
Longitudinal Variation of Fish Communities in the 
Geum River, Korea: Application of the Concept of 
Beta Diversity and Local Uniqueness
Jeong-Hui Kim1* , Sang-Hyeon Park1 , Seung-Ho Baek1 , Donghyun Hong2 , Hyunbin Jo3

1EcoResearch Incorporated, Gongju, Korea 
2Department of Integrated Biological Science, Pusan National University, Busan, Korea 
3Institute for Environment and Energy, Pusan National University, Busan, Korea

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © National Institute of Ecology. 

Introduction

Since the three kinds of diversity, such as alpha di-
versity, beta diversity, and gamma diversity (α, β, and 
γ-diversity), were presented by Whittaker (1960; 1972), 

numerous ecological studies have been conducted us-
ing these concepts. According to Whittaker’s description, 
α-diversity is the local species diversity or richness in a 
single community and certain areas, whereas γ-diversity is 
the total species diversity or richness within a large num-
ber of sites on a regional scale. These two diversities are 
calculated by simple indices, such as the Shannon–Wiener 
index (Shannon, 1948) and Simpson’s index (Simpson, 
1949), which are based on species richness and evenness 
(Thukral, 2017). 
β-diversity is the spatial differentiation or variation 

in species composition among sites within a region 

To present the spatial variation of fish assemblages in the Geum River in Korea, the concept of beta diversity (β-diversity) 
estimates based on the variance of the community data table was applied. Fish communities and environmental 
variables were collected from 13 sampling sites along the in mid-low reaches of the River. We calculated the 
β-diversity and local contribution to beta diversity (LCBD) values at each site depending on the two types of data, 
‘occurrence’ with Jaccard and Sørensen dissimilarity coefficients, and ‘abundance’ with Hellinger distance. Multivariate 
and correlation analyses were also performed to determine the relationships between LCBD and other variables, such 
as community indices and physicochemical and hydrological factors. The β-diversity values of fish communities in 
the River were estimated as 0.218 and 0.145 for occurrence data table with Jaccard and Sørensen respectively, and 
0.268 for abundance data. Similar patterns of LCBD along the sampling sites were detected in two dissimilarity 
measurements of occurrence table, and LCBD values with abundance data were slightly different. The LCBD values 
are strongly correlated with community indices, and also suitable for indicating the uniqueness of fish assemblages. 
However, further research is needed to determine the LCBD value as an indicator of environmental variability.
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community data table

ABSTRACT

Original Article

PNIE 2022;3(2):122-128
https://doi.org/10.22920/PNIE.2022.3.2.122

pISSN 2765-2203, eISSN 2765-2211

Received October 20, 2021; Revised November 29, 2021; 
Accepted November 30, 2021

*Corresponding author: Jeong-Hui Kim
e-mail ragman-k@hanmail.net

 https://orcid.org/0000-0003-2331-4232

https://orcid.org/0000-0003-2331-4232
https://orcid.org/0000-0001-6036-8489
https://orcid.org/0000-0002-8280-8665
https://orcid.org/0000-0002-7712-2685
https://orcid.org/0000-0001-8064-7880


Fish Beta Diversity in the Geum River

123https://doi.org/10.22920/PNIE.2022.3.2.122

(γ-diversity), which could also result from species replace-
ment and loss within sites (Anderson et al., 2011; Baselga, 
2010; Legendre et al ., 2005). Since Whittaker (1960) 
proposed to compute β-diversity using the simple ratio 
between γ-diversity and mean value of α-diversity, sev-
eral different estimates of β-diversity values using α and 
γ-diversity have been presented (Anderson et al., 2011; 
Koleff et al., 2003). However, the problem has been raised 
that β-diversity can only be derived after estimating the 
two diversity values (Ellison, 2010). To solve this problem, 
various methods for calculating β-diversity values without 
using the α and γ-diversity have been suggested, includ-
ing a method using the total variance of the community 
data matrix (Anderson et al., 2006; Legendre & De Cá-
ceres, 2013; Legendre et al., 2005; Pelissier & Couteron, 
2007).

