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P diversity of benthic diatoms and its responses to spatial distance and
environmental gradients in a subtropical river, southern China: GDM based

analysis
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Abstract; B diversity refers to the spatial variation of species composition, and its pattern and the potentially driving factors
are important issues of understanding biodiversity. In the present study, we seansonlly investigated benthic diatoms in a
subtropical medium river- Liuxihe River in southern China, Guanggzhou, Guangdong Province. In Baselga’s framework
partitioning B diversity, the Sgrensen dissimilarities among sampling sites were decomposed into two complementary
components ; species turnover and nestedness. The relative importance of environmental and spatial processes on 8 diversity
and its components were explored by using generalized dissimilarity modelling (GDM). The results showed that 8 diversity,
and its two components : species turnover and nestedness had no significant seasonality. B8 diversity was dominated by species
turnover ( >75%) in all the four investigated seasons. Both environmental selection and spatial process shaped the B8

diversity and its turnover component in Liuxihe River. Environmental selection plays a major role in influencing the 8
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diversity and its turnover component. The importance of dispersal limitation increased in the dry season compared to that in
the wet season. As a distance-based nonlinear regression method, GDM well identified the community variation of benthic

diatoms (i.e., B diversity) and its two complementary components along hoth spatial and environmental gradients.

Key Words: B diversity; turnover; nestedness; generalized dissimilarity modelling; environmental selection; dispersal
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Fig.1 Locations of 20 sampling sites in Liuxihe River
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Table 1 Spatial coordinates, locations and main substrate types of sampling sites in Liuxihe River

FEE A o1 ZJE(°F) HiE(°N) T A T B FT RS2
Sampling sites Code Longtitude (°E) Latitude (°N) Reaches Main substrate types
FiTRERTN/ SN S1 114.01 23.80 i KA NERA
FEIGEAT s2 114.00 23.81 iz KEIAT /NBRAT
VEURON DS S3 113.99 23.78 i /NBRAY

FeRiEg oy S4 113.98 23.80 It KA NI4T
=M S5 113.81 23.74 73 EX NN FE
B H S6 113.95 23.82 (573 e

A s7 113.90 23.77 [BR/13 KEIAT /NGRAT
B S8 113.91 23.93 (573 R U

bz S9 113.84 23.84 |- i KA NERA
ISR S10 113.78 23.83 a3 e
LLNCVIN Si11 113.73 23.70 Tk Kova e
K S12 113.71 23.70 Tk N

A% S13 113.64 23.63 T KA NGR4T
Fay2i S14 113.63 23.57 T KA NERA
15 0 RA S15 113.59 23.55 it N

K S16 113.47 23.44 T A b

Kk S17 113.34 23.42 FiE N

R S18 113.33 23.40 FiE A
NFFAR S19 113.30 23.33 i A

W AT $20 113.26 23.29 Tk A

SR 5 Sampling site ; AR IC BT BLAR (mm) XHE BRI T X 43, B AR (>256) KB A (64,2561 /NIA (16,64 ] kA (2,16] .7 (0.06,
27 J8(<0.06)
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Fig.3 Species composition of benthic diatoms in Liuxihe River
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Fig.4 Seasonal variation of species numbers of benthic diatoms in Liuxihe River

http ; //www.ecologica.cn



4182 xR 43 4

WA EEIME (60) . ZETEBEIE  FHE B AT 25 e N i R 2 50 A B i) 20 A8 Ak, = A0 At g b 2t
BB TR AR H A 25
2.3 B MR HA S ZE AL

4 A5y R IR AT £k 38 22 FE M 35 LA o R 4 43 o 2, W0 P i 5 A 4 X JIC G e S5 B 22 A 1 1 BT IR AR /)
(E5), L3 HJEMiRESE B 2R ME, 3L 190 ANFEC AR A, Fo X #f 55 2 18] B R A ik 8 B ARk (39 0H R
0.618, FRifE 22N 0.123) , B FR JEFE 41 70 (YI(E R 0.473 , FRifEZE R 0.146) Bk, 5 N 76.6% , P Fhik &
o3 (FIEH 0.144  FRiEZEH 0.124) XHEARERE B ZHEEM G R 23.4%, TR FRTIRES: B ZHE0E A%
MR EH B TEH BT 225, 4 DA G IENKHEE R B 2R 7 8U7E 0.56—0.63 Z 1], JiF5 41 7 4
BHEHE 0.42—0.47 , iR EH 5 A BEE FHE 0.09—0.11,

1.00 |- 1.00 |- - 1.00 |
g g
z 5 I 2
2075 £ 075 |- £ 075
= 5 :
P 5 ¢
2050 - 3 050 H £ 0.50
g 2
ﬁ .
& 025 R 025 & 025
® = =
& R
L | | | B (U | | | B 0
3 6 9 12 3 6 9 12
H 4 Month

