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1  | INTRODUC TION

A central issue in community ecology is understanding and predicting 
the structure of species assemblages and their spatio-temporal varia-
tion across multiple scales (Fitzgerald, Winemiller, Sabaj Perez & Sousa, 
2017; Hutchinson, 1959; Pacala & Tilman, 1994). Local assemblages 
of aquatic organisms in fluvial ecosystems are particularly variable in 
response to dynamic hydrology that affects physical disturbance (e.g. 
erosion, sediment transport, water chemistry), habitat quality, availabil-
ity and connectivity, primary production, and other ecological factors.

Species richness in sub-lakes was assumed to be positively associ-
ated with water depth, and aquatic habitat availability and connectiv-
ity, all of which increase during the wet season. In addition, biomass 
density should peak during the period of water recession when fishes 
have gained weight and are concentrated within shrinking and in-
creasingly isolated aquatic habitats (Halls & Welcomme, 2004). Fish 
assemblage structure was investigated in a major floodplain of the 
middle Yangtze River Basin in central China, a region that has received 
relatively little attention from ecologists despite its importance in 
supporting aquatic and avian diversity and important fisheries.
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Abstract
The Yangtze River and its watershed have undergone vast changes resulting from 
centuries of human impacts, yet ecological knowledge of the system is limited. The 
seasonal variation and spatial variation of three sub-lakes of Poyang Lake, a huge 
wetland in the middle Yangtze Basin, were investigated to examine how fish assem-
blages respond to seasonal hydrology and associated environmental conditions. In all 
three sub-lakes, fish assemblage structure revealed strong variations associated with 
seasonal water level fluctuation. Fish species richness in all sub-lakes was highest 
during the middle of the monsoon season and lowest during the dry season. Fish 
numerical abundance and biomass varied significantly, with several of the most com-
mon species having inconsistent patterns of seasonal variation among sub-lakes. Fish 
assemblage structure was significantly associated with environmental gradients de-
fined by water level, aquatic macrophyte coverage, conductivity and dissolved oxy-
gen concentration. Assemblage composition in all three sub-lakes underwent 
strongest shifts between December and April, the period when water levels were 
lowest and fishing has the greatest impact on fish stocks. Future impacts that change 
the hydrology of the middle Yangtze would alter the dynamics of habitat connectivity 
and affect environmental conditions and fish assemblages of the Poyang Lake wet-
land system.
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Floodplains are among the most productive and biologically di-
verse landscapes on Earth and provide valuable ecosystem services, 
such as nutrient cycling and production supporting fisheries, forest 
products and agriculture (Amoros & Bornette, 2002; Bond et al., 
2014; Junk, Bayley & Sparks, 1989; Ropke, Amadio, Winemiller & 
Zuanon, 2016; Tockner & Stanford, 2002). Despite their valuable 
services, river–floodplain ecosystems throughout the world have 
been modified for flood control, energy production, navigation 
and other human benefits (Stoffels, Clarke, Rehwinkel & McCarthy, 
2014). Previous studies of floodplain ecosystems have revealed the 
importance of flood pulses for aquatic food web dynamics and lat-
eral habitat connectivity that allows fishes and other aquatic organ-
isms to disperse among habitats for feeding or reproduction (Daga 
et al., 2009; Ou & Winemiller, 2016; Thomaz, Bini & Bozelli, 2007; 
Welcomme, 1979, 1985; Winemiller, Tarim, Shormann & Cotner, 
2000).

During high-flow pulses, aquatic floodplain habitats tend to 
become more homogeneous and interconnected, which enhances 
dispersal of aquatic organisms, often leading to increases in alpha 
diversity and a reduction in beta diversity (Amoros & Bornette, 
2002; Espinola et al., 2017; Miranda, 2005). Habitat heterogeneity 
created by aquatic macrophytes is a major factor that structures 
floodplain fish assemblages, especially during low-water periods 
when dispersal is lower and local densities are higher in increasingly 
isolated aquatic habitats (Dembkowski & Miranda, 2014; Gomes, 
Bulla, Agostinho, Vasconcelos & Miranda, 2012; Petry, Agostinho & 
Gomes, 2003; Ropke et al., 2016). Water depth and physicochem-
istry vary in response to hydrology and may further influence the 
structure of local fish assemblages (Petry, Agostinho, et al., 2003; 
Winemiller et al., 2000). Analysis of long-term survey data for the 
fish assemblage of a natural lake in the floodplain of the Amazon 
and Negro rivers in Brazil revealed that species richness, abundance 
and assemblage composition were strongly influenced by patterns of 
discharge that affected water conductivity and temperature (Ropke 
et al., 2016). The structure of fish assemblages from oxbow lakes in 
floodplains of the Brazos River in Texas (temperate region) showed 
large between-lake variation that was associated with differences in 
water depth, dissolved oxygen (DO), dissolved nutrients, turbidity 
and plankton density (Winemiller et al., 2000).

