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ABSTRACT

Background: Forest fragmentation, driven by natural and human activities, is
increasing. However, the impact of forest fragmentation on river water quality
remains ambiguous.

Methods: In this study, water quality data were collected from 15 monitoring sites in
the upper Ganjiang River basin in winter and summer, and the forest landscape
fragmentation metrics in the sub-basin was calculated to assess its seasonal impact on
river water quality.

Results: The results indicated that water quality in the area is generally satisfactory,
with total nitrogen (TN) as the main pollutant. Redundancy analysis (RDA) showed
that the explanation rate of the six forest landscape fragmentation metrics to the
water quality change in summer was 41.21%, and in winter, their explanation rate of
water quality change increased by 14.26%. Among them, the effective mesh size
(MESH) was negatively correlated with most river water quality indicators, with a
contribution rate of 20.9%. While the interspersion and juxtaposition index (IJI) was
positively correlated with most water quality indicators in winter, with a contribution
rate of 44.9%. It is worth noting that the thresholds for IJT and MESH of forest were
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multi-layered structure (tree layer, shrub layer, herb layer, moss lichen layer, and litter
layer) (Didszegi et al., 2023; Liu, Zhang ¢ Zhang, 2018). On the other hand, it can also trap,
absorb and store water. Some studies have shown that when the rainfall intensity is low, the
forest canopy can trap 15% to 40% of the precipitation (Yali, Xinyu & Zijie, 2024; Zhang
et al., 2022b; Zheng ¢ Jia, 2020). Therefore, the forest can purify the water quality through
these capabilities and prevent the water source from receiving pollution (such as heavy
metals, eutrophication) (Beaulieu, DelSontro ¢» Downing, 2019; Li et al., 2022; Wang et al.,
2024). However, the increasingly common fragmentation of forest landscapes driven by
urbanization, agricultural expansion and industrial development has severely challenged
the positive role of forests in water sources, resulting in deterioration of water quality and
ecological consequences detrimental to the healthy development of aquatic ecosystems.

Forest fragmentation is the process of dividing large contiguous forest areas into
smaller, isolated patches (Fischer et al., 2021; Liu et al., 2019; Ma et al., 2023). This
phenomenon not only changes the physical landscape, but also disrupts the ecological
processes that sustain terrestrial and aquatic systems (Fischer et al., 2021). The impact of
fragmentation is not limited to the loss of forest cover, it affects microclimatic conditions,
soil properties and hydrodynamics, and ultimately the water quality of rivers (Clément
et al., 2017). One of the main ways that forest fragmentation affects river water quality is by
altering hydrological processes (Qiu et al., 2023). Forested areas play a vital role in
regulating water flow, intercepting precipitation and facilitating soil infiltration. This
natural filtration process reduces surface runoff and allows the water to be gradually
released into the river, thereby maintaining flow and water temperature (Liu, Zhang &
Zhang, 2018; Vose, 2019). In contrast, fragmented landscapes often exhibit increased
impervious surfaces (such as roads and urban development projects) and bare land, which
accelerate runoff and can lead to flash floods (Sohn et al., 2020). This rapid runoff
transports sediment, nutrients and pollutants directly into the river, seriously affecting
water quality. Nutrient load is another major problem associated with forest
fragmentation. Forests naturally circulate nutrients to maintain balance and support
healthy aquatic ecosystems. However, this balance can be upset when areas of forest are cut
down or broken up (Wenhua, 2004). For example, increased agricultural activity is often
accompanied by deforestation, leading to increased application of fertilizers that may run
off into rivers during periods of rainfall (Brodie ¢» Mitchell, 2005; Neill et al., 2013). Studies
have shown that rivers adjacent to fragmented landscapes often experience elevated
concentrations of nitrogen and phosphorus, which can lead to eutrophication—a process
characterized by excessive nutrient enrichment that fuels algal blooms, depletes oxygen
levels, and adversely affects aquatic life (Chakraborty & Chakraborty, 2021). At present, it
is common to study the impact of landscape characteristics of various land use types on
river water quality (Qiu et al., 2023; Wu ¢ Lu, 2021; Xiao et al., 2016), but there are
relatively few studies on the impact of forest fragmentation on river water quality.

The upper Ganjiang River basin is a typical mountainous and hilly landform with a
forest coverage rate of more than 76%. On the one hand, due to agricultural reclamation
and urban expansion, on the other hand, this region has the reputation of “world tungsten
capital” and “rare earth kingdom”, but it has been affected by extensive mining activities in

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 2/20


http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

Peer/

the past, resulting in a large area of “gully” and “white desert” landform, among which the
surface landscape fragmentation is more serious. The most severely damaged ecosystems
are mainly forest lands (Yan et al., 2016). Long-term forest fragmentation will affect many
aspects including river water quality in this area, so it is necessary and urgent to discuss the
impact of forest fragmentation on water quality in the upper Ganjiang River basin. In this
context, we took the upper Ganjiang River basin in a typical hilly area as a research area,
analyzed the impact of forest landscape fragmentation on river water quality, and
determined the threshold of key forest landscape fragmentation indicators leading to
abrupt water quality. Our objectives were (1) to assess the health of river water quality;
(2) to determine the impact and independent contribution of forest landscape
fragmentation metrics on river water quality; (3) to find key thresholds for forest landscape
fragmentation metrics that cause sudden changes in water quality.

