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Abstract

Poyang Lake Basin is of great importance to maintain regional ecological balance.
However, fish biodiversity in this basin has rapidly declined as the result of anthro-
pogenic habitat alteration, such as dam construction, sand mining, and water pol-
lution. Here, we aimed to analyze the temporal and spatial changes in biodiversity
patterns of fish in Poyang Lake Basin over the last 37 years. The number of fish spe-
cies underwent a significant decrease in the current period. In particular, 36.7% of
the migration of fish was extirpated. Twenty-seven fish species have been formally
assessed using the Chinese Red List were currently listed as Critically Endangered (9),
Endangered (3), Vulnerable (10), and Near Threatened (5). Alpha and gamma diversity
revealed that fish diversity had also decreased, and beta diversity showed signifi-
cant composition dissimilarity in two periods. PCoA showed that the historical fish
composition dissimilarity was significantly different from that of the current period.
We found a significant effect of the geographical distance on the spatial turnover
component for the historical and current periods. In addition, the nestedness compo-
nent was the main contributor to beta diversity, which indicated one large protected
area should be established in Poyang Lake and the Ganjiang River Basin with higher
species richness. These results indicated that fish biodiversity declined in the cur-
rent period likely caused by anthropogenic habitat alteration and other threatened
factors. Therefore, we suggest that the habitat reconstruction and biodiversity con-
servation for fish have become imperative in this basin, and a complete management

plan should be carried out.
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1 | INTRODUCTION

Species compositions become gradually more similar (i.e., biological
homogenization) as a result of anthropogenic habitat alteration, such
as hydrologic alteration, habitat fragmentation, overfishing, eutro-
phication, and species invasion, which result in an increasing risk of
extinction in certain current species (Cardinale et al., 2012; Monnet
et al., 2014; Olden, Comte, & Giam, 2016; Taylor, 2010). Biological
homogenization refers to disparate regions becoming more similar
in their species compositions through time (Olden & Rooney, 2006),
and beta diversity is defined as the variation in species composition
between sites (Whittaker, 1960). In other words, biological homoge-
nization is the process by which beta diversity decreases over time.
For more than a decade, considerable evidence has been accumu-
lated indicating a general trend toward biotic homogenization in var-
ious taxa in terrestrial, freshwater, and marine ecosystems across the
earth (e.g., Qian & Ricklefs, 2006; Toussaint, Beauchard, Oberdorff,
Brosse, & Villeger, 2014; Winter et al., 2009).

Freshwater fish can be indicators of the aquatic ecosystem
quality (Arthington, Dulvy, Gladstone, & Winfield, 2016; Nogueira
et al.,, 2010; Yan, Xiang, Chu, Zhan, & Fu, 2011) and are also a
rich source of nutrition, constituting a major staple food item for
most people (Cressey, 2009; De Silva, 2012; Naylor et al., 2000).
However, due to the effect of anthropogenic habitat alteration, the
composition of fish species has become progressively more similar,
and endemic species have been continuously globally threatened
(Arthington et al., 2016; Fu, Wu, Chen, Wu, & Lei, 2003). Therefore,
freshwater fish are considered to be among the most vulnerable
groups of organisms, as many of these species are declining pre-
cipitously worldwide (Arthington et al., 2016; Liu, Hu, Ao, Wu, &
QOuyang, 2017).

Poyang Lake, the largest lake in China, is important both na-
tionally and internationally because of its geographic position, and
it should have priority for conservation efforts because it is also a
listed site in the Global Ecoregion 2000 by the World Wildlife Fund
(WWEF; Fu et al., 2003; Huang, Wu, & Li, 2013). Therefore, Poyang
Lake plays an important role in maintaining and supplementing the
aquatic biodiversity of the Yangtze River (Jin, Nie, Li, Chen, & Zhou,
2012). However, there have been serious negative impacts on fish
biodiversity because of human activities. Many fish species are as-
sessed as threatened or near threatened based on the Chinese Red
List (Jiang et al., 2016). In addition, some species of fish are likely
to be extirpated from Poyang Lake Basin, such as Acipenser sinensis
Gray, 1835, Psephurus gladius (Martens, 1862), Ochetobius elongatus
(Kner, 1867), Tenualosa reevesii (Richardson, 1846), and Luciobrama
macrocephalus (Lacepéde, 1803).

