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Abstract: The significance of biodiversity and ecosystem services are gradually recognized by human as an approach towards sustain-

ability, so it is important to understand relationships and congruence between them to support conservation planning, especially in the 

hotspot areas with a prominent role in conservation. However, the management of most conservation hotspots mainly focused on biodi-

versity, and rarely concerned with ecosystem services. With the aim of proposing criteria for conservation strategies that contribute to 

the optimization of biodiversity and ecosystem services, in this study, a Geographic Information System (GIS)-based approach was de-

signed to estimate and map the biodiversity and ecosystem services in Chongqing Municipality of China. Furthermore, the distributions 

of hotspot areas for biodiversity and ecosystem services were mapped based on the relationship between cumulative ecosystem services 

and areas. Finally the statistical analysis was processed focused on specific conservation objectives. The results showed that hotspot 

areas can conserve the most biodiversity but with the least ecosystem services under the conservation plans target to biodiversity con-

servation. In contrast, depending on the ecosystem services of interest, hotspot areas can conserve the largest ecosystem services but 

with the least biodiversity. By integrating biodiversity and ecosystem services into conservation plan, we found that the conservation 

and regeneration of these small areas, would contribute to a conservation of 44% of the biodiversity hotspot and 14%–42% of the eco-

system services hotspot. Moreover, the current nature reserve selection was not maximize the biodiversity and ecosystem services com-

pared to integration strategy, indicating that hotspot areas conservation and selection is vital for optimization protection of biodiversity 

and ecosystem services, and has practical significance for natural resources and ecosystem management. 
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1  Introduction 

Biodiversity and ecosystem services intrinsically linked 
with each other and their interactions are critical to the 
human well-being. Biodiversity supports functions of 
ecosystem services, and the ecosystem services mainte-
nance is regarded as the actions of biodiversity conser-
vation because of the importance of such services in 

sustaining human livelihoods (Bookbinder et al., 1998; 
Egoh et al., 2009). Nevertheless, both biodiversity and 
ecosystem services are increasingly threatened by hu-
man activities (Balvanera et al., 2001; Millennium Eco-
system Assessment, 2005) with degrading them to be 
depauperate systems (Vitousek et al., 1997). Because 
ecosystems collectively support the biogeochemical 
processes that regulate the Earth system, the potential 
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ecological consequences of biodiversity degradation and 
services loss have aroused considerable interests world-
wide (McCann, 2000). The conservation biologists and 
policy-makers all donate themselves to improve existing 
and future conservation strategies for the conservation 
of biodiversity and ecosystem services (Janzen, 1998; 
Balvanera et al., 2001; Daily and Matson, 2008; Gold-
man et al., 2008; Eigenbrod et al., 2009; De Groot et al., 
2010). However, the interaction mechanisms between 
biodiversity and ecosystem services still remain unclear. 

Currently, the management of most existing conser-
vation areas mainly concerned with biodiversity con-
servation (Balvanera et al., 2001; Egoh et al., 2007) and 
largely ignored the maintenance of ecosystem services. 
Recently, some members of the conservation commu-
nity have preferred the maintenance of ecosystem ser-
vices as a strategy to conserve biodiversity, while others 
have criticized this strategy as a distraction from the aim 
of biodiversity conservation (Reyers et al., 2012). Re-
cent research did not show the accordant options re-
garding the existence of strong relationships between 
the positive effects of biodiversity and ecosystem ser-
vices. Whereas some studies proved that a poor rela-
tionship, a generally low correlation, or a moderate 
overlap exist between biodiversity and ecosystem ser-
vices (Chan et al., 2006), and others had revealed a 
generally high overlap between biodiversity priorities 
and ecosystem services (Turner et al., 2007; Egoh et al., 
2009). 

