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Abstract. In the past, the spatial patterns of specimen have not been paid enough attention. In this 

study, we probed the spatial pattern of plant specimen and its implications in conservation biology 

in Hengduan Mountains, one of the hotspots of global biodiversity, based on the dataset extracted 

from Chinese Virtual Herbarium. The results showed that there were big differences of specimen 

density among the units of the studied area. High specimen density was mainly found in the 

boundary regions of Northwest Yunnan, Southwest Sichuan and Southeast Tibet, the central part 

and the southern part of the studied area. The interest of the collectors or botanists was mainly 

focused on the units with low population density (low disturbance of human activity) and high 

complexity of topography. With the increase of specimen density, an increasing trend of species 

density was observed. Most of the units studied were not paid enough attention in the history of 

specimen collection. If we collected specimen at higher density in blank or marginalized area, we 

may have much more chances to find more taxonomies. The spatial pattern of specimen density 

may shape our understanding of the spatial pattern of specie diversity. We should not only inherit 

specimen from our predecessors, but also, we should probe into specimen repositories to 

understand biodiversity status and its spatial pattern. 

Keywords：Altitudinal difference against area; Hengduan mountains; Population density; Spatial 

pattern; Specimen density; Species density; Vascular plants 

1  Introduction 

Taxonomic records and their conservation are the basis of biodiversity research (Bickel, 1999; Ponder 

et al. 2001; Rudolf & Torsren, 2004). With the accumulation of specimen in the long history of 

specimen collection, its implications in conservation biology are being paid much more attention in 

these days (Ponder et al. 2001). The inquiry into large specimen discussions can help us understand the 

characteristics and the spatial patterns of biodiversity in local or global scale (Chew & Oheim, 2007; 

Greenstreet & Piet, 2008; Rudolf & Torsren, 2004). Also, it lends us a hand to detect the hotspots, in 

which lots of energy and time have been inputted in the past. Moreover, the probe into huge specimen 

discussions can help us to find or predict the blank or marginalized area neglected in the history of 

specimen collection more or less, and in which we may find more Taxonomies un-discovered in the 
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past (Radim, 2007; Rudolf & Torsren, 2004). Therefore, the investigation on the spatial pattern of 

specimen and its implication in conservation biology can not be under-estimated.  

Myers et al. (2000) published their research on biodiversity hotspots at global scale in Nature 

Magazine. The conclusions disclosed that Hengduan Mountains in Southwest China held high richness 

of biodiversity, and was one of 25 biodiversity hotspots in the world. Therefore, the study on the 

biodiversity in this region has drawn extensive and intensive attention (Sun, 2002). So, there was a long 

history of plant specimen collection, and a large amount of plant specimen from the studied area were 

accumulated (Wu, 1988), which made the inquiry into the spatial pattern of plant specimen and its 

implications feasible. However, until now, no relevant study was reported.  

Supported by China National Science & Technology Infrastructure Center (SCNSTIC), Chinese 

Virtual Herbarium (CVH, www.cvh.org.cn) is aimed to provide essential and comprehensive 

information of plant specimen in China (Institute of Botany, Chinese Academy of Sciences, 2010). The 

herbarium covers most of plant specimen resources in China, with more than 2.5 million plant 

specimen digitalized and updated online. Until now, the herbarium is believed as the most complete 

database of plant specimen in China, serving us with taxonomic and distribution information of plant 

specimen across China with high reliability. So, our aim is to explore the spatial patterns of plant 

specimen and its implication in conservation biology in Hengduan Mountains, based on the dataset 

extracted from CVH. We hope this study can help us understand and protect plant diversity in the 

studied area. It must be noted that in this paper, we only focused the vascular plants in Hengduan 

Mountains. 

2  Data collection and methods 

All information of plant specimen in the studied area, including taxonomic and distribution information, 

was extracted from Chinese Virtual Herbarium. Then, we built a database of plant specimen of 

Hengduan Mountains, with more than 120,000 specimens and the information of plant specimen in 

each unit (county). Species richness in each unit was estimated from the specimen information. The 

topographical information and population density were from literatures (Zhao, 2005). To exclude the 

effects of area on the spatial pattern of specimen, we adopted specimen density to represent the amount 

of plant specimen in each unit. In the similar way, we adopted species density to stand for species 

richness (Logarithm transformation of area was conducted). In this paper, we adopted altitudinal 

difference against area (logarithm transformed) to represent topographical complexity, and the 

altitudinal difference was the difference between the highest altitude and lowest altitude in each unit 

studied. 