Knowledge on the biodiversity patterns of fish is important for
proposing conservation and management strategies. However, few
studies have compared changes in the biodiversity patterns of fish in
the historical and current periods, Poyang Lake Basin. Beta diversity
is an important tool for conservation planning (Bergamin et al., 2017,
Mcknight et al., 2007; Wiersma & Urban, 2005). The objective of
this study was to analyze the temporal and spatial changes in the
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biodiversity patterns of fish and to explore the effects of geograph-
ical factors on the biodiversity patterns. We hope our study pro-
vides an important basis for the conservation and management of

fish biodiversity.

2 | METHODS

2.1 | Study area

Poyang Lake, located in the north of Jiangxi Province, is sur-
rounded on three sides by mountains, fed by five large riv-
ers (Ganjiang River, Fuhe River, Xiuhe River, Xinjiang River, and
Raohe River), and flows into the Yangtze River. Hence, it forms
a complex and highly interconnected river-lake-wetland system
(Figure 1; Jin et al., 2012). The total area of Poyang Lake Basin
is 16.2 x 10* km?, accounting for 9% of the Yangtze River Basin
and 93.9% of the land area of Jiangxi Province. Poyang Lake Basin
has an average annual precipitation of 1,350-2,150 mm, and the
precipitation is mainly concentrated in April-June. Its surface run-
off is 1,457 x 108 m%, accounting for 5.28% of the total runoff in
China. An annual average sediment of 2,104.2 x 10* ton flows into
Poyang Lake, mainly from the five rivers. The forest coverage in
the watershed reaches 60.1%.

2.2 | Data collection

Since the 1950s, many Chinese researchers have conducted sev-
eral studies on a wide variety of fish species in Poyang Lake Basin.
Lists of the fish species in Poyang Lake Basin have been assembled
from published fish surveys (including scientific reports, books, on-
line data, and gray literature) since the 1980s (Table S1). The data
provide the most complete account of the freshwater fish distri-
bution in Poyang Lake Basin. FishBase (http://www.fishbase.org/
search.php) was used to correct the scientific names of the species
from the data. These data were grouped into two periods: (1) the
historical period (1980-2000; Table S2) and (2) the current period
(2000-2017; Table S3). The published inventories from which the
data were taken were based on collections using castnets and elec-
trofishing (most of the surveys before 2000 were conducted using
castnets, whereas electrofishing was the main fishing method after
2000). Native and introduced exotic species was distinguished and
considered an introduced exotic species as present in the lake only

when the species was established.

2.3 | Data analysis

We assessed the completeness of the fish species using abundance-
based rarefaction as implemented in iINEXT online in each area
(Chao, Ma, & Hsieh, 2016). Confidence intervals (95%) were calcu-
lated based on 100 bootstrap replications.

Division of ecological types of fish was according to Ye and
Zhang (2002) and Institute of Hydrobiology, Chinese Academy of
Sciences (1976). Life habits were divided into migration, settlement,


http://www.fishbase.org/search.php
http://www.fishbase.org/search.php
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FIGURE 1 Map showing the location
of Poyang Lake Basin

and mountain streams; feeding habits were divided into herbivorous,
carnivorous, and omnivorous; water layer habitats were divided into
upper layer, lower layer, and demersal.

Alpha and gamma diversity represents the richness of a species
in a particular region or community and the sum of the species rich-
ness in multiple communities, respectively (Legendre & De Caceres,
2013). We first quantified alpha diversity (species richness in each
area) within each period and gamma diversity (total species richness
in Poyang Lake Basin).