MATERIALS AND METHODS

Study area

The upper Ganjiang River basin is located between latitudes 24°29'N and 27°09'N, and
longitudes 113°54'E and 116°38'E (Fig. 1). This region is characterized by a surround
formed by the Wuyi, Yu, Zhuguang, Jiulian, and Dayu mountains, resulting in a terrain
that exhibits a notable elevation gradient, with higher altitudes predominating in the
southern section and lower elevations in the northern part. The landscape is
predominantly hilly and mountainous, encompassing approximately 83% of the entire
basin. The hydrological system within the basin is characterized by a convergence of water
flows, predominantly facilitated by the two major tributaries, the Zhangjiang and
Gongjiang Rivers. Upon merging, these tributaries contribute to the formation of the
Ganjiang River, which serves as a critical source of both production and domestic water for
the inhabitants of southern Jiangxi, particularly in Ganzhou City, Zhanggong District. The
basin is situated within a subtropical monsoon climate zone, exhibiting high temperatures
and significant rainfall during the summer months, contrasted by cooler temperatures and
lower precipitation levels in winter. The mean annual temperature is recorded at 19.8 °C,
while the average annual precipitation is approximately 1,318.9 mm.

Water quality data sources

Water quality data for the 15 monitoring sites (Figs. 1A and 1B) located in the upstream
region of the Ganjiang River were sourced from the National Surface Water Quality
Dissemination System (www.cnemc.cn/en/) for the periods of January 2021 and July 2021.
The study sites are located at the mouths of rivers and are representative of the state of
water quality in the sub-basins to which they belong. To ensure seasonal
representativeness, data collection involved the selection of four distinct days in both
January and July, with one day chosen per week, followed by averaging the values for each
water quality indicator (monitoring station water quality data displayed in Table S3). The
indicators assessed in this study encompass total phosphorus (TP, mg-L™"), total nitrogen
(TN, mg-L "), permanganate index (PI, mg-L™"), chemical oxygen demand (COD, mg-L™"),
five-day biochemical oxygen demand (BODs, mg-L™"), and ammoniacal nitrogen (NH;-N,
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Figure 1 Study area. (A) is the distribution of monitoring sites; (B) is the land use around the sites. DEM
data from geospatial data cloud (https://www.gscloud.cn); China administrative boundaries data from
Database of Global Administrative Areas (https://gadm.org/download_country.html).

Full-size K&l DOT: 10.7717/peerj.19435/fig-1
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mg-L™"). For comprehensive information regarding the detection methodologies
employed, please refer to the document titled “Water and Wastewater Monitoring and
Analysis Methods” (Committee, 2002). In addition, the water quality evaluation
methodology used in this study is described in the Appendix.

Forest fragmentation data sources

Data pertaining to the basin and river systems were derived from the Hydrosheds products
(https://www.hydrosheds.org/products), the 15 sub-basins were as shown in Fig. 2. The
analysis of forest fragmentation utilized land use data with a resolution of 30 m for the year
2021 (https://zenodo.org/records/12779975). All sub-basins are dominated by forest land
and cropland, and their forest cover has reached 69.34% to 92.58% (Table S4). Six
landscape metrics was selected, including patch density (PD) and mean patch area (MPA),
which represent the degree of landscape fragmentation and patch size, respectively; edge
density (ED) and interspersion juxtaposition index (IJI), which reflect patch boundary
characteristics and the relationships of spatial configuration; and the landscape division
index (DIVISION) and effective mesh size (MESH), which measure overall landscape
connectivity and fragmentation. These metrics allow for a more comprehensive
understanding of the degree of forest landscape fragmentation (Lin et al., 2024; Ma et al.,
2023; Pfeifer et al., 2017), which are described in detail as Table 1.

Statistical analysis

The Canadian Council of Ministers of the Environment Water Quality Index
(CCMEWAQI) was employed to assess the water quality in the upper reaches of the
Ganjiang River, in accordance with the Class III surface water quality standards of China
(where the safety thresholds are defined as PI < 6, COD < 20, BODs < 4, NH3-N < 1,
TP < 0.2, and TN < 1, the exceeding these thresholds indicates that the surface water is
unsuitable for drinking). Detailed calculation and evaluation methodologies are provided
in Part 1 of the Appendix. To ensure the rigor of our analysis, the normal distribution on
all datasets was tested and transformed the data that did not conform to the normal
distribution. Furthermore, t-tests were employed to examine significant differences in
water quality indicators across varying seasons. Redundancy analysis (RDA) as a
methodological tool for elucidating the complex relationship between landscape metrics
and water quality highlights its established efficacy within this domain of research
(Clément et al., 2017; Wu et al., 2024; Xiao et al., 2016). Prior to the RDA analysis, the
water quality indicators underwent Detrended Correspondence Analysis (DCA), revealing
that the lengths of all four axes were less than 3, thereby validating the applicability of RDA
to this dataset (Wu & Lu, 2021). RDA was analyzed with CANOCO 5.0 software
(Microcomputer Dynamics, Inc., Metairie, LA, USA). The nonparametric change-point
analysis (nCPA) was used to explore thresholds for landscape forest fragmentation metrics
that lead to abrupt water quality changes. Statistically significant (p < 0.05) change points
identified by the nCPA were determined by a permutation test (Bootstrap test method)
and 95% confidence intervals for the change points were estimated to indicate that abrupt
changes in nitrogen concentrations were associated with landscape fragmentation
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Figure 2 Monitoring sites and the sub-basins which they represent.
Full-size K] DOTI: 10.7717/peerj.19435/fig-2

thresholds rather than random fluctuations (detailed calculations were in Part 2 of the
Appendix). The above statistical analysis methods are all completed using R language,
except RDA.

