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Abstract: Riparian vegetation is crucial for maintaining terrestrial and aquatic biodiversity, but it is
threatened by land-use activities. To assess the ecological impacts of riparian vegetation conversion to
an oil tea (Camellia oleifera) plantation, we quantified the responses of small mammals in two natural
habitats (mature forest and flood-meadow) and in Camellia forests at the community, population, and
individual level. We found that the community diversity was similar between Camellia forests and
mature forests, but higher than the flood-meadow. Meanwhile, the community composition differed
across three habitats, with Camellia forests favoring habitat generalist species. At the population
level, Camellia forests and flood-meadow had a similar population density, which were higher than
mature forests. At the individual level, Rattus nitidus was less sensitive to this conversion, but the
body condition index of Niviventer confucianus was higher in Camellia forests than in mature forests,
and Apodemus agrarius in Camellia forests had more ectoparasite load than in the flood-meadow,
indicating a species-specific response to the impacts of oil tea plantation. Our study highlights
that the occurrence of habitat generalist species and high ectoparasite loads may threaten regional
biodiversity and increase the risk of parasite transmission with enlarging the oil tea plantation area
within riparian zones.

Keywords: Camellia oleifera; riparian areas; community composition; population dynamics; body
condition; ectoparasite

1. Introduction

The riparian area is an important transition zone between terrestrial and aquatic
ecosystems [1–3]. Riparian vegetation, a key component of the riparian ecosystem, plays
a significant role in filtering pollutants, sediments, and nutrients from runoff and groundwa-
ter, thereby regulating water quality and influencing the survival of aquatic organisms. [4].
Additionally, the plant composition and structure of the riparian area determine the dynam-
ics of terrestrial animals by offering diverse food and habitats [5]. Nevertheless, human
activities, such as land-use and land-cover change, have resulted in the replacement of
native plant species with economic plants including food, oil, fiber, and timber plants to
meet the rising demand of the increasing human population and economic growth [6–8].
This can lead to the loss of natural habitats and the collapse of riparian ecosystems [9–11].
For example, 88% of riparian forests have disappeared in Europe due to the conversion
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to agricultural land and changes in flow patterns, and up to 90% of North America flood-
plains are ecologically dysfunctional following human activities [12,13]. Thanks to the
establishment and monitoring of the vegetation of protected areas and the assessment of
biodiversity, it will hopefully be possible to preserve these environments [14]. In China,
seven national observation and research stations for water and wetland ecosystems have
been established with the specific purpose of conducting long-term monitoring of flora,
fauna, and environment factors [15].

Oil tea (Camellia oleifera) is a subtropical evergreen shrub or small tree that is native
to southern China, and is one of the world’s four famous woody oil plants, along with
olive, palm, and coconut. Its seeds can be pressed to yield tea oil (also known as oriental
olive oil), which is rich in unsaturated fatty acids, vitamin E, and phytochemicals, and
has been used for culinary, medicinal, and cosmetic purpose [16,17]. Because of its high
economic and commercial value, oil tea is extensively planted in the south region of the
Yangtze River in China. As of 2020, the planting area reached approximately 4.53 million
ha, and it is projected to extend to 6 million ha by 2025 [18,19]. This has resulted in
the local and landscape-level conversion of natural vegetation into managed economic
plantations. A meta-analysis of 125 works of literature found that a tea (Camellia sinensis)
monoculture plantation can cause a decline in biodiversity, while traditional rustic tea
agroecosystems have the potential to support a greater amount of wildlife [20]. Previous
studies have demonstrated that an oil tea plantation influences the community assembly of
soil microorganisms [21,22], while its impact on local fauna remains poorly understood. In
particular, seed-caching rodents have been identified as crucial contributors to the seed fate
of oil tea plants, playing a key role in shaping their regeneration process [17,23].

Small mammals, including rodents and shrews, play a critical role in riparian ecosys-
tems and can serve as important indicators of biodiversity. They act as both predators and
prey, regulating animal communities through top-down and bottom-up effects by consum-
ing invertebrates and serving as food for larger predators such as carnivores, snakes, and
raptors [24]. In addition, small mammals also impact plant regeneration by consuming
plants, dispersing seeds, and pollinating flowers [25,26]. Their burrows can also affect soil
processes such as aeration and organic turnover, which in turn influence the community
dynamics of soil organisms [27]. Therefore, monitoring and assessing small mammals
can provide valuable insights into the ecological process occurring in the riparian zones
and help to reveal the ecological consequences of enlarging oil tea plantations. In 2019,
a specific local standard for wetland monitoring in Anhui Province was developed to
establish a standardized monitoring protocol, which potentially enhances the protection of
wetland ecosystems [28].

