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Abstract 
Nested subset pattern (nestedness) is an important part of the theoretical framework of island biogeography and community ecology. However, 
most previous studies often used nestedness metrics or randomization algorithms that are vulnerable to type I error. In this study, we inves-
tigated the nestedness of lizard assemblages on 37 islands in the Zhoushan Archipelago, China. We used the line-transect method to survey 
species occurrence, abundance, and habitat types of lizards on 37 islands during 2 breeding seasons in 2021 and 2022. We applied the nested 
metric WNODF and the conservative rc null model to control for type I error and quantify the significance of nestedness. Spearman rank cor-
relations were used to evaluate the role of 4 habitat variables (island area, 2 isolation indices, and habitat diversity) and 4 ecological traits (body 
size, geographic range size, clutch size, and minimum area requirement) in generating nestedness. The results of WNODF analyses showed that 
lizard assemblages were significantly nested. The habitat-by-site matrix estimated by the program NODF was also significantly nested, support-
ing the habitat nestedness hypothesis. The nestedness of lizard assemblages were significantly correlated with island area, habitat diversity, 
clutch size, and minimum area requirement. Overall, our results suggest that selective extinction and habitat nestedness were the main drivers 
of lizard nestedness in our system. In contrast, the nestedness of lizard assemblages was not due to passive sampling or selective colonization. 
To maximize the number of species preserved, our results indicate that we should protect both large islands with diverse habitats and species 
with large area requirement and clutch size.
Key words: clutch size, habitat nestedness, lizards, minimum area requirement, nestedness, selective extinction, WNODF, Zhoushan Archipelago.

Nested subset pattern (nestedness) is a nonrandom distri-
bution pattern of communities widespread in islands or 
fragmented systems (Wright et al. 1998; Whittaker and 
Fernández-Palacios 2007). Nestedness occurs when the spe-
cies in the species-poor island are an appropriate subset 
of the species in the species-rich islands (Darlington 1957; 
Patterson and Atmar 1986). The study of nestedness was pop-
ularized by Patterson and Atmar (1986), who conceived the 
first community-level metric to test for nestedness statistically 
(Whittaker and Fernández-Palacios 2007; Wang et al. 2012). 
So far, nestedness has become an important part of the the-
oretical framework of island biogeography and community 
ecology (Worthen 1996; Weiher and Keddy 1999; Whittaker 
and Fernández-Palacios 2007).

Four main hypotheses have been proposed to interpret 
nestedness, including passive sampling, selective extinc-
tion, selective colonization, and habitat nestedness (Table 1; 
Cutler 1994; Cook and Quinn 1995; Wright et al. 1998). 
Passive sampling could cause nestedness in that rare spe-
cies are less likely to be sampled in a given area, compared 
with common species (Andrén 1994; Higgins et al. 2006). 
According to the selective extinction hypothesis, in systems 
experiencing species loss, species with different extinction 
vulnerability would disappear from sites in a predictable 
sequence and thus lead to nestedness (Simberloff and Levin 

1985; Li et al. 1998). The selective colonization hypothesis 
posits that island isolation would create nestedness through 
dispersal limitation because species have distinctive ability 
to colonize distant sites (Darlington 1957; Cook and Quinn 
1995). Finally, the habitat nestedness hypothesis suggests 
that the species distribution is nested because their habi-
tats are nested (Calmé and Desrochers 1999; Honnay et al. 
1999; Wang et al. 2013).

Species life-history traits (ecological traits) may also 
have important impacts on the formation of nestedness 
(Table 1; Schouten et al. 2007; Meyer and Kalko 2008; 
Wang et al. 2010). For instance, if extinction sensitivity is 
an important factor affecting the distribution structure of 
species assemblages, then life-history characteristics related 
to extinction will determine nestedness (Frick et al. 2009; 
Wang et al. 2012; Chen et al. 2022). However, if disper-
sal ability is a main driver of nestedness, ecological traits 
associated with the relative mobility of species may order 
species occurrence patterns (Cook and Quinn 1995; Meyer 
and Kalko 2008). In fact, the above processes causing nest-
edness usually emerge as a result of coupled gradients in 
site characteristics and species’ ecological responses (Ulrich 
et al. 2009).