Given this case, it is meaningful to understand the re-
lationships between the conservation priorities for bio-
diversity and for ecosystem services (Bai et al., 2011). 
However, quantifying the levels and values of these ser-
vices has been proven difficult (Nelson et al., 2009). 
Currently, researchers modeled quantitatively the supply 
of ecosystem services in a specific area with ′ecological 
production functions′ –the degree of services provision 
depend on local critical variables (Chen et al., 2011; 
Zhang et al., 2012). Although these methods are supe-
rior to those with the land cover and habitat assessment 
benefits transfer approach (Costanza et al., 1997; 
Konarska et al., 2002; Zhao et al., 2004; Turner et al., 
2007; Li et al., 2010), few studies focus on the compli-
cated spatial heterogeneity influenced by climate, vege-
tation, soil texture, terrain and human activities, espe-
cially the hilly areas where natural resources and geo-
graphic features are highly heterogeneous. The vacancy 

in the study hindered the progresses of the local gov-
ernments and stakeholders on protecting their resources 
and environment with limited funds and powers. There-
fore, a reasonable and precise method for mapping eco-
system services is needed to explore the relationships 
between biodiversity and ecosystem services in hilly 
areas. 

Recently, rapid population growth and urban devel-
opment have accelerated the demands for food, housing 
and factories (Hunter et al., 2003), which resulted in the 
complex changes of ecosystem types. In addition, cli-
mate change (Miao et al., 2014) highlighted the role of 
ecosystems related to the functions of mitigation and 
adaption. However, there are few studies on the quanti-
tative estimation of the biodiversity and ecosystem ser-
vices, as well as the priority areas for planning and 
management. 

The aim of this study was to map the biodiversity 
(habitat quality) and ecosystem services (soil conserva-
tion, carbon sequestration, water flow regulation, water 
yield and water purification) with a new combined 
method including the Universe Soil Loss Equation 
(USLE), the Carnegie Ames Stanford Approach (CASA), 
Integrated Valuation of Environmental Services and 
Tradeoffs (In VEST) and mathematical simulations. A 
detailed analysis of the spatial distribution and con-
gruence among biodiversity and ecosystem services 
was present here, which may support the planners and 
policy makers to launch the strategies for ecosystem 
management. Moreover, we also examined the trade- 
offs between the biodiversity and ecosystem services to 
discuss the possibility of developing an integrated 
conservation plan. To a certain extent, this work can 
contribute to the further realization of the quantitative 
estimates approach of biodiversity and ecosystem ser-
vices, and the empirical ways to identify conservation 
hotspot in terms of protection of biodiversity and eco-
system services. 

2  Materials and Methods 

2.1  Study area 
The study area (28°10′–32°13′N, 105°11′–110°11′E) is 
located on the upper reaches of the Changjiang (Yang-
tze) River (Fig. 1), covering a total area of 82 400 km² 
with total population of 2.01 × 107. The geographic 
conditions of this area are complicated with lower lands 
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in the west and higher lands in the east. The main con-
stitution of surface type is formed by mountainous 
(75.8%), plain (6%) and hilly (18.2%), with a variety of 
land cover types. The dominant soil types in this region 
are purple soil, yellow soil and paddy soil. The 
Chongqing owns a subtropical monsoon climate and, for 
most of the year, it experiences humid conditions with 

an annual mean temperature of 17℃–19℃. The mean 

annual precipitation is approximately 1100 mm. Rainfall 
is variable over time and 85% of the annual rainfalls 
occurs mainly during summer (6–9 months). The re-
gion′s location in the Sichuan Basin causes it to have 
one of the lowest annual sunshine totals nationally, at 
only 1055 hours, lower than much of other places. 
Chongqing Municipality, one of the most important 
ecological security zones in China, is located on the up-
per reaches of the three gorges reservoir area (TGRA), 
which own the greatest water conservation project in the 
world. Recently, rapid population growth and urban ex-
pansion in this region have accelerated the demand for 
food, housing and factories, which have led a series of 
ecological environment problems (nature habitat loss, 
soil erosion, intensive greenhouse gas emission, flood 
disaster and serious water pollution). 