To evaluate the ecological impact of converting native riparian vegetation to oil tea
plantations, we sampled small mammal assemblages in natural habitats, including a mature
forest and flood-meadow, and in a habitat planted with oil tea (hereafter Camellia forest) in
the Shengjin Lake National Nature Reserve, China. Our study assessed the effect of an oil
tea plantation on small mammals at three levels: (1) community level, evaluating diversity,
and composition; (2) population level, assessing density, and sex ratio; and (3) individual
level, examining body condition index, and ectoparasite load. As oil tea plantations are
a monoculture in our study area, we predict that the conversion of natural habitats to
Camellia forests could result in low community diversity and population density because
of the absence of habitat diversity and complexity [29], and poor body condition due to
ecosystems simplification and anthropic disturbance [24,30]. Our findings hold significant
implications for riparian vegetation restoration and management, given the critical role of
small mammals in ecosystems.

2. Materials and Methods
2.1. Study Area

The field experiment was conducted in Shengjin Lake National Nature Reserve, located
on the right bank of the lower Yangtze River in Chizhou City, Anhui Province, China
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(WGS84: 30◦15′–30◦30′ N, 116◦55′–117◦15′ E). The region experiences a humid subtropical
monsoon climate, characterized by four distinct seasons, including hot and rainy summers,
and cold and dry winters. The average annual temperature and precipitation is 16.1 ◦C
and 1600 mm, respectively. Shengjin Lake experiences a significant rise in water level
during the flood season, peaking at 12.5 m, typically occurring between May and August.
Conversely, during the dry season (November to the following April), the water level
drops to 8.9 m [31,32]. This natural fluctuation exposes large areas of fluctuating zones,
creating a crucial habitat for the survival of numerous endangered and endemic species
(e.g., Grus monachal and Aquila heliacal) [33]. The reserve spans an area of 33,340 ha and
is divided into three parts: a core area of 10,150 ha, a buffer area of 10,300 ha, and an
experimental area of 12,890 ha (Figure 1). It is inhabited by approximately 70,000 people,
with 20,000 residing in the buffer area and 50,000 in the experimental area. Local residents
rely on various activities for their livelihoods, including fishing, pen culture, woodland
exploitation, and agricultural practices. However, these activities have resulted in extensive
loss of natural habitats and the conversion of land for fish ponds, crop cultivation, and
commercial forestry within the buffer and experimental areas [34,35].
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Figure 1. Map of the Shengjin Lake National Nature Reserve illustrating the core, buffer, and
experimental area, as well as the sampling sites for small mammals in the Camellia forest, mature
forest, and flood-meadow.

2.2. Quantifying Habitat Characteristics

To evaluate the impact of an oil tea plantation on small mammals, we selected two dif-
ferent natural habitats, namely a mature forest and a flood-meadow, as comparisons to
the Camellia forest. The mature forest, dominated by Quercus spp., Cyclobalanopsis spp.,
and Lithocarpus spp., has a diverse understory structure. Local residents primarily rely
on aquatic resources in Shengjin Lake and rarely utilize the mature forest [35]. Affected
by seasonal fluctuations in water levels of Shengjin Lake, the flood-meadow emerges in
November and becomes submerged by June. It mainly comprises Carex spp., Polygonum
spp., and Phalaris spp., with C. brownie and C. argyi having a coverage rate over 85%. Carex
spp. exhibit two distinct growing seasons: the first occurs from late October to late January,
while the second spans from early February to mid-April. The peak seed production of
these plants occurs in May [36]. The Camellia forest is composed of oil tea trees planted
in 2006, with an average tree height of 2 m. Flowers begin to bloom in mid-October, and
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young fruits start to develop in March of the following year. In mid-May, tea fruits undergo
rapid growth and ultimately mature by late September. The fruits or seeds are hand-picked
by humans. However, some seeds are unintentionally dropped and fall to the ground,
becoming available as food source for animals until the following spring [17]. Oil tea
management involves various tasks such as soil loosening, branch pruning, fertilization,
pest control, and weeding. At our study site, soil loosening, fertilization, and pest control
were performed for seedlings, while branch pruning and weeding were carried out for
adult trees during March and April.