Baselga (2010) systematically proposes the beta diversity de-
which is

composition method based on the Sgrensen index (5,,,),

decomposed into spatial turnover component (4 and nested-

sim)

ness component (g, ). The decomposition methods are shown as
follows:
fo = b+c
" 2a+b+c
min (b,c)
ﬂsim =

a+min (b,c)

|b—c| a
2a+b+c” a+min(b,c)

Bsne =

where a is the number of common species between two areas, and b
and c are the numbers of species only present in the first and second
areas, respectively. Sgrensen index ranges from O to 1, representing
that no species and all species are common among the two areas,
respectively.

A principal component analysis (PCoA) was used to analyze the
changes in the fish compositions in Poyang Lake Basin (Legendre &
Legendre, 2012). PCoA was performed based on R 3.2.0 version (R
Development Core Team, 2014) with the “ade4” package (Dray &
Dufour, 2007).

Mantel tests (Legendre & Legendre, 2012) with 9999 permuta-
tions were used to assess the correlations (Spearman's method) be-
tween three pairwise dissimilarity matrices (sgrensen index, spatial
turnover component, nestedness component) and the pairwise ma-
trices of geographical drivers (geographical distance, drainage area,
annual average runoff) for two periods. ArcMap GIS (ESRI) was used
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TABLE 1 The number of native species
in Poyang Lake Basin during the historical
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period and the number and percentage
of native, extirpated native, and alien fish
species during the current period

Basin

Poyang Lake
Ganjiang River
Fuhe River
Xinjiang River
Raohe River
Xiuhe River

Total

Historical Current
Introduced Introduced

Native exotic species Native Ex-Na exotic species
152 0 107 45 (29.6%) 4 (3.6%)
181 0 136 45 (24.9%) 8(5.6%)
127 0 57 70 (55.1%) 1(1.7%)
138 0 52 86 (62.3%) 1(1.9%)

85 0 45 40 (47.1%) 3(6.3%)

83 0 77 6(7.2%) 7 (8.3%)
212 0 165 63 9

Note: The percentages of the extirpated native and introduced exotic species are in brackets.
Abbreviation: Ex-Na, extirpated native.

to determine the geographic distance in the pairs of areas by mea-
suring the distances along waterways. The drainage areas and an-
nual average runoff of the area pairs were obtained from the Bureau
of Hydrology in Jiangxi Province in 2007. R 3.2.0 (R Development
Core Team, 2014) was used to perform all analyses based on the
packages BETAPART (Baselga & Orme, 2012) and VEGAN (Oksanen
et al., 2015).

3 | RESULTS

3.1 | Changes in fish species composition

The total number of fish in the historical period (212 species) was
greater than the current period (174 species), which indicated
the number of fish species experienced a decrease for temporal
change in Poyang Lake Basin. Cypriniformes was the most com-
mon family, comprising 56.1% (114) and 55.2% (96) of the total
number of fish species in two periods, respectively. 37.7% native
species were extirpated in the current period, and 16 native spe-
cies were not recorded in any area from 1980 to 2017 (Table 1).
Nine introduced exotic species were established. The species
numbers in the Ganjiang River and Poyang Lake were greater than
those in the other areas for spatial change (Table 1). The sampling
completeness was more than 95% completeness at each area using
the Chao | measures estimator. The final slopes of the species ac-
cumulation curves for fish in each area were close to asymptotic
(Figure S1).