2.2  Data sources 
The information on distribution of land cover for three 
periods (2000, 2005 and 2010) was produced by the 

Institute of Remote Sensing and Digital Earth, Chinese 
Academy of Sciences, using Landsat MSS and TM sat-
ellite remote sensing with an overall accuracy of ap-
proximately 86.4%. Land cover types were divided into 
seven categories in this study, including forest, shrub, 
grassland, water, arable land, construct land and barren 
land. The meteorological data (including precipitation, 
temperature and total solar radiation at a monthly scale) 
from 2000 to 2010 was provided by the Chinese Na-
tional Metrological Information Center/China Meteoro-
logical Administration (NMIC/CMA). Average annual 
potential evapotranspiration (ETo) was obtained by the 
modified Hargreaves equation, which can generate good 
results when information is uncertain (Droogers and 
Allen, 2002). This process was completed in interactive 
data language (IDL) which is a programming language 
used for data analysis. The soil map and associated soil 
attributes (including particle composition, nutrient con-
tent, soil depth and soil bulk density) were acquired 
from the Institute of Soil Science, Chinese Academy of 

Sciences, with a resolution of 1︰1 000 000. The Mod-

erate Resolution Imaging Spectroradiometer (MODIS) 
NDVI dataset from 2000 to 2010 was applied in the 
study with resolution of 250 m, and the time interval 
was 16 days. Given the fact that these products may be 
affected by cloud, atmosphere, we used the asymmetric 
Gaussian function (AG) filter to reconstruct the NDVI 
time series dataset to reduce noise and improve data 

 

Fig. 1  Location and land cover distribution of Chongqing Municipality in China. TGRA, three gores reservoir area 
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quality in the data pre-processing procedure based on 
the TIMESAT program (Jonsson and Eklundh, 2002; 
2004). Plant available water content (PAWC) is defined 
as the difference between the fraction of volumetric 
field capacity and the permanent wilting point. We used 
Zhou′s method (Zhou et al., 2005) to estimate PAWC. 
Topography data originated from Shuttle Radar Topog-
raphy Mission (SRTM) digital elevation model data was 
provided by the International scientific data service 
platform. The watersheds and subwatersheds were gen-

erated by using ArcSWAT based on a SRTM digital ele-
vation model data. Maximum root depth was collected 
from Canadell et al. (1996), and the evapotranspiration 
coefficient table (Kc) was estimated based on Allen et 
al. (1998) and the InVEST user guide. Moreover, ob-
served and statistical data for model validation were 
collected from local government, hydrometricstation 
and several published works (Luo, 1996; Ni, 2004; Jin 
et al., 2007). The sources of the principal data are ex-
plained in Table 1. 

 
Table 1  Sources of principal data 

Data name Data scale Data source 

Land cover map 90 m Chinese Academy of Sciences 

Precipitation, temperature and  
total solar radiation 

38 climatological stations and 6  
solar radiation observation stations 

Chinese National Metrological Information Center/China  
Meteorological Administration (NMIC/CMA) 

Soil map 1︰1 000 000 Chinese Academy of Sciences 

MODIS-NDVI 250 m Land Processes Distributed Active Archive Center (LP DAAC) 

SRTM digital elevation model 90 m International scientific data service platform 

Natural reserve County Chongqing Government 

Validation data County, quadrat, watershed Chongqing Government, hydrometricstation, published works 

 

2.3  Methods 
We analyze the degree of biodiversity (habitat quality) 
and the indexes of five important services in the study 
area: soil conservation, carbon sequestration, water flow 
regulation, water yield and water purification. These 
ecosystem services were selected on the basis of their 
significant role in this area, and their relevance to con-
servation planning and the availability of data. 
2.3.1  Biodiversity: habitat quality 
Biodiversity is intimately linked to the supply of eco-
system services. Patterns in biodiversity are inherently 
spatial, and can be estimated by analyzing maps of land 
cover in conjunction with threats. In this study, we 
modeled habitat quality as a proxy for biodiversity 
based on InVEST model, ultimately estimating the de-
gree of habitat and vegetation types across a landscape 
(Tallis et al., 2010). The function of habitat quality is 
composed of four factors: the relative impact of each 
threat, the relative sensitivity of each habitat type to 
each threat, the distance between habitats and sources of 
threats, and the extent to which the land is legally pro-
tected (Tallis et al., 2010). Six threat factors (rural resi-
dential, urban, cropland, primary roads, secondary roads 
and light roads), which represent anthropogenic drivers 
in human-dominated landscapes, were considered. The 
quality of habitat (Qxj) in parcel x that is in LULCj can 

be calculated as:  