2.3. Sampling for Small Mammals

In May 2021, we conducted a small mammal survey using iron snap traps in the
mature forest, flood-meadow, and Camellia forest. We randomly selected five sites for each
habitat (Figure 1). At each site, we established two parallel lines spaced approximately
50 m apart. Along each line, we placed a total of 100 traps baited with peanuts, with
each trap spaced at intervals of 2–3 m. The traps were set at nightfall and collected the
following morning. Each site was surveyed four times during May, except for one site
in the flood-meadow, which was destroyed due to human activities. All of the captured
individuals were then given a unique number and placed into sealed bag before being
transported to the laboratory. Species identification was based on pelage (e.g., color,
texture, and length) and morphological characteristics (e.g., body size, tail, and foot length).
Gender identification was determined by examining their external genitalia or reproductive
glands [37]. In addition, we measured each individual’s body mass and length and counted
their ectoparasite loads.

2.4. Data Analysis

At the community level, we calculated four diversity indexes: Margalef’s richness
index, Shannon–Wiener diversity index, Pielou’s evenness index, and Simpson’s diversity
index for each sample site to reflect species richness, diversity, evenness, and dominance
of small mammals in the mature forest, flood-meadow, and Camellia forest. These four
metrics were achieved using abdiv package (margalef and pielou_e function) and vegan
(diversity function) package. Generalized linear models (GLMs) with a Gaussian distri-
bution were used to evaluate their variations across habitats. In addition, we applied
a multivariate generalized linear model (manyglm) with a Poisson error structure and 999
Monte-Carlo permutations to assess the variation in community composition across habi-
tats. The anova.manyglm function in the mvabund package was used to test for multivariate
significance with a log-likelihood ratio test statistic [24,38].

The effects of oil tea plantation at the population level were determined by two metrics:
population density and sex ratio. Population density was recorded as the total number
of captured individuals in each sample site. As the number of captures can be affected
by the number of effective traps, we fit the population density data using Poisson GLMs
with log-transformed number of traps as an offset [39]. For the analysis of the sex ratio
(i.e., ratio of males to all captured individuals), we first evaluated whether our observed
ratio deviated from the theoretical ratio of 0.5 using the Chi-square goodness of fit test.
Then, we compared the differences in sex ratios across habitats using GLMs with a Binomial
distribution [40].

At the individual level, we measured two metrics: body condition index, which
serves as a proxy for an animal’s ecological fitness [41], and ectoparasite load, which
can have negative effects on host health [42]. The body condition index was calculated
as C = (Q/L3) × 105, where C represents the body condition index, Q represents body
mass, and L represents body length [43]. In the analysis of the oil tea plantation impact
at the individual level, we only included species with more than 10 individuals in each
habitat to reduce the potential bias due to the small sample size. Furthermore, we included
the sex of each individual as an explanatory variable in the model due to the sexual
variations. The differences in body condition index across habitats were examined using
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GLMs with a Gaussian distribution. As the ectoparasite was found in 39.8% of individuals,
we first checked for zero-inflation using the vuong function in the pscl package and for
overdispersion using the qcc.overdispersion.test function in the qcc package. Because of the
overdispersion found, we used the negative binomial regression models (NB) to assess the
differences in ectoparasite load across habitats [39].

All of the statistical analyses were conducted using R version 4.1.3. GLMs and NB
were constructed using the stats and MASS package, respectively. The Anova function in
the car package was utilized to calculate the likelihood ratio χ2 test statistic and associated
model significance. Additionally, the glht function in the multcomp package was used to
perform Tukey HSD tests for post hoc pairwise comparisons.

3. Results
3.1. Community Diversity and Composition

A total of 235 small mammals belonging to seven species were trapped in 11,168
effective trap-nights (Table 1). The mean Margalef’s richness index, Shannon–Wiener
diversity index, Pielou’s evenness index, and Simpson’s index were 0.63, 0.64, 0.72, and
0.37, respectively. The Margalef’s richness index, Shannon–Wiener diversity index, and
Simpson’s index significantly differed across habitats (all χ2 > 8.337, p < 0.015), while
Pielou’s evenness index was similar (χ2 = 2.637, p = 0.268). Compared with the flood-
meadow, the oil tea plantation significantly increased 1.66, 1.50, and 1.40 times in Margalef’s
richness index, Shannon–Wiener diversity index, and Simpson’s index, respectively (Tukey
HSD test: all p < 0.013; Figure 2), while the Shannon–Wiener diversity index and Simpson’s
index in mature forest increased 1.03 and 1.12 times (Tukey HSD test: all p < 0.048; Figure 2).
No differences in diversity indexes were observed between the Camellia forest and the
mature forest (Tukey HSD test: all p > 0.532; Figure 2).
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Table 1. Abundance of small mammals captured from 11,168 effective trap-nights in the Camellia
forest, mature forest, and flood-meadow within riparian zones at Shengjin Lake.

