40 16 Vol.40 No.16
2020 8 ACTA ECOLOGICA SINICA Aug. 2020

DOI: 10.5846/stxb201905080933

. 2020 40( 16) : 5822-5833.
Hou CW Sun XY LiuYL Zhang C Zhang W] Zhao ] M Dong Z J.Spatial niches of dominant zooplankton species in the Yantai offshore waters. Acta
Ecologica Sinica 2020 40( 16) : 5822-5833.

1 1 1 1 1 12 12*
1 264100
2 264003
2018 . () Levins Pianka
() (RDA) ()
() 73.33% () .
() ( Oithona brevicornis) .
( Oithona similis) ( Paracalanus parvus) . (Acartia clausi)
- RDA () :
( DIN) . a( Chl a) . ( DIN) (PO,-P) .
; ; ; ; (RDA)

Spatial niches of dominant zooplankton species in the Yantai offshore waters
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Abstract: Spatial niches refer to the position occupied by a population in the ecosystem and its temporal and spatial
interaction with other populations. It plays an important role in the study of the structure and function of species

biodiversity interspecific relationships  community succession and population evolution. Based on two seasonal
investigations conducted in spring and summer 2018 in the offshore waters of Yantai the Levins formula and the Pianka
index were used to study the niche breadth and niche overlap index of dominant zooplankton species. Redundancy analysis
( RDA) was used to study the main environmental factors which influenced the differentiation of spatial niches of dominant
zooplankton species. The results showed that planktonic larvae and copepods were dominant in the zooplankton community of
offshore Yantai and that the dominant species replacement rate was 73.33% from spring to summer. The niche breadth
values of dominant species ( classes) of zooplankton could be classified into three groups: the broad niche group the
middle niche group and the narrow niche group. The broad niche group species were the main constituent of the dominant

species ( classes) . Representative species of the broad niche group were Oithona brevicornis Oithona similes etc. in
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spring and Paracalanus parvus Acartia clause etc. in summer. Additionally we found that the niche overlap index was
closely related to the spatial location of the species: the higher the value was the more their habitats overlapped. Notably

the niche overlap index of the broad niche species was higher than the narrow ones. The main factors affecting the spatial
niche differentiation of dominant zooplankton species ( classes) were seawater temperature; salinity and DIN in spring; and

salinity Chl a DIN and PO,-P in summer.

Key Words: dominant zooplankton species; spatial niches; niche breadth; niche overlap; redundancy analysis ( RDA)
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Fig.2 Compositions of zooplankton community structure in the offshore waters of Yantai in spring and summer

1 . ()

Table 1 Occurrence and dominance of the dominant zooplankton species in the offshore waters of Yantai in spring and summer

Spring Summer
No. Species
Occurrence/%  Dominance ( ¥Y)  Occurrence/% Dominance ( Y)

1 Acartia clausi 100 0.519 100 0.129
2 Noctiluca scintillans 100 0.283 76.92 0.021
3 Oithona brevicornis 100 0.033 92.31 0.043
4 Oithona similis 100 0.024 92.31 0.040
5 Centropages tenuiremes 92.31 0.025

6 Centropages abdominalis 84.62 0.022

7 Eurytemora pacifica 53.85 0.022

8 Cirripedia larva 76.92 0.020

9 Bivalvia larva 100 0.240
10 Parvocalanus crassirostris 100 0.119
11 Paracalanus parvus 92.31 0.084
12 Oikopleura dioica 92.31 0.066
13 Copepodite larva 76.92 0.058
14 Polychaeta larva 92.31 0.036
15 Heteropoda larva 100 0.022

(C)1994-2020 China Academic Journal Hlﬁ%@l}iwwgéhwgéa{gwe. All rights reserved. http://www.cnki.net
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Table 2 Niche breadth and niche overlap index of the dominant zooplankton species in the offshore waters of Yantai in spring

0y,
B;