The middle and lower reaches of the Yangtze River are in the 
sub-tropical region of China where floodplains contain numerous 
lakes that support high biodiversity and major artisanal and com-
mercial fisheries (Wang, Liu & Wang, 2016). Historically, most lakes 
had either permanent or periodic connections with the mainstem of 
the Yangtze River, and floods pulses occurred annually (Pan, Wang, 
Liang & Wang, 2011). Since the 1950s, fish diversity in the Yangtze 
Basin has declined at an accelerating rate owing to a series of direct 
and indirect effects of environmental impacts from human activities 
(e.g. loss and fragmentation of habitat, overfishing, pollution, and 
construction of dams) (Ye, Li, Liu, Zhang & Xie, 2011). Some lakes 
are now isolated from the river channel and its tributaries, thereby 
restricting lateral fish migration and further contributing to reduc-
tions in local and regional fish stocks (Fang et al., 2006). At present, 

the Poyang Lake is one of only three major floodplain lake systems 
that remain connected to the mainstem of Yangtze River. During the 
summer rainy season, Poyang Lake expands to more than 3,000 km2 
as its sub-lakes coalesce into a single, large, shallow waterbody. As 
water levels recede during the dry season, shallow sub-lakes are 
again isolated within the Poyang Lake floodplain (Wang et al., 2016).

Despite its national and global importance as a major wetland 
supporting aquatic and avian diversity and fisheries, little informa-
tion has been gathered concerning relationships between hydrology, 
environmental conditions and local fish assemblages of the Poyang 
Lake floodplain. Yang, Li, Zhu, Wang and Liu (2015) investigated 
spatial and temporal variations of fish assemblages in open-water 
areas of Poyang Lake. Relationships between fish assemblage struc-
ture and environmental factors have been studied in floodplain lakes 
in other regions of the middle Yangtze Basin (Xie, Cui & Li, 2001; 
Xie, Cui, Zhang, Fang & Li, 2000; Xie, Li, Cui & Murphy, 2005; Ye 
et al., 2006). To understand the value of floodplain lakes for sus-
taining biodiversity and ecosystem services in the Yangtze Basin, 
research is urgently needed to facilitate better management. The 
purpose of the present study was to describe seasonal variation in 
fish assemblages within three sub-lakes of Poyang Lake floodplain, 
to investigate between-lake differences and relationships between 
local environmental conditions and fish species richness, abundance 
and assemblage structure. It was hypothesised that species richness 
in sub-lakes would be positively associated with water depth and 
expansion of aquatic habitat, an expectation founded in the spe-
cies–area relationship. It was further predicted that biomass would 
peak during the period of water recession when fishes have gained 
weight and are concentrated within shrinking and increasingly iso-
lated aquatic habitats (Halls & Welcomme, 2004).

2  | MATERIAL S AND METHODS

2.1 | Study area

This study was carried out in a 224 km2 area in the north-western 
part of the Poyang Lake National Nature Reserve, a major wetland 
in central China. When completely filled, Poyang Lake is the largest 
freshwater lake within the middle-lower Yangtze River Basin. Five 
major rivers flow into Poyang Lake, and water eventually flows north-
ward to enter the Yangtze via a narrow channel (Figure 1). Average 
annual temperature in the region varies from 16.7 to 17.7°C, and av-
erage precipitation is 1,400–1,900 mm, with a strong influence from 
sub-tropical monsoons (Zhang, 1988). During the summer monsoon 
(May to September), the area floods and sub-lakes within the flood-
plain coalesce into a single lake with an area >3,000 km2 (Xu & Qin, 
1998). Floodplain inundation results from inflows from the tributary 
rivers as well as reverse flow from the Yangtze River, the latter usu-
ally occurring between July and September. During the dry season 
(October to March), the lake level falls 8–10 m and the area of sur-
face water shrinks to <1,000 km2 with a narrow meandering channel 
and many isolated small and medium-sized sub-lakes separated by 
grassland and mudflats (Feng et al., 2012).
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2.2 | Fish surveys

