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ABSTRACT

As one of the basic theories of biodiversity conservation, island biogeography has been widely accepted in the past
decades. Originally, island biogeography was put forward and applied in oceanic environments. But later on, it
was found out that the application was not only limited to oceanic islands, but also in terrestrial environments
with relatively isolated conditions. In terms of biodiversity level, island biogeography generally focuses on a small
scale, such as species diversity and genetic diversity. The studies of biodiversity on a large-scale based on island
biogeography, such as ecosystem and landscape scales, were seldomly conducted. Taking Poyang Lake, the largest
fresh water lake in China as case study area, 30 grasslands were randomly selected to study whether island bio-
geography can be applied to grasslands at a landscape level from three island attributes (area, distance and shape),
and the most important ecological variable (flooding) in Poyang Lake. The results showed that in general, grass-
lands have the property of an island, and follow the basic principle of island biogeography. We found the area and
flooding duration were the two most important determinants of landscape diversity. There was a significant posi-
tive correlation between the grassland area and the landscape diversity, which could be well expressed by loga-
rithmic function model (R2 = 0.73). There was a negative correlation between flooding duration and landscape
diversity, which could be described by an inverse model (R2 = 0.206). The distance to mainland and the shape
of grassland were correlated with landscape diversity, but the fitting result of the models was not as good as
expected. The possible reason could be that Poyang Lake is a seasonal lake, the water level varies with hydrological
conditions, so that the grasslands are not strongly isolated and their shape is not stable enough required by island
biogeography. Furthermore, it indicates that besides area, distance and shape attributes, flooding strongly affects
the biodiversity of grassland vegetation, and should not be ignored when applying island biogeography theory to
Poyang Lake. This study is expected to be a supplement for island biogeography in terrestrial environments, and
the results are expected to benefit for the biodiversity conservation in Poyang Lake.
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1 Introduction

Biodiversity is an important factor that affects the functioning of ecosystems [1], and the vegetation
monitoring, classification, and restoration, especially protection, which have always been hot spots for
many scholars [2,3]. Four levels of biodiversity, i.e., species diversity, genetic diversity, ecosystem
diversity and landscape diversity are commonly identified [4]. As one of the basic theories of biodiversity
conservation, island biogeography has been widely recognized due to its simplicity [5], and it is essential
to promote people’s understanding of the geographical distribution and dynamic pattern of biodiversity.

Although island biogeography was put forward and applied in oceanic environments, it was found out
that the application was not only limited to oceanic islands, but also in terrestrial environments with relatively
isolated conditions. These later include remnant forest patches after fragmentation [6], ponds [7,8] and lakes
[9,10], and even oasis in deserts or urban green roofs [11]. In terms of biodiversity level, island biogeography
generally focuses on a small scale, such as species diversity. The classic island biogeography proposes that
species richness is determined by the rates of immigration and extinction [12]. Recently, genetic diversity
among islands using island biogeography theory was also studied [13]. The results show that there is a
significant relationship between biodiversity and island area [14–17], distance to the mainland [18,19],
shape of the island [20] and some other ecological variables such as soil type [21] and hydrological
change [22]. Both genetic diversity and species diversity belong to small-scale biodiversity. Studies of
biodiversity on a large-scale based on island biogeography, such as ecosystem and landscape scales, were
seldomly conducted [23].

Poyang Lake, located in the north of Jiangxi Province, is the largest freshwater lake in China, and known
for its ecological importance of biodiversity conservation [22]. The main component of the ecosystem of
Poyang Lake is grassland. The vegetation of the grasslands in Poyang Lake plays an important ecological
role in providing habitat for benthic animals and migratory birds. Therefore, grasslands have become a
research hot spot for many scholars. Since Poyang Lake is connected to the Yangtze River, the longest
river in China, the water volume is affected by the Yangtze River and five main tributaries. Seasonal
variation of the water level, with the typical hydrological characteristics of “like an ocean in flood season
while a stream in dry season”, was observed in the Poyang Lake. Several studies show that the seasonal
water level fluctuation of Poyang Lake is the main factor influencing vegetation diversity in grasslands
[24]. Water level fluctuation can not only affect the vegetation of grasslands directly through mechanical
damage [25,26], but also affect vegetation indirectly through the effect of other physical and chemical
characteristics, such as illumination and soil physical and chemical properties [27–29]. The mean
elevation of grasslands varies from 10 m to 18 m at normal water level. The grasslands with lower
elevation are submerged while the ones with higher elevation are isolated by water and present
themselves as islands (Fig. 1). Due to different ecological habitats, the vegetation on grasslands gradually
forms a relatively stable landscape pattern under the influence of hydrology.

