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Interpretation of environmental factors affecting zooplanktonic beta diversity and
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Abstract: To explore the relationships between environmental factors and zooplanktonic beta diversity—and its component
changes=——zooplankton samples and corresponding environmental data were collected from 24 stations in Xiangshan Bay.
Zooplanktonic beta diversity was analyzed by a generalized dissimilarity model ( GDM) with the gdm package in the R
language, and was further separated into two components—turnover and nestedness—using the betapart package. Analytical
results with GDM showed that 10 environmental variables ( surface water temperature, dissolved oxygen, water depth,

transparency, pH, chlorophyll a, geographical distance, conductivity, salinity, and suspended particulate matter) affected
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zooplanktonic beta diversity and could explain 75.2% of the GDM deviation. Among the 10 variables, water temperature,
dissolved oxygen, and water depth were the important driving factors for beta diversity changes, which explained 63.9% of
the cumulative relative contribution ( taking the interpretable proportion of the GDM deviation as 100% ) , while the other 7
factors accounted for 36.1%. Furthermore, water temperature was the most important driving factor among these three
factors, which accounted for 38.4% of the cumulative relative contribution. According to the gradient effects of predictors,
beta diversity increased with the increasing gradients of factors when the geographical distance, pH, salinity, water
temperature, and chlorophyll a were above ca. 25 km, 7.8, 25, and under 22°C and 0.5 pg/L respectively. Moreover,
zooplanktonic beta diversity always increased with increasing dissolved oxygen, conductivity, transparency, and water
depth. However, no obvious effect was found with the content change of suspended particulate matter. According to the
results of partitioning beta diversity into turnover and nestedness components, turnover played a dominant role in the
spatiotemporal changes of zooplankton, while the nestedness had small effects in Xiangshan Bay. Furthermore, the
nestedness mainly occurred in the groups of macro-zooplankton and lava, especially in the latter< group, and the
spatiotemporal nestedness was almost always higher than turnover in the two groups. Further analyses of Pearson’s
correlation demonstrated that the water temperature and dissolved oxygen were significantly correlated with the nestedness of
macro-zooplankton, and that the water temperature, dissolved oxygen, and two other factors—conductivity and velocity—

were significantly associated with the nestedness in the lava group.

Key Words: Xiangshan Bay; zooplankton; component of beta diversity; environmental factor; Generalised Dissimilarity
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Table 1 Temporal and spatial characteristics of environmental factors

BT [ A > Month %3] Space
Environmental factor Abb. 3 7 9 12 WX ey X HEIE X
LRFF Salinity SET 23.47 23.22 24.57 24.63 26.31 24.17 21.44
Wi Current velocity/ (km/h) cy 2.27 2.10 1.34 1.93 2.49 1.67 1.57
JKZ Depth/m Dep 13.05 11.33 10.40 10.60 8.26 13.45 12.33
ER IR

é:::fdﬁ%mimlme matter/( mg/L) SPM 51.29 36.0 16.33 44.90 42.74 43.98 24.67
%W J¥ Transparency/m Trs 0.38 0.43 1.02 0.62 0.44 0.68 0.72
442 a Chlorophyll a/ (ug/L) Chla 0.59 0.96 1.21 0.26 0.37 0.68 1.21
B3R Conductivity/ (ms/cm) CDT 50.93 52.88 56.93 43.07 48.87 55.38 48.60
pH pH 7.91 7.77 7.80 8.14 7.92 7.90 7.90
FJZ/KIR Surface water temperature/°C SWT 11.62 28.08 29.09 16.16 19.97 21.52 22.23
T fi# %8, Dissolved oxygen/ ( mg/L) DO 10.03 7.51 6.48 8.25 8.39 7.88 7.92
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Table 2 Temporal and spatial difference in richness for zooplanktonic groups

K H 4y Month 25 [E] Space
Group 3 7 9 12 HOX Pers X X
BéEZE Copepoda 32 33 32 31 45 39 36
KFIZE Macro zooplankton 8 18 17 14 18 17 14
41RJ Larva 6 9 10 8 9 9 10
x3 MNEEXZHENWEE B SHERBEXTH %
Table 3 Relative contribution of predictors to 8 diversity of zooplankton community
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Fig.2 Partial response graph of GDM for the gradient effects of predictors on zooplanktonic 8 diversity
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Table 4 Temporal and spatial difference in zooplanktonic 8 diversity and its two components