Fishes were surveyed on 5–9 July 2015, 16–21 September 2015, 
27–29 December 2015, and 17–19 April 2016, from three sub-lakes 
(Banghu, Shahu and Dahuchi) located in the Poyang Lake National 
Nature Reserve (Figure 1). During June and July, the water level 
was high; then, water level began to decline, in October sub-lakes 
were disconnected with the main lake; from April, the water level 
was rising, but still low (Figure 2). Eight stations in both Banghu 
and Dahuchi and five sampling stations in Shahu were selected for 
sampling fish assemblages. Fishes were collected using a beach 
seine (10 m × 1.5 m; 0.5 mm mesh). Three, 30-m seine hauls were 
done at each station on each survey date. Hauls were done near 
shore with hauls separated by at least 100 m. Each haul was from 
deep water (1–1.5 m) to the shoreline through areas of open water 
and/or submerged and emergent aquatic vegetation in proportions 
approximating their areal coverage at locations. Some fishes, such 
as large and mobile fish, could have evaded capture by the seine, 
and surveys likely failed to capture some extremely rare species. 
Nonetheless, the many seine hauls that were made within a given 
sub-lake during a given survey period yielded fish samples with 
fairly consistent composition, and in most cases, no additional 
species were obtained after the fifth consecutive haul. During 
each of four sampling periods, water pH, conductivity, tempera-
ture, turbidity and DO were measured using portable multiparam-
eter water quality metres (YSI 6600). The bankfull area of each 

lake and area covered by macrophytes in each lake were recorded 
(data were provided by Poyang Lake National Nature Reserve 
Authority). The standard length (cm) and mass (g) of each captured 
fish specimen were measured in the laboratory. Nomenclature fol-
lows Froese and Pauly (2017).

2.3 | Data analysis

The index of relative importance (IRI) was used to assess the rela-
tive dominance of species in each sample. IRI was calculated based 
on abundance, biomass and frequency of occurrence as follows: 

F IGURE  1 Location of Poyang Lake 
in the Yangtze River Basin (a), the study 
area in the north-west region of the 
lake (b) and three sub-lakes (1-Banghu, 
2- Shahu, 3-Dahuchi) that were surveyed 
during wet (September, c) and dry seasons 
(March, d) [Colour figure can be viewed at 
wileyonlinelibrary.com]

(a)

(b)

(c)

(d)

F IGURE  2 Daily variation of water levels of the sub-lake from 
June 2015 to May 2016, measure at the Dahuchi hydrometric 
station. Arrows represent the sampling time; dashed line indicates 
water level required for initial connect between sub-lakes and 
Poyang Lake floodplain

www.wileyonlinelibrary.com
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IRI = (%N + %W) × %FO, where %N, %W and %FO are percent-
age contribution of abundance, contribution of biomass and fre-
quency of occurrence (Jin, Xu, Guo, Chen & Fu, 2014; Jin et al., 
2007, 2010; Pinkas, Ouphant & Iverson, 1971). Mean abundance 
of each species in the three seine hauls at each survey station on 
each date was standardised as catch-per-unit-effort (CPUE). Data 
for environmental variables, including pH, turbidity, conductiv-
ity and DO, were compared using two-way analysis of variance 
(ANOVA). Two-way ANOVA also was used to evaluate the effect 
of sampling month and lake on abundance, biomass and species 
richness. When necessary, numerical data were log transformed 
prior to statistical analyses to meet ANOVA assumptions for data 
distribution.

Canonical redundancy analysis (RDA) was performed to eval-
uate the relationship between fish assemblage structure and lake 
environmental variables using CANOCO software (version 4.56). 
Prior to analysis, abundance (CPUE) data were log (x + 1) trans-
formed, and rare species (individuals <5% of the total catch) were 
excluded from the data matrix (McGarigal, Cushman & Stafford, 
2000). A Monte Carlo test was done for each canonical axis to 
determine the statistical significance of the species–environment 
relationship.