In this study, we put forward a scientific question: at a landscape scale, does island biogeography theory
can be applied to the grasslands of Poyang Lake? The past researches on Poyang Lake rarely focused on this
question. This study aims to analyze vegetation biodiversity at a landscape scale from the perspectives of
three island attributes and the most important ecological variable, i.e., flooding. In order to fulfil this task,
thirty isolated grasslands were randomly chosen, and landscape diversity index of each chosen grassland
was used as the dependent variable while grassland area, isolation, shape, and flooding duration
experienced by the grassland were used as independent variables for statistical analysis and mathematical
modelling. The optional model was established to discover in what form are presented the
biogeographical island effects. This research can provide new ideas for the sake of biodiversity
conservation at a landscape scale in Poyang Lake from the perspective of island biogeography.
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2 Methods

2.1 Study Area
Poyang Lake is one of the main tributaries in the middle and lower reaches of the Yangtze River, and plays an

important role in regulating the water level, conserving biodiversity, adjusting the local climate and maintaining
the ecological balance of the surrounding areas [30]. Due to the lack of topographic rain, the average annual
precipitation in most areas varies from 1400 mm to 1600 mm. It there exists obvious flood and dry seasons
yearly in Poyang Lake. The flood season ranges from April to September, while the dry season ranges from
October to the next year in March [31]. Accordingly, the area of the lake varies from 4,125 km2 or above at
high water levels (20 m), 3,150 km2 at medium water levels (14∼15 m), to only 500 km2 at low water levels
(12 m) (from https://baike.so.com/doc/4565817-4776776.html). As a typical landscape, grasslands change
frequently due to the influence of the hydrological processes [32]. The vegetation of grasslands can be divided
into three ecological associations according to semi-aquatic, aquatic and phytoplankton environments. Their
main species are reed (Phragmites australis (Cav.) Trin. ex Steud.), sedge (Carex spp.), etc. [31].

The selected grasslands for this study are mainly located in The Nanji Wetland National Nature Reserve
(NWNNR), south of Poyang Lake. This is because human disturbances in this area are strictly forbidden by
national nature reserve regulations and the wetland landscape is well protected (Fig. 2). It provided an ideal
place for this study.

2.2 Image Data and Grasslands Selection
Because the images required for the study should be taken during the normal water level period of

Poyang Lake, the selection of data is quite limited. After screening the data available, the Landsat 8 data
(water level 14.07 m) imaged on September 14, 2017 and the GF-1 PMS data (water level 13.8 m)
imaged on November 08, 2017 were the closest to the normal water level, and thus were used in this
study. The landsat-8 remote sensing image having multispectral bands with a spatial resolution of 30 m,

Figure 1: The isolated grasslands of Poyang Lake at normal water level (view in July 2018)
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and a panchromatic band with a spatial resolution of 15 m on September 14, 2017, was downloaded from the
geospatial data cloud (http://www.gscloud.cn). The GF-1 PMS data possessing multispectral bands with a
spatial resolution of 8 m, and a panchromatic band with a spatial resolution of 2 m, was obtained from
the Natural Resources Department of Jiangxi Province.

The grasslands and water area of the Poyang Lake were identified visually from the Landsat 8 data since
they were easily differentiated in the band composition of 432 (Fig. 3a). There were a total of 233 grasslands
identified by visual interpretation in the Nanji Wetland National Nature Reserve (Fig. 3b). We numbered
them one by one for random selection, and more than 30 samples were selected to satisfy qualitative data
required by statistics. The selected grasslands should expose during the normal water level period of
Poyang Lake, so that they were located in areas with higher altitudes. Furthermore, since the water level
of Poyang Lake is fluctuating, the selected grasslands might be connected together when the water level
decreases. By the expertise of hydrology on the Poyang Lake, the grasslands are not easy to join each
other if their distance is further than 1 km at normal water level. The grassland whose distance to other
selected grasslands was less than 1 km was abandoned for maintaining enough independence, thus
ensuring that the randomly selected grasslands will not connect each other due to slight water level
changes. Finally, nearly 13% of all grasslands (i.e., 30 samples) were selected for this study (Fig. 3b).