RESULT

Information and evaluation of water quality in the upper Ganjiang River
basin
The basic information, spatial distribution characteristics and water quality evaluation of
the six water quality indicators in the upper Ganjiang River basin were shown in Table 2,
Figs. 3 and 4, respectively. It was found that there were significant differences in BODs and
TN concentrations between summer and winter, while no differences in PI, COD, NH;-N
and TP (Table 2). The spatial distribution of the water quality indicator showed that the
concentrations of PI, COD, BOD and TP at all stations were below the limits of China’s
Class III surface water quality standards in both winter and summer (green and blue
points, see Appendix for detailed description). Concentrations of NH;-N at the S2
monitoring site exceeded the limits of China’s Class III surface water quality standards
during the winter. For TN, the concentrations at S1 and S11 in summer also exceeded the
limits of China’s Class III surface water quality standards, and the exceedance was more
serious in winter, with some concentrations exceeded the limits of China’s Class III surface
water quality standards at some sites (S1, S2, S6, S9, and S11) (Fig. 3).

The evaluation of the Canadian Water Quality Index (CCWEWQI) found that the
water quality at most of the monitoring sites in the region was generally at good and
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Table 1 Basic description of the forest landscape metrics.

Fragmentation Abbreviation Unit Note Formular Definition

metrics

Landscape DIVISION Responds to the degree of nrai2 Where g; is area of the i-th

escape : _ oy DIVISION =15 (%) .
division index separation or disconnection = \A patch of the landscape; A is
between landscape patches total landscape area; n is total
and is primarily used to number of patches in the
assess the degree of landscape landscape.
fragmentation.

Landscape PD N/100 ha Number of patches (e.g., land D — N Where N is total number of
patch density use types or ecological units) A patches in the landscape; A is

per unit area. total landscape area.

Effective mesh MESH ha The connectivity between Z[ a2 Where g; is area of the i-th

MESH = &=L
size “gaps” in the landscape. patch of the landscape; A is
total landscape area; n is total
number of patches in the
landscape.

Interspersion IJ1 % The degree of contact YOS D [(ﬁk) In (%)] Where e is length of the edge
and (adjacency) and interlacing 7 — E E between patch type i and
Juxtaposition between patches. In(0.5 x m x (m—1)) patch type k; E is total length
index of all edges in the landscape;

m is total number of patch
types in the landscape.

Edge density ED m/ha The relationship between the E Where E total length of edge in

. ED =— .
length of the boundaries of all A the landscape; A is total
patches in the landscape and landscape area.
the total area of the
landscape.
Mean patch MPA ha The average size of all patches S ai Where g; is area of the i-th
MPA = ==
area in the landscape, reflecting n patch in the landscape; # is

the degree of landscape
fragmentation and patch size
distribution.

total number of patches in
the landscape.

Table 2 Descriptive statistics of water quality indicators in the upper Ganjiang River basin.

WQI Summer Winter Seasonal differences
Mean SD Mean SD

PI 2.11 0.53 1.85 0.89

COD 8.27 3.22 8.18 4.48

BODs 0.77 0.41 1.34 0.54

NH;-N 0.10 0.06 0.28 0.37

TP 0.05 0.03 0.05 0.03

TN 1.15 0.43 1.97 0.96

Notes:

SD, standard deviation.
Indicates significance at the 0.05 level.
** Indicates significance at the 0.01 level.
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Figure 3 Spatial distribution of water quality indicators in the upper Ganjiang River basin. The blue
and green dots represent the water quality parameter concentration is lower than the national water
quality standard of Class III, while the red dots represent the water quality parameter concentration
exceeds the water quality standard of Class III, and the brown dots represent the water quality parameter
concentration exceeds the water quality standard of Class V, which is inferior to Class V water quality.
Full-size k&l DOL: 10.7717/peerj.19435/fig-3
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Figure 4 Evaluation levels (A and B) of water quality at monitoring sites and their spatial
distribution (C and D). Full-size Kal DOI: 10.7717/peerj.19435/fig-4

excellent levels (Figs. 4A and 4B), while the water quality at the S4 sample site (located in
the urban area of Ganzhou City) was at fair level only in the winter (Fig. 4D).

Forest landscape fragmentation metrics

The basic information of forest landscape fragmentation metrics in the sub-basins
represented by 15 monitoring sites in the upper Ganjiang River basin was presented in
Table 3 and Fig. 5. The results indicated that the mean values of PD, ED, MPA, IJI,
DIVISION, and MESH for the forested landscapes in the 15 sub-basins were 1.27/100 ha,
31.67 m/ha, 85.17 ha, 21.90%, 0.46, and 241,077.01 ha. The maximum value of PD of the
forest occurred at S15 (2.27/100 ha) and minimum value at S4 (0.40/100 ha). The
maximum ED value was found at S13 (49.08 m/ha) and minimum value at S4