1
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xj j z z
xj
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D k
      (1) 

where Hj is boolean map based on the user defining 
which LULC types can provide habitat for the conserva-
tion objective; Dxj is the total threat level in grid cell x 
with LULC j; and z (we hard code z = 2.5) and k are 
scaling parameters (the half-saturation constant and is 
set by the user). The detailed calculation formula of Dxj 

was described in the InVEST user′s guide (Tallis et al., 
2010). 
2.3.2  Soil conservation 
Soil erosion removes nutrients and reduces fertility 
(DeFries et al., 2004), and leads to the decreased hy-
dropower output and the structural damage of reservoirs. 
The degree of soil conservation can be described as the 
difference between soil erosion without vegetation cover 
and soil erosion under the current land cover pattern and 
soil erosion control practice (Fu et al., 2011). The func-
tion of soil conservation based on USLE (Wischmeier 
and Smith, 1978; Lufafa et al., 2003) can be expressed as: 

(1 )       SC SEp SEa R K LS C P   (2) 

where SC stands for the amount of soil conservation 
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(t/(ha·yr)) ; SEp and SEa denote the potential and actual 
soil erosion rates; R is rainfall erosivity factor (MJ·mm/ 
(ha·h·yr)), and was computed using monthly average 
rainfall with an empirical equation (Wisch-meier and 
Smith, 1978; Fu et al., 2011); K is the soil erodibility 
factor (t·ha·h/(ha·MJ·mm)) and was calculated using the 
modified equation based on the Erosion/Productivity 
Impact Calculator (EPIC) model (Zhang et al., 2008) so 
as to be consistent with the practical situation of China 
(Li et al., 2011); LS is the dimensionless topographic 
factor, and was calculated based on the methods devel-
oped by Hickey and Van Remortel (Hickey, 2000; Van 
Remortel et al., 2001) with the help of an Arc Macro 
Language (AML) script in ArcGIS; C is dimensionless 
vegetation cover factor, and was estimated by the 
method using the form of NDVI (Li et al., 2011); P is 
the dimensionless conservation practice factor. As to P 
factor, the slope-based Wener method (Lufafa et al., 
2003) was applied to calculate. 
2.3.3  Carbon sequestration 
Carbon sequestration is the process of capture and 
long-term storage of atmospheric carbon dioxide (CO2) 
(Sedjo and Sohngen, 2012), which is proposed to be the 
mitigation to global warming. To quantify the amount of 
CO2 sequestrated annually by the ecosystem, we esti-
mated net ecosystem productivity (NEP) as a proxy of 
carbon sequestration, and it can be defined as: 

0.7140.592    hNEP NPP R NPP Rs   (3) 

where NEP denotes the amount of carbon sequestration 
(g C/(m2·yr)); net primary productivity (NPP) is net 
fixation of CO2 by vegetation (g C/(m2·yr)); Rh is soil 
heterotrophicrespiration from terrestrial ecosystems           
(g C/(m2·yr)); Rs is soil respiration from terrestrial eco-
systems (g C/(m2·yr)). 

As documented in Potter et al. (1993; 1999; 2003), 
the monthly NPP flux could be computed in CASA on 
the basis of light-use efficiency (LUE, Monteith, 1972). 
NPP can be calculated as: 

max0.5rNPP APAR S FPAR Ts Ws          (4) 

where monthly NPP (g C/m2) is the net primary produc-
tivity fixed by vegetation at a grid cell. APAR is the 
amount of photosynthetic active radiation, and is calcu-
lated by using the data on solar surface irradiance Sr 
(MJ/m2) and the fractions of photosynthetic active ra-
diation absorbed by green vegetation (FPAR). In addi-
tion, the constant 0.5 accounts for the fact that approxi-

mately half of the incoming solar radiation is in the 
photosynthetic active radiation waveband (Potter et al., 
1993). The factor ε for each grid cell can be determined 
as the product of εmax (monthly maximum utilization 
rate of light energy, g C/MJ) obtained by a calibration 
with field data, and stress scalars representing the avail-
ability of soil moisture Ws and the suitability of tem-
perature Ts (Potter et al., 1993; Crabtree et al., 2009). 