K B ZFEHERSY A5 Month 23 [ii] Space
Group Compuinent. of i - . \ —
beta diversity 3 7 9 12 WX BT X, SR
2 Total J=) 0.59 0.46 0.55 0.57 0.70 0.66 0.65
Jl% 0.46 0.35 0.48 0.46 0.55 0.55 0.60
e 0.13 0.11 0.07 0.11 0.15 0.11 0.05
eSS B 0.60 0.49 0.56 0.54 0.71 0.68 0.68
Copepoda el 0.52 0.38 0.48 0.45 0.63 0.62 0.61
/ey 0.08 0.11 0.08 0.09 0.08 0.06 0.07
KA J5 ) 0.77 0.52 0.67 0.72 0.60 0.71 0.77
Macro zooplankton Jal% 0.67 0.31 0.59 0.54 0.35 0.45 0.69
B 0.10 0.21 0.08 0.18 0.25 0.26 0.08
#{kZ Larva B 0.39 0.25 0.33 0.48 0.58 0.51 0.41
Jli 0.10 0.13 0.09 0.18 0.25 0.27 0.15
BN 0.29 0.12 0.24 0.30 0.33 0.24 0.26
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ZREPER) 75.2% IR LB TR ZH0KAEAY Bl B 2R T g L0 U I W i ) i) A
AT b S G L LIS TR B ) B 2R AR AL k2D SE R TR 2 B E A Y A X R O 2D T
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FEARMELE S ACSRAE R YA GDM (8 FH A= 0 o AR AR , 506 Bt s AR A k45 50 1, 5 vl )iz T
YIRS A AT

RS FHEYEEE B SRS Pearson 13X 1% 5 Mantel 1636

Table 5 Pearson correlation and Mantel test for two components of B diversity in each zooplankton group

S PNIEN L B
R Copepoda Macro zooplankton Larva Total
Environmental factor JE%% = JE%% R JE%% R JE%% R
Turnover Nestedness Turnover Nestedness Turnover Nestedness Turnover Nestedness
Lon 0.192*" -0.065 0.218*" -0.062 -0.036 0.087 0.211"" -0.005
Lat 0.185"" -0.038 0.228 ** -0.088 -0.053 0.077 0.222** -0.032
CvV 0.052 0.030 -0.108 -0.002 0.007 0.216" 0.002 0.188 "
Dep 0.273** -0.149 0.218 -0.093 0.006 -0.004 0:216" -0.025
Trs -0.056 0.007 0.013 -0.043 -0.243 0.063 -0.042 -0.096
pH 0.135 -0.041 0.081 -0.010 0.178" 0.185 0.212* -0.007
SWT 0.391 " -0.083 0.014 0.311"* -0.053 0.296 ** 0.358 " 0.188 "
cDT 0.163 -0.045 0.155 -0.028 -0.026 0.438 " 0.234"" 0.077
DO 0.363 " -0.065 0.128 0.238 " -0.053 0.178* 0.351"* 0.141"
SPM 0.163 -0.160 -0.077 0.145 0.104 0.045 0.118 0.009
SLT 0.138 <0.001 0.176 * -0.133 -0.165 0.022 0.148 -0.101
Chla 0.043 0.121 0.116 -0.126 -0.094 0.097 0.112 -0.117

Lon; 22 ; Lat: 4if¥; HALMSAREIE 1; * P<0.05; ** P<0.01

T I A o T KR AR AR R R KB B SRR 3 AN BN R . BRAK IR S Il s 25 1A 75 40
T AL, TV AR I AR PR 2R T KR Al SRR Y AR DG Y ULV AR X B 2R I K B sk B A2
FAK I, B4 KRATE 22°C LU, B ZRERERE /KR B Thmr psiig i 2ok i BT S g 4T 3 A
$17 Ay, JECAWIE, SRR 2 H 218 H TR, BEK RS I Uie sh ) h i St g in > o A
BAZINETETFShY LAFEEE 3 AF] 7 RS E R R EE 77.8%, Mim i e 7 A 2] 9 A B R AR
(16.7%) 2", XSLLERARIR  BEFE KIRL T B ZREVERE A 17307 5y S S i 1 on , 380 e V309 , P BB V7 i
SRR, B 2R L A