(15.51 m/ha). The maximum and minimum MPA values were found at S4 (233.06 ha) and
S15 (30.49 ha), respectively. The minimum value of IJT was found at S8 (7.57%) and the
maximum value was found at S11 (28.82%). The minimum value of DIVISION was found
at 54 (0.15) and the maximum value was found at S12 (0.82). Most of the monitoring sites
had MESH values below the mean, with a median of only 102,012.14 ha, and only five sites
had higher MESH values (S1, S2, S3, S5, S9).
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Table 3 Descriptive statistics of forest landscape fragmentation metrics in the upper Ganjiang River

basin.
Mean SD Median Min Max
PD 1.27 0.56 1.26 0.40 2.27
ED 31.67 8.71 31.15 15.51 49.08
MPA 85.17 59.08 64.65 30.49 233.06
IJI 21.90 5.63 22.50 7.57 28.82
DIVISION 0.46 0.21 0.46 0.15 0.82
MESH 241,077.01 274,842.20 102,012.14 24,064.56 869,923.11
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Figure 5 Forest fragmentation metrics in sub-basins represented by monitoring sites.
Full-size K&l DOI: 10.7717/peerj.19435/fig-5
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Relationship between forest landscape fragmentation metrics and
water quality

RDA was used to explore the effects of forest fragmentation metrics on overall water
quality indicators (Table 4 and Fig. 6). Six forest fragmentation metrics accounted for over
40% of the variance in overall water quality, demonstrating a more pronounced
explanatory capacity during the winter season (55.47%) compared to summer (41.21%)
(Table 4). This difference highlights the critical role of forest fragmentation in influencing
water quality in different seasons.

In summer, MPA and MESH of forest were negatively correlated with most of the river
water quality indexes, PD, ED and DIVISION were positively correlated with most of the
river water quality indicators, while IJI was only positively correlated with TP, PI and
BODS5, and negatively correlated with TN, NH3 and COD. MESH contributed the most
(20.9%), followed by DIVISION (20.4%) and IJI the least (6.9%). In winter, IJI, ED, PD and
DIVISION were positively correlated with most water quality indicators, while similar to
summer, MESH and MPA were negatively correlated with most water quality indicators.
IJT had the highest contribution (44.9%) and the lowest contributing fragmentation metrics
was MPA (3.9%) (Fig. 7).

Abrupt change

River water quality was found to be primarily influenced by TN concentrations in previous
water quality assessments (Fig. 3). Therefore, nCPA analyzed the thresholds at which
forest landscape fragmentation metrics lead to abrupt changes in TN concentrations
(Fig. 8). It was found that the values of PD, ED, IJI, DIVISION and MESH were consistent
in winter and summer when the probability of abrupt change in TN concentration reached
100%, that is to say they were higher than 1.83/100 ha, 39.4 m/ha, 28.1%, 0.77 and 7.89¢
+0.5 ha, respectively. However, there was a difference in the thresholds at which MPA led
to abrupt changes in TN concentration in winter and summer, with winter (>143.8) the
threshold was higher than in summer (>128.9).

DISCUSSION

Water quality assessment analysis in the upper Ganjiang River basin
The quality of river water is closely related to the health of the people in the basin and the
sustainable development of production and life (Ibdriez ¢ Periuelas, 2019; Ma et al., 2020;
Pfeifer et al., 2017). The CCWEWQI evaluation method was utilized to analyze the overall
status of water quality at various monitoring sites (Fig. 4). The results found that the river
water quality in the upper Ganjiang River Basin was generally at a good level (most of the
monitoring sites had good and excellent water quality), which is similar to the results of
previous studies (Chen et al., 2021; Peng, Mingdong & Shaonan, 2023; Song et al., 2024).
However, the water quality at monitoring site S6 was assessed as fair in winter, which may
be due to the fact that this monitoring site is located in the suburban area of Ganzhou City.
On the one hand, there are frequent agricultural activities in the suburban area, and the
excessive use of chemical fertilizers and pesticides can lead to the entry of these chemicals
into the water body through surface runoff or groundwater infiltration, resulting in
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Table 4 Results of the forest landscape fragmentation metrics for explaining water quality.

Season Statistic Axis 1 Axis 2 Axis 3 Axis 4
Summer Eigenvalues 0.23 0.09 0.07 0.03
Explained variation 23.15 31.65 38.23 41.21
Pseudo-canonical correlation 0.61 0.78 0.69 0.59
Winter Eigenvalues 0.37 0.11 0.05 0.02
Explained variation 37.36 47.9 53.2 55.47
Pseudo-canonical correlation 0.82 0.76 0.72 0.55
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Figure 6 Relationship between forest landscape fragmentation metrics and water quality indicators
in the upper Ganjiang River basin. Full-size k4] DOT: 10.7717/peerj.19435/fig-6

eutrophication and other pollution problems; on the other hand, with the expansion of the
city and the increase of population in the suburban area, the discharge of domestic
wastewater also increases. If sewage treatment facilities are inadequate or have insufficient
capacity, the direct discharge of domestic sewage into water bodies can lead to water
quality pollution. For individual water quality indicators, the concentrations of PI, COD
and BOD:s in the river of the upper Gangjiang River basin were all within safe limits (not
exceeding the Class III water quality standard) (Fig. 3). The concentrations of these three
indicators can directly or indirectly represent the concentration of organic matter in the
river, and the lower their concentrations, the lower the content of organic matter in the
river. Generally speaking, the sources of organic matter in rivers include three main
aspects, which are domestic sources (e.g., detergents), agricultural sources (e.g., fertilizers,
pesticides, agricultural fertilizers), and industrial sources (e.g., paper, tanneries,
petrochemicals) (Aguilar-Torrejon et al., 2023; Singh, Singh ¢ Singh, 2021). The low river
organic matter in this watershed may be due to the low organic matter content of the red
soil, which does not allow for the input of excess organic matter into the river, in addition
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to the small area of cultivated land and the low input of organic matter from agricultural
sources. Nitrogen and phosphorus are important indicators of eutrophication in water
bodies (Akinnawo, 2023). The concentrations of TP were low at the monitoring points in
this study, again less than the Class III water quality standard. However, high nitrogen
concentrations are common for the region, especially in winter, for example, all five
monitoring points (S1, S2, S6, S9, and S11) exceeded the Class V water quality standard, of
which three monitoring points (S1, S2, and S6) were mainly located within the urban area
of Ganzhou City, and thus focused on the TN (production and domestic sources) inflow
around the monitoring points, in addition to receiving the TN inflow from the upper
Ganjiang River basin. This suggested that TN was a key factor affecting river water quality
in this study area, and for this reason, we specifically focused on TN as a research object to
analyze the thresholds for abrupt changes in TN concentrations due to forest landscape
fragmentation.