Legendre and De Cáceres (2013) and Legendre et al. 
(2005) introduced the calculation method for β-diversity 
as a single-number value, Var(Y) or BDTotal, based on 
the variance of the site-by-species community table (Y). 
With  regard  to beta diversity estimates based on the 
community table, β-diversity values could be calculated 
in two different ways: 1) the sum of squares of the spe-
cies occurrence or abundance, and 2) dissimilarity matrix 
(Legendre & De Cáceres, 2013). The same value can be 
estimated by both methods and can be calculated with-
out the numerical information from α- and γ-diversity. 
However, the β-diversity value could be differentiated de-
pending on the dissimilarity coefficients. In order to pro-
vide guidance on the selection of dissimilarity coefficients 
for presence-absence (occurrence) and abundance (or 
biomass) data, 16 dissimilarity coefficients were compared 
according to the 14 properties. The local contribution to 
beta diversity (LCBD) value, the indices of which are de-
rived from the calculation of the β-diversity estimate, was 
represented as “the degree of uniqueness of the sampling 
units in terms of community composition” (Legendre & 
De Cáceres, 2013).

In this study, we applied the β-diversity and LCBD 
concepts according to Legendre and De Cáceres (2013) 
to analyze fish community data, sampled from 13 sites 
along mid-low reaches of the Geum River in Korea. Spe-
cifically, we estimated β-diversity values depending on the 
two types of data, occurrence (with Jaccard and Sørensen 
dissimilarity coefficients) and abundance (with Hellinger 
distance) to represent the spatial variation of fish assem-
blages in the river. We also examined the degree of fish 
communities’ uniqueness on fish communities by calcula-
tion of LCBD values in each sites. Furthermore, in order 
to determine the ecological properties of the β-diversity 
results, we performed traditional correlation and multivar-
iate analysis, non-metric multidimensional scaling (NMDS), 
on the fish data in company with the indices and values 
derived from the β-diversity concept.

Materials and Methods

Field sampling
To present the patterns of fish communities in the lon-

gitudinal river profile, 13 sampling sites were selected in 
the main channel of the Geum River (Fig. 1). The Geum 
River (397 km) is the third-longest river in Korea, flowing 
from the central area of the Korean Peninsula to the West 
Sea. The sample sites were located in the middle and low-
er reaches of the main channel of the river. The sampling 
site, S1, was at the upstream of the middle reach, located 
around 110 km upstream of the estuary of the West Sea 
(Fig. 1).

Fish assemblages were sampled monthly at each site 
from March to October 2019, a total of eight times. A 
kick net (5 mm mesh), cast net (mesh 7 mm; area πr2, 
16.6 m2; r=2.3 m), and fyke net (mesh 5 mm, height 80, 
length 50 m) were used to collect the fish. Ten cast net 
deployments and kick nets for approximately 20 minutes 
were conducted for sampling in the shoreline area. Fyke 
nets were set perpendicular to the bank for 48 hours. All 
collected specimens were identified to the species level 
by following the keys according to Kim and Park (2002), 
based on the fish classification system of Nelson et al. 
(2016). Six environmental variables, including physico-
chemical and hydrological factors, were measured concur-
rently. Dissolved oxygen, electrical conductivity, hydro-
logical variables, and substrata were measured in situ (YSI 
proplus®  [YSI Inc., Yellow Springs, OH, USA] for water 
quality data). The substrate index (SI) was calculated 
based on the proportion of substrate composition in five 
particle size categories (Suren, 1996):

Fig. 1. Map of the sampling sites in the Geum River in Ko-
rea. The study sites are indicated as yellow circles with site 
names.
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SI=�0.07×% boulder+0.06×% cobble+0.05× 
% gravel+0.04×% sand +0.03×% mud/silt

Community indices and environmental variables at 
the sampling sites are summarized in Table 1. Sampling 
sites S1, S2, S3, and S4 are located in the middle reaches 
of the Geum River, with a high proportion of large sub-
strates (boulders, cobbles, and pebbles) and velocity, and 
low water depth, whereas S11, S12, and S13 sites are in 
a typical  lowland reach with small substrate particle size 
and deep water. The remaining sites, S5-S10, show inter-
mediate environmental variables between the sites in the 
middle and lowland reaches (Table 1).

Data analysis
Single value estimates of β-diversity based on com-

munity dissimilarity matrix were applied to determine the 
variation of fish communities in the longitudinal river 
profile. The input data (Y), site-by-species community ta-
ble, were used to calculate the β-diversity values, the total 
variance of Y (Var(Y)), and LCBD (Legendre & De Cáceres, 
2013). Y consists of column vectors (presence-absence or 
abundance values of p species) and row vectors (n sam-
pling sites). Indices i and j indicate the sampling unit (or 
sampling site) and fish species, respectively, and yij is the 
individual value of the presence-absence or abundance in 
community data matrix Y.