Based on the dataset, dispersion coefficient was estimated to probe the differences of specimen 

density among 87 units studied. With the help of ArcGIS Desktop 8.3, we examined the spatial pattern 

of specimen density. To explain the pattern, Pearson’s correlation between specimen density and 

population density, altitudinal difference against area was conducted. To check our hypothesis that the 

spatial pattern of specimen may shape our understanding of the patterns of species diversity, we 

conducted Pearson’s correlation between specimen density and species density. Above analysis and 

drawings were completed with the help of ArcGIS Desktop 8.3、MS Excel and SPSS. 

http://www.cvh.org.cn/


  

3  Results 

3.1  Frequency distribution of specimen density and the discreteness analysis 

There were big differences of specimen density among 87 units studied (Fig.1). The lowest density was 

zero, while the highest density was 3.4 specimens per km2. There were 46 units (accounting for 52.9% 

of all units) whose specimen density was lower than 0.1 specimen per km2. Among 87 units studied, 

there were 78 units whose density was lower than 1 specimen per km2. It implied that most of the units 

displayed low specimen density, while high density was only observed in a small fraction of units 

studied. The discreteness analysis showed that the discreteness coefficient was 1.7, markedly higher 

than 1, which meant that the distribution of specimen density among 87 units studied was extremely 

uneven. 
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Fig.1. Frequency distribution of specimen density in the units of Hengduan Mountains 

3.2  Spatial pattern of specimen density and its interpretation 

High specimen density was observed in the boundary regions of the Northwest Yunnan, Southwest 

Sichuan and Southeast Tibet, and we also found the high density in the southern units and the central 

units of Hengduan Mountains (Fig.2). Except these units, low specimen density or blank units were 

detected in most of the units studied. Pearson’s correlation indicated that with the increase of 

population density, there was a slight decreasing trend of specimen density among 85 units studied, 

except irregular data points of two units (Fig.3). There was strong correlation between specimen 

density and altitudinal difference against area (topographical complexity), and with the increase of the 

altitudinal difference against area, an increasing trend of specimen density can be predicted (Fig.4). 



  

 

Fig.2. Spatial patterns of specimen density of vascular plants in Hengduan Mountains 
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Fig.3. Correlation between population density and specimen density 
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Fig.4. Correlation between Altitudinal difference against area and specimen density 



  

3.3  Correlation between specimen density and species density 

We observed that there was strong correlation between specimen density and species density, and with 

the increase of specimen density, an increasing trend of species density can be perceived (Fig.5). It 

implied that in the units with lower specimen density, lower species density can be probably predicted, 

and vice versa. 
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Fig.5. Correlation between species density and specimen density 

3.4  The implications in conservation biology 

The discreteness analysis indicated that the extreme unevenness of specimen density can be observed 

among the units studied, and the spatial pattern of specimen density also showed that the higher density 

was mainly found in the boundary regions of the three provinces, the central units and the south units 

of the studied area, which implied that these units were hotspots in the history of specimen collection 

and biodiversity research. However, in most of the units studied, the density was very low, and even 

some of them were blank area. So, we can infer that most of the units studied were paid little attention, 

or were overlooked in the history of specimen collection, more or less. The Pearson’s correlation 

indicated that with the increase of altitudinal difference against area, an increasing trend of specimen 

density can be observed. Also, the results showed that there was slight negative correlation between 

population density and specimen density. It may imply that the interest of the collectors or botanists 

was mainly focused on the units with lower population density (low human disturbance) and higher 

complexity of topography, probably because raw or undisturbed vegetation and high richness of plant 

diversity in units with complex topography attracted their attention. 

Previous study showed that if we conducted intensive specimen collection in the blank or 

marginalized regions, there were much more chances to find more taxonomies un-discovered in the 

regions in the past, compared with the attempt in biodiversity hotspots (Rudolf & Torsren, 2004). In 

this paper, both discreteness analysis and the spatial pattern indicated that lots of blank or marginalized 

units were overlooked in the history of specimen collection. Therefore, we tentatively deduced that if 

we collected specimen at higher density in these blank or marginalized area, we may discover more 

species or taxonomies, which may enrich and refine our understanding of biodiversity in Hengduan 

Mountains and its spatial pattern. 