To date, relatively few studies have examined the nest-
edness for the taxon of lizards, particularly in oceanic 
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archipelago systems (Perry et al. 1998). The few existing 
studies on lizard assemblages showed that isolation, habitat 
diversity, and habitat types were the main external drivers 
of nestedness (Wang et al. 2010; Rubio and Simonetti 2011; 
Rocha et al. 2014). Perry et al. (1998) also inferred that cer-
tain life-history trait (population density) may be important 
in generating nestedness. However, expect for Wang et al. 
(2010), other studies did not combine environmental varia-
bles and species traits simultaneously to examine their roles 
in generating nestedness.

In this study, we investigated the nestedness of lizard assem-
blages on 37 islands in the Zhoushan Archipelago, China. We 
addressed the following 3 main questions: (1) Was the dis-
tribution of lizard assemblages among islands significantly 
nested? (2) What are the mechanisms underlying the nested-
ness of lizard assemblages? (3) How can nestedness theory be 
applied to direct conservation management of lizard assem-
blages in our system?

Materials and Methods
Study area
The Zhoushan Archipelago (29°31ʹ~30°04ʹN, 
121°30ʹ~123°25ʹE), the largest archipelago in China (Li et al. 
1998), is located in the northeast of Zhejiang Province, China 
(Figure 1). There are a total of 1339 islands in the Zhoushan 
Archipelago, including 58 islands with areas larger than 1 
km2 (Wang et al. 2009a). It is a land-bridge archipelago that 
was separated from the continent by the intervention of sea-
water about 7000–9000 years ago. The climate in this region 
belongs to the monsoon oceanic climate of the southern mar-
gin of the North subtropics, which is overall warm and humid 
(Li et al. 1998). The archipelago is covered by the dense sub-
tropical evergreen broadleaf forest, which is mixed with sec-
ondary coniferous forest, grassland, and shrubs (Chen et al. 
2022).

Thirty-seven islands were selected as our study sites, 
which represent a series of diverse areas, shapes, habitat 
types, and levels of isolation (Figure 1). Among the islands, 
the area ranged from 0.68 km2 to 476.17 km2, the dis-
tance from the nearest continent varied from 0.4 km to 
77.49 km, and the number of habitat types ranged from 
2 to 9 (Table 2). Our sampling effort on each site was 
roughly proportional to the logarithm of the island area 
(Schoereder et al. 2004; Chen et al. 2022), and the line 
transects on each island were set to cover as many habitats 
as possible (Xu et al. 2017). However, it should be noted 
that our 37 study islands are not the same of the 37 islands 
in the amphibian study by Chen et al. (2022). Specifically, 
3 islands (#9, #17, #23 in Table 2) in our study were not 
included in the latter study.

Survey methods
Lizard surveys
We used the line-transect method (Mac Nally and Brown 
2001; Wang et al. 2009b) to compile the occurrence and 
abundance data of lizards on the 37 study islands from May 
to July in 2021 and 2022 (Supplementary Table 1). Along 
the line transects on each island, observers searched all the 
habitat types to find lizards at a steady rate (10 m/min). The 
survey of lizards was conducted during the daytime when the 
weather was pleasant from 9:00 AM to 16:00 PM, exclud-
ing the hottest period at noon when the activity of lizards Ta
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was low (Wang et al. 2009b; Zhong et al. 2022a). Geckos 
were surveyed from 19:00 PM to 22:00 PM because they 
are active in nights (Zhao et al. 1999; Meiri 2018). Because 
lizard activities are susceptible to inclement weather, such 
as rainstorms and typhoons, all the surveys were conducted 
on sunny days without rains or fogs (Wang et al. 2009b). 
Each island was surveyed 3 times to ensure that it was fully 
sampled.

A complete species list for each island is the foundation 
of any measure of nestedness (Cam et al. 2000; Wang et al. 
2012; Xu et al. 2017). To evaluate the inventory completeness 
of lizards, we randomized (1000×) sample-based and site-
based species accumulation curve for each island (Colwell 
2013). We calculated the estimated number of lizard species 
on the study islands using the Chao 2 estimator of species 
richness (Table 2). Calculations were conducted using the 
EstimateS version 9.2 software with the default parameters 
(Colwell 2013).

