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A B S T R A C T

Payments for ecosystem services (PES) programs have been implemented worldwide to balance human
needs and ecosystem conservation. However, the effects of PES programs on economic activities and the
associated effects on wildlife remain unclear. China’s Grain-to-Green program (GTGP) that aims to
convert cropland to forest or grassland represents one of the largest PES programs in the world. We
combine household surveys with wildlife camera data to ask whether GTGP is associated with direct or
indirect effects on economic activities, wildlife occupancy and wildlife species richness. We also consider
how resource use and extraction, wildlife occupancy, and species richness differ between GTGP and
natural forest sites. We found that farming and the amount of fuelwood extracted from forests have
declined, while the collection of other forest resources remained largely unchanged. While residents
engaged less in cattle grazing after GTGP implementation, goat grazing and pig forage collection
remained unchanged. Paired camera trap and household survey data analyses suggest that presence of
humans and dogs was positively related to resource collection, and negatively related to wildlife
occupancy, which likely contributed to the lower wildlife species richness detected at GTGP forest
relative to natural forest. The results suggest that while PES programs, like GTGP, may reduce some
human impacts on forest ecosystems (i.e. reduced firewood collection and cattle grazing) and provide
habitat for wildlife through afforestation, the persistence of other types of resource use may limit the
positive benefits of PES to wildlife diversity. Our results suggest there may be opportunities for PES
programs to extend the multi-benefit approach of balancing human needs and ecosystem services to
increase potential benefits to wildlife and biodiversity.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ecosystem services, defined as positive benefits (direct or
indirect) that organisms or natural systems provide to people,
including provisioning (e.g., food, water, fiber), regulating (e.g.,
climate, floods, disease), cultural (e.g., recreational, aesthetic, and
spiritual benefits), and supporting (e.g., soil formation, photosyn-
thesis, nutrient cycling) services, are essential to human survival
and well-being (Harrison et al., 2010; Millennium Ecosystem
Assessment, 2005). Human activity, including population growth,
climate change, resource overexploitation, pollution, infrastruc-
ture development, and habitat loss, degradation, and fragmenta-
tion have led to a loss of biodiversity, degrading ecosystems and
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their corresponding ecosystem services across many natural
systems (Alkemade et al., 2009; Bradshaw and Brook, 2014; Brook
et al., 2008; Cardinale et al., 2012; Newbold et al., 2016, 2015). To
address threats of human activities to ecosystems while sustaining
socio-economic needs of human communities, many places across
the world have established programs that provide payments for
ecosystem services (PES) (Biedenweg and Gross-Camp, 2018). PES
programs aim to protect ecosystem services while supporting
sustainable livelihoods by providing financial or in-kind incentives
directly to resource users to undertake environmentally desirable
actions or avoid environmental damage (Jack et al., 2008; Wunder,
2013, 2007). PES conceptually captures the reciprocal relationships
between human systems and ecological function and processes
(Huber-Stearns et al., 2017; Lewison et al., 2017). These programs
have devoted substantial efforts to PES conceptual principles,
design, participation and compliance, and socio-environmental
impacts (Wunder et al., 2018). Yet, considerable uncertainty still
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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exists regarding how PES programs influence and are influenced by
resource and land use (Addison and Greiner, 2016; Goh and
Yanosky, 2016; Grima et al., 2018; Kronenberg and Hubacek, 2013;
Lewison et al., 2017). PES programs have been linked to changes in
land use and economic activities, in particular shifts in labor
patterns (Li et al., 2018; Wunder, 2008). These programs have also
been found to lead to indirect changes in the environment and
ecosystem services (Ouyang et al., 2016). Limited research exists,
however, on how changes in economic activities after the
implementation of PES can affect the biodiversity of wildlife and
other biodiversity related ecosystem services, such as creating
wildlife habitat (Ali et al., 2018; Brouwer et al., 2011; Ingram et al.,
2014; Miteva et al., 2012; Prager et al., 2016).

This study examines the Grain-to-Green Program (GTGP, also
known as the Sloping Land Conversion Program and Returning
Farmland to Forest Program) in China, one of the largest PES
programs in the world (He and Lang, 2015; Hua et al., 2016; Liu
et al., 2008), to understand how PES programs may directly affect
economic activities and indirectly impact the diversity of wildlife.
Fig. 1. Sampling plots for resource extraction and wildlife survey in areas enrolled in Gra
Nature Reserve, China. (For interpretation of the references to colour in this figure leg
In China, rapid human population growth and land transformation,
often combined with the overexploitation of resources, have
degraded ecosystems and threatened the persistence of hundreds
of species (He, 2014; Liu, 2003; Pan et al., 2017; World Bank, 2001).
To address degrading environmental conditions and improve
ecosystem services, the country has implemented large-scale
conservation programs like GTGP. GTGP converts cropland on steep
slopes to forest or grassland through afforestation or grassland
restoration, while compensating participating farmers with cash
and grain (Pan et al., 2017). Under the GTGP and other PES
programs, economic activities such as logging, farming, mining,
and infrastructure construction are also restricted. Although GTGP
was developed primarily to reduce soil erosion and runoff by
increasing vegetation cover, supporting species biodiversity was
identified as a secondary benefit (Xu et al., 2006). GTGP has been
found to increase forest cover and reduced water surface runoff
and soil erosion (Liu et al., 2008; Ouyang et al., 2016). Even
controlling for potentially confounding factors (e.g., income, age,
gender, household assets), studies have also linked GTGP to
in-to Green Programs (n = 16) and in natural forest (n = 55) in Fanjingshan National
end, the reader is referred to the web version of this article).
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substantial changes in local people’s livelihoods and economic
activities, such as released labor from agricultural work, increased
out-migration, reduced extraction of local resources, and more
engagement in local off-farm jobs or businesses (Uchida et al.,
2009; Zhang et al., 2018a; Zhao, 1999). In Guizhou Province alone,
the number of migrant workers increased from 2.2 to 3.1 million
between 2000 (before the GTGP) and 2005 (after the GTGP),
representing a 48 % increase (Liu et al., 2008).