Species Family Camellia Forest Mature Forest Flood-Meadow

Apodemus agrarius Muridae 15 2 65
Berylmys bowersi Muridae 2 2 0

Niviventer confucianus Muridae 64 35 1
Rattus nitidus Muridae 14 3 14

Leopoldamys edwardsi Muridae 1 13 0
Sciurotamias davidianus Sciuridae 0 0 1

Crocidura tanakae Soricidae 3 0 0
Total 99 55 81

The community composition of small mammals significantly differed among three
habitats (χ2 = 209.229, p = 0.001; anova.manyglm function in mvabund; Figure 3), with
clear impacts observed for Niviventer confucianus, Apodemus agrarius, Rattus nitidus, and
Leopoldamys edwardsi (all p < 0.014). In the Camellia forest, N. confucianus, A. agrarius, and
R. nitidus were the predominant species, accounting for 64.65%, 15.15%, and 14.14% of
all captured individuals, respectively. In the mature forest, N. confucianus and L. edwardsi
were the predominant species, accounting for 63.64% and 23.64%, respectively. In the
flood-meadow, the A. agrarius and R. nitidus were the predominant species, accounting for
80.25% and 17.28%, respectively (Table 1).
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3.2. Population Density and Sex Ratio

The mean population density of small mammals was 15.67, ranging from 11 in the ma-
ture forest to 19.8 in the Camellia forest. Significant differences were observed in population
density across habitats (χ2 = 15.638, p < 0.001). The higher population density was found
in the Camellia forest and flood-meadow compared with that in the mature forest (Tukey
HSD test: both p < 0.004; Figure 4), while no difference was observed between the Camelia
forest and the flood-meadow (Figure 4). The mean sex ratio of small mammals was 0.46,
0.40, and 0.62 in the Camellia forest, mature forest, and flood-meadow, and did not deviate
from the theoretical ratio of 0.5 (all χ2 < 0.891, p > 0.345). No significant differences in the
sex ratio were found across habitats (χ2 = 0.767, p = 0.682; Figure 4).
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3.3. Body Condition Index and Ectoparasite Load

For N. confucianus, A. agrarius, and R. nitidus, the mean body condition index was
3.85, 3.86, and 3.31, and the mean ectoparasite load was 1.06, 0.52, and 1.64, respectively.
The effect of the oil tea plantation on the body condition index (χ2 = 8.932, p = 0.011)
and ectoparasite load (χ2 = 5.639, p = 0.060) varied among the different species. For
N. confucianus, a higher body condition index was found in the Camellia forest compared
with the mature forest (χ2 = 5.722, p = 0.017, Figure 5a), while no differences in ectoparasite
load were observed between different habitats (χ2 = 0.463, p = 0.496, Figure 5d). For
A. agrarius, individuals from the Camellia forest had a higher ectoparasite load than that in
the flood-meadow (χ2 = 4.492, p = 0.034, Figure 5e), while the body condition index was
similar between different habitats (χ2 = 0.775, p = 0.379, Figure 5b). The body condition
index (χ2 = 0.058, p = 0.811, Figure 5c) and ectoparasite load (χ2 = 2.110, p = 0.146, Figure 5f)
of R. nitidus were not affected by the oil tea plantation. Significant sexual differences were
only found in body condition index for A. agrarius, with higher value for female individuals
(χ2 = 3.906, p = 0.048, Figure 5b).
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4. Discussion

Land use is regarded as one of the most important drivers of biodiversity loss [44,45].
In this study, we found that the conversion of riparian vegetation to an oil tea plantation
did not influence community diversity of small mammals. Instead, it resulted in changes
to the community composition and population density, as well as species-specific effects on
individual body condition and health.

According to the structural complexity hypothesis, increasing the structural complexity
of plantation forests can create habitat heterogeneity and thus support the occurrence of
more small mammal species [46,47]. However, this hypothesis was partly supported by
our study. Despite the low structural complexity of the oil tea monoculture plantation, it
did not lead to a reduction in community diversity, as evidenced by the similar species
richness, diversity, evenness, and dominance in the Camellia forest and the mature forest.
In our study area, the oil tea trees are pruned to a height of ca. 2 m for easy harvesting of
fruits. This results in extremely high shrub cover in the Camellia forest, which may provide
shelter for small mammals to avoid predation [48]. Additionally, Camellia seeds are one of
the main food resources for rodents [17], which attracts some species to enter the Camellia
forest. In contrast, community diversity in the flood-meadow is low, which may be due to
structural simplification. The lack of habitat heterogeneity in the flood-meadow may result
in the reduced occurrence of small mammal species and finally a decrease in community
diversity [46,47].

