clim database (Hijmans et al., 2005).

Data processing and analysis. The Shannon-Wiener 
and Simpson indexes were analyzed by the R software 
package. Regression analysis was used to analyze the re-
lationships between the diversity indexes and biomass of 
the community, and between the diversity indexes and en-
vironmental factors. Data analysis was performed using the 
SPSS software 17.0. 
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RESULTS AND ANALYSIS
The relationship of biomass and ecological factors. The 

linear regressions between biomass versus longitude, latitude 
and mean annual temperature showed significantly negative 
correlations (P<0.001, Fig. 1 B, C, D). The linear relationships 
of biomass versus altitude (P<0.01, R2=0.038) and mean annual 
precipitation (P<0.001) were significantly positive (Fig. 1 A, E). 

Relationship of species diversity and geographical fac-
tors. The Simpson´s index was negatively correlated with 
MAP (r= -0.158, n=185, P<0.05). However, it was not the 
case for other environmental factors (-0.041=r≤0.070, n=185, 
P>0.05). The Shannon-Wiener index was not significantly 
correlated with any environmental factor (P>0.05). Mean an-
nual temperature was significantly, negatively correlated with 

Fig. 1. Linear regressions for the effects of altitude, longitude, latitude, mean annual temperature and mean annual precipitation on total 
aboveground biomass. Panels B and C show geographical positions of the study sites on the X axis.
Fig. 1. Regresiones lineales de los efectos de altitud, longitud, latitud, temperatura anual promedio y precipitación anual promedio versus la 
biomasa aérea total. Los paneles B y C muestran la posición geográfica de los sitios de estudio en el eje X.
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altitude (r= -0.337, n=185, P<0.05), but not with MAP (r= 
-0.0060, n=185, P>0.05).

Relationship of biomass and species diversity. Total 
aboveground biomass and species diversity (calculated with 
the Shannon-Wiener and Simpson indexes) were negatively, 
significantly correlated (Fig. 2, P<0.05). However, it has to be 
recognized that the determination coefficients (R2<0.07) were 
low (Fig. 2).

DISCUSSION
In grasslands, productivity is significantly influenced by the 

geographic position which decides the effect on the climatic 
variation (Briggs et al., 1995). Bruun et al. (2006) observed 
a significantly negative quadratic function between longitude 
and total productivity, and a positive correlation between lati-
tude and species diversity. Their results are not consistent with 
the linear, decreasing biomass with increasing latitude in our 
research. Our findings agree with those reported by Begon et 
al. (1986). Longitude and latitude affect biomass because they 
determine differences in micro-climates (Begon et al., 1986; 
Asaeda et al., 2005). 

In the alpine meadow, the relationship between produc-
tivity and altitude has been shown to be linear, significantly 
negative because of the decreases in soil nutrients and tem-
perature with increasing altitude (Roem et al., 2000; Rastetter 
et al., 2004). Even though the coefficient of determination be-
tween altitude and biomass was significant, altitude only ex-
plained less of 4% of the variation in total aboveground plant 
biomass (Fig. 2). 
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Fig. 2. Relationships between the Shannon-Wiener and Simpson indexes versus total aboveground biomass. 
Fig. 2. Relaciones entre los índices de Shannon-Wiener y Simpson y la biomasa aérea total. 

Precipitation is regarded as a critical factor for controlling 
productivity in most steppes, because it affects soil water avail-
ability (O’Connor et al., 2001; Huxman et al., 2004; Hu et al., 
2010). This is mostly why the relationship between mean an-
nual precipitation and biomass was positive in our study. This 
result is consistent with that of previous studies (Oberbauer 
& Billings, 1981; Begon et al., 1986; Giorgetti et al., 1997; 
Yang et al., 2009). Another reason for the plant response to 
increasing precipitation is the result of a long-term vegetation 
adaptation to local habitats in the whole study research area. 
It is well known that plants have several avoidance and/or tol-
erance mechanisms to deal with various levels of soil water 
availability (Brown, 1995).

The relationship between productivity and species diversity 
is a basic but controversial theme, which is gaining increasing 
attention in recent years (Wu et al., 2014). However, reports 
on the relationship between species diversity and biomass have 
received much less attention. Our study showed that statisti-
cally, the relationship between biomass and species diversity in 
upland meadow was significantly, negatively linear. However, 
the coefficient of determination was less than 7%. This is, the 
high number of data points (n=185) made significant the rela-
tionship (P<0.05), although less than 7% of the total variation 
in total aboveground biomass was explained by species diver-
sity (Fig. 2). Distribution of data points in Fig. 2 are simi-
lar to those reported by Lawton in 1994 when defining the 
idiosyncractic response hypothesis. This hypothesis suggests that 
ecosystem function changes when species diversity chang-
es. However, the magnitude and direction of these changes 
is unpredictable because the roles of individual species are 
complex and varied (Lawton, 1994). The upland meadow is 
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always from semi-arid to arid type, which are therefore non-
equilibrium grazing systems. Density-independent, stochastic 
biotic conditions and variable plant growing conditions are 
characteristics of the upland meadow (Ellis & Swift, 1988). 
Rangeland communities in semi-arid and arid sites can show 
low biomass and are species poor (Giorgetti et al., 1997). This 
is why species diversity is so important for keeping ecosystem 
resilience at these sites (Bai et al., 2004).

In natural plant communities, species diversity is always cor-
related with geographic factors (altitude, longitude, latitude: 
Begon et al., 1986). Previous research proposes that species di-
versity is positively related to heterogeneity (Lundholm & Lar-
son, 2003). Without the inclusion of species at the same trophic 
level and extreme habitats, it does not appear that the unimodal 
altitude-diversity curve will show (Grime, 1973a,b; Grime, 
1979). These views can illustrate why some findings of diversity-
geographic factor patterns are not always unimodal, and often 
change with taxonomic groups and the extent of the investiga-
tion. To restore and keep a high level of species diversity and 
ecosystem functioning, it will be necessary to maintain a moder-
ate herbivory stocking rate in the study upland meadow. Wu et 
al. (2006) already reported that social, ecological and economic 
dimensions must be integrated to a landscape-level for restora-
tion and management of the Inner Mongolia grassland. 
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