According to Legendre and De Cáceres (2013), estima-
tion of β-diversity value (Var(Y)) consists of calculating 
the matrix of squared deviations from the column (species 
values) as follows:

sij=(yij–ȳj)
2

where sij is the square of the difference between the yij 
value and ȳj (the mean value of the jth species). The sum 
of all the different values from all columns (SSTotal) is esti-
mated as follows:

SSTotal=∑
n
i=1∑

p
j=1Sij

Var(Y), the total variance of the site-by-species commu-
nity table, was calculated as follows:

BDTotal=Var(Y)=SSTotal/(n-1)

BDTotal, which is the same value as Var(Y), can be consid-
ered as an estimate of the β-diversity values of the input 
data table (Legendre et al., 2005). The β-diversity values 
for the fish presence-absence data table were estimated 
based on two dissimilarity coefficients, the Jaccard simi-
larity index, and the Sørensen index.

The calculation of Var(Y) using the above-mentioned 
equation, however, is not appropriate for the data table 
with raw values of species abundance, density, and bio-
mass. The assessment of the dissimilarity between sites 
is based on the Euclidean distance. To estimate the 
β-diversity value (Var(Y)) based on the dissimilarity of 
abundance values, the Hellinger transformation was used 
to estimate the β-diversity values for site-by-species 
abundance input data tables (Legendre & De Cáceres, 
2013).

The relative contribution of sampling site i  to 

Table 1. Community indices and environmental variables at 13 sampling sites

Sites n No. of
individuals

No. of
species

Water
temperature 

(°C)

Dissolved 
oxygen 
(mg/L)

Conductivity
(μμs/cm) Depth (cm) Velocity

(cm/s)
Substrate

index 

S1 8 1,063 15 18.8±3.9 11.3±2.2 236.7±36 62.5±19.1 32.8±18.3 3.69±0.52

S2 8 1,707 21 19.1±4 10.7±1.3 284.5±43.4 111.3±18.9 15.9±10 1.62±0.08

S3 8 1,319 17 20.3±4.4 11.6±2.7 292±48.5 83.8±19.2 82.8±25.4 4.28±0.47

S4 8 2,027 22 20.9±4 12±2 336.3±52 88.8±15.5 83.2±23.8 4.05±0.69

S5 8 1,756 20 20.2±4.3 10.8±2 320±39.1 213.8±37.4 19.3±9.8 3.15±0.78

S6 8 1,870 25 21.3±5 11.8±2.1 285±82.5 153.8±57.1 14.2±4.2 2.74±0.63

S7 8 4,849 25 20.6±4.8 11.9±1.4 292±81.3 153.8±73.7 13.9±3.3 2.59±0.82

S8 8 4,104 23 20.8±5 12±2.7 288.6±89.7 196.3±123.2 11.2±2.6 2.34±0.7

S9 8 7,253 23 20.9±5 11.5±3.1 311.5±57.1 393.8±195.7 10.8±1.4 2.59±0.51

S10 8 9,078 27 21.2±5.3 11.5±2.8 301.1±53.1 416.3±114.9 13±1.9 2.28±0.74

S11 8 2,501 21 22±5.9 11.8±2.4 300.6±74.6 261.3±70 28.4±32.6 1.8±0.7

S12 8 3,073 19 21.8±6 12.9±3.6 306.1±68.6 373.8±143.5 8.7±3 2.36±1.25

S13 8 2,059 21 21.6±5.9 11.3±2.3 324.3±79.5 457.5±147.9 5.7±2.4 1.88±1.25

Values are presented as number only or mean±standard deviation. 
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β-diversity values (LCBDi), is also computed as the sum of 
the sij values in each row i.