In contrast to the observed changes in forest cover, water runoff,
soil erosion and agricultural labor, relatively limited research has
examined how human decisions and activities translate into
changes in wildlife species richness or activity (Ingram et al., 2014;
Lewison et al., 2017). Thus, the degree to which GTGP has benefited
wildlife diversity, as a function of changes in economic activities
after PES implementation, is poorly understood. In this study, we
use household surveys to document changes in human socioeco-
nomic activities after implementation of GTGP implementation.
We investigate whether reported changes in resource use and
collection are associated with changes in wildlife species richness
based on data from wildlife camera traps and multi-species
occupancy model. We integrate social and ecological data to assess
the effects of PES program on wildlife conservation. We address the
following research questions:

(1) How do human socioeconomic activities, such as logging and
other extractive forms of resource use change after GTGP
implementation?

(2) How do these socioeconomic activities affect wildlife species
richness and occupancy?

(3) How do socioeconomic activities, wildlife occupancy and
richness compare in PES and natural forest sites?

(4) How may GTGP influence wildlife diversity as a function of
changes in forest resource use?

We hypothesize that:

(1) GTGP implementation was associated with a decrease in
extractive resource use.

(2) Extractive resource use has negative effects on wildlife
occupancy and richness.
Table 1
Response of household surveys (n = 494) about time spending on farming, collecting natu
Grain to Green Program in in Fanjingshan National Nature Reserve, China, 2014-2015.

Activity Decrease (%) S

Farming- vegetables 46.77 4
Farming - rice 67.31 2
Farming - potato 65.08 2
Farming - corn 55.69 2
Farming - sweet potato 60.65 3
Harvest bamboo 15.46 6
Harvest timber 13.68 6
Collect fuelwood 49.38 4
Collect herb 7.02 7
Collect mushroom 25.00 7
Collect bamboo shoots 15.67 7
Collect other edible plants 16.87 6
Raise pig 9.50 8
Raise cattle 33.33 5
Raise goat 4.55 8
Raise chicken and duck 6.82 8
Operate restaurant 0.00 7
Operate hotel 0.00 8
Operate transportation 0.00 7
Operate shop 4.54 8
Local labor 6.50 4
Outside labor 5.88 4
(3) Resource use is higher and wildlife occupancy and richness are
lower in PES site than natural forest sites.

2. Materials and methods

2.1. Study area

Fanjingshan National Nature Reserve (FNNR) (Fig. 1), Guizhou
Province, China was established in 1978 as a protected area for the
endangered Grey snub-nosed monkey (Rhinopithecus brelichi). It
was then extended to conserve other animal and plant species
protected by Law of the People’s Republic of China on the
Protection of Wildlife, such as the Asiatic black bear (Ursus
thibetanus), the Elliot’s pheasant (Syrmaticus ellioti) and the dove-
tree (Davidia involucrata) (Wu et al., 2004). The reserve spans
419 km2 and has nearly 2000 m of vertical relief with over 95 % of
forest cover, which forms the altitudinal zonation ranging from
evergreen broadleaf forest to deciduous forest. The reserve
contains a large amount of undisturbed primary forest compared
to other areas at the same latitude and is within one of the 25
global biodiversity hotspots (Myers et al., 2000).

In 1986, FNNR became a member of UNESCO’s Man and the
Biosphere Programme that strives to improve the relationships
between people and their environment. Over 13,000 people in 25
villages live in the reserve, of which a large proportion (70 %) are
ethnic minorities like Tujia and Miao. Farming, grazing, and
resource gathering take place within or near the reserve
boundaries (Wandersee, 2013). Tourism and economic develop-
ment, such as construction for infrastructure, are increasing in
FNNR (Aitken and An, 2012). Traditionally, residents have grown
crops and vegetables, raised pigs in captivity, and grazed livestock
including goats and cattle in a free ranging style. For captive
livestock like pigs, feed comprises crops, vegetables, and plants
collected from local forests. FNNR permits local people to enter
non-core areas (Fig. 1) for resource collection and fuelwood
extraction. Fuelwood extraction had led to a gradual reduction of
woodland in FNNR (Xiang et al., 2009).