Impacts of forest landscape fragmentation metrics on water quality
Generally, forests play a highly positive role in purifying river water quality. Both trees and
shrubs can significantly contribute to the interception of runoff pollutants, and they can
also absorb contaminants, including nutrients, through their root systems (Ellison et al.,
2017; Qiu et al., 2023). However, with the increasing intensity of human activities, forests
are gradually becoming fragmented (Fischer et al., 2021; Liu et al., 2019). Research
indicated that the fragmentation of forests in most temperate and subtropical regions—
primarily in northern Eurasia and South China—has declined between 2000 and 2020
(Ma et al., 2023). The fragmentation of forest landscapes (e.g., ED, PD) has been widely
recognized as a contributing factor to the deterioration of river water quality (Clément
et al., 2017; Qiu et al., 2023). Therefore, this study delves into the impact of forest landscape
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fragmentation on the water quality of the upper Ganjiang River basin, which is
characterized by high forest cover (>76%), during both winter and summer seasons.

Research indicated that six forest landscape fragmentation metrics can explain 41.21%
of the variability in river water quality during the summer; however, the explanatory power
increases by 14.26% for winter water quality changes (Table 4). This difference is primarily
attributed to local climate and topography. The upper Ganjiang River basin is
characterized by a subtropical monsoon climate, with high temperatures, abundant
rainfall, and frequent storms during the summer (He ¢ Liu, 2016). In a fragmented forest
landscape, the interception capacity of the forest is significantly reduced, and the steep hilly
terrain may exacerbate the entry of surface pollutants into the river. Conversely, during the
winter, precipitation is lower, and the surface runoff’s erosion capacity is far less than in
summer (Liu, Zhang & Zhang, 2018; Sun et al., 2024).
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In this study, MESH was negatively correlated with most river water quality indicators,
and its contribution is 20.9% in summer and 16.6% in winter (Figs. 6 and 7). The MESH
reflected the size of the area of unblocked patch types in the landscape. The larger the
MESH value, the more connected the patch, the lower the degree of fragmentation, and the
better the ecological connectivity (Fischer et al., 2021; Lin et al., 2024). It is shown that the
increase of forest MESH value is beneficial to river water quality in the upper reaches of
Ganjiang River basin, which is rarely found in related studies. The difference in the MESH
value between winter and summer may be due to the size of the canopy. In summer, the
forest is rich in foliage, and the canopy of trees is higher than that of winter (Primicia et al.,
2013). IJI was only positively correlated with TP, PI and BOD5 in summer water quality
indicators (the contribution rate was 6.9%), while it was positively correlated with most
river water quality indicators in winter (the contribution rate was as high as 44.9%) (Figs. 6
and 7), indicating that IJI had a higher impact on winter water quality. Generally speaking,
the higher the IJI value of the forest, the higher the degree of interleaving between the land
use types in space, and the forest is disturbed by other land use, and the boundary is more
complex (Wu ¢ Lu, 2021). Different from this study, Wu & Lu (2021) showed that IJI of
riparian buffer forest was negatively correlated with water quality indicators in dry season,
which may be related to the difference of water quality parameters and research scale. In
the two seasons, PD, ED and DIVISION were positively correlated with most of the water
quality indicators, indicating that the higher their value, the greater the adverse impact on
river water quality (Figs. 6 and 7). This result was also reflected in previous studies
(Clément et al., 2017; Shehab et al., 2021; Zhang et al., 2022a). In general, forest
fragmentation has a profound impact on the water quality of rivers in the region, and it is
extremely important to strengthen the management of forests to avoid excessive
disturbance.

Abrupt change analysis and management recommendations

Abrupt change analysis was conducted to investigate the key thresholds of six forest
landscape fragmentation metrics that led to abrupt changes in TN concentrations of the
upper Ganjiang River basin. It was found that the thresholds of five forest landscape
fragmentation metrics, namely PD, ED, IJI, DIVISION and MESH, leading to abrupt
changes in TN concentration in both seasons (winter and summer) were consistent, which
indicated that there was no obvious seasonality in the thresholds of these variables
affecting TN abrupt changes (Fig. 8). In this study, MESH and DIVISION of forests were
the top contributors to the summer water quality change with 20.9% and 20.4%,
respectively, but their impacts on water quality were completely opposite, and an increase
in the value of MESH favored an increase in the river water quality, while an increase in the
value of DIVISION led to a deterioration in the river water quality. Therefore, based on the
thresholds for the mutation analysis, it is recommended that in the Upper Ganga River
basin forest should exceed 7.89e+0.5 ha for MESH and on the contrary, the value of
DIVISION should be controlled within 0.77. In winter, the IJI contribution of forests
amounted to 44.9%, which had a much greater impact than the other five forest
fragmentation metrics, and since it was positively correlated with most of the water quality
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indicators, it is necessary to recommend that the IJI value of forests in the upper Ganjiang
River basin must be less than 28.1%. Given that the thresholds for MESH, DIVISION and
IJT have no seasonal effect, the thresholds are applicable in both winter and summer.
Although nonparametric change point analysis (nCPA) identifies fixed thresholds for
landscape fragmentation metrics, it was recognized that these thresholds may oversimplify
the reality of changes in water quality. Changes in water quality are often influenced by a
combination of factors, including climatic conditions, land use types, and human activities.
Therefore, fixed thresholds should be viewed as an initial reference rather than an absolute
standard of judgment.