Habitat variable surveys
For each island, we collected data on 3 types of habitat var-
iables (area, isolation, and habitat diversity), which are gen-
erally thought to influence nestedness (Wright et al. 1998; 
Calmé and Desrochers 1999; Wang et al. 2012). Area of 
each island (in km2) was obtained from the officially pub-
lished data of the Zhoushan Municipal Statistics Bureau 
(http://zstj.zhoushan.gov.cn/col/col1229615782/index.html). 
Two isolation indices were used as a measure of isolation, 
including isolation1 (the distance from the nearest main-
land) and isolation2 (the distance from the nearest larger 
island), which were estimated from the ArcGIS 10.7 (ESRI, 
Redlands, CA). Considering that the habitats of lizards and 
geckos are quite different (Meiri 2018; Zhong et al. 2022b), 
all the habitat types in our system were mainly divided into 
9 types: forest, shrub, grassland, farmland, reservoir, settle-
ment, stream, mountain bare rock, and mountain road facil-
ities (Supplementary Table 2). Habitat diversity was then 

Figure 1 The map of the 37 study islands in the Zhoushan Archipelago, China. The figure was drawn from ArcMap 10.2. The numbers of islands are 
arranged by area from the largest to the smallest, corresponding to Table 2.

http://zstj.zhoushan.gov.cn/col/col1229615782/index.html
http://academic.oup.com/bjc/article-lookup/doi/10.1093/cz/zoac103#supplementary-data
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calculated as the number of habitat types observed for lizards 
on each island (6.81 ± 1.60; Mean ± SD; Table 2; Wang et 
al. 2012).

Species life-history traits
For each species, we selected 4 life-history traits, including 
body size, geographic range size, clutch size, and minimum 
area requirement, which could reflect species extinction and 
immigration tendencies (Li et al. 1998; Tingley et al. 2013; 
Zhong et al. 2022a). Among the traits, geographic range 
size, clutch size, and minimum area requirement were closely 
related to extinction proneness (Li et al. 1998; Siliceo and 
Díaz 2010; Wang et al. 2012). We used body length (mm) 
to represent body size, which is usually linked to dispersal 

ability (Jenkins et al. 2007; Wang et al. 2012). Average clutch 
size was used as an index of reproductive potential (Wang et 
al. 2009b). The data on body size, geographic range size, and 
clutch size were obtained from published literature (Zhao et 
al. 1999; Zhong et al. 2022b). The minimum area requirement 
of each species was based on our field survey and estimated as 
the area of the smallest island occupied by each species (Li et 
al. 1998; Wang et al. 2010; Xu et al. 2017).

Statistical analyses
Quantification of nestedness
We used the recently developed nestedness metric WNODF 
(Weighted Nestedness metric based on Overlap and 
Decreasing Fill) to assess the nestedness of lizard assemblages. 

Table 2 Characteristics of 37 study islands in the Zhoushan Archipelago, China. Isolation1 is given as distance to the nearest continent; Isolation2 is the 
distance to the nearest larger island

Island 
code 

Island area 
(km2) 

Isolation1 
(km) 

Isolation2 
(km) 

Number of habitat 
types (n) 

Species 
richness (n) 

Expected  
richness (Chao2) 