2.3 Vegetation Classification and Accuracy Verification
After identifying and selecting the grasslands from the Landsat 8 data, the GF-1 PMS data with higher

resolution were used for vegetation classification. The maximum-likelihood method has been commonly
used in vegetation detection in Poyang Lake [24,31]. Firstly, the preprocessing of GF-1 PMS data such as
radiation calibration, atmospheric correction, geometric correction, and ortho-rectification was conducted.
Then we fused the panchromatic band with multispectral bands to improve the spatial resolution of

Figure 2: Location of the Poyang Lake
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GF-1 to 2 m. Samples were taken through field work in July 2018, and vegetation classification was
conducted by using the maximum likelihood method. Finally, the results were fine-tuned by visual
identification referring to multi-source data such as the Poyang lake vegetation distribution map and
previous classification results [31]. The confusion matrix was used to evaluate the classification accuracy.
Furthermore, the accuracy evaluation was conducted by the Kappa coefficient [33] to express the
accuracy of image classification used to produce a thematic map [11].

Figure 3: Grasslands’ location and interpretation results (samples 5, 21 as examples). Grasslands No. 1 to
13 are nearest to Kangshan station. Grasslands No. 14 to 30 are nearest to Tangyin station

There were 6 vegetation types of identified grasslands (i.e., reed (Phragmites australis (Cav.) Trin. ex
Steud), sedge (Carex spp.), Bermudagrass (Cynodon dactylon (L.) Pers.), Phalaris arundinacea (Phalaris
arundinacea L.), Polygonum criopolitanum (Polygonum criopolitanum Hance) and weeds). The
confusion matrix is shown in Table 1. It indicates that the overall accuracy was 88.3%, and the kappa
coefficient was 0.86. It also indicates that the classification accuracy was satisfied, and the results
obtained from it can be used for further studies (Figs. 3c and 3d).

2.4 Variable Definition and Calculation
The Shannon diversity index (SHDI) was used to express biodiversity on a landscape scale in this study.

It reflects the number of different patch types and the proportional area distribution among patch types.

SHDI ¼ �
Xm

i¼1

ðPi � lnPiÞ (1)

where Pi is the percentage of type i patch area to total area, and m is the total number of patch types in the
landscape.
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The area (ha) and perimeter (m) of each grassland were determined by map calculation of the interpreted
image data. The distance in island biogeography originally refers to the spatial distance between an island
and its closest mainland in oceanic environments, correspondingly, the meaning of which should be
transferred and broadened in terrestrial environments. As a sign of island isolation on land, distance could
be expressed as the distance to the mainland, to other island matrix, or to the stepping stone [34].
Therefore, both the distances from the chosen grasslands to the nearest mainland (G-M) (Fig. 4a), and to
the nearest grassland network (G-G) were applied in the study to obtain the most suitable distance
indicator. The nearest distance calculation method was applied to determine G-M and G-G, which was
carried out by ArcGIS 10.2 software. The results were shown in Fig. 4.

Table 1: Confusion matrix for accuracy evaluation

Classification Reference classification

weeds Bermudagrass reed Phalaris
arundinacea

Polygonum
criopolitanum

sedge Total

weeds 9 0 0 0 1 0 10

Bermudagrass 0 9 0 0 0 1 10

reed 0 0 8 1 0 0 9

Phalaris arundinacea 0 0 1 9 0 0 10

Polygonum
criopolitanum

1 1 0 0 9 0 11

sedge 0 0 1 0 0 9 10

Total 10 10 10 10 10 10 60
Note: *The sum of each column represents the number of verification samples of the class, and the sum of each row represents the number of samples
predicted to be class.

Figure 4: (a) The shortest distance between grassland and the mainland (G-M). (b) The shortest distance
between grassland and grassland network (G-G)
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The path shape index (PSI) of each grassland was defined as

PSI ¼ P

2
ffiffiffiffiffiffi
pA

p (2)

where P is the patch perimeter and A is the patch area. The larger the PSI is, the more deviated the grassland
is, the more complex the shape is.

Previous studies found that the flooding duration is the main factor affecting vegetation distribution [35].
Therefore, the study calculated the flooding duration of each grassland in one year. Firstly, monthly the water
level of Poyang Lake from November 08, 2016 to November 08, 2017 was simulated by spline interpolation.
The elevation and the simulated water level of each grassland were records, and the relationship between the
simulated water level and the nearest station water level was established (Fig. 3). The water level of the
nearest station to each grassland was also recorded. Finally, according to the daily water level data of the
station, the flooding duration of each grassland in one year was counted.

