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Abstract

The species-area relationship is one of the fundamental issues in community ecol-
ogy and an important approach to understanding plant community structure.
To determine the minimum quadrat area for investigating plant communities in
the riparian zones of mountainous rivers in Beijing, 50 plots of 80 m length were
established along the Huaijiu River riparian zone in Huairou District, Beijing,
using a method of gradually expanding plot area based on site conditions of the
riparian zone, and the minimum plot area required for different types of riparian
zones was surveyed, calculated, and fitted. The research results indicate that
the Huaijiu River riparian zone in Huairou District, Beijing, contains 255 plant
species, belonging to 70 families and 185 genera. Through cluster analysis, the
Huaijiu River riparian zone was classified into six types: natural riparian zone,
near-natural riparian zone, artificial slope arbor-shrub-grass riparian zone, ar-
tificial slope ornamental arbor-shrub-grass riparian zone, artificial slope sparse
arbor-shrub-grass dry-stone riparian zone, and artificial slope mortared-stone
riparian zone. According to the Akaike Information Criterion (AIC), the model
S=c-ae-bA was preferentially selected for natural riparian zones, near-natural ri-
parian zones, artificial slope arbor-shrub-grass riparian zones, and artificial slope
sparse arbor-shrub-grass dry-stone riparian zones; the model S=aA/ (1+bA)was
preferentially selected for artificial slope ornamental arbor-shrub-grass riparian
zones; and the model S=c¢/ (14+ae-bA) was preferentially selected for artificial
slope mortared-stone riparian zones. To satisfy the same proportion of plant
species survey, the minimum plot area required for different types of riparian
zones shows significant differences. When 80% of plant species in the riparian
zone plant survey is satisfied, artificial slope mortared-stone riparian zones (84
m?) and natural riparian zones (217 m?) require smaller plot areas, followed
by artificial slope sparse arbor-shrub-grass dry-stone riparian zones (362 m?);
near-natural riparian zones (450 m?) and artificial slope arbor-shrub-grass ripar-
ian zones (460 m?) require similar plot areas, while artificial slope ornamental
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arbor-shrub-grass riparian zones require the largest plot area of 571 m2. The de-
rived minimum plot area for riparian zone plant surveys is of great significance
for riparian zone biodiversity conservation and guiding riparian zone ecological
restoration.
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Abstract

The species-area relationship is a fundamental concept in community ecology
and an important approach for understanding plant community structure. Dif-
ferent sampling methods significantly affect the species-area relationship. To
determine the minimum sampling area required to assess species richness in ri-
parian communities of Beijing’ s mountainous regions, we employed a method of
gradually expanding plot sizes along the Huaijiu River riparian zone in Huairou
District, Beijing. Surveys were conducted to calculate and fit the minimum plot
area required for different riparian habitat types. The results show that the
Huaijiu River riparian zone contains 255 plant species belonging to 185 genera
across 70 families. Through cluster analysis, the riparian zone was classified
into six typical types: natural riparian, near-natural riparian, artificial bank
plant riparian, artificial bank ornamental plant riparian, artificial bank sparse
plant dry-stone riparian, and artificial bank masonry riparian. According to the
Akaike Information Criterion (AIC), the optimal estimation models are: S = ¢ -
ae”(-bA) for natural riparian, near-natural riparian, artificial bank plant ripar-
ian, and artificial bank sparse plant dry-stone riparian; S = aA/(1 + bA) for
artificial bank ornamental plant riparian; and S = a(l - € (-bA)) for artificial
bank masonry riparian, where A is plot area, S is the number of species in area
A, a, b, ¢ are parameters to be estimated, and e is the base of natural loga-
rithm. To meet the criterion of surveying the same proportion of plant species,
significant differences exist among different riparian habitat types. For survey-
ing 80% of plant species in a riparian habitat, artificial bank masonry riparian
required the smallest sampling area of 84 m?, followed by natural riparian (217
m?), artificial bank sparse plant dry-stone riparian (362 m?), near-natural ripar-
ian (450 m?), and artificial bank plant riparian (460 m?). The largest area of
571 m?2 was required for artificial bank ornamental plant riparian. These results
are important for riparian plant diversity conservation and provide guidance for
minimum area requirements in protection and ecological restoration.
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Introduction

The minimum area of a plant community, also known as the critical sampling
area, is defined as the smallest area that can provide sufficient environmental
and biological characteristics of a specific community type, or can ensure the
revelation of true features of species composition and structure. Minimum area
effectively reflects the inherent characteristics of plants and relative uniformity
at a certain scale. Since minimum area is largely determined by spatial het-
erogeneity, determining the minimum area for different plant community types
is essential in community ecology research. The species-area curve method is
most commonly used to determine minimum area, which can predict species ex-
tinction rates based on habitat reduction and loss, design optimal reserve sizes,
and assess human impacts on diversity—making it significant for biodiversity
conservation.