3.2 | Change in the functional taxa

25% of carnivores, 18.7% of omnivores, and 23.8% of herbivores
were extirpated in the current period, which indicated feeding hab-
its taxa experienced a decrease for temporal change in Poyang Lake
Basin (Figure 2). 35.1% of demersal fish, 10.1% of lower-layer fish,
and 3.0% of upper-layer fish were extirpated in the current period,
which indicated habitat characteristics taxa also experienced a de-
crease (Figure 2). Similarly, 36.7% of migration fish, 32.5% of moun-
tain stream fish, and 15.8% of resident fish were extirpated in the

160

B Historical
140

120 - B Current
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60

Number of species

40
20

SE MS M LL DE
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UL O C H

FIGURE 2 Comparison of the fish ecotypes in the historical and
current periods (C, Carnivorous; DE, Demersal fish; H, Herbivorous;
LL, Lower-layer fish; M, Migration fish; MS, Mountain stream fish;
O, Omnivorous; SE, Settlement fish; UL, Upper-layer fish)

current period, which indicated life habits taxa also experienced a

decrease (Figure 2).

3.3 | Threatened status

The Chinese Red List showed that 65.0% of the species were as-
sessed as Least Concern (LC; Table S4). Twenty-seven fish species
were currently listed as Critically Endangered (9), Endangered (3),
Vulnerable (10), and Near Threatened (5) (Table S4).

3.4 | Changes in the fish diversity

Alpha and gamma diversity for all and native species in the current
period was lower than the historical period, which indicated fish di-
versity experienced a decrease (Figure 3). In addition, there was a
decrease of alpha and gamma diversity in all river or lake sites expe-
rienced in the current period.

A mean value of 0.28 in the historical fish composition dissimi-

larity among Poyang Lake Basin was lower than the current period
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FIGURE 3 Alphaand gamma diversity of the total fish species
and the native species in Poyang Lake Basin during the historical
and current periods

(0.40; Table 2). The nestedness component was greater than spatial
turnover component for each area in two periods, which indicated
that the nestedness component was the main contributor to beta
diversity (Table 2).

A total value of all (0.49) and native (0.49) species in the histori-
cal fish composition dissimilarity was higher than the current period
(Table 3). The spatial turnover component for all and native species
was lower than the nestedness component in the historical period,
which indicated the nestedness component was the main contribu-
tor to beta diversity (Table 3), while the spatial turnover component
for all and native species was higher than the nestedness component
in the current period.

The PCoA showed that the historical fish composition dissimilar-
ity of the Xiuhe River and the Raohe River was similar, as was that of
the Xinjiang River and the Fuhe River; the historical fish composition
dissimilarity of Poyang Lake and the Ganjiang River was uniquely di-
vided into other areas (Figure 4a,c,e). The current fish composition
dissimilarity of the Xiuhe River, the Xinjiang River, and the Fuhe River
was similar; the current fish composition dissimilarity of Poyang
Lake, the Raohe River and the Ganjiang River was uniquely divided
into other areas (Figure 4b,d,f).

We found a significant effect of the geographical distance on the
spatial turnover component in the historical and current periods. In
addition, we found the annual average runoff significantly affected
the overall beta diversity in the current period, and the correlation
between the nestedness component, the spatial turnover compo-
nent, and the drainage area was significant in the current period
(Table 4).

4 | DISCUSSION

4.1 | Fish biodiversity declined

Historically, the Yangtze River formed a connected river-lake system
(Fu et al., 2003; Jin et al., 2012; Zhang et al., 2013). Many fishes
have developed a typical potamodromous life history, adapting to
the seasonal flooding regime in this system (Cui & Li, 2005; Fu et al.,
2003; Ren, He, Song, Cheng, & Xie, 2016). Therefore, river-lake con-
nectivity and habitats are essential for migratory fish (Balcombe et
al., 2007; Bayley, 1991; Fernandes, 1997; Osorio et al., 2011). Poyang
Lake provides critical refuge for fish adapted to the river-floodplain
system. Meanwhile, the migratory species of fish are more abundant
in Poyang Lake Basin than in other areas (Kimura et al., 2012; Ren
et al., 2016). However, the diversity of fish was declined over time
in this basin (Huang et al., 2013). In this study, the numbers of fish
species experienced significant decreases in Poyang Lake Basin; in
particular, 36.7% of migratory fish were extirpated in the current
period. Alpha and gamma diversity also experienced a significant
decrease. Beta diversity clearly showed that there was an increase
in the composition dissimilarity of the fish fauna in this basin. The
PCoA also showed that the fish composition dissimilarity during the

historical period was different from that of the current period.