LCBDi=SSi/SSTotal=∑
p
j=1Sij/SSTotal

The monthly sampled community data at each site were 
pooled to estimate beta diversity and LCBDs. To reduce 
biases in beta diversity measures and multivariate analysis, 
rare species were excluded in the pooling process. Rarity 
weights (wi) estimation is performed as follows (Leroy et 
al., 2013):

Wij=exp(–( Qij–Qjmin ×0.97+1.05 )2)rj×Qjmax–Qjmin

where Qij is the number of occurrences of species i during 
eight sampling times, and Qjmin and Qjmax are the minimum 
and maximum occurrences in the species pool, respec-
tively. rj is the chosen rarity cut-off point according to 
Gaston’s quartile definition (the first quartile of species 
occurrence, 25%) (Gaston, 1994). The maximum occur-
rence is defined as the highest occurrence among species.

To represent the relationships between the LCBD, 
biological indices, and environmental variables, a Pear-
son correlation analysis was conducted. In this regard, 
α-diversity values as a biological index were derived by 
measuring the Shannon diversity index (H'). NMDS ordi-
nation was also applied to determine the differences in 
longitudinal community patterns based on the similarities 
among species composition. All the analyses mentioned 
above were performed in the R environment.

Results

Community composition
A total of 42,659 fish individuals (excluding rare spe-

cies) were collected and identified in three orders, nine 
families, and 36 species. The number of species and indi-
viduals at the sample sites ranged from 15 to 27 (mean: 
21.5) and 1,063-9,078 (mean: 3,281.5), respectively. S10 
showed the highest number of species and individuals, 
whereas the values were lowest in S1 (Table 1). Five spe-
cies, Acheilognathus lanceolata, Pseudorasbora parva, 
Squalidus japonicus, Hemibarbus labeo, and Opsariichthys 
uncirostris, in the family Cyprinidae were widely distrib-
uted throughout all sampling sites in the middle and 
lowland reaches, whereas three species, Cyprinus carpio, 
Sarcocheilichthys variegatus, and Leiocassis ussuriensis, 
occurred in only one or two sampling sites. 

Beta diversity estimation
We obtained the β-diversity values based on the total 

variance of the site-by-species data table containing the 

occurrence (presence-absence) and abundance informa-
tion (Table 2). The β-diversity values (BDTotal or Var(Y)) 
and spatial variation of fish communities in the Geum 
River were calculated as 0.218 for the Jaccard dissimilar-
ity index, 0.145 for the Sørensen index, and 0.268 for 
the Hellinger distance (Table 2). The total sum of squares 
(SSTotal) was also presented as 2.620, 1.738, and 3.211 for 
the Jaccard index, Sørensen index, and Hellinger distance, 
respectively.

We show the local contribution to beta diversity, LCBD, 
along the upstream (S1) to downstream (S13) in Fig. 2A. 
The LCBD of each site ranged from 0.060-0.114, 0.053-
0.125, and 0.029-0.139 based on the Jaccard index, Sø-
rensen index, and Hellinger distance. Higher LCBD values 
were estimated in the middle reaches of the Geum River, 
S1-S3, whereas lower values were observed in the lowland 
reach sites. The highest values of LCBD were computed 
in S1 for all the similarity indices. S7 shows the lowest 
values of LCBD for presence-absence data, whereas the 
lowest values of LCBD for abundance data are presented 
in S6. The number of species and α-diversity values at 
each site are presented in Fig. 2B. The number of species 
and H’ ranged from 15 to 27 and 2.146 to 2.623, respec-
tively. Both values tend to be lower in the middle reaches 
of the Geum River, S1-S4. The highest values of H’ and 
the highest number of species were present in the sites on 
lowland reaches, S13 and S10 (Fig. 2).

Relationships between variables
Pearson correlation coefficients were obtained to show 

associations between the community and diversity indi-
ces (LCBDs and α-diversity) and environmental variables 
(Table 3). Strong positive correlations among the LCBD 
values for the three different similarity indices were de-
tected. All LCBD values had strong negative correlations 
with the number of species (r=–0.861, –0.868, –0.795, 
respectively; P<0.01), whereas they were not significantly 
correlated with α-diversity and the number of individuals. 
The LCBD values based on occurrence data, LCBD(J) and 
LCBD(S), were negatively correlated with water tempera-
ture (r=–0.684 with P<0.01, –0.638 with P<0.05, respec-
tively), whereas they were positively correlated with the 
SI (r=–0.611, –0.591, respectively; P<0.05). No significant 

Table 2. Total sum of squares and estimated beta diversity 
values of fish community data in the Geum River

Dissimilarity 
   coefficients

Presence-absence Abundance

Jaccard Sørensen Hellinger 
distance

Total sum of squares
   (SSTotal)

2.620 1.738 3.211

Beta diversity
   (Var(Y) or BDtotal)

0.218 0.145 0.268
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correlation was observed between the environmental vari-
ables and LCBD(H).