In response to environmental degradation in the area, GTGP
was initiated in FNNR in 2001. Although slope steepness of
ral resources, raising livestock and other economic activities after implementation of

ame (%) Increase (%) N. of household

6.46 6.77 325
6.92 5.77 156
9.49 5.43 295
9.27 15.04 246
3.21 6.14 277
4.95 19.59 97
4.21 13.68 95
5.94 4.69 320
5.44 17.54 57
1.15 3.85 104
2.39 11.94 134
8.67 14.46 166
4.30 6.20 242
6.86 9.80 102
4.09 11.36 44
4.85 8.33 132
3.07 26.93 52
0.85 19.15 47
6.47 23.53 51
8.64 6.82 44
3.90 49.60 123
3.14 50.98 102
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farmlands is the main criterion for inclusion in GTGP in China (Liu
et al., 2008), all farmlands in FNNR regardless of steepness can be
eligible for GTGP enrollment due to FNNR’s standing as a national
nature reserve. Each participating household receives 3583 yuan
(or 512 US$ at 1 US$ = 6.99 yuan exchange rate as of July 13, 2020)
per ha of converted cropland per year. The croplands enrolled in
GTGP can be planted with ecological tree species (i.e., tree species
primarily providing ecological functions and services), economic
species such as tea trees, fruit trees, or can leave existing
vegetation to grow without planting. Currently, about 55 % of
households in FNNR participate in GTGP, and enrolled farmlands
are mainly at elevation <2000 m, in the experimental zone (areas
outside the core zone boundary, Fig. 1) of FNNR.

2.2. Human socioeconomic activity and resource use after GTGP
implementation

To measure the potential effect of GTGP on resource use, we
asked local residents how key economic activities in FNNR,
including farming, forest resource extraction, and livestock use
(Xiang et al., 2009), changed since GTGP implementation. While
discerning causation versus correlation between numerical
changes in human resource use activities and GTGP implementa-
tion is challenging, the linkage between GTGP and resource uses
are based firmly in the robust theory of the multiphasic response
(Bilsborrow, 1987; Boserup, 1965). This theory posits that rural
households, when confronted by increasing population pressures,
resource use constraints, or changes in institutions, may adopt
livelihood or demographic responses, like deferring marriage,
reducing marital fertility, out-migration, expanding the land area,
intensifying agricultural production, or switching to off-farm work.
Previous research at other sites enrolled in GTGP has found that
local villagers tend to migrate out of the area and/or find local off-
farm jobs, which has led to a reduction in local resources extracted
(Uchida et al., 2009; Zhang et al., 2018a; Zhao, 1999).

In 2015, we surveyed 494 households based on a stratified
random sampling of 3256 households in FNNR. We asked
respondents to characterize the time spent on an array of
economic activities as less, the same, or more after GTGP
implementation. Economic activities included farming, forest
resource collection (e.g., fuelwood, timber, herbs, mushrooms,
bamboo, bamboo shoots, and other edible plants), livestock use,
running business, labor in FNNR, and labor out of FNNR (Table 1).
To account for inherent limitations of self-reported data in social
surveys, such as inaccuracy in memory and respondents’ tendency
to satisfy the interviewer (Axinn et al., 1999; Bilsborrow et al.,
1984), we refrained from asking respondents to report absolute
amounts of resources extracted or to provide a specific data of the
activity.

2.3. Human socioeconomic activity and wildlife diversity

2.3.1. Camera trapping
To investigate potential linkages of wildlife and economic

activity in the nature reserve, we established 71 sampling plots
across FNNR, with 55 plots in natural forest and 16 plots in GTGP
forest (Fig. 1). Each plot was 20 m � 20 m. Limited accessibility due
to the steep terrain and access restriction set by FNNR constrained
the locations of sampling plots. Plots were established based on
forest types, elevation, distance to other plots, as well as expert
knowledge from FNNR staff and local field guides. The goal was to
distribute the plots across the observed variation of vegetation
categories in the entire FNNR. The number of plots in GTGP forest is
less than plots in natural forest, because the GTGP forests are
mainly located in the experimental zone of FNNR, which accounts
for one third of land area of FNNR. Sampling plots were at least
1 km apart to minimize spatial autocorrelation. We recorded and
classified forest types at 71 plots based on established forest
categories of the FNNR: evergreen broadleaf forest (n = 15), mixed
evergreen and deciduous forest (n = 30), deciduous forest (n = 9),
bamboo (n = 6), and afforested conifer (n = 11). We deployed a
Bushnell Trophy Cam infrared camera at each plot to monitor
presence of humans, livestock, mammals (>0.5 kg) and pheasants
(0.2–2 kg) from April 2015 to August 2016. We mounted cameras
on trees from 0.3 to 1 m above the ground. Cameras that are
motion-sensitive at auto-sensitivity recorded three photos upon
detection, with a 1-sec delay between photographs. Checking
cameras every four months assured proper functioning, change of
batteries and memory cards, and retrieval of images.