Survey 
completeness 

Nested 
matrix rank 

1 476.17 9.10 9.10 9 8 8.5 0.94 1

2 104.97 59.42 11.38 9 7 10 0.70 4

3 93.66 6.97 6.97 9 7 15 0.47 3

4 77.35 3.50 3.50 8 7 13 0.54 2

5 61.82 19.02 0.89 9 5 5.5 0.91 12

6 59.79 55.83 11.38 9 4 4 1.00 17

7 40.37 9.44 5.98 9 5 6 0.83 7

8 33.56 40.23 4.62 9 3 3 1.00 29

9 28.37 0.40 0.40 6 3 4 0.75 30

10 26.90 0.45 0.45 6 2 2 1.00 35

11 24.44 46.07 25.27 6 5 5.5 0.91 11

12 22.88 26.69 2.71 8 3 3 1.00 22

13 17.01 13.89 2.08 7 5 8 0.63 9

14 14.51 13.87 1.21 8 5 5 1.00 8

15 14.20 16.53 1.82 6 4 4 1.00 16

16 11.85 24.88 2.92 7 6 14 0.43 6

17 11.10 30.38 1.75 7 4 6 0.67 15

18 10.92 39.18 0.28 8 3 4 0.75 27

19 7.28 7.23 1.75 7 4 5 0.80 18

20 6.92 19.50 0.50 7 5 5 1.00 14

21 5.74 77.49 20.71 7 3 3 1.00 24

22 5.21 61.00 3.54 7 2 2 1.00 34

23 5.15 4.73 0.47 6 4 4.5 0.89 21

24 4.92 32.71 22.33 7 3 3.5 0.86 28

25 4.08 81.26 0.73 7 2 2 1.00 36

26 3.14 34.82 1.19 8 5 8 0.63 10

27 2.95 65.94 34.74 5 3 3.5 0.86 31

28 2.64 62.36 7.92 6 3 3 1.00 25

29 2.22 10.98 1.05 5 3 3 1.00 26

30 1.94 33.67 2.65 6 4 6 0.67 20

31 1.72 47.70 0.28 6 3 3.5 0.86 32

32 1.51 9.73 2.40 6 4 5 0.80 19

33 1.44 30.40 2.45 5 6 6 1.00 5

34 1.41 63.80 0.94 4 2 2 1.00 33

35 0.93 8.17 3.60 2 2 2 1.00 37

36 0.88 30.50 0.36 5 5 6 0.83 13

37 0.68 11.74 1.31 6 3 3 1.00 23
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WNODF is a simple modification of the nestedness metric 
NODF that incorporates species abundance data (Almeida-
Neto and Ulrich 2011). Compared with other nestedness 
metrics, WNODF has several unique advantages. First, both 
presence–absence data and abundance data can be used to 
assess the nestedness by WNODF. Second, not only the whole 
incidence matrix (WNODF), but also species (WNODFR) and 
sites (WNODFC) can be calculated separately (Wang et al. 
2013). Finally, the WNODF metric is less sensitive to matrix 
size and shape, and less prone to Type I error, than other 
commonly used metrics (Almeida-Neto and Ulrich 2011). We 
used the rc randomization algorithm to randomly generate 
1000 matrices and estimated the statistical results within the 
95% confidence interval. Among the algorithms, the rc null 
model is the most conservative to Type I error by maintaining 
the original matrix size and the original abundance in both 
rows and columns (Almeida-Neto and Ulrich 2011). All the 
above calculations were performed using the program NODF 
version 2.0 (Almeida-Neto and Ulrich 2011).

Determinants of nestedness
We used the random placement model (Coleman 1981) to 
determine whether passive sampling from species abundance 
distributions played a major role in generating the nested-
ness of lizard assemblages (Higgins et al. 2006; Wang et al. 
2010). Based on the random placement model, the expected 
species richness S(α)

Ä
S(α) = S−

∑S
i=1 (1− α)

ni
ä
 depends on 

the region’s relative area α
Ä
α = ak/

∑k
k=1 ak

ä
 and the abun-

dance (ni) of each species in the region. In the above model, 
S is the sum of the species richness at all locations, and ak 
is the area of a certain location. The variance σ2 of S(α) is 
determined as σ(α)

2 =
∑S

i=1 (1− α)
ni −

∑S
i=1 (1− α)

2ni. The 
random placement model should be rejected if more than 
one-third of the points lie outside 1 standard deviation (±1 
SD) of the expected species-area curve (Coleman et al. 1982).

We used the nestedness metric NODF in the program 
NODF version 2.0 (Almeida-Neto et al. 2008) to evaluate 
whether the habitat-by-site matrix (Supplementary Table 3) 
was significantly nested. If the habitat-by-site matrix was 
nested, then the nestedness of lizard assemblages in our sys-
tem can be interpreted by the habitat nestedness hypothesis 
(Calmé and Desrochers 1999; Wang et al. 2013).

The order in which sites and species are sorted by WNODF 
can be compared with numerous independent variables to 
assess their roles in generating nestedness (Patterson and 
Atmar 2000; Xu et al. 2017). We performed Spearman rank 
correlations between the island ranks in the maximally 

packed matrix and ranked island attributes (island area, 2 
isolation indices, and habitat diversity; Table 2). Similarly, we 
calculated Spearman rank correlations between the species 
ranks in the maximally packed matrix and ranked species 
traits (body size, geographic range size, clutch size, and mini-
mum area requirement; Table 3). All the above analyses were 
performed in R 4.2.1 (R Core Team 2021).

Results
General survey results
A total of 2126 individuals of lizards belonging to 8 species, 5 
genera, and 3 families were detected during the 2-year study 
period. Among all species, the 3 geckos species were the most 
abundant, whereas Plestiodon chinensis and Scincella modesta 
were the rarest species (Table 3). The observed species rich-
ness on each island varied from 2 to 8 (4.11 ± 1.58; Mean ± 
SD; Table 2). Survey completeness of lizard assemblages for 
the 37 study islands was very high 0.86 ± 0.17 (Mean ± SD; 
Table 2). The species accumulation curve using individuals 
or islands as surveying units both approached an asymptote 
(Supplementary Figure 1), which also indicated a high level of 
lizard inventory completeness for the study islands.