Community ordination
In the NMDS ordination, the samples were distinguished 

based on differences in species composition in communi-
ties by Bray-Curtis dissimilarity (Fig. 3). The final stress 
value for the two dimensions was 0.063, which is ac-
ceptable for ecological and environmental data because 
it falls below 0.2. The sampling sites in the middle and 
lowland reach were separated along the NMDS axis 1. 
The fish communities at sampling sites were located in 
lowland reaches, S8-S13, and were aggregated on the 
right side of the map, whereas S1-S7 in the middle reach 
of the Geum River was widely distributed over the left 
side. Correlations between the NMDS axes and variables, 
including biological indices and environmental variables, 
were also presented to show the associations between fish 
communities and environments (Fig. 3). NMDS axes were 
significantly correlated with one biological index, LCBD 
values based on Jaccard similarity (r=0.49; P<0.05), and 
two environmental variables, water temperature (r=0.68; 
P<0.01) and depth (r=0.77; P<0.01).

Discussion

The application of β-diversity estimates based on com-
munity data tables and site-by-species occurrence and 
abundance effectively accounted for the spatial variation 
of fish communities in the Geum River. The β-diversity 
values were calculated as a single number without es-
timation of the α- and γ-diversity values. In addition, 
the β-diversity values of freshwater fish communities 
from two different rivers, the Geum River and the Doubs 
River in eastern France (Borcard et al., 2018; Legendre 
& De Cáceres, 2013), were compared. In the Geum River, 
three β-diversity values, including two values for occur-
rence data, 0.218 and 0.145, and a value for abundance 

data, 0.268, were presented according to the three differ-
ent dissimilarity coefficients, Jaccard similarity index, Sø-
rensen index and Hellinger distance, respectively (Table 2). 
The β-diversity values of fish communities in the Doubs 
River were 0.326, 0.267, and 0.503 for the same order of 
dissimilarity coefficients as aforementioned.

These results show that the β-diversity values for all 
dissimilarity coefficients were lower in the Geum River. It 
can be noted that spatial variations  in fish assemblages 
were stronger in the Doubs River, although the total 
number of species in all fish assemblages was higher in 
the Geum River (36 species) than in the Doubs River (27 
species). This result seems to be due to the higher con-
nectivity of fish assemblages in the main channel of the 
Geum River or lack of fish community data, including rare 
species in tributary streams of the Geum River in moun-
tainous areas. Further studies are required to determine 
the patterns of spatial variation of fish communities un-
der various conditions, including the relationship between 
the main channel and tributaries, connectivity in the river 
channel, and disturbance intensity. For these approaches, 
more β-diversity analysis which related to the ecological 
properties in population or species level, such as species 
contribution to beta diversity (Legendre & De Cáceres, 
2013), species replacement and species loss (Baselga, 
2010), also should be considered in the future.

The present study also focused on LCBD values as an 
indicator of community uniqueness (Legendre & De Cá-
ceres, 2013). NMDS ordination, a traditional multivari-
ate analysis, and Pearson correlation were performed to 
examine the LCBD values as an indicator of community 
uniqueness in the Geum River (Fig. 3, Table 3). In the 
NMDS map, the distances between each pair of sites ad-
dressed the degree of differentiation of the communities 
due to the variability in species composition. Notably, the 
sites that were scattered widely over a long distance from 
other sites, S1 and S3, had higher LCBD values, whereas 
the sites with low LCBD values, S6 and 7, were concen-

Fig. 2. Community indices at each sampling site, (A) estimated local contribution to beta diversity (LCBD) values based on 
three dissimilarity coefficients, Jaccard, Sørensen, and Hellinger distance (B) α-diversity (H’) and the number of species.
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trated around the center of the map at a close distance 
from other sites. The sites aggregated on the right side of 
the map showed relatively low LCBD (Figs. 2, 3). A sig-
nificant correlation was also observed between the NMDS 
axes and LCBD for Jaccard dissimilarity coefficients (Fig. 
3). Overall, the LCBD value was feasible for indicating 
the fish community uniqueness based on the dissimilarity 
of community composition in the Geum River. However, 
LCBD values were negatively correlated with the number 
of species (Table 3). Similar results were also reported in 
the fish community data from the Doubs River (Legendre 
& De Cáceres, 2013) and Cheonggye Stream (Kim et al., 
2019). These results indicate that the uniqueness of fish 
communities is related to the small number of species 
and low α-diversity. However, this result  seems unusual 
and counterintuitive. Further research is needed to reveal 
the relationships between LCBD and α-diversity indices, 
such as the number of species, species richness, and H’. 