3  | RESULTS

3.1 | Environmental variables

Two-way ANOVA revealed significant difference in pH, turbidity, 
conductivity and DO between survey periods and sub-lakes. Water 
temperature was significantly different among sampling month 
(mean = 24°C in July, 23°C in October, 10°C in October and 20°C 
in April) and pH was higher during April (mean = 8.16) than other 
months, and Dahuchi Lake had higher pH (mean = 8.43) than the 
other sub-lakes during April (Figure 3a). Overall, conductivity, tur-
bidity and DO were higher during December than other periods. 
Conductivity was higher in Banghu Lake than the other lakes dur-
ing July (mean = 127.5 μS/cm), October (mean = 203 μS/cm) and 
December (mean = 344 μS/cm; Figure 3b). In Shahu Lake, turbidity 
was significantly higher during December (mean = 265 NTU) than 
other periods (Figure 3c).

3.2 | Fish assemblage structure

Seine surveys produced 9,440 fish specimens weighing 8.63 kg 
and belonging to 11 families, 31 genera and 36 species. Eighteen of 
these species have significant commercial value (Table 1). The most 

F IGURE  3 Mean values of environmental variables (pH, conductivity, turbidity and dissolved oxygen) recorded in three sub-lakes of Lake 
Poyang during surveys conducted from July 2015 to April 2016. Error bars represent ±1 SE



     |  135JIN et al.

TA
B
LE
 1
 

Fi
sh

 fa
m

ili
es

 a
nd

 s
pe

ci
es

 w
ith

 to
ta

l c
at

ch
 (N

), 
to

ta
l b

io
m

as
s 

(W
), 

ra
ng

e 
of

 s
ta

nd
ar

d 
le

ng
th

 (L
), 

in
de

x 
of

 re
la

tiv
e 

im
po

rt
an

ce
 (I

RI
)

Fa
m

ily
Sp

ec
ie

s

Ju
ly

 2
01

5
O

ct
ob

er
 2

01
5

D
ec

em
be

r 2
01

5
A

pr
il 

20
16

IR
I

N
W

L
N

W
L

N
W

L
N

W
L

Sa
la

ng
id

ae
Pr

ot
os

al
an

x 
hy

al
oc

ra
ni

us
2

0.
6

3.
9–

3.
9

11
5.

0
2.

6–
5.

2
27

1
21

3.
1

3.
0–

6.
4

4
0.

6
3.

3–
3.

6
97

Cy
pr

in
id

ae
Ct

en
op

ha
ry

ng
od

on
 id

el
la

79
29

.0
1.

2–
5.

1
11

12
.5

2.
1–

7.
0

19
10

.6
2.

6–
4.

4
67

M
yl

op
ha

ry
ng

od
od

on
 p

ic
eu

s
93

66
.0

1.
5–

5.
4

1
0.

3
2.

7–
2.

7
28

Sq
ua

lio
ba

rb
us

 c
ur

ric
ul

us
1

39
.2

13
.4

–1
3.

4
0.

57

H
em

ic
ul

te
r l

eu
ci

sc
ul

us
2,

06
0

65
2.

4
0.

9–
10

.0
61

0
91

3.
4

2.
4–

10
.5

87
4

11
55

.0
2.

6–
10

.6
17

4
44

4.
2

3.
7–

10
.0

6,
29

1

Ps
eu

do
la

ub
uc

a 
sin

en
sis

80
10

0.
1

1.
5–

6.
6

18
26

.0
3.

2–
6.

1
40

Ch
an

od
ic

ht
hy

s m
on

go
lic

us
1

0.
8

3.
7–

3.
7

1
1.

6
5.

2–
5.

2
1

2.
7

6.
0–

6.
0

0.
33

Ch
an

od
ic

ht
hy

s e
ry

th
ro

pt
er

us
6

17
.4

2.
2–

9.
2

14
24

.9
4.

6–
6.

7
4

46
.4

14
.5

–1
4.

5
5

41
.9

5.
9–

13
.6

25

Pa
ra

br
am

is 
pe

ki
ne

ns
is

3
3.

4
2.

9–
4.

7
1

5.
4

7.
5–

7.
5

0.
53

Ca
ra

ss
iu

s a
ur

at
us

16
4

24
6.