4.2 | Main threat

This study showed fish biodiversity was decreased in the current
period, Poyang Lake Basin. The Chinese land areas had an area-
weighted average human footprint score of 7.93 in 2009 based
on Venter et al. (2016a, 2016b), which is an increase of 9.4% from

1993 levels. In addition, land areas of Poyang Lake Basin had an

TABLE 2 Fish compositional dissimilarities during the historical and current periods, as quantified by the Sgrensen index (g_ ), and its
spatial turnover component (8, ) and nestedness component (g, ) in Poyang Lake Basin
Historical Current
Basin Beor Bsim Bene Beor Beim Bene
Poyang Lake 0.29 £0.07 0.15+0.05 0.14+0.11 0.40 +0.07 0.17 £0.08 0.23+0.12
Ganjiang River 0.29 +£0.09 0.07 £ 0.05 0.22+0.13 0.43+0.10 0.10 £ 0.06 0.33+0.16
Fuhe River 0.25 +£0.05 0.12 £ 0.05 0.13 +£0.07 0.36 +0.07 0.17 £0.10 0.19 £0.16
Xinjiang River 0.26 +0.06 0.13 £ 0.05 0.13 £ 0.09 0.40 £ 0.09 0.20+0.10 0.20 £0.17
Raohe River 0.30+0.08 0.10 £0.06 0.20+0.13 0.42 +0.08 0.18 £0.12 0.24 +0.19
Xiuhe River 0.31+0.08 0.10 £ 0.05 0.21+0.13 0.37 £ 0.03 0.19 £ 0.07 0.18 £ 0.06
Mean 0.28 +0.07 0.11£0.03 0.17£0.12 0.40 +0.08 0.17 £0.04 0.23+0.13
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<m) and nestedness component (g, ) for the historical and current

periods based on all species, including native species, introduced exotic species, and 27 families

Historical Current
Bior Biim Bsne Bisor Biim Bsne
All species 0.49 +0.03 0.24 +0.01 0.25+0.02 0.61 +0.04 0.32+0.01 0.29 +0.03
Native species 0.49 +0.04 0.24 +0.02 0.25+0.01 0.60 + 0.06 0.32+0.02 0.28 +£0.01
Introduced exotic 0 0 0 0.68 £ 0.07 0.17 £0.01 0.51 +0.04
species

Engraulidae 0.57 +0.01 0 0.57 +0.01 0.67 +0.06 0.43+0.05 0.24 +0.02
Anguillidae 0.38+0.02 0 0.38+0.02 0.80 £ 0.02 0 0.80 +0.02
Cyprinidae 0.45 +0.03 0.25+0.01 0.19 +0.02 0.57 +0.02 0.29 £0.01 0.28 +0.02
Catostomidae 0.80 £ 0.02 0 0.80 +0.02 0.80 £ 0.02 0 0.80 +0.02
Cobitidae 0.61 +0.04 0.15+0.01 0.46 +£0.01 0.70 £ 0.02 0.21+0.01 0.49 +0.04
Siluridae 0.52 +0.02 0 0.52+0.02 0.40 +0.02 0 0.40+0.02
Clariidae 0 0 0 0.48 +0.04 0.22 +0.01 0.26 +0.02
Bagridae 0.54 £0.02 0.19 £0.01 0.35+0.02 0.66 +0.02 0.37£0.01 0.29 +0.03
Amblycipitidae 0.74 £0.01 0.25 £0.02 0.49 +0.02 0.80 +0.06 0.67 +0.01 0.13 +£0.03
Sisoridae 0.63+0.01 0 0.63+0.01 0.90 +0.03 0 0.90 +£0.03
Salangidae 0.72 +0.02 0.12+0.02 0.60 +0.01 1.00 0 1.00