The function of Rs according to Chen′s research 
(Chen et al., 2012) can be expressed as: 

0.031
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where Rs is soil respiration rate (kg C /(m2·yr); T is av-

erage annual temperature (℃/yr); P is annual precipita-

tion (m/yr); BD is soil bulk density (g/cm3); H is soil 
depth (20 cm); δ is soil particles content that particle 
size is less than 2 mm. 
2.3.4  Water yield 
The provision of fresh water is one of the important 
ecosystem services that contributes to the welfare of 
society, guarantying the development of irrigation agri-
culture, the improvement of living standards, the run-
ning of industry and tourism activities. In this study, we 
estimate the annual average quantity and identify the 
annual water yield contribution from each part of the 
landscape based on InVEST model (Tallis et al., 2010). 
The model does not incorporate sub-surface or ground 
water flows but it assumes that all precipitation without 
evapotranspiration flow into the surface run-off. The 
function of water yield (annual water flow) is based on 
the Budyko curve (Budyko, 1974) and annual average 
precipitation, it can be calculated as: 

1

1
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 (6) 

where, Rw is annual water yield for each pixel (mm/yr); 
Px is the annual precipitation on pixel (mm/yr); AWCx is 
the plant available water content (mm/yr); z is a season-
ality factor that presents the seasonal rainfall distribu-
tion and rainfall depths (Zhang et al., 2001); kxj is the 
vegetation evapotranspiration coefficient associated with 
the LULC j on pixel x and ETox is the reference 
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evapotranspiration from pixel x computed with reference 
to Hargreaves equation (Hargreaves and Samani, 1985). 
After repeated validation, the water yield was relatively 
similar to natural runoff when the Z value was 3.0. 
2.3.5  Water flow regulation 
Land covers such as forests, forested wetlands and shrub 
etc. have impacts on the timing and magnitude of water 
runoff and water flows (Hewlett, 1982). They act as 
sponges, intercepting rainfall and absorbing water 
through root systems. The water flow regulation ser-
vices that forests provide can yield economic benefits to 
communities. During stormy weather, forests can cap-
ture redundant water runoff instead of municipal reser-
voir. Water flow regulation service is measured by the 
fraction of the annual water flow stored in the soil 
(Onaindia et al., 2013). The function of the water flow 
regulation can be expressed as: 

/ wWFR Hu R  (7) 

where WFR is the water flow regulation, Hu is the water 
storage in the soil (mm/yr). The water storage in the soil 
map is estimated by the effective thickness of soil, soil 
bulk density and the maximum effective water capacity. 
Rw is the annual water flow (mm/yr) and was calculated 
based on InVEST model (Tallis et al., 2010). 
2.3.6  Water purification: phosphorus retention 
Rapid population growth, urbanization and industry de-
velopment had brought great pressure to ecosystem 
(Hunter et al., 2003). River is polluted by urban domes-
tic sewage, industrial waste, pesticides and fertilizers. 
The removal of surplus nutrients and filtration of drink-
ing water are regarded as the important services pro-
vided by ecosystems. Our study focus on phosphorus 
(P) pollution as a proxy for non-point-source pollution. 
The InVEST model (Tallis et al., 2010) was applied to 
estimate the amount of nutrient retained on every pixel. 
Then we summed and averaged the amount of nutrient 
export and retention per sub-watershed, respectively. 
The quantity of pollutants retained for water purification 
from a landscape was calculated based on export 
coefficients, being defined as follows: 

log
U

x u xALV Y W pol
 

   
 
   (8) 

where ALVx is the Adjusted Loading Value at pixel x 
(kg/(ha·yr)); Yu is the water yield of pixels along the 
flow path above pixel x; λW is the runoff index in the 