0
1.

5–
5.

3
15

4
42

9.
0

2.
5–

6.
0

37
5

10
82

.8
3.

0–
8.

2
6

41
.7

1.
5–

9.
9

1,
39

5

Cy
pr

in
us

 c
ar

pi
o

26
81

.0
3.

0–
6.

2
9

H
yp

op
ht

ha
lm

ic
ht

hy
s m

ol
itr

ix
22

30
.2

2.
9–

4.
9

1
1.

5
4.

0–
4.

0
4

Rh
od

eu
s l

ig
ht

i
25

4
68

.6
1.

0–
4.

4
8

2.
3

1.
9–

2.
6

8
1.

0
1.

4–
2.

1
33

1.
2

1.
0–

2.
4

11
5

Rh
od

eu
s s

in
en

sis
17

6
11

0.
3

1.
2–

4.
1

9
14

.4
2.

8–
4.

5
2

5.
4

4.
1–

4.
8

34

Ac
he

ilo
gn

at
hu

s m
ac

ro
pt

er
us

5
1.

9
2.

4–
2.

7
2

6.
8

4.
4–

5.
6

0.
26

Xe
no

cy
pr

is 
m

ac
ro

le
pi

s
31

39
.9

2.
0–

7.
0

18
3

41
3.

5
2.

9–
10

.2
60

77
.6

2.
8–

5.
3

30
16

4.
8

4.
4–

8.
0

33
4

D
ist

oe
ch

od
on

 tu
m

iro
st

ris
7

4.
2

3.
0–

3.
6

0.
30

Ps
eu

do
br

am
a 

sim
on

i
47

10
5.

3
3.

7–
6.

2
30

5
36

7.
6

3.
2–

7.
3

12
5

Sa
ur

og
ob

io
 d

ab
ry

i
53

29
.7

1.
5–

6.
0

2
2.

0
3.

5–
4.

2
31

94
.3

4.
3–

6.
5

35

Sq
ua

lid
us

 a
rg

en
ta

tu
s

4
1.

3
2.

0–
3.

2
0.

07

Ps
eu

do
ra

sb
or

a 
pa

rv
a

48
49

.5
2.

2–
6.

6
84

15
3.

5
2.

5–
7.

4
11

29
.9

4.
1–

6.
8

13
5

H
em

ib
ar

bu
s m

ac
ul

at
us

9
17

.0
3.

4–
6.

0
26

58
.7

3.
2–

7.
1

2
7.

3
5.

4–
5.

5
23

C
ob

iti
da

e
M

isg
ur

nu
s a

ng
ui

lli
ca

ud
at

us
1

2.
1

6.
5–

6.
5

53
42

.6
1.

7–
7.

2
12

Si
ni

bo
tia

 su
pe

rc
ili

ar
is

2
2.

6
4.

6–
4.

8
1,

91
8

47
1.

0
2.

3–
4.

1
1

0.
1

2.
5–

2.
5

5
1.

4
2.

3–
3.

0
32

0

Ba
gr

id
ae

Ta
ch

ys
ur

us
 fu

lv
id

ra
co

6
25

.0
2.

4–
9.

2
1

3.
4

5.
4–

5.
4

38
16

1.
6

2.
6–

12
.0

40

Cy
pr

in
od

on
tid

ae
O

ry
zi

as
 la

tip
es

19
5

24
.1

1.
2–

2.
4

3
0.

3
1.

0–
1.

9
5

0.
4

1.
5–

1.
8

34
7.

3
1.

8–
2.

6
78

H
em

ira
m

ph
id

ae
H

yp
or

ha
m

ph
us

 in
te

rm
ed

iu
s

30
57

.9
7.

2–
11

.4
18

22
.0

7.
0–

10
.8

1
2.

0
9.

6–
9.

6
25

Sy
nb

ra
nc

hi
da

e
M

on
op

te
ru

s a
lb

us
1

0.
6

6.
8–

6.
8

0.
02

G
ob

iid
ae

M
ug

ilo
go

bi
us

 m
yx

od
er

m
us

24
9.

8
1.

8–
3.

4
1

0.
4

2.
6–

2.
6

13
4.

1
1.

7–
2.