The area, distance/isolation, shape index and flooding duration were used as explanatory variables for
this study. The variable attributes of the 30 grasslands are shown in Table 2.

Table 2: The variable attributes of the chosen grasslands

Number Area (ha) G-M Isolation (km) G-G Isolation (km) PSI Flooding (d) SHID

1 3.79 0.56 0.28 1.64 118 0.62

2 25.15 0.3 0.27 2.18 109 0.85

3 5.25 5.02 3.24 1.67 117 0.58

4 6.70 1.42 2.26 2.32 366 0.62

5 75.83 3.82 0.03 2.18 40 1.15

6 7.45 3.74 2.32 1.77 213 0.45

7 23.51 2.67 3.49 2.69 312 0.79

8 9.04 0.11 6.25 1.85 314 0.74

9 13.52 0.3 8.71 1.91 218 0.88

10 43.11 1.73 2.85 1.66 209 0.95

11 3.42 4.98 2.79 2.98 82 0.57

12 9.37 3.81 2.6 1.90 261 0.76

13 69.56 0.05 0.44 2.21 83 0.98

14 22.53 0.06 0.36 1.91 43 1.11

15 35.70 5.28 0.34 2.60 200 0.9

16 6.08 8.06 2.80 1.12 151 0.54

17 22.77 2.62 0.95 1.64 44 0.82

18 3.53 1.61 2.52 3.11 195 0.65

19 37.52 2.02 0.24 1.25 81 1.08

20 16.70 3.77 0.06 1.35 75 0.99

21 6.24 7.29 0.02 1.64 249 0.76

22 8.78 9.09 2.42 1.72 146 0.8
(Continued)
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3 Results

We took the area, G-M and G-G isolation, and the PSI of the chosen grasslands as explanatory variables,
and the SHDI of the chosen grasslands as dependent variables. Ten models such as linear, logarithmic,
inverse, quadratic, cubic, compound, power, S-type, growth curve and exponential functions were fitted
by regression (Table 3). By comparing the goodness of fitting, the island effects of grassland were
verified and the optical model was established.

3.1 Area Attribute and Optimal Model Selection
Ten commonly used equations were applied to model the correlation between SHDI and area. The fitting

results are shown in Table 3. It indicates that the area of grassland is significantly correlated with SHDI in any
selected model (p < 0.01). Consequently, grassland area had a strong effects on vegetation biodiversity in
Poyang Lake as it was supposed to be. Moreover, there were two models (i.e., the logarithmic and cubic
equation models) with a R2 of more than 0.7. This indicates that these models have the power to explain
more than 70% of variance and have the potential for better prediction. The fitting curves of the two
models are shown in Fig. 5 for comparison. It was found that cubic equation had a negative correlation
with SHDI when the area of grassland ranged from 35.97 ha to 45.52 ha. It is not a reasonable and

Table 2 (continued)

Number Area (ha) G-M Isolation (km) G-G Isolation (km) PSI Flooding (d) SHID

23 9.56 7.96 2.64 1.74 45 0.72

24 13.00 5.67 2.88 1.92 149 0.88

25 6.91 2.62 1.71 1.84 149 0.68

26 2.73 1.81 0.2 1.78 249 0.48

27 7.18 3.59 0.01 2.88 80 0.63

28 14.54 0.32 0.14 1.96 79 0.92

29 8.51 0.16 0.39 1.75 80 0.68

30 9.64 0.26 0.03 2.55 80 0.7

Table 3: SHDI-area fitting result

Model Equation a b c d R2 p

Linear S ¼ aþ bA 0.646 0.007 0.552 0.000

Logarithmic S ¼ aþ blnA 0.335 0.179 0.730 0.000

Inverse S ¼ aþ b=A 0.963 -1.603 0.610 0.000

Quadratic S ¼ aþ bAþ cA2 0.542 0.020 0.000 0.687 0.000

Cubic S ¼ aþ bAþ cA2 þ dA3 0.411 0.044 -0.001 8.65E-6 0.762 0.000

Compound S ¼ abA 0.642 1.009 0.492 0.000

Power S ¼ aAb 0.428 0.230 0.700 0.000

S-type S ¼ eaþb=A -0.031 -2.141 0.628 0.000

Growth S ¼ eaþbA -0.443 0.009 0.492 0.000

Exponential S ¼ aebA 0.642 0.009 0.492 0.000
Note: *Where S is SHDI, A is area of grasslands (ha). The a, b, c, and d are model parameters.
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practical relationship between area and SHDI. Consequently, the logarithmic function with a R2 of 0.73 was
regarded as the optimal model from the perspective of island biogeography on a landscape scale.

