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Abstract
Vegetation cover has an essential role in wetland habitats in controlling avian
populations throughout the world. The vegetation cover structure in grassland
systems varies dramatically among seasons on the same sites. Variation in
vegetation cover-abundance richness and diversity has been studied through one
hundred forty-seven quadrate samples during summer and autumn, 2019, winter,
and spring 2020. Avian spe cies richness and diversity were recorded during the
same period. Meanwhile, correlation analysis results confirmed that: (1) there was
no apparent seasonal difference in the abundance of vegetation cover while avian
abundance was statistically different. (2) Plant abundance in summer was
positively correlated with the number of avian, while in autumn it was negatively
correlated. Plant and avian abundance at the genus level showed a positive
correlation while maintaining a negative correlation at the speci es level (p < 0.05).
However, during summer and autumn, a strong linear relationship exists between
vegetation coverage and avian. The Shannon diversity index and Simpson diversity
index have a positive linear relationship between vegetation coverage and a vian
families and genera. Therefore, we conclude that vegetation coverage and richness
significantly impact avian communities. We suggest further research into the
relationship between other biological communities and farming practices in the
wetlands.
Keywords: Avian diversity, plant assemblage, species interaction, wetlands
ecosystem.
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1. Introduction
Vegetation creates opportunities for reproduction and identifies ideal living
conditions for avian communities. Therefore, the diversity of vegetation
determines the species richness, while good quality habitats can provide suitable
forage places and nesting opportunities, thus ensuring the longevity of a species.
Another primary indicator of the relationship between avian community and
vegetation is avian diversity. Avian diversity was a good predictor of tree density
[ 1]
, which means species occurrences declined as resource availability decrease,
and breeding sites reduced relative to the percentage of vegetation cover remaining
[ 2]
. Simultaneously, avian community structure and composition can also be
affected by local environmental factors such as predation and competition, and by
large-scale ecological factors, such as the structure and the degree of habitat
isolation [ 3 -5] .
Vegetation is the central part of the terrestrial ecosystem and is considered a
sensitive indicator for environmental change as it reflects the land cover change to
a certain extent [ 6 , 7] . Wetlands are essential for many wildlife forms as they
appreciated providing quality and abundant habitats concerning avian communities
and vegetation composition [8] . The vegetation structure and composition often
strongly influence avian distributio n [ 9 , 1 0] . Besides, avian is commonly monitored
to assess the biological consequences of management interventions and disturbance
regime changes [ 1 1 , 12 ] . Avian and vegetation depend not only on each other but
also on the entire food chain for additional food, shelter, and reproduction.
All in all, the species traits provide a mechanistic link between the functional
diversity of the avian community and the landscape characteristics, for they are
directly related to vegetation chara cteristics [1 3] . The increased concerns of climate
change have prompted research in preserving our wildlife, more notably wetlands.
Wetlands are threatened ecosystems [ 1 4 , 1 5] that inhabit many wildlife species and
are the core haven for their survival. Climate change imposes extinction on this
way of life. However, it can be noted that human population growth coupled with
the rise in demand for settlements, agricultural land, and wood products is altering
essential wildlife habitats, avian diversity patterns, and overall biodiversity
worldwide [ 8 , 1 6] . That is due to agriculture stressors and d evelopment [ 15 ] . Wetlands
have been reduced by more than 50% globally [ 1 7 , 18] , with one-third to one-half
changes in land surface involved human influences [ 1 9] . With the gradual wetlands
due to development and pollution, these species deteriorating relationship with
vegetation is consummate data to understand species diversity and vegetation
before it is too late. The effects of urbanization on avian diversity may be mitigated
by wetlands, enhancing habitat, and increasing resource availability.
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Nonetheless, one of the major driving forces in the destruction of natural
wetlands is urbanization [2 0 , 2 1] in wetland habitat quality. Avian is considered
suitable biomarker [ 22 ] . They also considered surrogates for assessing the impact
of habitat changes [ 2 3 , 2 4] . Avian is an indicator of environmental changes due to
their sensitivity to ecological variables [ 2 5] . This particular ability credits them to
build homes anywhere globally as long as the vegetation and climate are suitable
for survival. The forests with complex composition and floristic richness have a
high diversity of avian communities [ 2 6 -2 9] . However, to understand avian
community structures and their relationships with v egetation type variations, it is
important to relate them to changed habitats [ 30 ] . Therefore, it is important to assess
the relationship between avian and habitat changes [ 3 1 -34] . Vegetation cover was
positively related to avian species richness [3 5] . Avian has ranked as one of the
critical components of vegetation dynamics, helping assess vegetation cover
environmental effects more clearly [ 3 6] . This research is the first to be don e in the
study area, our objective was to find the relationship between vegetation cover in
Tianfu national wetland park and bird communities, In keeping with this
understanding, and we conceptualized the hypothesis. Does vegetation change
affect the avian community in Tianfu National Wetland Park? Do avian abundance,
richness, and diversity will vary seasonally?
2. Material and Methods
2.1. Study area
The study area is located in the Kunshan Tianfu National Wetland Park in
Suzhou City, Jiangsu Province (East longitude 121°05′22.32″ -121°07′44.08″,
North latitude 31°19′18.28″ -31°21′13.53″). The Park is located in the Huaqiao
Economic Development Zone of Kunshan City, in the middle reaches of the
Wusong River in the Taihu Lake Basin, 5km from the Wusong Riv er’s mainstream,
and the total approved area of the wetland park is 779.54 km 2 . (Fig.1). The Park is
located in the northern subtropical southern monsoon climate zone. The historical
extreme maximum temperature is 39.7℃, and the historical extreme minimum
temperature is -11.7℃. The annual frost-free period is 239 days; the average yearly
temperature is 17.6℃. With four distinct seasons, the climate is mild and humid
with sufficient sunshine and abundant rainfall. The average yearly precipitation is
1200.4 mm, and the annual average sunshine time is 1789.2 hours. The prevailing
wind direction is the southeast wind throughout the year, and the secondary general
wind direction is northwest wind [ 3 7 ] . As a result, the air quality is excellent,
reaching the national secondary standard for more than 300 days a year, and it has
a good living climate.
4

