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2016—2018 4FLHFILTT B 12 Fh(E 1)

2016 AEALFFhIL L B 6 7, ELRIIS #fi 7K %5 (Labidocera
euchaeta) fil H i 7€ /K % (Tortanus vermiculus) i %
TMEZFIAHF, FFREEKE LT &
=, N 0.43, EREERIEMKEHEE RS, N
0.24.2017 AE LRI B 11 M, BRI A K 2%
HBEEIK# . KATHEIR(Acanthomysis longirostris)

x1 KIIORSEBEIZHDYABFORBE(Y), FHRFEX)MESLRH
Tab.1 Dominance (Y), average crowding and ecological (X*) groups of zooplankton dominant speciesin the
Yangtze River Estuary and adjacent waters

. - 2016 2017 2018

i ,UL%WEF . %7 spring  H 7 summer 7 spring  H 7 summer 7 spring  H ZF summer

code dominant species

Y/X* Y/ X* Y/X* Y/X* Y/ X* Y/X*
= p-a

Al Aﬁfmngﬁ/kﬂ 0.38/361.2 0.24/602.4 0.19/56.8 0.10/240.2 0.07/96.1 0.13/141.8
Labidocera euchaeta

A2 A HTE/KF Tortanus vermiculus  0.43/163.6 0.06/52.1 0.32/135.0 0.04/45.3 0.57/482.3 0.14/135.5

< 5l

A3 Ak%ﬁj*ﬁﬁﬂ . . X 0.03/19.7 0.06/15.3 0.08/61.9 x 0.04/48.2

Acanthomysis longirostris
SR 4 ke x

A4 ORPIHGHEAR x 0.12/344.9 x 0.13/242.7 x 0.35/366.5
Acartia pacifica

A5 O P L Sagitta bedoti x 0.03/86.2 x 0.04/220.1 x x
BE=ERY/ €53

A6 7%5}\7]({] . X 0.03/88.1 X 0.06/173.9 X X
Blackfordia manhattensis
CIBR B flgi K £

A7 I:kj:{}‘lﬁﬁy.kfi X X 0.06/36.4 0.02/46.5 X X
Pleurobrachia globosa

A8 0D G814k 7K £ Nemopsis bachei x x 0.07/115.3 x x x
mlaw ke

A9 CEPRIDTK X X X 0.13/359.1 0.17/67.1 X
Paracalanus acul eatus
b =

A10 IR K o . X x X 0.02/206.9 X 0.06/204.6
Centropages dorsispinatus

Je BHAR 7k %

IR d 7J_<m _ x x x 0.04/ 159.5 x x
Schmackeria poplesia

Al2 * rfi4E4 7k % Sinocalanus sinensis x x x x 0.02/102.3 x

T < FoRiZ A AR, AFIRIERARERF, DFRIRMEAKPERD, e FR 9 i

Note: x means this species was not dominant species in the corresponding month, A means coastal low salinity species, [Imeans warm water

species, % means estuary species.
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WATKE(359.1) . RV-EYiHEK 5 (242.7) . HH
J& £ 7K 35 (240.2) F1 A B #i 1 (Sagitta bedoti)(220.1)
SN R R, 2018 AR S R TE K R
A B I 1 (482.3), B ZE KT 1 95 B K 3 B
(366.5).
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ER A (LR A 7K <8 R HUBCE 7K 38%) o 4 0 R 4
5 Sy B 2R 0 3 R AR ER (LIS Rk 2 . UBCRE K
A A AU RARE AR ) o0 82 7K o [ 3 7 e K 28
54T M 3] /K 2% (Centropages dorsispinatus) . K75 i
Joa K BE A R 7 BRI 28 K B (Blackfordia man-
hattensis) %5 | A7 A% Jry; 75 2 A0 5 — DL 3l o
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RSB S  KBURIEAR . R L R
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& (Schmackeria poplesia); A= 2547 Fi A KF- 1
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R AERE b, ARSI R BRS AR
HATEARE . KBURBRER . KV 25 fle K 2 FEk
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Tab. 2 Nichebreadth of dominant zooplankton species
in the Yangtze River Estuary and adjacent waters

ETRES P i) A= 2547 5 23 ) A A 98 T
code temporal niche breadth spatial niche breadth
Al 0.95 0.90