8
9

Rh
in

og
ob

iu
s g

iu
rin

us
15

6
33

.4
1.

1–
3.

9
32

9
16

4.
4

1.
5–

4.
7

29
13

.9
1.

7–
3.

8
3

3.
1

2.
0–

4.
6

40
3

El
eo

tr
id

ae
M

ic
ro

pe
rc

op
s c

in
ct

us
8

2.
7

1.
5–

3.
4

10
2.

7
1.

6–
3.

5
2

(C
on

tin
ue

s)



136  |     JIN et al.

species-rich family was Cyprinidae (23 species). The eight most abun-
dant species (IRI > 100) comprised 84.34% of the total catch, that is, 
Hemiculter leucisculus (Basilewsky), Carassius auratus (L.), Rhinogobius 
giurinus (Rutter), Xenocypris macrolepis Bleeker, Sinibotia superciliaris 
(Günther), Pseudorasbora parva Temminck & Schlegel, Pseudobrama 
simoni (Bleeker), Rhodeus lighti Wu. Goldfish, C. auratus, was abun-
dant (IRI = 1,395) and is one of the most important fishery species 
in Yangtze Basin.

When data were combined for all lakes, fish species richness 
was highest in the July sample (26) taken during the middle of the 
monsoon season and lowest in the April sample (18) taken during 
the late dry season. Only nine species were captured during all four 
sampling periods (Table 1). Mean numerical abundance was greatest 
during October (late monsoon season), and mean fish biomass was 
greatest during October and December (Figure 4). Species richness 
varied significantly among survey periods, as did total abundance, 
total biomass and abundances of dominant fish species (Table 2). 
Abundances of H. leucisculus and R. lighti were greatest during July, 
and S. superciliaris, R. giurinus and X. argentea were most abundant 
during October. Carassius auratus and P. simoni had greatest abun-
dance during December, and P. parva was most abundant during 
October and December.

Fish species richness and total abundance, but not total biomass, 
varied significantly between sub-lakes (Figure 4). Species richness 
was significantly higher in lakes Banghu and Dahuchi than Shahu 
during July and October. Total abundance tended to be higher in 
Banghu than Dahuchi and Shahu during July and October (Figure 4b). 
Seven of the eight dominant species tended to be most abundant in 
Banghu Lake, with P. parva most abundant in Dahuchi.

The RDA analysis revealed separation of fish samples obtained 
during different periods (Figure 5). The relationship between as-
semblage structure and environmental variables indicated by axes 
1 and 2 cumulatively accounted for 64.7% of total environmental 
variation. The first axis was most strongly influenced by bankfull 
area, macrophytes area, turbidity and DO. The second axis was most 
strongly influenced by water level and conductivity. The second axis 
separated July (middle monsoon season) from April (late dry season) 
(Figure 5a). The first axis separated Banghu Lake, having more vege-
tated area, from Dahuchi Lake (Figure 5b).

The Monte Carlo permutation procedure revealed significant 
associations of water level (p = 0.002), conductivity (p = 0.002), 
DO (p = 0.008) and vegetated area (p = 0.008) with fish assemblage 
structure. Abundance of most fish species was positively correlated 
with water level and vegetated area, but Protosalanx hyalocra-
nius (Abbott) was negatively correlated with these variables, and 
Misgurnus anguillicaudatus (Cantor) was positively correlated with 
pH and negatively correlated with water level (Figure 5c).

4  | DISCUSSION

Fish assemblages of sub-lakes within the Poyang Lake floodplain 
underwent major compositional changes in relation to seasonal Fa
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variation in water level. Species richness was highest during the 
middle of the monsoon season and lowest during the dry season. 
Considerable between-lake variation was also found, for example, 
total fish abundance and biomass tended to be higher in Banghu 
than Dahuchi and Shahu during October and December. Fish as-
semblages in other river–floodplain systems have been shown to 
undergo compositional changes in response to pulsing hydrology 
(Ropke et al., 2016; Zeug, Winemiller & Tarim, 2005). Flood pulses 
create critical connections between the main channel and adjacent 
floodplain habitats that provide fish access to shelter, food resources 
and spawning habitat (Amoros & Bornette, 2002; Couto, Zuanon, 
Olden & Ferraz, 2018; Ropke et al., 2016). These lateral connections 
also allow fishes to return the main channel as water levels begin to 
drop and floodplain habitats shrink (Junk et al., 1989).