Nestedness of lizard assemblages
Based on the species-by-site abundance or presence–absence 
matrix (Supplementary Table 1), the results of WNODF ver-
ified that lizard assemblages in the Zhoushan Archipelago 
were significantly nested (Table 4). Additionally, both spe-
cies composition (WNODFC = 29.33, P < 0.001) and species 
incidence (WNODFR = 38.48, P < 0.001) were significantly 
nested (Table 4).

Determinants of nestedness
The nestedness of lizard assemblages was significantly 
and negatively correlated with the island area (Table 5). 
Nestedness was also significantly and positively related to the 
species traits linked to extinction tendencies (clutch size and 
minimum area requirement; Table 5).

The habitat-by-site matrix estimated by the program 
NODF was significantly nested (NODFobs = 79.22 > NODFexp 
= 48.92, P < 0.001; Table 4), supporting the habitat nested-
ness hypothesis. In addition, species nestedness was signifi-
cantly and negatively correlated with habitat diversity (Table 
5).

The nestedness of lizard assemblages did not appear to 
result from selective colonization (Table 5). Nestedness of 

Table 3 Ecological traits of lizard species on 37 study islands in the Zhoushan Archipelago, China

Species Body size 
(mm) 

Geographic range 
size (km2) 

Clutch  
size (n) 

Minimum area 
requirement (km2) 

Population 
abundance (n) 

Mean 
abundance (SD) 

Nested 
matrix rank 

Takydromus septentrionalis 64.00 2347321.80 3.5 0.69 136 3.68 (5.91) 1

Plestiodon elegans 79.00 2520261.88 6.5 0.88 53 1.43 (2.75) 7

Plestiodon chinensis 105.00 2438373.56 21.0 1.94 8 0.22 (0.42) 8

Scincella modesta 48.00 1171199.92 9.0 1.51 21 0.57 (0.87) 6

Sphenomorphus indicus 76.00 3284468.81 6.0 0.88 35 0.95 (1.35) 4

Gekko japonicus 64.00 1918348.55 2.0 1.44 376 10.16 (19.07) 5

Gekko hokouensis 65.00 1256464.85 2.0 0.69 677 18.30 (21.24) 2

Gekko subpalmatus 61.00 1027502.31 2.0 0.69 820 22.16 (38.11) 3

http://academic.oup.com/bjc/article-lookup/doi/10.1093/cz/zoac103#supplementary-data
http://academic.oup.com/bjc/article-lookup/doi/10.1093/cz/zoac103#supplementary-data
http://academic.oup.com/bjc/article-lookup/doi/10.1093/cz/zoac103#supplementary-data
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lizard assemblages was not correlated with the 2 isolation 
indices or body size as a proxy for dispersal ability (P > 0.05; 
Table 5).

The results of the random placement model showed that 
none of the observed points was within 1 standard deviation 
(± 1 SD) of the predicted species-area curve (Figure 2), reject-
ing the passive sampling hypothesis.

Discussion
In this study, we investigated the nestedness of lizard assem-
blages in the Zhoushan Archipelago, China. Our study dif-
fers from previous nestedness studies in several ways. First, 
although nestedness has been documented for a variety 

of taxa (Wright et al. 1998; Watling and Donnelly 2006; 
Dondina et al. 2022), it is rarely examined in lizard assem-
blages from oceanic archipelago systems (Perry et al. 1998). 
Our study on lizards thus fills in a significant gap and contrib-
utes to the ecological generality of nestedness across a wide 
range of taxa. Second, few studies have explicitly tested the 
sampling effect or habitat nestedness hypothesis due to the 
difficulties in collecting species abundance or habitat data (Li 
et al. 1998; Wright et al. 1998; Xu et al. 2017). In contrast, we 
tested the 4 hypotheses underlying nestedness simultaneously 
in our study. Finally, most previous studies used nestedness 
metrics (e.g., temperature metric) or random fill algorithms 
that are vulnerable to type I error (Atmar and Patterson 1993; 
Fischer and Lindenmayer 2002; Ulrich and Gotelli 2007). 