Riparian zones are transitional areas between terrestrial and aquatic ecosys-
tems, typically defined as the area between high and low water levels and
the zone where extreme floods and soil water-holding capacity no longer affect
plants. These zones exhibit strong edge effects and high plant diversity. Moun-
tain river riparian zones form different plant community types along upstream-
downstream and riverbed-to-floodplain gradients, with varying soil physicochem-
ical properties and moisture characteristics. They play crucial roles in maintain-
ing riverbank stability, reducing non-point source pollution, providing habitats
for flora and fauna, and offering tourism resources. However, inappropriate
development and utilization have fragmented riparian zones and reduced plant
diversity, severely affecting their functions. Therefore, ecological restoration
and protection of riparian resources have become urgent issues.

Most plant diversity surveys determine plot area based on empirical values (e.g.,
40 m x 40 m for tropical forests, 20 m x 20 m for subtropical forests, 10
m X 10 m for temperate forests, 2 m X 2 m or 1 m x 1 m for herbaceous
plants). Inappropriate use of empirical values wastes resources and may lead
to inaccurate results. While minimum area studies have increased, most focus
on forest communities, with limited research on riparian zones due to resource
constraints. Applying species-area relationships to determine minimum plot
area in riparian zones can expand the regional types studied and promote the
development of species-area theory.

This study examines the Huaijiu River riparian zone in Beijing’s mountainous ar-
eas. Based on comprehensive surveys of the entire river section, we used cluster
analysis to classify riparian types and studied minimum areas for different com-
munity types. We reveal variation patterns in minimum area among different
riparian plant communities and evaluate the applicability of four species-area
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curve models. This ensures scientific rigor in riparian plant community surveys
and provides reference for mountain river riparian zone research, promoting
conservation and restoration efforts.

1. Study Area

The Huaijiu River (40°21 -40°30 N, 116°16 -116°21 E) is a typical mountain
stream in Beijing with high representativeness in economic and social aspects.
Originating from Donggong Village, Huanghua Town, Huairou District, it flows
68.9 km before entering Huairou Reservoir at Qianxinzhuang. The watershed
area is 347.2 km?2. The region has a continental monsoon climate with large sea-
sonal temperature variations. Mean annual precipitation is 667.2 mm, with July
mean temperature of 25.3°C and January mean temperature of -5°C. Annual
maximum temperature reaches 38°C. Soils are primarily common cinnamon soil,
brown soil, and coarse skeletal brown soil. Dominant vegetation includes arbor
species such as Populus canadensis, Saliz matsudana, Carya cathayensis, and
Castanea mollissima, with Asteraceae, Poaceae, and Fabaceae as dominant herb
families including Bidens pilosa, Artemisia dubia, Setaria viridis, and Glycine
soja.

[Figure 1: see original paper]| Spatial position and basin map of the Huaijiu
River riparian zone in Beijing

2. Plot Setup and Survey Content

Along the Huaijiu River riparian zone in Huairou District, we established plots
approximately every 5 km, skipping or adding plots for special sites. Plots were
labeled sequentially from upstream to downstream as Plot 1, 2, ---, n. Each
plot was divided into 1 m x 1 m quadrats, which were merged based on site
conditions into continuous plots with lengths of 10, 20, 30, 40, 50, 60, 70, and
80 m, and width determined by riparian zone width (average 5.81 + 3.55 m).
This created eight area gradients per plot.

We recorded latitude/longitude, bank slope type, and human disturbance in-
tensity (scored higher with greater bank modification). Gravel coverage and
hardened area proportion were recorded as ratios to total plot area. All arbor
and shrub species names, DBH ( 1.0 cm), crown density, and crown width were
documented. In each 1 m x 1 m quadrat, herb species names, quantities, total
coverage, and average height were recorded.
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3. Research Methods

Species-area relationship studies commonly use saturated curve fitting to es-
timate total community species richness, eliminating the need to know total
species count beforehand when calculating critical sampling area and reducing
field workload. We used four common saturation curve models to fit species-area
relationships:

1. S=aA/(1 + bA)
2. S=c-ae (-bA)
3. S=a(l-e(-bA))
4. 8 = c(1 - el2A)n

where A is area, S is species number in area A, a, b, ¢ are parameters, and e is
the natural logarithm base.