3.2 Distance Attribute and Optimal Model Selection
Selecting different distance indexes is conducive to the study of the distance attribute [36]. The distance

from each chosen grassland to the nearest mainland and to nearest grassland network were both applied in
this study. Similarly, ten equations were used for modelling as area attribute did. The results are shown in
Table 4. It can be concluded that G-M is better than G-G because p values of the selected equations using
G-G were obviously larger than those using G-M. All selected equations using G-G as distance were not
significant at the p level of 0.05. As for the G-M, only the inverse equation (Fig. 6) can be accepted for
modelling at a significant level of 0.05, in which SHDI was negatively correlated with G-M, having the
power to explain more than 12% (R2= 0.12) of variance.

y = 0.1787ln(x) + 0.3355
R² = 0.73

0.0
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(a) y = 9E-06x3 - 0.0011x2 + 0.0442x + 0.4107
R² = 0.76
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Figure 5: Two better fitting model curves. (a) Logarithmic. (b) Cubic

Table 4: SHDI-isolation fitting result

Model Equation Isolation a b c d R2 p

Linear S ¼ aþ bI G-M 0.82 -0.01 0.04 0.309

G-G 0.80 -0.02 0.03 0.377

Logarithmic S ¼ aþ blnI G-M 0.79 -0.03 0.07 0.151

G-G 0.77 -0.02 0.06 0.186

Inverse S ¼ aþ b=I G-M 0.74 0.01 0.12 0.046

G-G 0.78 -2 E-5 0.00 0.989

Quadratic S ¼ aþ bI þ cI2 G-M 0.83 -0.03 0.002 0.04 0.574

G-G 0.86 -0.09 0.01 0.15 0.107

Cubic S ¼ aþ bI þ cAI2 þ dI3 G-M 0.84 -0.06 0.01 -0.001 0.04 0.749

G-G 0.86 -0.11 0.02 -0.001 0.16 0.215

Compound S ¼ abI G-M 0.79 0.98 0.03 0.325

G-G 0.78 0.98 0.02 0.477
(Continued)
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Generally speaking, the distance attribute of grassland landscape in Poyang Lake is relatively weaker
than that of area. The distance to mainland rather than to grassland network had a better explanation.
Distance means isolation from the perspective of island biogeography. Since Poyang Lake has the typical
hydrological characteristics of “an ocean in flood season while a stream in dry season”, grasslands
isolation can be frequently changed during the flooding seasons. The possible reason for the weak
distance attribute could be that there was no enough isolation among grassland landscapes required by
island biogeography in terrestrial environment.

3.3 Shape Attribute and Optimal Model Selection
Ten models were also selected for shape attribute modelling. The fitting results are shown in Table 5. It

appears there did not exist a weak shape attribute. According to the p values, no function can model well the
relationship between SHDI and the shape of chosen grasslands. Consequently, it cannot be concluded that
there exists a reasonable shape attribute of grassland in Poyang Lake. Moreover, Poyang Lake is a
seasonal lake, and the shape index of grassland was very sensitive to the water level frequently changed.
The instability of the shape and thus the errors of modelling should be taken into consideration in this study.

Table 4 (continued)

Model Equation Isolation a b c d R2 p

Power S ¼ aIb G-M 0.77 -0.04 0.07 0.146

G-G 0.75 -0.03 0.05 0.232

S-type S ¼ eaþb=I G-M -0.32 0.02 0.12 0.067

G-G -0.28 5 E-6 0.00 0.998

Growth S ¼ eaþbI G-M -0.23 -0.02 0.03 0.325

G-G -0.25 -0.02 0.02 0.477

Exponential S ¼ aebI G-M 0.79 -0.02 0.03 0.325

G-G 0.78 -0.02 0.02 0.477
Note: *Where S is PR, I is isolation of grassland. The a, b, c, and d are model parameters.