2.3.2. Wildlife occupancy modeling
Multi-species hierarchical occupancy modelling (Dorazio and

Royle, 2005) with a Bayesian approach (Rich et al., 2016) estimated
the probability a species occurred within the area sampled by a
camera station during our survey period. It also accounted for
incomplete detection (MacKenzie et al., 2002). Site occupancy
(also referred to as animal occurrence)—defined as the probability
that a target species occupies a patch —has been widely used to
address basic ecological questions related to geographic distribu-
tion, habitat relationships, resource selection and species inter-
actions (O’Connell et al., 2011). Multi-species hierarchical
occupancy models (Dorazio and Royle, 2005) integrate data across
species, permitting estimates of community-level and group-level
species richness and species-specific occupancy (Russell et al.,
2009; Zipkin et al., 2010, 2009). Specifying models of site
occupancy and detectability enables estimation of the probability
of occupancy at individual camera stations. We can infer effects of
environmental characteristics and human activities on animal
occurrence after accounting for variation in detectability.

To avoid a high number of non-detection records (Mackenzie
and Royle, 2005; Tobler et al., 2015), we treated each two-week
period as a repeat survey at a particular plot, resulting in an average
of 17 (SD 8.7) surveys per plot. We applied a generalized linear
mixed modelling approach to incorporate site-level characteristics
affecting species-specific occurrence and detection probabilities
(Dorazio and Royle, 2005; Russell et al., 2009). We fitted a single
model with a limited number of covariates hypothesized to
influence the distributions of wildlife and evaluated how these
variables affect wildlife communities (Rich et al., 2016; Zipkin
et al., 2010, 2009). We interpreted probability of occurrence of a
species at a camera site as probability of using the habitat at the
plot during the sampling period rather than consider the site to be
occupied permanently (MacKenzie et al., 2006).

To test the hypothesis that the occurrence of wildlife may be
influenced by economic activity indicated by presence of humans
and dogs, and presence of livestock, we quantified the presence of
humans and dogs as detection rate of humans plus detection rate of
dogs. Presence of livestock was quantified as detection rate of
cattle plus detection rate of goats. We focused on cattle and goats
because they are the most common free ranging livestock in FNNR.
Detection rate for each species at each plot was calculated by
dividing number of surveys with humans, dogs, cattle, and goats by
total number of surveys at the plot. We also accounted for
underlying differences in the forest type among plots (evergreen
broadleaf forest [reference level], mixed evergreen and deciduous
forest, deciduous forest, bamboo, and afforested conifer) to
consider forest type as a potential variable that could explain
differences in wildlife occupancy. We assumed the detection
probability may be affected by distance to roads, villages and
farms. To reduce the dimensionality of these distance metrics, we
conducted a principal component analysis to create a combined
distance measure to represent the distance to human disturbance.
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This disturbance accounted for 73 % of the variation and had
loadings evenly distributed among distance to roads (factor
loading: 0.55), distance to villages (0.57), and distance to farms
(factor loading: 0.62).

The occurrence probability for species was specified as:

logit (probability of occurrence) = α0 + α1(bamboo) + α2(conifer) +
α3(mixed evergreen and deciduous) + α4(deciduous) + α5
(presence of humans and dogs) + α6(presence of livestock),

and detection probability as:

logit (detection probability) = β0 + β1(distance to human distur-
bance).

Standardizing all continuous covariates generated a mean of
zero and standard deviation of one. Therefore, the inverse logit of
α0 and β0 are the occupancy and detection probabilities,
respectively, at a camera station in evergreen broadleaf forest
and with average covariate values. The remaining coefficients of
continuous covariates (i.e. α5, α6, β1) represent the effect of an
increase of one standard deviation in the covariate value.

We linked species-specific occupancy models to a community-
level occupancy model by treating species as random effects
derived from a normally distributed, community-level hyper-
parameter (Rich et al., 2016; Zipkin et al., 2010). For the community
model, the α coefficients were modelled as α� normal (mα, s2

α)
where mα is the community-level mean and s2

α is the variance
(Chandler et al., 2013). Because wildlife species may react to the
environment differently as a function of animal type and body size,
we divided wildlife into four groups based on animal type and
mean body mass for males and females (Smith and Xie, 2008). The
four groups were pheasants (0.5–2 kg), small (<10 kg), medium
(10�50 kg) and large (>50 kg) mammals (Appendix 1). To assess
group-level effects, we modeled species-specific coefficients as
functions of the community-level mean, group-level mean, and
species-specific random effect for group-level models (Rich et al.,
2016). We estimated posterior distributions of parameters using
Markov chain Monte Carlo (MCMC) implemented in JAGS (version
3.4.0) through R2Jags (Plummer, 2011) in program R. We generated
three chains of 50,000 iterations after a burn-in of 10,000 and
thinned by 50. For priors, we used a uniform distribution of 0–1 on
the real scale for α0 and β0 and uniform from 0 to 1 0 for s
parameters. A normal prior distribution with a mean of 0 and
standard deviation of 100 on the logit-scale estimated the
remaining covariate effects (Rich et al., 2016). We assessed
convergence using the Gelman–Rubin statistic where values
<1.1 indicated convergence (Gelman et al., 2003). We used
occupancy matrices generated by MCMC iterations to estimate
overall species richness and richness by wildlife groups at each
camera station (Rich et al., 2016; Zipkin et al., 2010). Appendix 2
presents the detailed specification for the group model and how
we calculated species richness.