No. Species 1 2 3 4 5 6 7 8
1 0.97 1

2 0.93 0.96 1

3 0.90 0.95 0.95 1

4 0.86 0.86 0.89 0.86 1

5 0.86 0.87 0.86 0.77 0.63 1

6 0.81 0.79 0.81 0.79 0.85 0.67 1

7 0.65 0.71 0.67 0.59 0.39 0.93 0.51 1

8 0.58 0.66 0.63 0.55 0.36 0.84 0.31 0.86 1

B;: niche breadth; 0;: niche overlap index
() 0.31—0.96
0.60 78.57% o (0.96) .
(0.95) . (0.95) . (0.93)
0.90 o
() .
() 0.26—0.97
0.60 87.27% . () (0.49) .
(0.54) ()
06 . ()
(0.97) . (0.91) 0.90
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Table 3 Niche breadth and niche overlap index of the dominant zooplankton species in the offshore waters of Yantai in summer
' B Oy
No.  Species 1 2 3 4 5 6 7 8 9 10 11
1 0.91 1
2 0.90 0.88 1
3 0.88 0.77 0.90 1
4 0.85 0.87 0.87 0.73 1
5 0.85 0.71 0.92 0.78 0.88 1
6 0.81 0.89 0.87 0.86 0.80 0.82 1
7 0.79 0.72 0.77 0.84 0.62 0.64 0.84 1
8 0.75 0.71 0.64 0.82 0.49 0.54 0.76 0.83 1
9 0.67 0.85 0.88 0.77 0.81 0.88 0.96 0.74 0.62 1
10 0.46 0.84 0.83 0.85 0.75 0.81 0.97 0.88 0.78 0.91 1
11 0.26 0.56 0.59 0.81 0.44 0.48 0.69 0.86 0.86 0.53 0.76 1
2.4
241
N 4 ~Chl
a-DIN.PO,P  Si0,Si DO
pH o
4 N
Table 4 Environmental parameters in the offshore waters of Yantai in spring and summer
/°C H Chl a/ DO/ DIN PO,-P/ Si0,-Si/
Season Temperature Salinity P ( mg/m®) Turbidity (mg/L) (pg/L) (ng/L) (pg/L)
Spring 14.08+0.74 32.25+0.06 8.04£0.04 5.96+1.27 3.23+1.16 8.36+0.50 52.96+44.42 5.02+1.36 60.32+23.03
Summer 21.66+0.90 31.99+0.07 8.04+0.07 6.11+4.48 2.78+1.21 6.76+131  103.82+109.92 10371091  129.23+31.64
Chl a: a chlorophyll a; DO: dissolved oxygen; DIN: dissolved inorganic nitrogen;, PO,-P: active
phosphate; SiO;-Si: active silicate
2.4.2 ( RDA)
(pH ) lg(x+1)
() (DCA) . DCA
0.843( 3) RDA . .+ .pH.Chl a.DO.DIN.PO,-P
Si0,-Si () ( forward
selection) 999 ( Monte Carlo) ( P<0.05)
. DIN .Chl a.DIN  PO,P( 5).
RDA 6 ( P<O0.
05) RDA o 86.30%
0.943 11.40% 0.665
97.70% o 56.30%
0.948 25.20% 0.924
81.50% o N
() RDA .
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5
Table 5 Results of the selection on environmental variables
Spring Summer
Environmental factors F P F P
Temperature 3.827 0.016
Salinity 11.18 0.001 3.887 0.006
DIN 2.879 0.050 4.089 0.002
PO,-P 3.827 0.008
Chl a 3.044 0.025
P<0.05
6 () RDA
Table 6 Results of RDA analysis of dominant zooplankton species in the offshore waters of Yantai
h lative
Cumulati - TIW S f all P P
. Species— umuiative per‘cen age Sum of all um 0, & P values of first P values of all
Season Axis : percentage variance of . canonical . . K
environment . R eigenvalues . canonical axis canonical axes
. variance of species— eigenvalues
correlations . .
species data environment
relation
Spring 1 0.943 0.526 0.863 1 0.609 0.001 0.001
2 0.665 0.595 0.977
3 0.417 0.609 1
4 0 0.775 0
Summer 1 0.948 0.282 0.563 1 0.500 0.045 0.036
2 0.924 0.408 0.815
3 0.485 0.475 0.939
4 0.613 0.500 1
243 RDA
7 (-0.922) (0.608)  DIN
(0.551) (0.502) DIN( —0.389) .
DIN () °
DIN( 0.920) .PO,P(0.897)  Chl a( 0.796) DIN ( -0.907)
DIN.PO,-P.Chl a () .
7 1 2
Table 7 Correlation coefficients of environmental factors with the first two axes of RDA
Spring Summer
Environmental factors 1 Axisl 2 Axis2 1 Axisl 2 Axis2
Temperature 0.608 0.502
Salinity -0.922 0.088 -0.907 -0.015
DIN 0.551 -0.389 0.920 -0.162
PO,-P 0.897 0.097
Chl a 0.796 -0.117
3
DIN o N
() DIN.PO,-P
Chl a () .
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Fig.4 Distributions of the dominant zooplankton species and salinity in the offshore waters of Yantai in spring and summer 2018
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