Hemiramphidae 0.38 £0.02 0 0.38+0.02 0.80 +0.02 0 0.80 +0.02
Mastacembelidae 0.50 + 0.03 0.17 £ 0.02 0.33 £0.02 0.68 +0.02 0.57 +0.01 0.11 £ 0.02
Eleotridae 0.20 +0.02 0 0.20+0.02 0.54 £0.03 0 0.54 +0.03
Gobiidae 0.76 £ 0.02 0.34 £0.02 0.42+0.01 0.56 +0.02 0 0.56 +0.02
Belontiidae 0 0 0 0.54 0 0.54

Channidae 0.50 + 0.02 0 0.50 £ 0.02 0.33+0.02 0 0.33+0.02
Homalopteridae 0.81+0.07 0.40 £0.04 0.41+0.03 0.89 +0.06 0.33+0.02 0.56 +£0.05
Serranidae 0.26 +0.01 0.07 +0.02 0.19 +£0.01 0.49 +0.03 0.17 £ 0.01 0.32+0.02

Note: Values are the mean + SD.

area-weighted average human footprint score of 16.22 in 2009,
whichis anincrease of 14.3% from 1993 levels. The change of human
footprint showed the human pressure increased over time, which ac-
celerated the extirpation of some fish species (Dudgeon et al., 2006;
Fu et al., 2003; Xie, 2017). Many factors, such as dam construction,
sand mining, water pollution, overfishing, and species invasions,
have been threatening fish biodiversity either directly or indirectly
(Dudgeon et al., 2006; Raghavan, Prasad, Anvar-Ali, & Pereira, 2008;
Silvano, Hallwass, Juras, & Lopes, 2017; Trombulak & Frissell, 2000;
Wu, Huang, Han, Xie, & Gao, 2003).

4.2.1 | Dam construction

Dam construction has been shown to have a far-reaching impact
on aquatic ecosystems (Liu, Hu, et al., 2017; Ming, Zhao, & Hui,
2004; Poff et al., 1997). Many basins have experienced habitat
fragmentation and global loss caused by dams (Wozney, Haxton,
Kjartanson, & Wilson, 2011; Wu et al., 2003), resulting in the de-
cline in fish diversity (Daga et al., 2015; Petesse & Petrere, 2012;
Vitule, Skéra, & Abilhoa, 2012). Indeed, the natural hydrological

characteristics of Poyang Lake Basin were also changed by dams.

There were 25 large reservoirs and 238 medium-sized reservoirs
in this basin. In this study, the beta diversity clearly showed that
the increase in the composition dissimilarity of the fish fauna may
be correlated with dam construction, particularly in the reservoir
region above the dam.

Fish assemblages are the most sensitive population affected by
dam construction and flow regulation (Larinier, 2000; Marchetti &
Moyle, 2001; Wu et al., 2003). To adapt to natural flow regimes, fish
have used different approaches, such as life history, and behavioral
and morphological features (Lytle & Poff, 2004). In particular, migra-
tory fish move upriver toward spawning grounds at the beginning of
the rainy season, and the fish eggs then drift downriver while they
develop and hatch in the turbid waters at the beginning of the flood-
ing period (Agostinho, Gomes, Suzuki, & Jalio, 2003; Ren et al., 2016;
Sa-Oliveira, Hawes, Isaac-Nahum, & Peres, 2015). For example, the
construction of the Gezhouba Dam cut off the migration channel of
Acipenser sinensis to their spawning grounds in the upper reach of the
Yangtze River, resulting in the rapid decline of the population (Wei
et al., 1997; Yu et al., 1988). Our study also showed 36.7% of mi-
gration fish were extirpated in the current period, such as Acipenser

sinensis, Tenualosa reevesii, Luciobrama macrocephalus, and Psephurus
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TABLE 4 Effects of geographical
drivers on the pairwise Sgrensen index