2.3.3. Mapping the distribution of resource use
We used 19 of the 71 plots (6 GTGP plots, 13 natural plots) in

northern FNNR (Fig. 1) to map resource use. We conducted the
household survey of resource use (n = 94) at three villages near the
19 plots in 2016. Despite potential limitations of self-reported
resource use data, participatory mapping is particularly important
and reliable in capturing local environmental knowledge and
issues related to access to land and natural resources (Aitken and
Craine, 2011). We followed participatory mapping protocols
developed and tested in our 2014 and 2015 surveys (An et al.,
2017; Yost et al., 2020). We mapped the locations previously
identified where the households collected natural resources
including fuelwood, timber, herbs, mushrooms, bamboo, bamboo
shoots, and other edible plants. We use ArcMap 10.1 to create 500-
m buffer surrounding each plot, and counted the number of
identified resource collection locations within the 500-m buffer,
and used this index to represent the magnitude of resource use at
each plot. We used Spearman rank-order correlation to test the
strength of the relationship between detection rate of humans and
dogs and the intensity of resource use at the 19 plots. The
independent plots represented the larger reserve area.

2.4. Comparing resource use and wildlife in GTGP and natural forest

A t-test with unequal variance enabled comparison of the
presence of humans and dogs (detection rate of humans plus
detection rate of dogs), and presence of livestock (detection rate of
cattle plus that of goats) between GTGP forest and natural forest.
For the 19 plots with resource collection data, we used t-test to
compare degree of resource extraction between GTGP and natural
plots. We also used t-test to compare mean estimated species
richness of wildlife between GTGP plots and natural plots.
Although statistical significance in such t-tests alone does not
establish any causality of GTGP (i.e., GTGP leads to higher human
presence or lower wildlife species richness in some forest areas),
such information may suggest potential causal links, which can be
supported by theory (e.g., the theory of multiphasic response),
empirical data and additional evidence from the PES literature.

3. Results

3.1. Changes in socioeconomic activity after GTGP implementation

Socioeconomic activity changed in FNNR after GTGP imple-
mentation. The reported time engaged in farming activity
decreased for 59 % of households, whereas the time of operating
business and labor increased (Table 1). Nearly 70 % of households
reported that most of their natural resource collection did not
change after GTGP implementation, except for fuelwood collection,
which 50 % of households reported spending less time (Table 1).
The majority (�85 %) of households spent the same amount of time
raising pigs, goats, chickens and ducks, but one third of households
reported to have engaged less in cattle grazing (Table 1).

3.2. Resource use and wildlife diversity

We detected 19 species of wildlife over 16,579 trap nights at 68
of 71 plots, with the remaining three sites having zero detections
due to equipment loss or damage. Detected species included four
species of pheasants, six species of small, six species of medium,
and three species of large mammals (Appendix 1). Because
distinguishing between Indian muntjac (Muntiacus muntjak) and
Reeves's muntjac (Muntiacus reevesi) was difficult, we grouped
these two species as “muntjac”. Among 19 species, 10 species are
either protected under Law of the People’s Republic of China on the
Protection of Wildlife, or listed as Endangered, Vulnerable or
Nearly Threatened on the IUCN Red List of Threatened Species
(Version 2016-3). Camera station-specific estimates of species
richness ranged from 3 to 13 species (Appendix 3), with a mean of
eight species. Among forest types, mean species richness was
lower at bamboo (5 species SE [0.75]) and coniferous forest (5
species SE [0.55]), which were the dominant forest types at GTGP
forest (80 %, n = 16), and was highest in deciduous forest (10 species
SE [0.65], Fig. 2a), which was missing in GTGP forest.

The mean probability of occupancy across all species and
camera stations was 0.30 (SD 0.07, 95 % CI: 0.17�0.45), ranging
from 0.07 for Grey snub-nosed monkey and muntjac to 0.79 for
wild boar (Sus scrofa). The mean detection probability across all
species was 0.11 (SD 0.02, 95 % CI: 0.07�0.16), ranging from 0.01 for
Asian black bear to 0.37 for muntjac (Appendix 1). At community



Fig. 2. Mean estimated wildlife species richness among forest types: bamboo,
afforested conifer, evergreen broadleaf forest, mixed evergreen and deciduous
forest, and deciduous forest (a), in relation to detection rate of livestock (b),
detection rate of humans and dogs (c) in Fanjingshan National Nature Reserve,
China, 2015-2016.