CONCLUSIONS

The effects of forest landscape fragmentation metrics on river water quality were
pronounced and seasonal. The cumulative explanatory ability of the forest landscape
fragmentation metrics on water quality was better in winter than in summer. In the upper
Ganjiang River basin, MESH and IJI are the most important forest fragmentation metrics
affecting water quality in summer and winter, respectively. River water quality will be
further improved when MESH >7.89e+0.5 ha in summer and IJI was <28.1% in winter. it is
necessary to analyze the effects of forest landscape fragmentation on river water quality to
identify its key influences. We concluded that when management or planning with the goal
of improving river water quality is undertaken, it can be more effective in protecting river
water quality by adequately incorporating abrupt change points in key forest landscape
fragmentation metrics in the region.

ACKNOWLEDGEMENTS

The authors would like to thank anonymous reviewers for their valuable contributions.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by Scientific Research Program for High-level Talents of Gannan
Medical University (No. QD202422), the Science and Technology Research Project of the
Jiangxi Provincial Department of Education (No. GJJ2401307), the Talent Development
Program for Young Scientific and Technological Professionals in the Early Career Stage in
Jiangxi Province, and Research and Innovation Project for Postgraduate in Hunan
Province (No. CX20220720). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Scientific Research Program for High-level Talents of Gannan Medical University:
QD202422.

Science and Technology Research Project of the Jiangxi Provincial Department of
Education: GJJ2401307.

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 16/20


http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

Peer/

Talent Development Program for Young Scientific and Technological Professionals in the
Early Career Stage in Jiangxi Province.
Research and Innovation Project for Postgraduate in Hunan Province: CX20220720.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

» Biao Li conceived and designed the experiments, analyzed the data, prepared figures and/
or tables, and approved the final draft.

» Xiaolei Huang conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

* Qiang Zhong conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.

» Xiuxiu Wu analyzed the data, prepared figures and/or tables, authored or reviewed drafts
of the article, project support, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.19435#supplemental-information.

REFERENCES

Aguilar-Torrejon JA, Balderas-Hernandez P, Roa-Morales G, Barrera-Diaz CE, Rodriguez-
Torres I, Torres-Blancas T. 2023. Relationship, importance, and development of analytical
techniques: COD, BOD, and, TOC in water—an overview through time. SN Applied Sciences
5(4):118 DOI 10.1007/s42452-023-05318-7.

Akinnawo SO. 2023. Eutrophication: causes, consequences, physical, chemical and biological
techniques for mitigation strategies. Environmental Challenges 12(101115):100733
DOI 10.1016/j.envc.2023.100733.

Beaulieu JJ, DelSontro T, Downing JA. 2019. Eutrophication will increase methane emissions
from lakes and impoundments during the 21st century. Nature Communications 10(1):1375
DOI 10.1038/s41467-019-09100-5.

Brodie JE, Mitchell AW. 2005. Nutrients in Australian tropical rivers: changes with agricultural
development and implications for receiving environments. Marine and Freshwater Research
56(3):279-302 DOI 10.1071/MF04081.

Chakraborty SK, Chakraborty SK. 2021. River pollution and perturbation: perspectives and
processes. Cham: Springer.

Chen Y, Wang Y, Chia B, Wang D. 2021. Upstream-downstream water quality comparisons of
restored channelized streams. Ecological Engineering 170(5):106367
DOI 10.1016/j.ecoleng.2021.106367.

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 17/20


http://dx.doi.org/10.7717/peerj.19435#supplemental-information
http://dx.doi.org/10.7717/peerj.19435#supplemental-information
http://dx.doi.org/10.7717/peerj.19435#supplemental-information
http://dx.doi.org/10.1007/s42452-023-05318-7
http://dx.doi.org/10.1016/j.envc.2023.100733
http://dx.doi.org/10.1038/s41467-019-09100-5
http://dx.doi.org/10.1071/MF04081
http://dx.doi.org/10.1016/j.ecoleng.2021.106367
http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

Peer/

Clément F, Ruiz J, Rodriguez MA, Blais D, Campeau S. 2017. Landscape diversity and forest edge
density regulate stream water quality in agricultural catchments. Ecological Indicators
72:627-639 DOI 10.1016/j.ecolind.2016.09.001.

Committee. 2002. Water and wastewater monitoring and analysis methods. Beijing: China
Environmental Publishing Group.

Diészegi G, Immitzer M, Miiller MM, Vacik H. 2023. Effects of interaction between forest
structure and precipitation event characteristics on fuel moisture conditions. Agricultural and
Forest Meteorology 342:109681 DOI 10.1016/j.agrformet.2023.109681.

Ellison D, Morris CE, Locatelli B, Sheil D, Cohen ], Murdiyarso D, Gutierrez V, Mv N,
Creed IF, Pokorny J, Gaveau D, Spracklen DV, Tobella AB, Ilstedt U, Teuling AJ,
Gebrehiwot SG, Sands DC, Muys B, Verbist B, Springgay E, Sugandi Y, Sullivan CA. 2017.
Trees, forests and water: cool insights for a hot world. Global Environmental Change
43(190):51-61 DOI 10.1016/j.gloenvcha.2017.01.002.