Model fit was evaluated using Akaike Information Criterion (AIC = -2L + 2K,
where L is log-likelihood and K is parameter count). Smaller AIC indicates
better fit and more accurate predictions. Curve fitting used SPSS 18.0, PCA
and cluster analysis used SPSS 18.0 and R 3.2.2, and figures/tables used Excel
2003.

4. Results

4.1 Riparian Vegetation Community Composition Survey results from
50 plots showed 255 species belonging to 185 genera across 70 families in the
Huaijiu River riparian zone. Asteraceae had the most species (19.61%), followed
by Poaceae (9.41%) and Fabaceae (9.02%). Based on life forms from Flora of
Beijing and Flora of China, arbor species accounted for 11.76% (mainly Popu-
lus canadensis, Salizx matsudana, Morus alba), shrubs 9.41% (mainly Lespedeza
bicolor, Ziziphus jujuba, Grewia biloba), lianas 2.35% (mainly Metaplexis japon-
ica, Menispermum dauricum, Ampelopsis humulifolia, Parthenocissus quinque-
folia), annual herbs 32.55% (mainly Bidens pilosa, Digitaria sanguinalis), and
perennial herbs 35.69% (mainly Artemisia dubia, Artemisia capillaries, Rubia
cordifolia, Viola prionantha).

Upstream riparian zones had (47.11 + 2.68) species with (914.88 £ 133.31) indi-
viduals, while midstream and downstream zones showed significant changes in
species and quantities due to tourism and agriculture, with (32.29 £+ 5.13, 31.94
+ 3.58) species and (640.89 + 126.06, 527.20 £+ 71.80) individuals respectively.

[Figure 2: see original paper] Change in species number of dominant families
[Figure 3: see original paper] Change in species number of plant life forms
[Figure 4: see original paper| Riparian community plant species statistics
[Figure 5: see original paper| Riparian community plant number statistics
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4.2 Classification of Huaijiu River Riparian Zone Types We performed
principal component analysis on 12 environmental factors from 50 plots. After
varimax rotation, four principal components explained 28.49%, 26.86%, 11.70%,
and 8.89% of variance respectively. PCI1 reflected bank slope type and hard-
ened area proportion (loadings: 0.912, 0.868). PC2 reflected soil bulk density
and organic carbon (loadings: 0.752, 0.863, 0.851). PC3 reflected distance to
reservoir inlet and elevation (loadings: 0.895, 0.902). PC4 reflected bank width
(loading: 0.870).

Based on these results, we selected four representative factors (bank slope type,
hardened area proportion, soil bulk density, soil organic carbon) for cluster
analysis, which divided 50 plots into six types: natural riparian, near-natural
riparian, artificial bank plant riparian, artificial bank ornamental plant ripar-
ian, artificial bank sparse plant dry-stone riparian, and artificial bank masonry
riparian.

Factor loadings of the four principal components

[Figure 6: see original paper] Cluster analysis of 50 riparian sampling plots

4.3 Species-Area Curve Fitting for Different Riparian Types Species
number increased with plot area in all riparian types. Maximum plot areas
were: natural riparian 316.30 m?, near-natural riparian 494.12 m?2, artificial
bank plant riparian 757.76 m?, artificial bank ornamental plant riparian 423.21
m?; artificial bank sparse plant dry-stone riparian 456.41 m2, and artificial bank
masonry riparian 289.36 m2. Maximum species numbers in these plots were 41,
35, 46, 32, 37, and 7 respectively.

Plant species numbers in different riparian zone types in Huaijiu River

All six riparian types showed logarithmic relationships between plot area and
species number, with R? > 0.989 for all except artificial bank masonry riparian
(R? = 0.805). Artificial bank masonry riparian required the smallest plot area.
Natural riparian showed rapid species increase with area, reaching saturation
at 212 m?. Artificial bank ornamental plant riparian, near-natural riparian,
and artificial bank sparse plant dry-stone riparian also showed rapid increases,
saturating at 300 m2, 285 m?2, and 362 m?2 respectively. Artificial bank plant
riparian required the largest area, saturating at 460 m2.

According to AIC, natural riparian, near-natural riparian, artificial bank plant
riparian, and artificial bank sparse plant dry-stone riparian best fit S = ¢ -
ae” (-bA). Artificial bank ornamental plant riparian best fit S = aA/(1 + bA).
Artificial bank masonry riparian best fit S = a(1 - ¢"(-bA)).