watershed of interest; polx is the export coefficient at 
pixel x. 
2.3.7  Identifying hotspot 
The term ′hotspot′ was originally used for regions with 
high species richness and has been widely applied to 
prioritize areas for biodiversity conservation (Van 
Jaarsveld et al., 1998). In this study, we define hotspot 
as ′a significant area that have a prominent role in con-
servation biology and provide large amounts of ecosys-
tem services′ (Orme et al., 2005; Egoh et al., 2008; 
Egoh et al., 2009). Meanwhile, the range defined as 
′areas with meaningful supply′ is similar to a species′ 
range or area of occupancy (Egoh et al., 2008). Hotspot 
was delineated as the richest 10% of grid cells for each 
service, compared to the traditional proportionality co-
efficient ′five percent or less′ (Prendergast et al., 1993; 
van Jaarsveld et al., 1998; Orme et al., 2005; Chan et 
al., 2006). The term range is used to refer to the areas 
which provide medium proportions of ecosystem ser-
vices. Generally, the information of this threshold is 
lacking. Here, we adopted the arbitrary threshold (the 
remaining richest 40% of grid cells) to delineated the 
range areas. The integrated ecosystem services were 
formed by overlaying each important service after re-
classification at the interval 10%. In order to identify the 
optimal plan for ecological planning and management, 
three conservation strategies were comparatively ana-
lyze. Strategy 1 identified hotspot areas with the objec-
tive of conservation focusing on the intrinsic value of 
biodiversity. Strategy 2 preferred the hotspot areas for 
conservation with the objective focused on ecosystem 
services for human well-being. In strategy 3, the hotspot 
areas with conservation objective to protect both biodi-
versity and ecosystem services were targeted based on 
integrated ecosystem services. 
2.3.8  Statistical analysis 
To explore the relationship between simulated results 
and observation-based data, the Pearson correlation was 
performed. The Pearson correlation was conducted with 
statistical units of county, quadrat and watershed, re-
spectively, and statistical analyses was implemented 
using SPSS 17.0. 

3  Results 

3.1  Models validation 
The distributions of habitat quality (county), soil erosion 
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(county), NPP (quadrat), water yield (watershed) and 
phosphorus export (watershed) were modeled by the 
application of USLE, CASA and InVEST. To verify the 
regional applicability and reliability of these models, we 
validated the exported results based on observed data, 
which were collected from soil conservation monitoring 
stations and hydrometric stations in the study area from 
2000 to 2010, with the field-based forest biomass/NPP 
data from Luo′s (1996) study, and data about the rich-
ness of wild vertebrate species and vascular plant spe-
cies from local government. Significant correlations 
were revealed between simulated results and observa-
tion-based data (habitat quality: r = 0.715, P < 0.01, n = 
35; soil erosion: r = 0.816, P < 0.01, n = 35; NPP: r = 
0.717, P < 0.01, n = 54; water yield: r = 0.861, P < 0.01, 
n = 11; phosphorus export: r = 0.866, P < 0.01, n =12). 
These indicated that the simulated models (USLE, 
CASA and InVEST) can be applied for the modeling of 
the habitat quality, soil erosion, NPP, water yield and 
phosphorus export across the study area. Some details 
concerning the correlations validation are explained in 
Fig. 2. 

3.2  Biodiversity and ecosystem services 
Spatial distributions of biodiversity and ecosystem ser- 

vices were obviously different (Fig. 3). The ecosystem 
in the northeastern and southeastern mountains with 
wide distribution of forest generally provided more 
valuable services such as soil conservation (values > 
400 t/ha), carbon sequestration (values > 100 g C/m2), 
water flow regulation (values > 30%) and water yield 
(values > 750 mm/ha) than those provided by western 
agricultural plain and developed urban areas. On the 
contrary, the service of phosphorus retention (values > 
15 kg/ha) mainly was originated from lower-elevation 
western part, where the agricultural land was the domi-
nant ecosystem. Greater habitat quality (values > 70) 
was mainly found in the high mountain areas within 
northeastern mountains with less anthropogenic distur-
bances, while the inferior habitat quality (values < 50) 
was distributed in the western residential areas along the 
Changjiang River. 

3.3  Identifying hotspot areas 
The Fig. 4 showed that more land loss resulted in the 
greater devaluation of biodiversity and ecosystem ser-
vices. The service of phosphorus retention showed a 
distinct declining trend (slope absolute value greater 
than 1) before the percentage of loss area reaching 20%. 
It indicated that the amount of phosphorus retention 

 

Fig. 2  Correlation validation of USLE model, CASA model and InVEST model. Simulations (habitat quality, soil erosion, NPP, water 
yield and phosphorus export) and observations value 
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Fig. 3  Map of spatial distributions of habitat quality, soil conservation, carbon sequestration, water flow regulation, water yield and 
phosphorus retention 

 
mainly occur on this 20% area, followed by carbon se-
questration and soil retention, which declined before the 
percentages of loss area reaching 25% and 30%. How-
ever, habitat quality, water flow regulation and water 
yield had no significant downward trend (slope absolute 
value close to 1). Moreover, the hotspot area (about 10% 
of total area) for phosphorus retention, carbon seques-
tration and soil retention provided greater ecosystem 
services with contribution of 74.3%, 44.6% and 37.7% 
to the ecosystem services, respectively. The other hot-
spot area of habitat quality, water flow regulation and 
water yield did not contribute significantly to the eco-
system services. 