In the results, we observed that there was strong correlation between species density and specimen 

density. It implied that higher intensity of specimen collection may enrich our findings in plant 

taxonomy in the studied area. It also indicated that specimen density would possibly affect our 

understanding of biodiversity in the studied area. If the intensity of specimen collection was low or not 



  

enough, we may underestimate the biodiversity in the studied area. However, if we conducted 

specimen collection at higher or enough intensity, we may find more species or taxonomies, and the 

results may more accurately reflect the biodiversity status in the studied area. Recently, Van 

Liefferinge (2010) observed that the investigation at higher sampling density may more reasonably 

reflect the biodiversity of fish in small brooks in Belgium. The studies in fungus also obtained similar 

conclusion (Whitcomb & Stutz, 2007). Moreover, in the field of genetics diversity research, the studies 

testified that sampling density is an important factor affecting our understanding of genetics diversity 

(Alberton et al. 2006; Miyamoto et al. 2008; Muirhead et al. 2008). Other relevant studies also 

supported our conclusions (Chew & Oheim, 2007; Greenstreet & Piet, 2008). Therefore, the 

implications of the intensity of specimen collection can not be under-estimated 

The strong correlation between specimen density and species diversity also hinted that the spatial 

pattern of specimen density may shape our understanding of the spatial pattern of species richness. 

Recently, most of biodiversity research in the studied area focused on interpreting species richness 

patterns with climatic and topographical factors (Fu et al. 2007; Sherman et al. 2008; Yao et al. 2010; 

Zhang et al. 2009). But, our results implied that the spatial pattern of specimen density may be a strong 

potential factor, and may shape or even distort our understanding of spatial patterns of biodiversity. 

Considering the unevenness of the spatial pattern of specimen density and lots of blank or marginalized 

units, we tentatively assumed that we had not fully understood the spatial pattern of plant species 

diversity in Hengduan Mountains. Rodrigo & Michael (2007) investigated the fern diversity in Bolivia, 

and found that sampling density strongly shaped their understanding of spatial patterns of fern diversity, 

which in some extents supported our conclusions. 

The results showed that with the increasing of specimen density, the increasing trend of species 

density can be evidently observed. It may imply that the overall intensity of specimen collection was 

not enough. We should increase our intensity of specimen collection to enrich our understanding of 

plant diversity in the studied area. And it may also imply that the plant specimen in our dataset only 

represent a small fraction of plant species in the studied area. In 2004, Rudolf & Torsren explored the 

species diversity of Euscelidia, and revealed that the specimen in museums only represented 50% of 

species in reality (Rudolf & Torsren, 2004), which in some extents supported our results.  

The specimen was important and fundamental resources in conservation biology, and we should 

input much energy and time on the collection, arrangement of specimen and the construction of 

specimen repository. However, in the past, the specimen’s implications in conservation biology have 

not been paid enough attention in the studied area. In this paper, we suggested that we should not only 

inherit specimen from our predecessors. But also, we should probe into the specimen discussions to 

understand, assess the biodiversity status and its spatial pattern, and evaluate its hotspots and 

marginalized area. Furthermore, compared with other methods, the research based on specimen 

repository is one of the most efficient methods at the lowest costs (Rudolf & Torsren, 2004), therefore, 

we should fully exploit the resources of specimen repository (Ponder et al., 2001; Rudolf & Torsren, 

2004). 

4  Conclusions 

In this study, we probed the spatial pattern of plant specimen and its implications in conservation 

biology in Hengduan Mountain. The results showed that there were big differences of specimen density 

among the units of the studied area. High specimen density was mainly found in the boundary regions 



  

of Northwest Yunnan, Southwest Sichuan and Southeast Tibet, the central part and the southern part of 

the studied area. The interest of the collectors or botanists was mainly focused on the units with low 

population density (low disturbance of human activity) and high complexity of topography. With the 

increase of specimen density, an increasing trend of species density was observed. Most of the units 

studied were not paid enough attention in the history of specimen collection. 
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