A2 0.86 0.87

A3 0.88 0.81

A4 0.55 0.81

AS 0.78 0.64

A6 0.40 0.69

A7 0.84 0.78

A8 0.81 0.46

A9 0.40 0.67

A10 0.56 0.48

All 0.83 0.52

Al2 0.35 0.36

TE: S X BLE R T 1.
Note: Species corresponding to the codes are shown in tab.1.
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Tab.3 Temporal niche overlaps (under the diagonal) and spatial niche overlaps (above the diagonal) of dominant
zooplankton speciesin the Yangtze River Estuary and adjacent waters
85 code Al A2 A3 A4 AS A6 A7 A8 A9 A10 All Al2
Al 1 0.53 0.55 0.70 0.71 0.46 0.80 0.27 0.29 0.54 0.16 0.30
A2 0.77 1 0.63 0.58 0.21 0.75 0.32 0.65 0.50 0.15 0.43 0.35
A3 0.72 0.61 1 0.38 0.34 0.30 0.36 0.29 0.17 0.28 0.40 0.18
A4 0.61 0.33 0.71 1 0.53 0.64 0.77 0.38 0.54 0.36 0.10 0.01
AS 0.65 0.59 0.87 0.89 1 0.18 0.90 0.06 0.29 0.90 0.02 0.00
A6 0.57 0.31 0.79 0.49 0.48 1 0.38 0.65 0.58 0.06 0.17 0.01
A7 0.71 0.80 0.80 0.78 0.92 0.40 1 0.20 0.35 0.77 0.05 0.00
A8 0.65 0.54 0.39 0.20 0.89 0.11 0.43 1 0.10 0.03 0.22 0.00
A9 0.45 0.25 0.86 0.12 0.57 0.89 0.39 0.12 1 0.20 0.02 0.01
Al0 0.63 0.31 0.77 0.99 0.89 0.60 0.75 0.19 0.56 1 0.03 0.00
All 0.87 0.65 0.80 0.84 0.79 0.72 0.81 0.35 0.54 0.85 1 0.13
Al2 0.25 0.63 0.48 0.00 0.43 0.00 0.53 0.53 0.27 0.00 0.07 1

e =D ORI LA e

Note: Species corresponding to the codes are shown in tab.1.

FhXT, Qu=0.6 ByFxtA 12 XF, 5 EFhXTEAY
18.2%, 0.3<Qu<0.6 FIFIXTA 22 X, & BFh x4k

%) 33.3%, Quw<0.3 MFXTA 32 XF, & BT Em
48.5%, =5 (AR & DVBARFIAIR S ok £ .

Zi b, B AESA S ERE SR G T
(50.0%)3E 15 T 25 [ A 7 FZ AP KR (18.2%)
23 MBMERERFHELER

ik RDA 7 it i 8 NIEE I T S5 2
(i) 7 8 S R DG, R A A B S T A A A 1Y
WRHNFHA —EmMEFGR 4), W 2016 FH5Z%
IR L R RN B ] i R 42.93% IR 5% 7 X 34
PRS2 2016 4FE Fm R | IR i
AT RE 53.60% 3855 R 5 4L #Fh oA A O
2017 FHEZRIE . HhE | pH, 4K a IREFE
WA ) BE AT B 51.82%3 55 K 1 R v Fh 43
MASE I, 2017 4E K 2 8 A FREE 1 Al i i
78.56%IA B AT SR HEF A, 2018 FFHFZE
8 NIAEE PR -0l B 71.61%I0 55 PR 17X AL $ph
R 2018 AFH F 8 AR ET I F ] fig B
77.36%A 58 A1 5 0 Fh 40 A A G

2016 47 E B MK F AL T HEF K 22,
556 3 A 56 (P<0.05), 5k B A O
(P<0.05), HUBTEK F A FHEF ERIAM, 5KIK
3 UM DG (P<0.05); B =00 4 Fh 7EHE 7 B b 43
R R, KBRIBEER 5% B EAHE, &
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75 B B I 35 1EAH 56(P<0.05)( 2),
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0, A B, BREU g /K B 5 48 3 35 E A
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BRSO K B P ORI R K S 5 OKIR
FER B I 2 TE ARG, KRR IR A R TR K S
WA D IEAOE, KRS KE 54 ER a
IEAHOC(E 2),