However, the community composition of small mammals varied across three habitats.
The mature forest was predominantly occupied by N. confucianus and L. edwardsi, with
N. confucianus being a habitat generalist found in various habitats such as forests, steppes,
and farms [49], while L. edwardsi is a large-bodied rodent species that prefers forest habi-
tats [50]. In comparison, the Camellia forest had more N. confucianus individuals, but was
less suitable for the survival of L. edwardsi. The flood-meadow, on the other hand, was
predominantly occupied by A. agrarius and R. nitidus, both of which prefer damp environ-
ments and are able to swim [51]. Additionally, A. agrarius and R. nitidus are often found
in agricultural habitats and exhibit a high tolerance to human disturbance [37], allowing
them to adapt to the Camellia forest.

The population density of small mammals in the Camellia forest and flood-meadow
were found to be similar and higher than that in the mature forest. The survival and
persistence of a population is influenced by many extrinsic factors such as food availability
and predation risk [52]. In the Camellia forest, the high shrub cover and large quantity of
Camellia seeds may contribute to the increased population density by reducing predation
risk and providing abundant food resources. Similarly, the Carex spp. and Phalaris spp.
in the flood-meadow produce abundant seed crops during our study period, providing
an ample food source for A. agrarius [53]. The sex ratio in a population is also critical for
population persistence [54]. In planation forests, studies have found male-biased sex ratios
of small mammals due to a high predation risk [24,48]. Maternal diet can also influence
offspring sex, with high saturated fat but low carbohydrate leading to high probability of
male pups [55,56]. Our study observed similar sex ratios across different habitats, indicating
that changes in predation risk and food quality could have contributed to this multifactorial
result. Thus, our findings suggest that habitat characteristics (i.e., high shrub cover here)
and food resources (i.e., Camellia seeds) are important factors that shape the population
dynamics of small mammals in our study area.

At the individual level, our study revealed that different small mammal species ex-
hibit varying responses to the impact of oil tea plantations. In particular, we found that
N. confucianus and A. agrarius are more susceptible to habitat alteration than R. nitidus.
Interestingly, our findings contradict a previous study that reported a poor body condi-
tion of N. confucianus in plantation forests [24]. Instead, we found that N. confucianus in
the Camellia forest had a higher body condition index, potentially due to the abundant
production of Camellia seeds that could counteract the detrimental effects of the artificial
habitat [57]. As predicted by epidemiological models, a high host density increases the
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likelihood of parasite infection [58,59]. Although there were fewer A. agrarius individuals
in the Camellia forest than the flood-meadow, the ectoparasite load was greater in the
Camellia forest, possibly due to habitat anthropogenizationt, which is known to promote
the presence and density of parasites [30,60]. Notably, during the rainy season, the flood-
meadow is submerged, and small mammals such as A. agrarius will migrate to surrounding
habitats. Individuals that enter the Camellia forest will face an increased risk of infection by
ectoparasites. When the flood-meadow reemerges, these individuals will return, potentially
increasing the risk of ectoparasite transmission.

5. Conclusions

Our findings emphasize the significance of utilizing multiple indicators at different
levels (e.g., diversity, density, body condition, and ectoparasite abundance) to evaluate the
ecological impacts of land conversion. In our study, the replacement of natural riparian veg-
etation with an oil tea planation appeared to have positive effects on community diversity
and population density of small mammals. However, the Camellia forest was more likely
to support the habitat generalist or disturbance-tolerant species, which could potentially
result in regional species loss if oil tea plantations continue to expand. Given that different
small mammal species have varied responses to this conversion, we encourage long-term
monitoring of diverse taxa to provide comprehensive assessments of the influence of oil tea
plantations, thus minimizing the negative impacts and achieving sustainable coexistence
between agriculture and biodiversity conservation. Furthermore, it is important to note
that rodents serve as reservoir hosts for various zoonotic diseases, which can be transmitted
to humans through their ectoparasites [61,62]. Our study found a higher prevalence of
ectoparasites in A. agrarius individuals within the Camellia forest. Considering the higher
frequency of human activities in the Camellia forest compared with the other two natural
habitats, the increased ectoparasite load may pose an elevated risk of disease transmission.
Therefore, it is imperative to incorporate ectoparasite monitoring in future studies. By
assessing ectoparasite abundance and diversity, we can gain a better understanding of the
potential health risks associated with zoonotic diseases in the context of oil tea plantations.
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