Table 2
Mean and 95 % confidence interval estimates of the community-level and group-level 

detection (β) of 19 species of pheasants and mammals in Fanjingshan National Nature Re
(10–50 kg) and large (>50 kg) mammals. Bold text indicates the 95 % confidence interv

Variables Community Pheasant 

Bamboo (α1) �0.73 (�1.04, 0.20) �0.73 (�3.47, 1.3
Conifer (α2) �0.60 (�1.76, 0.48) �0.15 (�3.22, 2.
Mixed evergreen /deciduous (α3) 0.43 (�0.09, 0.95) 1.15 (0.32, 2.02)
Deciduous (α4) 0.99 (�0.09, 2.15) 3.89 (1.62, 7.44)
Presence of human and dogs (α5) �0.62 (�1.16, -0.12) �1.11 (�2.29, 0.1
Presence of livestock (α6) �0.19 (�0.84, 0.42) 0.31 (�1.33, 1.97
Distance to human disturbance (β1) 0.09 (�0.07, 0.27) 0.11 (�0.19, 0.44
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level, probability of occupancy was lower at bamboo and
coniferous forest comparing to at evergreen broadleaf forest, the
reference level (Table 2). Nine of the 19 species had higher
probability of occupancy in mixed evergreen and deciduous forest,
and fourteen species had greater probability of occupancy in
deciduous forest, comparing to that in evergreen broadleaf forest
(Appendix 1).

We found differences in the effect of resource use and other
socioeconomic activities on wildlife occupancy and richness.
Although occupancy did not vary significantly with presence of
cattle and goats on community level (Fig. 2b), occupancy of Tibetan
macaque (Macaca thibetana) and the tufted deer (Elaphodus
cephalophus) was negatively related to livestock presence (i.e. 95
% CI did not overlap zero) (Appendix 1). In contrast, presence of
humans and dogs was negatively correlated with occupancy across
the wildlife community (Fig. 2c), especially for Golden pheasant
(Chrysolophus pictus) and Temminck's tragopan (Tragopan tem-
minckii). For the 19 subsampled plots with resource collection data,
detection rate of humans and dogs was positively related to the
intensity of resource collection (r = 0.52, p = 0.024, Fig. 3a). We also
found that the intensity of resource collection was negatively
correlated with wildlife species richness (r =-0.67, p < 0.001,
Fig. 3b). As expected, the precision of estimates was lower for
species with limited numbers of detections, leading to diffuse
posterior distributions for their estimates of covariate effects. The
Gelman–Rubin statistics indicated convergence for all parameters
(all value <1.1, with an average of 1.005).

3.3. Comparing resource use and wildlife diversity in GTGP and natural
forest

As expected, humans and dogs were more likely to be present at
GTGP plots than at natural forest plots (t66 = 3.07, p = 0.007, Fig. 4a).
Detection of cattle and goats was not significantly different
between GTGP plots and natural plots (t66 = 1.36, p = 0.19, Fig. 4a).
We recorded greater intensity of resource collection (i.e. number of
resource collection locations within 500 m of each camera) at
GTGP plots than natural forest (t17 = 3.83, p = 0.001, Fig. 4b).
Wildlife species richness was lower at GTGP forest across all four
species groups (t66 = 4.97, p < 0.001, Fig. 4c). Mean species richness
was 6 species (SE 0.55) at GTGP forest plots and was 9 species (SE
0.30) at natural forest plots. This relationship was consistent even
when we only included plots in the experimental zone (11 natural
forest plots and 12 GTGP forest plots, t21 = 2.76, p = 0.01), where
most GTGP forest in FNNR located.

4. Discussions

Although biodiversity related ecosystem services are not
typically the primary drivers of PES implementation, many PES
hyper-parameters hypothesized to influence the probability of occurrence (α) and
serve, China 2015-2016. Species groups included pheasants, small (<10 kg), medium
al does not overlap with zero.

Small mammal Medium mammal Large mammal

9) �1.00 (�3.34, 1.03) �1.11 (�3.31, 0.72) 1.73 (�3.83, 12.71)
72) �0.55 (�3.49, 2.48) �1.32 (�4.53, 1.07) 0.66 (�4.58, 8.32)

 �0.72 (�1.64, 0.12) 1.07 (0.31, 1.87) �0.38 (�2.04, 1.35)
 �0.11 (�2.25, 1.95) 0.77 (�1.11, 2.66) 4.03 (�2.38, 19.90)
2) �0.63 (�1.83, 0.50) �0.56 (�1.57, 0.36) �1.44 (�4.78, 1.71)
) �0.25 (�1.71, 1.18) �0.46 (�1.80, 0.87) 0.53 (�2.34, 3.98)
) 0.23 (�0.12, 0.58) �0.04 (�0.31, 0.29) 0.09 (�0.42, 0.53)



Fig. 3. Relationship between detection rate of humans and dogs and the intensity of resource collection (a), and relationship between mean estimated wildlife species
richness and the intensity of resource collection (b) in Fanjingshan National Nature Reserve, China, 2015-2016.
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programs, including GTGP, have identified supporting species
biodiversity as a secondary goal (Xu et al., 2006; Lewison et al.,
2017). Results of this study therefore help to address existing
knowledge gaps into the direct and indirect effects of GTGP, one of
the largest PES programs, on wildlife biodiversity-related ecosys-
tem services.