The Poyang Lake floodplain undergoes annual water level fluctua-
tions of 8–10 m. During the flood season (spring and summer), sub-lakes 

coalesce into a single, large waterbody. Fish species richness and abun-
dance in sub-lakes were greater during the flood season. Within this 
open system, fishes are able to disperse into newly available habitats 
located at higher elevations in the floodplain. Fish migration in response 
to lateral connectivity has been shown to be a primary determinant 
of fish species richness and assemblage composition at local scales 
in many river–floodplain systems. For example, Fernandes (1997) de-
scribed three lateral migration patterns of fishes in Amazon floodplain 
associated with water level fluctuations. Galat et al. (1998) described 
how connected floodplain habitats of the Missouri River contained 
more fishes with periodic life history strategies than isolated habitats. 
In excavated ponds in floodplains of the lower Mississippi River, pond 
morphology affected access for pre-spawning fishes as well as larval 
survival and growth (Sabo & Kelso, 1991).

During the dry season (autumn and winter), water levels fall in the 
Yangtze River and Poyang Lake, and sub-lakes become separated by 

F IGURE  4 Mean fish species richness (a), abundance (b) and biomass (c) during each survey period in each sub-lake (y-axis values are 
CPUE). Different letters (a, b, c) indicated significant difference (p < 0.05) among sub-lakes at each month. Error bars represent ±1 SE

TABLE  2 Summary of two-way ANOVA for testing the effects of month and location (sub-lakes) on species richness, total abundance, 
total biomass and abundance of dominant fish species (IRI > 100)

Variables

Month Location Month×Location

F df p F df p F df p

Species richness 22.93 3 *** 10.714 2 <0.001 5.284 6 ***

Total abundance 19.227 3 *** 12.344 2 <0.001 2.223 6 ns

Total biomass 12.771 3 *** 1.317 2 0.275 2.823 6 *

Dominant fishes

Hemiculter leucisculus 9.737 3 *** 0.338 2 0.714 1.171 6 ns

Sinibotia superciliaris 10.288 3 *** 11.181 2 <0.001 14.781 6 ***

Carassius auratus 3.861 3 * 1.934 2 0.152 2.64 6 *

Rhinogobius giurinus 9.556 3 *** 8.735 2 <0.001 5.682 6 ***

Pseudobrama simoni 4.857 3 ** 4.632 2 0.013 4.554 6 **

Xenocypris macrolepis 1.508 3 ns 2.749 2 0.071 4.381 6 **

Rhodeus lighti 10.74 3 *** 4.748 2 0.012 1.532 6 ns

Pseudorasbora parva 6.82 3 *** 6.217 2 0.003 2.348 6 *

*p < 0.05; **p < 0.01; ***p < 0.001; ns, p > 0.05.
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extensive areas of exposed mudflats (Hu, Ge, Liu, Chen & Li, 2010; 
Wang, Yu, Zhang & Lei, 2013). As sub-lakes become smaller and more 
isolated, environmental conditions gradually change and diverge 
among sub-lakes. This spatial habitat heterogeneity apparently has a 
significant influence on local fish assemblage diversity and structure. 
Aquatic macrophytes appear to play a particularly strong role in struc-
turing fish assemblages in the Poyang Lake system. Macrophytes in-
crease habitat structural complexity and productivity of many types 
of aquatic macroinvertebrates that are important food resources for 
fish (Agostinho, Thomaz, Gomes & Baltar, 2007; Dias, da Silva, Gomes 
& Agostinho, 2017; Gomes et al., 2012; Winemiller & Jepsen, 1998). 

Interactions between fishes and macrophytes have been widely investi-
gated, but much remains to be understood (Dias et al., 2017; St. Pierre & 
Kovalenko, 2014). Aquatic macrophytes can influence fish feeding (Guo 
et al., 2013; Yu et al., 2016) and provide refuge from predators (Warfe & 
Barmuta, 2006) and nursery areas that enhance early life stage feeding, 
growth and survival (Bulla, Gomes, Miranda & Agostinho, 2011; Sabo 
& Kelso, 1991). All these influences are affected by water level fluctua-
tions in floodplains (Dias et al., 2017; Shima, Osenberg & St Mary, 2008; 
Oliveira, Martinelli, Moreira, Soares & Cyrino, 2006).