The maps of the hotspot and range area clearly re-
vealed the distribution of the importance for biodiversity 
and ecosystem services (Fig. 5). The degree of habitat 
quality, soil conservation, carbon sequestration and wa-
ter yield were higher in the east, while the areas with 
higher degree of water flow regulation and phosphorus 
retention were mostly located across the central and 
western parts. 

3.4  Optimizing hotspot areas 
In this study, we comparatively analyzed three differ-
ent protection strategies to identify the optimal plan for 
environmental planning and management. The identi-
fication of hotspot for strategy 1 was based on the 
conservation target focusing on the intrinsic value of 
habitat quality. In this strategy, we kept the hotspot 
area for habitat quality unchanged, and used it as a 
mask to analyze the area percentages of hotspot and 
range for each ecosystem service. The greatest habitat 
quality existed within the mask with a 100% hotspot 
area, however, the degrees of ecosystem services were 
lowest, with the hotspot area about 4%–29% and range 
area about 47%–54% (Fig. 6a). Strategy 2 preferred the 
hotspot areas for conservation of ecosystem services 
for human well-being. In this strategy, we unchanged 
the hotspot area of integrated ecosystem services, and 
analyzed the area percentages of hotspot and range of 
habitat quality, as well as each ecosystem service 
within the unchanged hotspot area. The degrees of 
ecosystem services were largest, with the hotspot area 
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about 20%–43% and range area about 47%–58%, while 
the degree of habitat quality was very low (Fig. 6b). In 
strategy 3, the hotspot areas focusing on the protection 
of both biodiversity and ecosystem services were used 
as a analysis mask. There were a greater degree of 
habitat quality with hotspot area about 44% and range 
area about 53%, and ecosystem services with hotspot 
area about 14%–42% and range area about 49%–63% 

(Fig. 6c). Moreover, we further analyzed the propor-
tions of key area for biodiversity and ecosystem ser-
vices under the current nature reserves. The higher 
habitat quality was presented with the hotspot area 
about 68% and range area about 28%, and the less 
ecosystem services were found, with the hotspot area 
about 4%–24% and range area about 42%–56% (Fig. 
6d). 

 

Fig. 4  Relationship between loss area and amount of significant value for habitat quality, soil conservation, carbon sequestration, water 
flow regulation, water yield and phosphorus retention (Note: the x-axis represents the fraction of lands lost from conservation, and the 
y-axis represents what remains for that feature; in the full land everything remains. Top 10% and Top 50% are the threshold points that 
identify the hotspot, range and other. The picture located in the upper right corner of each figure represents fraction of ecosystem ser-
vices (bar graph) and capacity (point-line curve)) 
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Fig. 5  Map of hotspots and ranges of habitat quality, soil conservation, carbon sequestration, water flow regulation, water yield and 
phosphorus retention 

 

Fig. 6  Area percentages of hotspots and ranges of habitat quality, soil conservation, carbon sequestration, water flow regulation, water 
yield and phosphorus retention under different strategies. A, habitat quality; B, soil conservation; C, carbon sequestration; D, water flow 
regulation; E, water yield; F, phosphorus retention 



266 Chinese Geographical Science 2016 Vol. 26 No. 2 

 