5 MRAEMERS SHUEREASNSFTEL
Fig.5 Seasonal variation of B8 diversity and its components of benthic diatoms in Liuxihe River
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Table 2 Generalized dissimilarity modelling (GDM) revealed the important environmental variables whose gradients explained variation of

diversity of benthic diatom communities

RS FHXT % Relative explanatory variable/%

Explanatory variable 3 H 6 A 9 H 12 A
HiPEHE 2 Geographical distance 11.57 4.69 7.13 17.46
JK i Temperature — 10.66 — —
LB Turbidity 0.99 1.78 2.56 7.58
T Velocity 0.79 — 1.21 1.13
S Total nitrogen 5.02 18.34 6.68 4.09
S Total phosphorus 0.71 — 6.41 —
A TERE Soluble silicon 8.07 2.54 0.41 —
HL 3R Conductivity 2.72 5.70 — 4.75
pH 10.02 7.72 6.53 9.83
A4 Dissolved oxygen 11.52 — 3.39 2.92
%ﬂ' Sum) 51.41 51.42 34.32 47.76

—" FNIZAE R B B RS TC R ; fif R AR bt g 7S H] BE B RN AR IR S A6 S 43 R R« Geo s HBIEIE B Geographical distance ; Temp :
7K Temperature ; Turbidity ; U3 Turbidity; Vel ; Jii# Velocity; TN: &% Total nitrogen; TP & Total phosphorus;SiO,: Tl PE%E Soluble silicon;
Cond.: HL 5% Conductivity ;DO ; i % Dissolved oxygen
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Table 3 Generalized dissimilarity modelling ( GDM ) revealed the important environmental variables whose gradients explained variation of

turnover and nestedness component of the 8 diversity for the benthic diatom communities
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il A A Relative explanatory rate of explanatory Relative explanatory rate of explanatory
Explanatory variable variable to turnover component variable to nestedness component

3A 6 A 9 H 12 A 3A 6 A 9 H 12 A
Geo 7.24 1.95 0.18 1.18 — — 3.01 —
Temp 1.25 — — — — 1.98 — —
Turbidity 1.39 1.76 5.54 — 2.39 — — 10.37
Vel 2.12 — 1.71 4.04 — — 2.76 —
TN — 14.22 0.39 3.08 — 2.46 18.71 0.07
TP — 3.88 — 5.72 — — 7.16 —
Si0, 5.79 8.70 2.63 3.15 7.70 — — 3.92
Cond 3.34 — 0.63 1.65 — 0.34 — —
pH 1.98 6.02 3.20 10.84 24.03 — 7.66 0.37
DO 16.71 5.19 5.06 2.89 — 2.93 0.13 —
A1t 39.82 41.71 19.33 32.55 34.12 7.72 39.43 14.74
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Fig.7 Generalized dissimilarity modelling (GDM) revealed the responses of benthic diatoms in the turnover component of the 8 diversity to
geographical distance and environmental gradients in Liuxihe River in March, June, September and December

x B AR AR R sy SRR SRSk R BT AR AL e, B BV A S P R JE B, B~ In(1 - djp)

RS B pH BRI, 12 A0y B4 o0 i 728 P =5 i ok 32 384 i i 36 48K 5 Bl T 9 1 Ak ok B2 0 pH
BLDIIES S I Sk

http ; //www.ecologica.cn



4186 xR 43 %

0.30 0.30 -
025 + 025
0.20 ~ 020 -
~ =
> =]
5 015 | 2 015 | m
< e
0.10 |- < o010 |-
0.05 0.05
0 . N e
55 6.0 6.5 10000 15000 20000 20 40 60 80 100 120
pH A% PERE Soluble silicon P Turbidity
0.06 0.06
~ 0.04 2 004 |
£ 5 =
< e B
~
0.02 0.02
0 | | | | | 0 | | | | | | 0 | | | | | |
6 7 8 9 10 1000 3000 5000 24 26 28 30 32 34
AR Dissolved oxygen S Total nitrogen 7K Temperature
0.15 0.15 0.15 +—
0.10 0.10 - 0.10 4
3 E 3 =
< < .
0.05 0.05 0.05 +
0 ! ! ! ! ! 0 ! 0 T R B! [
1000 2000 3000 4000 5000 6.5 7.0 75 0 100 200 300 400 500 600
S Total nitrogen pH JEH% Total phosphorus
0.12 0.12 0.12
Z 008 ~ 008 | = 008 |
z 5 d &)
5 2 - Z L
= =
~ 0.04 0.04 0.04 |-
0 | | | | 0 | | | 0 I I I I Il |
0 5 10 15 20 8000 12000 16000 20000 70 72 74 76 78 8.0
P Turbidity AR Soluble silicon pH

E 8 E-F GDM FriE R iR M I fl Rk 5 R B 40 40 X IR SR 466 E F i)
Fig.8 Generalized dissimilarity modelling (GDM) revealed the responses of benthic diatoms in the nestedness component of the 8 diversity

to environmental gradients in Liuxihe River in March, June, September and December
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