Figure 2 The random placement model for lizards on 37 study islands in the Zhoushan Archipelago, China. Observed species richness (filled circles), 
expected values (solid line), and associated standard deviations (±1 SD; dashed lines) are shown, respectively.

Table 4 Results of nestedness analyses using the program NODF conducted on the abundance matrix (WNODF) or presence–absence matrix (NODF) 
for lizard assemblages and their habitats on 37 study islands in the Zhoushan Archipelago, China

  WNODF NODF

Observed Expected P Observed Expected P 

Species All matrix 30.09 50.13 < 0.001 65.78 40.86 < 0.001

Sites 29.81 49.24 < 0.001 65.65 40.76 < 0.001

Species 36.75 74.02 < 0.001 68.91 43.19 < 0.001

Habitats All matrix 79.22 48.92 < 0.001

Sites 79.01 48.57 < 0.001

Species 83.09 55.51 < 0.001

Table 5 Spearman rank correlations between rank orders of sites and species in the maximally nested matrix and orders of sites and species after 
rearranging the matrix according to each explanatory variable

 Island biogeographic variables Species life-history traits

Island 
area (km2) 

Isolation1 
(km) 

Isolation2 
(km) 

Number of 
habitat types (n) 

Body size 
(mm) 

Geographic 
range size (km2) 

Clutch 
size (n) 

Minimum area 
requirement (km2) 

rs −0.475 0.284 −0.231 −0.478 0.431 0.310 0.732 0.872

P 0.003 0.088 0.168 0.003 0.286 0.462 0.039 0.005

Significant results are shown in bold.



250 Current Zoology 2024, Vol. 70, No. 2

Our study used the most recent and appropriate nestedness 
metric (WNODF) and the best-performing fixed-fixed algo-
rithm, which can successfully avoid the type I error (Ulrich 
and Gotelli 2007; Almeida-Neto and Ulrich 2011; Wang et 
al. 2012).

The nestedness of lizard assemblages was consistent with 
the selective extinction hypothesis because the nestedness was 
significantly correlated with island area and the species trait 
linked to extinction tendencies (minimum area requirement). 
Selective extinction is widely considered as a pivotal driver 
of nestedness, particularly in land-bridge archipelagos and in 
habitat fragments that are experiencing species loss or “fau-
nal relaxation” (Patterson 1987; Bolger et al. 1991; Wang et 
al. 2012). As the Zhoushan Archipelago has been isolated 
from the mainland for 7000–9000 years (Wang et al. 2009a), 
it is highly likely that faunal relaxation has already occurred. 
Previous studies in the same system found that selective 
extinction is the main driver of nestedness for amphibians 
and butterflies (Li et al. 1998; Xu et al. 2017; Chen et al. 
2022). In our study, selective extinction may cause nested-
ness because lizard species with large area requirement have 
higher extinction risks and thus will go extinct first (Li et al. 
1998; Xu et al. 2017).

However, we found a positive correlation between species 
rank in the maximally nested matrix and clutch size, which is 
contrary to the selective extinction hypothesis. According to 
the selective extinction hypothesis, lizard species with lower 
reproductive potential (small clutch size) are more prone to 
extinction (Siliceo and Díaz 2010) and should thus be found 
on a small subset of islands. By contrast, in our study, lizard 
species with small clutch size are widespread and abundant 
in most of the islands, whereas species with large clutch size 
can be found only in a nested subset of islands. One possi-
ble explanation for the result is that lizard species with large 
clutch size in our system are also those with large minimum 
area requirement that are more prone to extinction (Spearman 
ρ = 0.717, P = 0.045). Our result thus suggests that we should 
pay prior attention to lizard species with large clutch size 
(e.g., P. chinensis, S. modesta).

The nestedness of lizard assemblages was also in accord 
with the habitat nestedness hypothesis as the habitats of liz-
ards in our system were significantly nested. Habitat nest-
edness is considered as the most parsimonious process to 
explain species nestedness (Calmé and Desrochers 1999). 
However, so far, few studies have explicitly tested the habi-
tat nestedness hypothesis probably because of the difficulty 
in collecting habitat data. For example, the 2 previous stud-
ies in the Zhoushan Archipelago did not collect habitat data 
for amphibians and butterflies to test the habitat nestedness 
hypothesis (Li et al. 1998; Xu et al. 2017). Consistent with 
previous findings (Calmé and Desrochers 1999; Honnay et al. 
1999; Wang et al. 2013; Tan et al. 2021), our study provides 
further evidence for the role of habitat nestedness in generat-
ing species nestedness.