Fischer R, Taubert F, Miiller MS, Groeneveld J, Lehmann S, Wiegand T, Huth A. 2021.
Accelerated forest fragmentation leads to critical increase in tropical forest edge area. Science
Advances 7(37):eabg7012 DOI 10.1126/sciadv.abg7012.

He J, Liu B. 2016. The East Asian subtropical summer monsoon: recent progress. Journal of
Meteorological Research 30(2):135-155 DOI 10.1007/s13351-016-5222-z.

Ibaiiez C, Peiiuelas J. 2019. Changing nutrients, changing rivers. Science 365(6454):637-638
DOI 10.1126/science.aay2723.

Li P, Li X, Bai J, Meng Y, Diao X, Pan K, Zhu X, Lin G. 2022. Effects of land use on the heavy
metal pollution in mangrove sediments: study on a whole island scale in Hainan, China. Science
of the Total Environment 824:153856 DOI 10.1016/j.scitotenv.2022.153856.

Lin X, Zhen S, Zhao Q, Hu X. 2024. A new paradigm for assessing detailed dynamics of forest
landscape fragmentation. Forests 15(7):1212 DOI 10.3390/f15071212.

Liu J, Coomes DA, Gibson L, Hu G, Liu J, Luo Y, Wu C, Yu M. 2019. Forest fragmentation in
China and its effect on biodiversity. Biological Reviews 94(5):1636-1657 DOI 10.1111/brv.12519.

Liu J, Zhang Z, Zhang M. 2018. Impacts of forest structure on precipitation interception and
run-off generation in a semiarid region in northern China. Hydrological Processes
32(15):2362-2376 DOI 10.1002/hyp.13156.

Ma J, Li J, Wu W, Liu J. 2023. Global forest fragmentation change from 2000 to 2020. Nature
Communications 14(1):3752 DOI 10.1038/s41467-023-39221-x.

Ma T, Zhao N, Ni Y, Yi J, Wilson JP, He L, Du Y, Pei T, Zhou C, Song C, Cheng W. 2020.
China’s improving inland surface water quality since 2003. Science Advances 6(1):eaau3798
DOI 10.1126/sciadv.aau3798.

Neill C, Coe MT, Riskin SH, Krusche AV, Elsenbeer H, Macedo MN, McHorney R, Lefebvre P,
Davidson EA, Scheffler R. 2013. Watershed responses to Amazon soya bean cropland
expansion and intensification. Philosophical Transactions of the Royal Society B: Biological
Sciences 368(1619):20120425 DOI 10.1098/rstb.2012.0425.

Peng C, Mingdong S, Shaonan H. 2023. Water quality assessment of upstream rivers of guanting
reservoir based on the simplest water quality index. Ecology and Environment 32:372-380
DOI 10.16258/j.cnki.1674-5906.2023.02.017.

Pfeifer M, Lefebvre V, Peres CA, Banks-Leite C, Wearn OR, Marsh CJ, Butchart SHM, Arroyo-
Rodriguez V, Barlow J, Cerezo A, Cisneros L, D’Cruze N, Faria D, Hadley A, Harris SM,
Klingbeil BT, Kormann U, Lens L, Medina-Rangel GF, Morante-Filho JC, Olivier P,
Peters SL, Pidgeon A, Ribeiro DB, Scherber C, Schneider-Maunoury L, Struebig M,

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 18/20


http://dx.doi.org/10.1016/j.ecolind.2016.09.001
http://dx.doi.org/10.1016/j.agrformet.2023.109681
http://dx.doi.org/10.1016/j.gloenvcha.2017.01.002
http://dx.doi.org/10.1126/sciadv.abg7012
http://dx.doi.org/10.1007/s13351-016-5222-z
http://dx.doi.org/10.1126/science.aay2723
http://dx.doi.org/10.1016/j.scitotenv.2022.153856
http://dx.doi.org/10.3390/f15071212
http://dx.doi.org/10.1111/brv.12519
http://dx.doi.org/10.1002/hyp.13156
http://dx.doi.org/10.1038/s41467-023-39221-x
http://dx.doi.org/10.1126/sciadv.aau3798
http://dx.doi.org/10.1098/rstb.2012.0425
http://dx.doi.org/10.16258/j.cnki.1674-5906.2023.02.017
http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

Peer/

Urbina-Cardona N, Watling JI, Willig MR, Wood EM, Ewers RM. 2017. Creation of forest
edges has a global impact on forest vertebrates. Nature 551(7679):187-191
DOI 10.1038/nature24457.

Primicia I, Camarero JJ, Imbert JB, Castillo FJ. 2013. Effects of thinning and canopy type on
growth dynamics of Pinus sylvestris: inter-annual variations and intra-annual interactions with
microclimate. European Journal of Forest Research 132(1):121-135
DOI 10.1007/s10342-012-0662-1.

Qiu M, Wei X, Hou Y, Spencer SA, Hui J. 2023. Forest cover, landscape patterns, and water
quality: a meta-analysis. Landscape Ecology 38(4):877-901 DOI 10.1007/s10980-023-01593-2.

Shehab ZN, Jamil NR, Aris AZ, Shafie NS. 2021. Spatial variation impact of landscape patterns
and land use on water quality across an urbanized watershed in Bentong, Malaysia. Ecological
Indicators 122(3-4):107254 DOI 10.1016/j.ecolind.2020.107254.