S = 0.74 + 0.01/I
R² = 0.12
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Figure 6: Inverse model curve of SHDI and distance (G-M)
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3.4 Flooding Duration and Optimal Model Selection
The fitting results of SHDI and flooding duration are shown in Table 6. According to the R2 and p values,

the inverse functions can well model the relationship between SHDI and flooding duration. According to the
model curve (Fig. 7), SHDI was negatively correlated with flooding duration. That’s because, flooding
duration can change the availability of soil nutrients and deposition process, which directly or indirectly
affects the growth and development of vegetation [36]. It also indicates that besides area and distance, the
ecological variable of flooding duration can strongly affect the biodiversity and distribution of vegetation
in Poyang Lake, as was found by many other studies [22].

4 Discussion

Island biogeography believes that the number of species on islands is the result of two major processes.
One is island size affecting species richness, the other is island isolation directly reducing species diversity.
The results of this study showed that the diversity of isolated grasslands in Poyang Lake on landscape scale

Table 5: SHDI-PSI fitting result

Model Equation a b c d R2 p

Linear S ¼ aþ bP 0.866 -0.045 0.015 0.525

Logarithmic S ¼ aþ blnP 0.823 -0.071 0.009 0.622

Inverse S ¼ aþ b=P 0.726 0.094 0.004 0.725

Quadratic S ¼ aþ bP þ cP2 0.300 0.512 -0.130 0.055 0.463

Cubic S ¼ aþ bP þ cP2 þ dP3 2.141 -2.407 1.342 -0.236 0.096 0.445

Compound S ¼ abP 0.826 0.956 0.009 0.627

Power S ¼ aPb 0.787 -0.063 0.004 0.739

S-type S ¼ eaþb=P -0.315 0.064 0.001 0.855

Growth S ¼ eaþbP -0.191 -0.045 0.009 0.627

Exponential S ¼ aebP 0.826 -0.045 0.009 0.627
Note: *Where S is SHDI, P is the PSI of grassland. The a, b, c, and d are model parameters.

Table 6: SHDI-flooding duration fitting result

Model Equation a b c d R2 p

Linear S ¼ aþ bF 0.882 -0.001 0.117 0.064

Logarithmic S ¼ aþ blnF 1.343 -0.117 0.168 0.025

Inverse S ¼ aþ b=F 0.65 12.972 0.206 0.012

Quadratic S ¼ aþ bF þ cF2 0.994 -0.002 4.647E-6 0.159 0.096

Cubic S ¼ aþ bF þ cF2 þ dF3 1.243 -0.008 4 E-5 -6.07E-8 0.218 0.090

Compound S ¼ abF 0.859 0.999 0.102 0.086

Power S ¼ aFb 1.515 -0.144 0.146 0.037

S-type S ¼ eaþb=F -0.435 15.850 0.178 0.020

Growth S ¼ eaþbF -0.152 -0.001 0.102 0.086

Exponential S ¼ aebF 0.859 -0.001 0.102 0.086
Note: *Where S is SHDI, F is the flooding duration of grassland. The a, b, c, and d are model parameters.
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has a strong positive correlation with the area, and a weak negative correlation with the distance from
grasslands to the main land. This shows that the geographically isolated grassland in Poyang Lake
generally follows the principle of island biogeography at a landscape scale from the perspective of area
and distance.

SHDI of grassland had a strong positive correlation with area, since area is the strongest predictor of
island diversity on a landscape scale [5]. For the isolated grasslands in Poyang Lake, larger area can
increase niche diversity and population size [37], and it thus can improve ecosystem diversity on a
landscape scale. Moreover, it has been found that elevation is a key factor affecting vegetation
distribution due to frequent flood disturbances [38,39]. The habitat quality of grasslands of different
elevations is significantly different. Therefore, larger areas mean that the grasslands have more diverse
habitats related with elevation, creating more environments suitable for ecosystem succession [8,40].
According to the results of model fitting, a logarithmic function was the optimal model to express the
SHDI and area relationship. It is consistent with the studies of Dengler [41], in which the power and
logarithmic function were regarded as the best-fitting species-area relation models [42].