B Lk 3 AN R RN R A R ARl TR i S A TR 3 A 1 05— AN R R SR, AW R AR
BEXS B Z R M AR, R PR R L s R 0 B8 JA AR AN K 3, T2 L s K S e 3 A1, A1ifE i
TR TG 1 VR0 S R e DX B PR e K 78 Ho it R RA R L 2 1/3 A AR R I, FEAEAE
Syl 7 0 AR ) 22 26 B (PRI ) JO0 IR S B AR AT RO MR, e L s T AR b A R R R 2
L 25 km 1,8 AP IAFF UR I, S92 1 IR B T A 0 AR R Bt B e R
X AR ARAR DM 22 5 AR AN R AT 3 A TN AEAR T ARG SR B Z2 R R IR 1) K BT I, M B
REZA DAL B Z R 22 S A 0O , 75 WU T U A SR Sl A 5~ 22 AN [R] - e /N S 2 e i) 4 1> R
JER/NIETEE 5 BE, FEZZ R (> 1500 k), W70 J 5% ph E2 40 B0 ) A0 B, T /NROBE B (m) DUl B
PIGEE AU PR LA, i MR R RURE AR Y B 2 R 2 S L R I SR NS Bl S PR T A R
TSR 2 KA 3 B ZREVEWE ST, VR N2 2 B AR B i, X GDM BAY fige e B 3 i 1R 3 19
AT A PG RF, %015 IR 0 23 1 STk LA st PR g de T 2 | AR N A AN b S Y5 ) O35 ) 2
EGEPNe SRS AL SN SN ST AL
3.2 AR S A e BTSRRI TR R

ABFEER LS, RIS B ZREPE LI RI R Fe o 32 X ORINPRr sh Yy, 22 26 B2 22 S5 AR 2 0K
S H AL R T, TER IS s 15 R IR DOK IR AR, A & 2 AR KA, 2% 3 L
NG i P e S I W PR SCICIR & TR UG, 2 20 B 5 | 1 b L 3 P A ) e 22 S ARG )
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1o TR R R SR bR 3 BH S 5 A R R KA R BRI S G I A R A G, s Ae
JREST 31 ( Sagitta enflata) B H B AT 48 7R H S R T B8 AK P AN FRP ) 32 9 R PR G sh - B 55 3L ( Sagitta
bedoti ) 1 3= FE 430 TR FERR FE R AN R K 50 e KBS X, SUAE KB ( Diphyes chamissonis ) H[E)FE 5
RIZHEABRMIENE | X ah RIS, b R0 B E ST pH (E, MWMEIZS A, S0 Hs pH (H A
DX IS JiE X e ik, HoAAAE 7 AFN9 Ay, EEFEE 6—9 H i A i =F/K 0 i+ Lk 1) 2 i &
ALK, TR 2 e s ah ik & 7 B A0 MR I sh W i E 5 B, X Re e 2, 22 26
FE KR KRN A 5 R AT 2 AR O i TR I EZERBE R R, F LS 9% L) A E
FERS LI LhiAR) P TR SR R AR REE LT L B R X ELTE 3.1 TRk,

MG ST S i B 25 R | B be i i E ARSI, R ALF ) SRS ERAEAEAS [ R B2 i i
B, MMES LF  iEEREAS R A7 B A i sh PR 28 & AR B8 AN SR8 s e A 08 AL o P B 5
PR B B ARG OC . RERAVFE WS 5 1k 32 B R A FEUs DRI X 3K 2l A 32 22 /KR
FE AR AR T PR s 11 IX 5 52 NS | 7K S48 38 e v il AR K 3 i /K S8 4ty 23 SR AR T O B PR e 5h 4
EK 3SR 8 AR A BN R I HE 2 173 A0 Rk, DA 11 303 s | 5 7K 30 T 05 , 32 2 K R0 7 Ui o
YY) B KBRS BRURSRN A H A LT S iR A Ik P S B A G L Vbl B A e 7—9
F BRI, LR B A S MR AR T I, R T B ARBREAY R BRI S 2 A RAT
AE R ISR RIS Bt i 4 R 2w TR s ) bt DLk O X i S o w9k 3h
RSB YRR B B 5 ORI S AL 7K A AR S M Ak B T R 3 AR R 44
KW FhRE S ORI sh W 55 00 22 | it 35 5 O A IR B a4 | i 2 3K sh A iR S ik B 18 35 7810 Y
— AR R For W 1 DX 2 47 SR BE K T VS XK B0y AR 55, (45 4 11 X 4l A2 53 A 32 5% ) B
Ko iR Sh VR iR sh i AR Ak B TR TS A SRR R S KR R A S R A R R A
KL PR G YRR EN R R 5K E IR 731 A B RRR AW,
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