Singh S, Singh J, Singh H. 2021. Chapter 3—Chemical oxygen demand and biochemical oxygen
demand. In: Inamuddin BR, Asiri AM, eds. Green Sustainable Process for Chemical and
Environmental Engineering and Science. Amsterdam: Elsevier, 69-83.

Sohn W, Kim J-H, Li M-H, Brown RD, Jaber FH. 2020. How does increasing impervious surfaces
affect urban flooding in response to climate variability? Ecological Indicators 118(2):106774
DOI 10.1016/j.ecolind.2020.106774.

Song T, Tu W, Su M, Song H, Chen S, Yang Y, Fan M, Luo X, Li S, Guo J. 2024. Water quality
assessment and its pollution source analysis from spatial and temporal perspectives in small
watershed of Sichuan Province, China. Environmental Monitoring and Assessment 196(9):856
DOI 10.1007/s10661-024-13017-y.

Sun G, Tiwari KR, Hao L, Amatya D, Liu N, Song C. 2024. Chapter 6—Climate change and forest
hydrology in future forests. In: McNulty SG, ed. Future Forests. Amsterdam: Elsevier, 95-124.

Vose JM. 2019. Forest and water in the 21st century: a global perspective. Journal of Forestry
117(1):80-85 DOI 10.1093/jofore/fvy054.

Wang M, Chen Q, Cui J, Yu Z, Wang W, Sun Z, Chen Q. 2024. Distribution, ecological risk, and
sediment-influencing mechanisms of heavy metals in surface sediments along the intertidal
gradient in typical mangroves in Hainan, China. Marine Pollution Bulletin 206(4):116677
DOI 10.1016/j.marpolbul.2024.116677.

Wenhua L. 2004. Degradation and restoration of forest ecosystems in China. Forest Ecology and
Management 201(1):33-41 DOI 10.1016/j.foreco.2004.06.010.

Wu C, Gao P, Xu R, Mu X, Sun W. 2024. Influence of landscape pattern changes on water
conservation capacity: a case study in an arid/semiarid region of China. Ecological Indicators
163(2):112082 DOI 10.1016/j.ecolind.2024.112082.

Wu J, Lu J. 2021. Spatial scale effects of landscape metrics on stream water quality and their
seasonal changes. Water Research 191(12):116811 DOI 10.1016/j.watres.2021.116811.

Xiao R, Wang G, Zhang Q, Zhang Z. 2016. Multi-scale analysis of relationship between landscape
pattern and urban river water quality in different seasons. Scientific Reports 6(1):25250
DOI 10.1038/srep25250.

Yali D, Xinyu Z, Zijie C. 2024. Canopy rainfall imereeplion characlerisies of fonest ecosyslems in
China. Aeta Ecologica Sinica 44(3-4):2981-2992 DOI 10.1016/j.catena.2022.106223.

Yan P, Guojin H, Zhaoming Z, Wei J, Zhiyun O, Guizhou W. 2016. Eco-environmental dynamic
monitoring and assessment of rare earth mining area in Southern Ganzhou using remote
sensing. Acta Ecologica Sinica 36(6):1676-1685 DOI 10.5846/stxb201408181632.

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 19/20


http://dx.doi.org/10.1038/nature24457
http://dx.doi.org/10.1007/s10342-012-0662-1
http://dx.doi.org/10.1007/s10980-023-01593-2
http://dx.doi.org/10.1016/j.ecolind.2020.107254
http://dx.doi.org/10.1016/j.ecolind.2020.106774
http://dx.doi.org/10.1007/s10661-024-13017-y
http://dx.doi.org/10.1093/jofore/fvy054
http://dx.doi.org/10.1016/j.marpolbul.2024.116677
http://dx.doi.org/10.1016/j.foreco.2004.06.010
http://dx.doi.org/10.1016/j.ecolind.2024.112082
http://dx.doi.org/10.1016/j.watres.2021.116811
http://dx.doi.org/10.1038/srep25250
http://dx.doi.org/10.1016/j.catena.2022.106223
http://dx.doi.org/10.5846/stxb201408181632
http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

Peer/

Zhang F, Chen Y, Wang W, Jim CY, Zhang Z, Tan ML, Liu C, Chan NW, Wang D, Wang Z,
Rahman HA. 2022a. Impact of land-use/land-cover and landscape pattern on seasonal
in-stream water quality in small watersheds. Journal of Cleaner Production 357(3):131907
DOI 10.1016/j.jclepro.2022.131907.

Zhang Q, Lv X, Yu X, Ni Y, Ma L, Liu Z. 2022b. Species and spatial differences in vegetation
rainfall interception capacity: a synthesis and meta-analysis in China. CATENA
213(3-4):106223 DOI 10.1016/j.catena.2022.106223.

Zheng C, Jia L. 2020. Global canopy rainfall interception loss derived from satellite earth
observations. Ecohydrology 13(2):e2186 DOI 10.1002/ec0.2186.

Li et al. (2025), Peerd, DOI 10.7717/peerj.19435 20/20


http://dx.doi.org/10.1016/j.jclepro.2022.131907
http://dx.doi.org/10.1016/j.catena.2022.106223
http://dx.doi.org/10.1002/eco.2186
http://dx.doi.org/10.7717/peerj.19435
https://peerj.com/

	Impact of forest fragmentation on river water quality: an example from a typical subtropical hilly basin
	Introduction
	Materials and Methods
	Result
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