4  Discussion 

This study explored the effectiveness of various strate-
gies to optimize the planning and management of hot-
spot conservation. We found a higher degree of spatial 
overlap and congruence between the biodiversity hot-
spots and four ecosystem services hotspots including 
soil conservation, carbon sequestration, water flow 
regulation, and water yield (except phosphorus reten-
tion), which consisted with the findings of Turner et al. 
(2007). On the other hand, the unobvious spatial overlap 
and congruence between biodiversity and phosphorus 
retention, indicated that biodiversity do not correlated to 
the service of phosphorus retention. The areas with 
higher correlation between biodiversity and ecosystem 
services were found in the high altitude region filled 
with natural forested in the east mountain with less hu-
man disturbance (Liu et al., 2008; Liu et al., 2014). It is 
known that the carbon sequestration by the up-
per-elevation forests can mitigate to the global warming 
changes. Meanwhile, natural forests have positive im-
pacts on the regulation of hydrologic dynamics through 
rainfall interception, contributing to maintaining slope 
stability during storms (Band et al., 2012). Thus, the 
conservation of biodiversity will guarantee the ecosys-
tem services provision to a certain extent. Most of cur-
rent conservation plans focused on the intrinsic value of 
biodiversity, and rarely considered the ecosystem ser-
vices. In general, the conservation for ecosystem ser-
vices can simultaneously contribute to biodiversity con-
servation, and vice versa. This can be supported by the 
similar outcomes from strategy 1 and 2, due to the bio-
diversity in maintaining the ecosystem function supports 
the supply of ecosystem services. Given the fact that 
biodiversity conservation related to habitat quality im-
provement, most conservation strategies were carried 
out in the northeastern and southeastern mountains aim-
ing at restoring the high altitude natural vegetation. Few 
focused on the western parts of the study area where the 
local vegetation are superior in the supply of ecosystem 
services rather than natural habitat. Thus, it is extremely 
critical for maintaining protection of biodiversity and 
sustainable supply of ecosystem services by integrating 
biodiversity and ecosystem services into conservation 
strategies. 

The three strategies and current nature reserves ex-
amined in this study represent four possible status for 

Chongqing development. Among these strategies, strat-
egy 1 presented a full-scale biodiversity conservation 
(100% of habitat quality hotspots), comparing to the 
ecosystem services hotspots occupying 4%–29% of 
hotspot area. For ecosystem services conservation, 
however, strategy 2 would contribute to the conserva-
tion of 31% of the biodiversity hotspots, and 20%–43% 
of ecosystem services hotspots. Conservationists who 
are interested in either ecosystem services or biodiver-
sity would prefer territorial expansion of the conserva-
tion areas as the prior objective. The proper objective 
for conservation, biodiversity conservation or ecosystem 
services improvement, affect the area chosen for priority 
conservation. By integrating biodiversity and ecosystem 
services into conservation strategies, strategy 3 would 
contribute to a conservation of 44% of the biodiversity 
hotspots, and 14%–42% of ecosystem services hotspots. 
Moreover, the current nature reserve did not improve 
ecosystem services at max potential by compared with 
strategy 3. The results suggest that hotspot selection is 
importance in natural ecosystem management to opti-
mize the conservation of biodiversity and ecosystem 
services. 

5  Conclusions 

Our study indicates that taking biodiversity and ecosys-
tem services into account can optimise the conservation 
strategies for multiple ecosystem services and biodiver-
sity conservation, and that biodiversity network would 
support a considerable supply of ecosystem services. 
The actual nature reserve under current conservation 
plans, focused on the intrinsic value of biodiversity, is 
the most important for biodiversity. However, it did not 
improve ecosystem services at max potential. The strat-
egy 3 presents a much better and more environmentally 
sound future for Chongqing, based on these potential 
advantages over strategy 1 and 2. Since it not only pro-
vide much biodiversity conservation, but also gain the 
enormous supply of ecosystem services in the long run. 
Thus, the adjustment of current conservation decisions 
was required by integrating biodiversity and ecosystem 
services into conservation strategies. Although this 
study have evaluated the biodiversity and ecosystem 
services based on USLE, CASA and InVEST model in 
view of spatial heterogeneity of climate, topography, 
vegetation, soil and land cover, it still has several limita-
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tions, which need to be exploring further. For example, 
the stand structure and growth of forest in regulating 
ecohydrological process and ecoatmospheric functions 
were also ignored, and some input parameters (e.g., the 
nutrient loading, evaporation coefficient and root depth) 
were defined based on the results of previous studies. 
Moreover, the calculated results of biodiversity and 
ecosystem services in this study were not the same as 
those in reality, but the potential maxima were based on 
the mathematical models. Nevertheless, this study pro-
vides an attempt to explore the biodiversity and ecosys-
tem services with hotspots identification and optimiza-
tion. In addition, our results could provide theoretical 
reference for examining the functions and efficiency of 
existing conservation strategies, which is vital for natu-
ral resources and ecosystem management. 
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