4.4 Minimum Plot Area for Different Riparian Types Substituting
fitted parameters into formulas with proportion factors P = 0.7, 0.8, 0.9 yielded
minimum sampling areas:
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Species-area curve fitting results
Minimum sampling area calculated by species-area curve

Minimum areas varied significantly among riparian types and increased with
precision level. For surveying 70%, 80%, and 90% of species: artificial bank
masonry riparian required 67, 84, and 108 m?; natural riparian required 261,
362, and 535 m?; near-natural riparian required 217, 450, and 732 m?; artificial
bank plant riparian required 460, 571, and 732 m?; artificial bank ornamental
plant riparian required 362, 571, and 732 m?; and artificial bank sparse plant
dry-stone riparian required 217, 362, and 535 m?2.

For the 80% species criterion, artificial bank masonry riparian required the
smallest area (84 m?), followed by natural riparian (217 m?), artificial bank
sparse plant dry-stone riparian (362 m?), near-natural riparian (450 m?), and
artificial bank plant riparian (460 m?). Artificial bank ornamental plant riparian
required the largest area (571 m?2).

5. Discussion

5.1 Plot Layout Method for Species-Area Curves Riparian zones are
unique transitional ecosystems between terrestrial and aquatic systems, showing
much greater heterogeneity than forest or grassland communities. Bank width
is determined by adjacent land use, and vegetation can alter microtopography.
Our method of gradually expanding plot area based on site conditions effectively
addresses difficulties in plot layout caused by riparian heterogeneity. Different
sampling methods significantly affect species-area relationships. While random
sampling may provide better fit in some cases, our approach systematically
captures the continuous, variable nature of riparian zones across entire river
sections rather than isolated cross-sections.

5.2 Riparian Zone Classification Previous studies focused on limited cross-
sections or specific river reaches. We used PCA to extract key environmental
factors and cluster analysis to classify 50 plots into six functional types based on
bank slope type, vegetation layers, and restoration measures. This comprehen-
sive classification reveals that different riparian types require different minimum
areas, highlighting the importance of type-specific sampling strategies.

5.3 Applicability of Species-Area Curve Models Our results show that
model applicability varies by riparian type. Natural, near-natural, artificial
bank plant, and artificial bank sparse plant dry-stone riparian zones best fit
the negative exponential model (S = ¢ - ae”(-bA)), while artificial bank or-
namental plant riparian fits the rational function model (S = aA/(1 4+ bA))
and artificial bank masonry riparian fits the exponential saturation model (S =
a(1l - €7 (-bA))). This variation likely reflects differences in plant diversity and
spatial distribution patterns. The fitted minimum areas were generally larger

chinarxiv.org/items/chinaxiv-201805.00096 Machine Translation


https://chinarxiv.org/items/chinaxiv-201805.00096

ChinaRxiv [$X]

than actual survey areas, consistent with findings from other forest community
studies.

5.4 Minimum Area Requirements for Different Riparian Types Our
results demonstrate substantial variation in minimum area requirements. Arti-
ficial bank masonry riparian requires the smallest area because this restoration
method destroys original site conditions, with sparse vegetation growing only
in masonry gaps. Natural riparian, despite having no restoration measures and
maintaining natural habitats, requires relatively small areas due to protection
from human disturbance. Artificial bank ornamental plant riparian requires the
largest area because human-planted ornamental species are spatially dispersed.
Artificial bank sparse plant dry-stone riparian shows moderate requirements as
dry-stone structures protect vegetation while allowing growth.

6. Conclusion

This study used a site-condition-based gradual plot expansion method to inves-
tigate species-area relationships in Beijing’ s mountainous riparian zones. The
Huaijiu River riparian zone contains 255 species from 70 families. Six riparian
types were identified through cluster analysis: natural, near-natural, artificial
bank plant, artificial bank ornamental plant, artificial bank sparse plant dry-
stone, and artificial bank masonry.

According to AIC criteria, different models optimally fit different riparian types:
S = ¢ - ae"(-bA) for natural, near-natural, artificial bank plant, and artificial
bank sparse plant dry-stone riparian; S = aA/(1 + bA) for artificial bank or-
namental plant riparian; and S = a(l - €"(-bA)) for artificial bank masonry
riparian.

For 80% species coverage, minimum areas are: artificial bank masonry ripar-
ian (84 m?), natural riparian (217 m?), artificial bank sparse plant dry-stone
riparian (362 m?), near-natural riparian (450 m?), artificial bank plant riparian
(460 m?), and artificial bank ornamental plant riparian (571 m?). These results
provide scientific guidance for riparian biodiversity conservation and restoration
planning.
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