Without counterfactual study sites or a controlled before-after-
control-impact (BACI) design, directly measuring how GTGP,
specifically reported changes in resource use and collection since
GTGP implementation, has impacted wildlife is challenging. In the
study site, as in most PES locations worldwide, data does not exist
to allow for a controlled or counterfactual comparison between
conditions before and after relative to PES policies. In light of this
constraint, our aim was to use all existing data, in this case
household survey and wildlife presence and occupancy data, to
consider how GTGP may directly and indirectly effect wildlife
diversity in FNNR. Empirical and household data suggest that GTGP
has influenced resource source in FNNR, has likely had direct
positive effects on wildlife through afforestation related habitat
improvements, as well as indirect negative effects through
continued resource use.

4.1. Resource use and socioeconomic activity after GTGP
implementation

The results were consistent with changes in local human
communities observed in other nature reserves in China, such as
Wolong Nature Reserve (Chen et al., 2014; Yang et al., 2018). From
2000 to 2014, the number of new migrants (i.e., migrants who first
migrated out in a certain year) increased consistently every year
but one, and was positively correlated to the accumulated amount
of afforested land (Tsai et al., 2016; An et al., 2017). Research on PES
has commonly reported that GTGP implementation have reduced
demand for agriculture labor, and increased local laborers’



Fig. 4. Comparisons between Grain-to Green forests and natural forests: detection
rate of livestock and detection rate of humans and dogs (a), intensity of resource
collection (b), mean estimated wildlife species richness (c). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article).
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likelihood of outmigration to cities (e.g. Dai et al., 2009; Dao et al.,
2018).

The survey results suggested that the reported amount of forest
fuelwood extracted declined after GTGP initiation, a finding also
consistent with research from other areas in China where GTGP has
been implemented (Chen et al., 2014; Tuanmu et al., 2016). While
this decline may be influenced by a number of possible pathways
(e.g., outmigration of young people from the reserve, Yost et al.,
2020), that GTGP implementation contributed to the observed
reduction in fuelwood consumptions is likely. Although electricity
is a preferred alternative when family income permits (Xiang et al.,
2009), most FNNR households currently use electricity mainly for
lighting and some electronic appliances, but not for heating and
cooking (Wandersee et al., 2012). In FNNR, households with higher
fuelwood consumption tended to have lower awareness of human
impacts on environment (Wandersee et al., 2012), so the reduction
on fuelwood collection could reflect an increased awareness of
human impacts on forest resources, affordability of electricity or
outmigration related to GTGP program participation.

Despite reported changes in economic and resource use
activities after GTGP initiation, results from FNNR also suggested
that some types of resources use did not change after GTGP
implementation. These activities include the collection of timber
for construction, bamboo harvesting, and collection of edible
plants such as bamboo shoots, mushrooms, herbs, and other
plants. Furthermore, the data suggest that the intensity of resource
collection was higher in GTGP forest (Fig. 4b), likely because timber
and bamboo harvest are allowable at GTGP forest with permission,
and limited extraction of other forest resources, excluding
endangered or protected species, is not tightly regulated.

Similarly, these findings suggested that, although local people
have changed resource use patterns with the implementation of
GTGP, other resource uses that impact the forest, which include
non-cattle livestock grazing and collection of livestock forage
remained the same. In FNNR, most households own a small group
(<10) of livestock to provide meat and to generate a variable
amount of income. Goats, like cattle, are primarily free ranging and
graze on forest year-round and local households spend two to three
hours per day on average to collect plants in forest for pigs.
Although compared to farming, livestock grazing and rearing is on
a relatively small scale in FNNR, the dependence of livestock on
forest resources should not be overlooked.

The increased income and labor shifts might lead to positive
and negative effects on ecosystem services and more broadly for
wildlife conservation(Zhang et al., 2018a, 2018b). GTGP participa-
tion was a positive predictor of outmigration at FNNR (An et al.,
2020; Yost et al., 2020), which likely reduces the amount of some
resource use activities and the corresponding pressure on local
forest ecosystem. The GTGP-induced raise in income and the time
released from farming could, however, also lead to an increase in
forest resource collection, increased economic and tourism
development in FNNR (Aitken and An, 2012; Wandersee et al.,
2012), higher demand for handcrafts, edible plants, and timber for
building larger houses and infrastructure. All of these outcomes
can negatively impact the sustainability of forest resources.

4.2. The direct and indirect effects of resource use on wildlife diversity

The results suggested that GTGP has directly increased wildlife
habitat through afforestation of farmlands, i.e., forest cover in
FNNR has increased since GTGP implementation (Tsai et al., 2016).
It has also indirectly increased wildlife habitat by changing
patterns of local villagers’ forest resource use, like fuelwood
extraction and reductions in cattle grazing. The results also suggest
that reduced cattle grazing after GTGP implementation was
associated with a positive effect on wildlife occupancy, especially
for Tibetan macaque and the tufted deer (classified as Nearly
Threatened by IUCN).