Geographical distance

Open Access,

Annual average runoff Drainage area

(B,,) and its spatial turnover component
(B and nestedness component (8, )
for the two periods in Poyang Lake Basin, Pior r -029
China p 470
Pow r  —Ab4
p .050*
Bue T 203
p .230

Historical

Current Historical Current Historical Current
132 292 .390 .047 .341
.250 .090 .050* .510 .100

-.396 .267 -.219 -.523 -.522
.050* .160 .230 .100 .040*
.313 .063 .335 .282 .516
.150 .160 120 120 .050*

Note: Significant results are in bold.

*p < .05.

gladius, which were not found in the current period. The population
of Coilia nasus Temminck and Schlegel, 1846, Myxocyprinus asiaticus
(Bleeker, 1864), and four major Chinese carps (Mylopharyngodon
piceus [Richardson, 1846], Ctenopharyngodon idella [Valenciennes,
1844], Hypophthalmichthys molitrix [Valenciennes, 1844], and
Hypophthalmichthys nobilis [Richardson, 1845]) declined rap-
idly. In addition, 37.7% of native species were extirpated per area
in the current period. Many endemic species (Tenualosa reevesii,
Mylopharyngodon piceus, Ctenopharyngodon idella) are replaced
by cosmopolitan tolerant species (Hemibarbus maculatus [Bleeker,
1871]; Squalidus argentatus [Sauvage and Dabry de Thiersant, 1874];
Pelteobagrus fulvidraco [Richardson, 1846]; Allan, 2004; Chu et al.,
2015).

4.2.2 | Sand mining

Sand mining causes the removal of sandbed resources (Hitchcock &
Bell, 2004), changes of sediment composition (Cooper et al., 2007),
water pollution (Hancock, 2002), a decline in the surface area of hy-
drophytes (Erftemeijer & Lewis, 2006), and a reduction in the rich-
ness of macrozoobenthos (Boyd, Limpenny, Rees, & Cooper, 2005),
which is detrimental to the survival and reproduction of fish (Huang
et al.,, 2013; Huang & Gong, 2007; Zhang & Huang, 2008; Zhong
& Chen, 2005). Our study showed that 25% of carnivores, 18.7%
of omnivores, and 23.8% of herbivores were extirpated, and 35.1%
of demersal fish was extirpated in the current period. Indeed, many
sand-mining boats focused their extractions in this basin, which
greatly blocked the spawning ground of fish, reducing the source
of food (macrozoobenthos) for demersal and carnivores fish (such
as Myxocyprinus asiaticus, Mylopharyngododon piceus), and affect-
ing the reproduction of fish (such as Cyprinus carpio Linnaeus, 1758,
Carassius auratus [Linnaeus, 1758]) that lay sticky eggs and attach
them to hydrophytes (Hu, Hua, Zhou, Wu, & Wu, 2015; Huang et al.,
2013; Liu, Hu, et al., 2017).

4.2.3 | Water pollution

Water pollution is also one of the main threats for the survival and
reproduction of all fish (Dudgeon et al., 2006; Huang et al., 2013).
With the development of industry and agriculture in Poyang Lake

Basin, the continuous input of industrial wastewater and domestic
sewage has caused the gradual deterioration of the water quality
and indirectly affected community structure of fish (Huang et al.,
2013; Wang et al., 2005; Zhang et al., 2011). This study showed that
the composition dissimilarity of fish in the historical period was sig-
nificantly different from that of the current period based on PCoA.
Indeed, the water quality in this lake was relatively good in 1997-
1999 (Zhang et al., 2012). It started deteriorating at the end of 20th
century and is currently in transition to a state of eutrophication
(Huang et al., 2013).