Previous studies from lakes of the middle and lower reaches of 
the Yangtze Basin show that macrophyte cover had a high impact on 
assemblages of small fishes, with species richness, diversity, density 
and biomass higher in vegetated areas of the lake (Xie et al., 2001). 
A dominant species, C. auratus, preferred dense beds of submerged 
macrophytes where it not only obtains food and shelter from pre-
dation but also spawns (Xie, Cui, Zhang & Li, 2000; Xie, Cui, Zhang, 
Fang, et al., 2000; Xie et al., 2001, 2005; Ye et al., 2006). Using sta-
ble isotope analysis, Wang, Yu, Xu, Li and Fan (2012) showed that 
during high water conditions of summer, the submerged macro-
phyte Ceratophyllum demersum (L.) was the most important primary 
production source supporting fish biomass. During the high-water 
period, the Poyang Lake systems contain 102 sub-lakes within an 
area of 816.32 km2, with approximately 54% of that area covered 
with submerged macrophytes mainly within the sub-lake basins (Hu, 
Zhang, Liu, Ji & Ge, 2015). This study found highest fish species rich-
ness during July and October when sub-lakes had high connectivity 
and Poyang Lake systems were well connected to the Yangtze River, 
and dense growth of aquatic macrophytes probably played an im-
portant role in supporting high fish diversity.

From October to December, when the water level falls, sub-
lakes become more isolated from the main lake, and conductivity 
and DO concentrations reached their highest levels during the 
year. Conductivity and DO then decline from December to April. 
Environmental gradients influenced by aquatic vegetation, conduc-
tivity and DO were significantly associated with fish abundance, di-
versity and assemblage structure. This finding is similar to that of 
Petry, Bayley and Markle (2003) in which shallow water, high con-
ductivity and low DO were associated with high fish abundance and 
diversity. In Ropke et al. (2016), long-term study of an Amazonian 
floodplain lake, fish species richness, abundance and assemblage 
structure were strongly associated with water conductivity and tem-
perature that were influenced by discharge. In this study, two species 
(M. anguillicaudatus, P. hyalocranius) were negatively correlated with 
the environmental variables that were analysed. Relative abundance 
of M. anguillicaudatus was inversely correlated with water level, and 
this species apparently prefers shallow habitats with mud and silt 
substrates (Yamamoto & Tagawa, 2000), whereas little is known 
about the ecology of P. hyalocranius.

Disconnected sub-lakes of Poyang Lake had a similar number 
of fish species but assemblage structure differed depending on 
local habitat conditions (Figures 4a and 5), a finding similar to those 
from other studies of floodplain fish assemblages (Thomaz et al., 
2007; Ward, Tockner & Schiemer, 1999). During the low-water 

F IGURE  5 Ordination diagrams from redundancy analysis. (a) 
Biplot of fish assemblages according to survey periods and showing 
correlations of environmental variables with the two axes as 
vectors; (b) biplot of fish assemblages according to sub-lakes with 
environmental correlations again shown as vectors; (c) plot showing 
correlations of fish species with the two axes as vectors. Species 
with fewer than 5% individual observation were excluded from the 
analysis [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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periods when sub-lakes were isolated, ecological dynamics are more 
strongly influenced by local environmental conditions, which leads 
to differentiation of local species assemblages. Fernandes (1997) 
suggested that environmental conditions of floodplain lakes during 
the dry season could function like a filter that selects for subsets 
of species adapted to certain conditions. From December to April, 
composition of fish assemblages in all three Poyang sub-lakes under-
went strong changes (Figure 5a). These compositional shifts likely 
were influenced by fishing (Zeng et al., 2015). Each year from the 
end of November through January, fishermen target fish exiting sub-
lakes as waters drain from them. Although the Poyang Lake system 
retains a fairly natural flood regime, humans are nonetheless impact-
ing fish stocks via fishing pressure. Future impacts that change the 
hydrological regime of the middle Yangtze River would affect the 
dynamics of habitat connectivity and have a significant impact on 
fish assemblages of the Poyang Lake system. Findings from the cur-
rent study can help guide river management and fish conservation in 
floodplain regions of the Yangtze Basin.
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