2018 4EFH AL AP AEHE T B 43 A R 40
R K R SE R B E IR A OG, PAETKES
W E ARG, SIRE . e ER a FIRIFEY
R R AR OG; B 2R LR AR K S T B B
KB AR, IF 5 RS W 25 IE A
K, AU AT R HU TR K 28 XY 5 R A )
IEMZE, HAahA—EEE, KEFEYGmKkES
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Tab. 4 Resultsby RDA ordination with the first two axis and Fisher test for homogeneity of
variance, before and after the screening of environmental factors
A5y year %72 spring HZ summer
H+TM+T+StpH+DO+C+Y H+T+S H+TM+T+StpH+DO+C+Y TM+T +DO
RDAI1 0.4519 RDA1 0.4422
RDA2 0.1635 RDA2 0.2269
2016 F 1.4578 F 3.0084 F 0.8187 F 2.6951
P 0239 P 0.018* P 0.692 P 0.016*
2% 5 5 e
constrf;*ezt[lsziorﬁon 62.49% constriiﬁ%r{gf)ortion 42.93% constrﬁiffionion 76.61% constrfi*etitrl):rfoﬁglortion 53.60%
H+TM+T+StpH+DO+C+Y T+StpH +C+Y H+TM+T+StpH+DO+C+Y H+T+StDO+C+Y
RDAL1 0.3745 RDAL1 0.4674
RDA2 0.1968 RDA2 0.1520
2017 F 1.7969 F 2.1513 F 2.7488 F 2.6706
P 0.080 P 0.030* P 0.005%* P 0.004**
Ee 7L 7K eSS
constraﬁi{fl*ez%r{zionion 67.25% constrﬁiztptr{fionion 3182% constrf?;—litllﬁfiomon 78.56% consuﬁltzfr{zionion 66.70%
H+TM+T+StpH+DO+C+Y TM+T+StpH+DO+C+Y H+TM+T+StpH+DO+C+Y TM+T+S+HY+DO
RDAL1 0.3663 RDAL1 0.3233
RDA2 0.2466 RDA2 0.2544
2018 F 2.2073 F 2.1574 F 2.1357 F 4.5117
P 0.032* P 0.035* P 0.039* P 0.000*
X 2 X 7L
constrjf;*ezlfr{jg)omon 71.61% consuﬁizfrfionion 65.73% constraﬁ;{;tszfj)ortion 77:36% constraﬁ;iitit}:ﬁr{ziortion 73.82%
W H K, TM B BB, T oM B, SONEREE, DO WA ff i, C N4k EE a WREE, Y N TR I A % B, * /R B30 0E (P<0.05), ** &R
23 AH G (P<0.01).

Notes: H means depth, TM means transparency, T means temperature, S means salinity, DO means dissolved oxygen, C means chlorophyll-a,

Y means phytoplankton, * means correlation significant (P<0.05), ** means correlation very significant (P<0.01).
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1 PR RS SRR IAT, MR ISR i
S AR SR (LA s A 7K 28R R BT 7K 28) o e X
B, XFEHAFESRBEN T R TENNE
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R AL 11 A 2 14 2t % A 3 WL 95 R K SR
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— B, WANA A 2R K B 2 A XL R A B E
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Fig. 2 RDA ordination graph of dominant zooplankton species in the Yangtze River Estuary and adjacent waters from 2016 to 2018
H means depth, TM means transparency, T means temperature, Smeans salinity, DO means dissolved oxygen,
C means chlorophyll-a concentration, Y means phytoplankton. Total abundance means the sum abundance of dominant species.
a. Spring in 2016; b. Summer in 2016; ¢. Spring in 2017; d. Summer in 2017; e. Spring in 2018; f. Summer in 2018.
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Spatial-tempor al niche of dominant zooplankton speciesin the Yangtze
River Estuary and adjacent watersin spring and summer
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Abstract: We used the survey data of zooplankton and the environment in the Yangtze River Estuary and adjacent
waters to explore the spatial-temporal niches of the dominant species in the spring (May) and summer (August)
from 2016 to 2018. The spatial-temporal niche characteristics and ecological groups of the dominant zooplankton
species were analyzed, and the relationships between dominant species and environmental factors was based on
the redundancy analysis (RDA). The results showed that the dominant species in spring were dominated by coastal
low salinity species, while in summer coastal low salinity species coexisted with warm water species. The number
of dominant species in summer was higher than that in spring. The first dominant species was Tortanus vermiculus
in spring, and its dominance and average crowding were higher than that in the summer. In terms of spatial and
temporal niches, Labidocera euchaeta, Tortanus vermiculus, Acanthomysis longirostris, and Pleurobrachia globosa
were all broad niche species, while Sinocalanus sinensis was a narrow niche species. To achieve coexistence,
niche differentiation occurs in spatial or temporal regions. Species with a high spatial niche overlap index had a
high probability of predator-prey relationships. The proportion of high-level overlapping species combination in
the temporal niche (50.0%) was much higher than that in the spatial niche (18.2%). The relationship between the
distribution of dominant species and environmental factors were shown by the RDA. The species environmental
ranking map revealed the niche differentiation of dominant species in the habitat. The spatial-temporal niche
distribution characteristics of dominant zooplankton species in this study can provide evidence for interspecific
coexistence, environmental adaptability, and changes in water quality.
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