Figure 1: The map shows the study area location of the wetland park in Kunshan,
Jiangsu, China.

The avian habitat restoration area was formerly known as horse racing track,
so it is currently nicknamed ‘horse farm’. A typical artificially restored wetland
covers 700 acres and mainly uses farmland-pond-grassland as the primary habitat
type. Since the renovation and restoration in 2017 (Fig. 2), it has been following
low-impact management for natural vegetation succession. Internal meadows and
open water provide a habitat for a variety of wi ld animals. The surrounding
farmland guarantees food sources and complete ecosystem services, made the
racecourse become a unique landscape of Tianfu National Wetland Park. [ 3 7 ] .
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Figure 2: (a) Study site before restoration and (b). The site after restoration
(Photos owned by Tianfu National Wetland Park)
2.2. Vegetation field survey
One hundred Forty-seven samples were investigated in Tianfu National
Wetland Park (Fig. 3). In each trip to determine the vegetation cover -abundance
using 1*1m 2 quadrate randomly and estimated present grass. All plants observed
were calculated and classified into four seasons.
Data was recorded in detail of the types, quantity, and coverage. In addition,
photos were taken. For the Species identification: refer to 《Flora of China》,
《Flora of Jiangsu》 , 《 East China Seed Plant Retrieval Manual 》,《Shanghai
Vascular Key Plant》 and 《300 Species of Wild Flowers in East China 》. Quantity
and coverage were estimated by visual observation; 1m×1m quadrate plot sampling
was used, three plants of each species were selected in good condition, dugout, put
into sample bags, and taken back to the la boratory for identification and
classification. Vegetation survey has been done in summer and autumn of 2019 and
winter and spring of 2020.
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Figure 3: Plants Sample plots in Tianfu National Wetland Park. Samples are
outlined with numbers to show the sequencing.
2.3. Avian field survey
Avian was observed in the study site along with five plots ; we used the
distance sampling method [ 38] To collect information on avian species abundances
and identified during summer and autumn of 2019 and winter and spring of 2020.
During the field surveys, avian were identified in the morning from 7:00 AM to
10:00 AM and afternoon from 3:00 PM to 6.30 PM , when the temperature was
relatively calm, and the avian's activities were high [ 3 8] . On every side, all avian
seen were recorded or heard during the15 minutes. In the first five minut es, the
survey will wait until avian species settled due to arrival disturbances. The
remaining ten minutes record all species observed or heard on every occasion; only
avian that land in the sites were recorded [ 3 9]