In island biogeography, longer distance to mainland means more isolation limiting the ability of species
to migrate, especially for the vegetation with low diffusion capacity [43–45]. We chose two distance indexes
(i.e., G-M and G-G) for a comparative study. It is concluded that G-M was better than G-G, because
continental landmasses harbor large species pools for potential island colonization [46]. The results
showed that there existed a weak distance attribute, similar to the results of other studies [34]. One reason
for this is that study area was of a limited spatial extent [47]. Compared with the islands in the ocean, the
distance among grasslands in Poyang Lake was closer, and the distribution extent was limited. The other
reason for this is related to the seasonal changes of water levels in Poyang Lake [48,49]. In the dry
season, with the decline of water level, the area of grasslands gradually expanded, and connection among
grasslands was strengthened. Thus, the isolation among grassland may be not enough required by island
biogeography in oceanic environments. Finally, species of oceanic islands are strongly influenced by such
ecological processes as prevailing winds and ocean currents [50,51], while vegetation on grasslands in
Poyang Lake is mainly affected by flooding and migratory birds disturbance [52,53]. The different
disturbances between continental and oceanic environments could be another reason for a weak distance
attribute.

Shape attributes are expected to exist for the grasslands of Poyang Lake at a landscape scale. According
to landscape ecology, shape affects the ecological flow between landscape elements, which can promote the
propagation and growth of organisms [54,55]. The complexity of the patch’s shape affects the area of its core
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Figure 7: Inverse model curve of SHDI and flooding duration
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and edge, and thus the population size that can remain in irregularly shaped, fragment areas [56]. But in our
study, though SHDI appeared to have no correlation with PSI, the best-fitted models were not consistent with
the idea that the diversity will be improved with the increase of shape complexity at a landscape scale. Since
the shape index of grassland was very sensitive to the frequent change of water level in Poyang Lake, it is
recommended that the instability of shape and thus the errors should be taken into consideration in the
process of shape attribute verification.

Besides area, distance and shape attributes, there are many ecological variables strongly affecting the
spatial distribution and diversity of grassland vegetation. Flooding is the most important one of them. In
this study, the flooding duration was selected as a variable because flooding duration was a
comprehensive expression of the elevation of the grassland and the water level change, both of which
were regarded as decisive factors for vegetation biodiversity and distribution in Poyang Lake. We found a
significantly negative effect of flooding duration on the landscape diversity of the grassland. The
sensitivity to the flooding duration determines the growth status and distribution pattern of grassland
vegetation [35]. Moreover, the growth period of most vegetation is around in summer, and the flooding
season of Poyang Lake usually occurs during summer and autumn. If the flooding duration is too long, it
will limit the growth of vegetation, thereby reducing the bio-diversity of grasslands.

This paper aimed to apply the basic idea of island biogeography to the grasslands in Poyang Lake from
the perspective of area, distance and shape attributes while taking the most important flooding ecological
variable into consideration. It made some conclusions beneficial for the application of island
biogeography in terrestrial environments. However, there were some shortcomings in our research. For
example, is only one-year-data were applied in this study. We try to project the grassland temporal
variation into a spatial sequence by randomly selecting 30 samples. However, it cannot replace the long-
time positioning observation. Thus, more investigations on grassland habitats are required to be
conducted for our deeper studies in the future.

5 Conclusions

By using geographic information technology and statistical modelling, this paper attempted to study
whether the landscape diversity of isolated grasslands of Poyang Lake follow the basic principles of
island biogeography from the aspects of area, distance, and shape attributes and flooding ecological
variable. The results showed as follows: 1) It there exists a strong area attribute which can be well
expressed by a logarithmic function model with a high R2 of 0.73. 2) The SHDI was negatively
correlated with the distance between grassland and its nearest mainland (G-M), but the R2 of the fitting
was low. Weak isolation caused by seasonal flooding in Poyang Lake can be the main reasons. 3) The
SHDI showed a weak correlation with PSI, but the tendency was not consistent with the idea that
biodiversity will be improved with the increase of shape complexity at a landscape scale. 4) There was a
significantly negative effect of flooding duration on the SHDI because prolonged flooding limits
vegetation growth. It indicates that besides area and distance attributes, the flooding ecological variable
strongly affects the biodiversity of grassland vegetation, and should not be ignored when applying island
biogeography theory to Poyang Lake.

The study indicated that in general the island biogeography theory can apply to the vegetation
biodiversity of isolated grasslands in Poyang Lake at a landscape scale. Due to the specific hydrological
process of Poyang Lake, it is recommended that the errors caused by the seasonal water level fluctuation,
and the resulting instability of the grasslands, should be considered when island biogeography theory is
applied.
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