Although evidence indicated that GTGP reduced some activities
related to resource use, household surveys also suggested that
other economic activities were persistent after implementation of
GTGP, particularly forest resource extraction and livestock grazing.
The results suggested that the degree of human disturbance at
GTGP forest was higher than in natural forest, which is likely, in
part, a function of proximity (i.e., GTGP parcels are often close to
human residences). While GTGP parcels reduce direct disturbance
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from humans in natural forests by attracting a large amount of
human subsistence related activities, this access to GTGP sites may
limit the positive impact of PES on wildlife diversity because of the
persistence of human and livestock activities.

These analyses suggested that wildlife species richness at GTGP
forests was lower than that in natural forests, likely due to both
human activities and differences in forest type between GTGP and
natural forests. Forest type, in terms of their ecological and
economic value for GTGP, has been identified as an important
variable that can directly influence the ecological outcomes from
PES programs (He and Lang, 2015). Despite the option to grow
ecologically important tree species on farmlands enrolled in GTGP,
most GTGP sites are planted with economically valuable tree
species such as Chinese red pine (Pinus massoniana), Chinese fir
(Cunninghamia lanceolata), and bamboo (Phyllostachys heterocycla
cv pubescens) (Chen et al., 2020). Therefore, 80 % of GTGP plots
were bamboo or coniferous forest, which tend to have lower
wildlife species richness (Fig. 3b).

Study results indicated that forest type alone does not explain
the lower wildlife species richness in GTGP sites. Resource
collection was positive associated with presence of humans and
dogs, and the probability of animal occurrence and wildlife species
richness were lower in the presence of humans and dogs, even
after accounting for effect of forest type (Fig. 4c). The finding that
cattle and goats, related to the lower occupancy of Tibetan
macaque and the tufted deer, concurs a study in South America
which found species richness of amphibians was low in areas of
cattle grazing after implementation of a PES program (Basham
et al., 2016). Given that cattle and goats were present at one third of
sampling plots, free ranging livestock may have a broad impact on
the wildlife community in FNNR and point to an important
consideration for PES programs.

5. Conclusion

In conclusion, study of the Grain-to-Green Program in
Fanjingshan National Nature Reserve in China produced answers
to the research questions, as follows:

(1) GTGP implementation was accompanied by a reported
reduction in farming, the amount of fuelwood extraction
and cattle grazing in forests, while other livestock use and
collection of timber wood, bamboo, and edible plants did not
decline after GTGP implementation.

(2) Presence of human and dogs that likely associated with
resource use had negative effects on wildlife occupancy and
richness. The intensity of resource collection was negatively
correlated with wildlife species richness. Presence of livestock
had negative effects on occupancy of specific species, like the
Tibetan macaque and the tufted deer.

(3) Humans and dogs were more likely to be present at GTGP forest
than at natural forest, as well as forest resource collection. The
lower wildlife species richness observed at GTGP forest
compared to natural forests was likely influenced by the level
of human disturbance.

(4) GTGP may directly increase wildlife habitat through afforesta-
tion of farmlands and indirectly by changing patterns of local
villagers’ forest resource use. Reduced farming, extraction of
fuelwood, and cattle grazing at PES forest may increase wildlife
diversity. However, the persistence of other economic activities
at PES forest like collection and use of forest resource, and
livestock raising including pigs and goats may limit the positive
impact of GTGP on wildlife diversity.

As local and regional governments in China have made concerted
efforts to balance protecting ecosystem services with resource use
and development, PES programs and concurrent shifts to tourism
and other economic activities such as dairy, cattle and deer farming
have offset displaced rural agriculture and timber industries (Liu
et al., 2008; Xu et al., 2006). The study provides additional evidence
that PES programs, like GTGP, affect biodiversity-related ecosystem
services directly and indirectly, including the habitats and species
richness of wildlife. Robust empirical evidence exists that FNNR has
experienced an increase in forest cover (Tsai et al., 2016) and
concurrent reported reductions in some types of resource use since
GTGP implementation. This may have resulted from the widely
implemented PES program, GTGP, but could also have been driven by
concurrent changes in livelihood strategies unrelated to GTGP.

The need for the multi-benefit approach of PES programs
continues to intensify as human populations and resource
limitation grow (Engel et al., 2008). For PES programs that also
support biodiversity conservation, a need further exists to improve
design, development and implementation of PES programs to
strike a better balance among human well-being, conservation,
and economic development (Engel et al., 2008). This balance
includes accounting for complex human preferences, responses
and social impacts of PES programs (Bowles and Polanía-Reyes,
2012; Rode et al., 2015). This study underscores the importance of a
greater understanding of the underlying drivers and pathways that
govern the complex linkages among cultural, socioeconomic,
demographic, and ecological factors of GTGP and PES programs
worldwide, in recognition of the full range of ecosystem services
needed to maintain viability human and natural systems.
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