2.4. Statistical Analysis
The data was prepared using Microsoft Excel to determine the plant
abundance in the seasons, and we added all individual plants of the month in the
season. We obtained species richness (S) by counting the number of species
7

present. To get genera and family richness, we added the number of genera and
families in each season.
BioDiversity Pro was used to compute Shannon -Wiener diversity (H'),
Shannon evenness (J'), and Simpson's index of dominance (D'). Shannon Wiener's
diversity index combines species richness and evenness. It provides heterogeneity
information for ecological studies [ 7 5 -7 7] about plants and avian . ANOVA was used
to determine the variations among different seasons , and correlation analysis was
used to establish associations between vegetation cover and avian diversity
measures between summer and autumn 2019 using SPSS (version 25). GraphPad
Prism (version 8.1) was used for graphing to determine the variations among
different seasons.
3. Results
3.2.1. Vegetation cover-abundance and richness
No significant difference in the vegetation cover, total species and richness
was observed in the ANOVA test among seasons [ F 3 , 5 8 8 = 0.889, p = 0.45]. The
highest vegetation cover richness was noted in summer (75 Species) , followed by
autumn and spring, which accounted for 71, 66 species. The lowest vegetation
cover richness observed (48 species) was obtained in winter 2020. While the
vegetation cover total individuals showed the highest value in the autumn (45066
plants) followed by winter (38281 plants) and summer (34490 plants). The lowest
abundance value was recorded in spring (18235 plants) (Table1 and Fig. 4a).
Vegetation richness was reported highest in summer (Fig. 4b) which belongs to 46
genera and 24 families. Autumn recorded second highest vegetation richness with
49 genera and 35 families (Fig. 4c).
Table 1: Vegetation cover-abundance richness and diversity indices in the Tianfu
National Wetland Park.
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Figure 4: Vegetation cover (i.e. total abundance), species richness fluctuation and
composition among the seasons.
Vegetation cover abundance and species evaluation showed five highest
species abundance at the park. Meanwhile, only Cynodon dactylon was abundantly
common all through the seasons (Fig. 5). The other species may influence avian
abundance and diversity more than the plant in common. Therefore, it can be
concluded that a specific plant can support certain avian species. For all seasons,
summer has the highest plant richness while spr ing was the lowest.
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Figure 5: Most frequently observed plant species in the Tianfu National Wetland
Park.
3.2.2 Avian abundance and richness
A significant difference in the avian's richness was observed in the ANOVA test
among seasons [F 3 , 1 4 7 = 4.600, p = 0.18], the highest avian abundance richness was
noted in the winter (1292) and spring (1255), while the autumn and summer has
the lowest. Avian total species in spring 2020 recorded the highest number as 76
species followed by autumn, 62 species. The lowest avian ri chness was obtained in
summer, 43 species (Table 2). In comparison among seasons, avian species richness
was higher in spring and winter (Fig. 6a). Meanwhile, the total individual showed
higher values in spring and autumn than in summer and winter (Fig. 6b ). This avian
richness belonged to 24, 33 genera, and 8, 12 families in summer and autumn,
respectively (Fig. 6c).
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Table 2: Avian abundance, richness and diversity indices in the Tianfu National
Wetland Park.

Figure 6: Avian richness, individuals (i.e. total abundance), and composition
among the seasons
3.2.3. Diversity of vegetation
Shannon wiener diversity (H′) and Shannon Evenness (J′) showed higher
values in autumn (H′ = 1.195) and (J′ = 0.646), respectively, whereas the higher
Simpson index values were in summer (D = 0.15) followed by spring and winter.
It can be noted that avian (H′) value was higher in spring (1.582). Similarly,
Shannon Evenness (J′) values showed higher distribution in spring (J′ = 0.891)
(Fig. 7). Simpson diversity index was not significantly different among the seasons
with a little high values in summer (D = 0.08). Therefore, our results deduce that
the plant diversity (H′) and evenness (J′) in Tianfu national wetland park have low
diversity measures in all seasons. The vegetation has low species diversity, but the
community individuals are not distributed equ itably among these species. Simpson
11

diversity showed a slight difference between seasons, whereas avian diversity
showed a significant variation (p < 0.05).