There was no evidence that the nestedness of lizard assem-
blages resulted from passive sampling. Several studies have 
shown that nestedness could arise from random sampling of 
species differing in their relative abundances (Andrén 1994; 
Cutler 1994; Higgins et al. 2006). Although it is stressed 
that the data should be tested for passive sampling prior to 
other hypotheses, the sampling effect has rarely been exam-
ined probably because of the difficulties involved in collecting 
species abundance data (Andrén 1994; Wright et al. 1998). 

Our results indicate that passive sampling plays little role in 
the development of nestedness, which is consistent with the 
results of several previous studies (Worthen et al. 1998; Wang 
et al. 2010; Xu et al. 2017; Chen et al. 2022).

The nestedness of lizard assemblages was also not in accord 
with the selective colonization hypothesis. The nestedness was 
not correlated with the 2 island isolation indices and species 
body size as a proxy for dispersal ability. At least 3 reasons 
may explain why the correlations are weak. First, compared 
with other vagile taxa (e.g., birds or bats), colonization prob-
ably has rarely occurred in our system due to the poor dis-
persal ability of lizards, which may greatly reduce the impact 
of selective colonization on nestedness (McAbendroth et al. 
2005; Wang et al. 2010). Second, the stepping stone effect of 
some small islands may dilute the effect of isolation by dis-
tance (Xu et al. 2017; Uezu et al. 2008). Finally, the lack of a 
significant effect of isolation on nestedness is because the bio-
logically meaningful quantification of isolation is notoriously 
difficult (Lomolino 1996). In fact, we know very little about 
the relative dispersal ability of most lizards, which precludes 
strong inferences on the impact of selective colonization on 
nestedness.

Chen et al. (2022) recently investigated the nestedness 
of amphibians in the Zhoushan Archipelago. The results of 
the nestedness in amphibians are general consistent with 
our study on lizard nestedness. Overall, the nestedness of 
amphibians and lizards are both consistent with the selective 
extinction and habitat nestedness hypotheses, but not caused 
by passive sampling and selective colonization. Specifically, 
the nestedness of amphibians and lizards are correlated with 
island area, habitat diversity, clutch size, and minimum area 
requirement. However, clutch size is negatively correlated 
with the nestedness of amphibians, which is opposite to our 
result. In addition, geographic range size also affects the nest-
edness in amphibians, but not in lizards. Therefore, although 
the general processes determining the nestedness of amphibi-
ans and lizards are largely congruent, their specific responses 
in life-history traits to the long-term insular isolation are 
quite different.

So far, Spearman rank correlation has been widely used to 
determine the drivers of nestedness. Because the ordering of 
the sites or species by the nestedness software (e.g., NODF) is 
only relative, Spearman rank correlation is particularly suita-
ble for analyzing such variables (Patterson and Atmar 2000). 
By contrast, the multiple linear regression analysis cannot be 
used because the dependent variable (rank values of the sites 
or species) often does not meet the assumption of normal dis-
tribution (Zar 2010). However, it is often hard to quantify the 
relative role of multiple significant drivers of nestedness due 
to the use of the univariate rank-correlation approach.

In conclusion, both island characteristics and species eco-
logical traits influenced the nestedness of lizard assemblages 
in the Zhoushan Archipelago. Understanding the nestedness 
pattern and its mechanistic basis has important implications 
for biodiversity conservation and can be used to direct man-
agement efforts (Patterson 1987; Fleishman et al. 2002; Xu 
et al. 2017). Our results have 3 general conservation impli-
cations. First, to maximize the number of species preserved, 
large islands should the focus of conservation because the 
nestedness of lizard assemblages was correlated with the 
island area and all the 8 lizard species occurred on the larg-
est island (Zhoushan Island; Supplementary Table 1). Second, 
as habitat diversity and habitat nestedness played important 

http://academic.oup.com/bjc/article-lookup/doi/10.1093/cz/zoac103#supplementary-data
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roles in structuring the nestedness of lizard assemblages, hab-
itat-rich islands also should receive more attention in lizard 
diversity conservation. Finally, as minimum area requirement 
and clutch size were positively correlated with lizard nested-
ness and species with larger area requirement and clutch size 
have higher extinction risk, those species should be given con-
servation priority to prevent their local extinction.
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