4.2.4 | Overfishing

Overfishing is one of the main threats for fish, which affected the
community structure of fish, reduced the number of supplemen-
tary populations, and led to species becoming more threatened
with extinction (Fulton, Smith, Smith, & Putten, 2011; Hilborn,
2007). This study also showed that the richness of fish species
experienced significant decreases, and 27 fish species were listed
as Critically Endangered (9), Endangered (3), Vulnerable (10), and
Near Threatened (5) in the current period. For example, the yield of
Tenualosa reevesii rapidly declined from 309-584 tin 1960, 74-157 t
in 1970, and 12 tin 1986 due to overfishing (Fu et al., 2003; Huang et
al., 2013; Liu, Chen, Duan, Qiu, & Wang, 2002). At the same time, a
large number of fishing methods, such as traps, gill nets, and electro-
fishing, have been employed, leading to overfishing, which has also
caused a dramatic decline in the fish biodiversity in this basin (Huang
et al., 2013; Huang & Gong, 2007; Zhang, Wu, & Hu, 2010).

4.2.5 | Species invasions

Speciesinvasionis also a serious threat to biodiversity (Frehse, Braga,
Nocera, & Vitule, 2016; Pelicice, Vitule, Junior, Orsi, & Agostinho,
2014), which affects the survival of native fish species because they
can compete with the native fishes for food, space, and other re-
sources (Dudgeon & Smith, 2006; Raghavan et al., 2008; Welcomme
& Vidthayanom, 2003). This study showed that beta diversity clearly
showed that there was an increase in composition dissimilarity of in-
troduced exotic species in the current period (0.68), which could in-

crease the rate of extirpation of the native fish through competition
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or predation (Rahel, 2007). Indeed, species invasions have resulted
in the significant impoverishment of Chinese freshwater fish fauna
over the past century. For example, the number of native species
in Dianchi Lake declined from 25 to 5 during 1940-2003 (Xie, Li,
Gregg, & Li, 2001; Ye et al., 2015).

4.3 | Conservation and management implications

Currently, information about some endangered species has helped
to increase public awareness of the fish biodiversity in Poyang Lake
Basin (Fu et al., 2003; Kang et al., 2014). Many measures have been
taken to protect the fish biodiversity, but we believe that these ef-
forts are still inadequate (Fu et al., 2003; Kang et al., 2014; Wu et
al., 2003). Because Poyang Lake Basin is undergoing a very rapid
deterioration as a result of human activities, conservation and man-
agement strategies must be improved and expanded. The following
measures should be implemented to restore the fish resources in
Poyang Lake Basin. First, nature reserves should be established in
habitats rich in endemic species (Abell, Allan, & Lehner, 2007; Liu
& Cao, 1992; Saunders, Meeuwig, & Vincent, 2002; Suski & Cooke,
2007). In this study, the nestedness component was the main con-
tributor to beta diversity, which indicated one large protected area
with a high species richness could be sufficient (Baiser, Olden,
Record, Lockwood, & McKinney, 2012; Carvalho, Cardoso, &
Gomes, 2012). Poyang Lake and the Ganjiang River Basin have high
species richness and endemic fish, which indicates that more im-
mediate conservation efforts should occur in these areas. Second,
in global terms, Poyang Lake Basin is an area of interest for fish bio-
diversity, but it is also the most threatened basin, as shown by the
rapidly declining fish populations. The conservation of fish requires
further study on the complex life cycles and habitat requirements
of fish. However, the life histories of only a few fish species have
been studied. To this end, restoring fish resources should be a pri-
ority in Poyang Lake Basin, which provides a critical refuge for fish.
Third, artificial propagation techniques are necessary to restore fish
populations (Fu et al., 2003). To restore the fish populations, artifi-
cial propagation methods, such as restocking larvae and juveniles,
should be used in Poyang Lake Basin. Finally, to establish and stand-
ardize the databases of fish biodiversity and habitat requirements,
ecological networks should be established around Poyang Lake
Basin that are associated with the biological laboratories of univer-
sities and museums (long-term ecological research; Fu et al., 2003).
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