Figure 7: Plant Shannon diversity among seasons
3.2.4. Vegetation cover and avian relationship
At the species level in autumn, plant and avian were positively correlated (p
< 0.05) while at the genus level, the number of plants observed in the summer was
positively correlated with the number of avian (p < 0.05). The number of avian
genera in autumn was associated positively with autumn plants (p < 0.05), Fig. 8.
It can be concluded that plants were in a good relationship with the avian in
different seasons, and we assume that varying levels of disturbance might have had
other effects on diversity. We suggest careful conceptualization, where our goal is
to preserve biodiversity in a given area. In that case, we need to understand how
different management strategies impact diversity because diversity indices can
provide more information than merely th e number of species present.
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Figure 8: Plant and Avian relationship at Family, Genus, and Species level.

4. Discussion
The relationships between avian communities and vegetation composition
have been established mainly at the wetland [ 40 -42] . The scientific research showed
that the species composition changes could influence habitat selection and the
avian community structure [ 4 0 , 43 , 44] . The avian abundance and species composition
increased with an increase in vegetation cover. Meanwhile, our results fit our
hypothesis that the number of avian and avian species richness would increase
linearly with increased vegetation cover. Similarly, [ 4 5] concluded that the amount
of vegetation cover was the most important variable determining avian species
richness. Also, [ 4 6] indicates that the avian species abundance was associated with
habitat variation.
In our research and those of others [ 4 2 ] correlation between plants diversity
indices (Shannon, Simpson) and avian species richness was confirmed. Also, the
correlation between plants and avian species richness was establ ished, similarly to
our findings that grasslands support a significant number of avian species which is
consistent with other studies elsewhere in the tropics [ 1 9 , 3 2 -3 4] . Plant communities
and avian communities varied depending on the environmental transformation.
These results showed that species composition is associated with floristic diversity
[ 42 , 4 5 , 4 6]
. A strong correlation between avian community and habitat diversity
indices suggests that avian is dependent on the compositional complexity of trees,
shrubs, and herbs. These observations indicate that an avian commu nity is
significantly associated with plant species diversity [ 3 4 , 47 , 48] . Avian diversity
increased along a gradient of growing vegetation complexity in shrub -steppe
habitats, primarily through new avian species or even entire guilds [ 4 9, 50 ] .
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However, our results confirm that vegetation structure explains well avian species
diversity and the floristic composition of the tree layer expressed as species
richness and diversity were poor predictors of avian species richness and diversity
[ 51 -53]
. Nevertheless, the abundance of some specific tree species or group of tree
species may explain the distributions of particular avian species or avian guilds [ 5 4,
5 5]
. An important factor affecting the number of avian is the degree of
transformation of grassy and shrub by layers for ground avian [ 5 6] .
Consistent with our second prediction, the number of species, families, and
genera was varied in all seasons; some authors suggested that the transformed
environment could reduce species abundance because of a decrease in some
species' populations. Limited and rare species were eliminated from many regions
[ 57]

. Loss of rare and limited species can lead to the degradation of ecosystem
functions [ 5 8] .
Also, our results show that avian species' abundance and diversity were
different between seasons, suggesting that other factors might influence these
community properties. This relationship is possibly linked to seasonal differences
in the environment, annual precipitation patterns (which affect avian community
composition) and also the amount o f food supplied by different shrub and tree
species, which differ in their flowering and fruiting patterns [ 59] . In the study
conducted in urban environments, avian species richness was related to the number
of trees, which may further affect avian diversity as avian move into urban centers
[ 63]

. Previous studies have found that forests with greater structural complexity and
many plant species are richer in avian communities. Meanwhile, Tu et al., [ 6 7 ]
showed that grasslands (such as sub -types, tall grasslands, tall marshes, and
bamboo grasslands) increased avian species richness and evenness positively.
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5. Conclusion
There are increasing efforts to promote the conservation of biodiversity on farmland,
minimizing impacts on economic output and enhancing landscape heterogeneity. Our study shows
no statistically significant difference in vegetation cover observed and vegetation richness during
the seasons, which may be due to the study area size. However, avian were statistically varied, and
it can be assumed that this variation is due to seasonal migration. Diversity measures showed a
very strong relationship between vegetation cover and avian in summer. Though vegetation
analysis alone cannot juxtapose the avian-plant interaction, evaluation of the other influencing
factors, such as plant maturity, water quality, etc., would be needed for future research in the area.
Our work has provided an essential and much-needed baseline for management and conservation
issues related to vegetation cover and avian diversity in the area. Also, we call for more surveys to
be done to investigate avian food behaviors and minimize farmland intensification in the area.
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