Considering LCBD values along the sampling sites in 
the Geum River, high LCBD values were obtained at sites 
S1 and S3, representing an environment with larger sub-
strate size, higher water velocity, and lower water tem-
perature (Fig. 2, Table 1). In addition, LCBD values were 
significantly correlated with two environmental variables: 
lower water temperature and larger substrate size (Table 
3). These findings indicate that fish assemblages in the 

Ta
bl

e 
3.

 P
ea

rs
on

 c
or

re
la

ti
on

s 
be

tw
ee

n 
bi

ol
og

ic
al

 in
di

ce
s 

an
d 

en
vi

ro
nm

en
ta

l v
ar

ia
bl

es
 

Va
ri

ab
le

C
om

m
u

n
it

y 
an

d 
di

ve
rs

it
y 

in
di

ce
s

E
n

vi
ro

n
m

en
ta

l v
ar

ia
bl

es

LC
B

D
(S

)
LC

B
D

(H
)

αα
-d

iv
er

si
ty

 
(H

')
N

o.
 o

f
sp

ec
ie

s
N

o.
 o

f
in

di
vi

du
al

s
W

at
er

te
m

p
er

at
u

re
D

O
C

on
du

ct
iv

it
y

D
ep

th
Ve

lo
ci

ty
SI

LC
B

D
(J

)
0.

99
5*

*
0.

74
9*

*
–0

.4
81

–0
.8

61
**

–0
.4

71
–0

.6
84

**
–0

.1
96

–0
.5

01
–0

.4
94

0.
47

7
0.

61
1*

LC
B

D
(S

)
0.

76
5*

*
–0

.4
56

–0
.8

68
**

–0
.4

34
–0

.6
38

*
–0

.1
53

–0
.4

88
–0

.4
22

0.
45

1
0.

59
1*

LC
B

D
(H

)
0.

00
1

–0
.7

95
**

–0
.4

18
–0

.4
28

–0
.2

72
–0

.4
11

–0
.1

77
0.

31
5

0.
18

0

α
-d

iv
er

si
ty

 (
H

')
0.

14
8

–0
.0

04
0.

40
3

–0
.0

87
0.

10
8

0.
41

0
–0

.3
17

–0
.5

78
*

N
o.

 o
f s

p
ec

ie
s

0.
68

9*
*

0.
46

2
0.

11
0

0.
35

0
0.

35
5

–0
.3

87
–0

.4
35

N
o.

 o
f i

n
d

iv
id

u
al

s
0.

31
6

0.
13

8
0.

17
3

0.
59

0*
–0

.3
83

–0
.3

07

W
at

er
 te

m
p

er
at

u
re

0.
59

2*
0.

60
6*

0.
65

1*
–0

.1
85

–0
.3

48

D
O

0.
12

3
0.

14
2

0.
06

2
0.

05
9

C
on

d
u

ct
iv

it
y

0.
46

1
0.

11
3

–0
.0

81

D
ep

th
–0

.5
89

*
–0

.5
73

*

V
el

oc
it

y
0.

80
5*

*

Si
gn

if
ic

an
t c

or
re

la
ti

on
s 

w
er

e 
p

re
se

n
te

d
 w

it
h

 a
st

er
is

k.
LC

B
D

(J
),

 lo
ca

l c
on

tr
ib

u
ti

on
 to

 b
et

a 
d

iv
er

si
ty

 b
as

ed
 o

n
 Ja

cc
ar

d
 in

d
ex

; L
C

B
D

(S
),

 lo
ca

l c
on

tr
ib

u
ti

on
 to

 b
et

a 
d

iv
er

si
ty

 b
as

ed
 o

n
 S

ør
en

se
n

 in
d

ex
; L

C
B

D
(H

),
 lo

ca
l c

on
tr

ib
u

ti
on

 
to

 b
et

a 
d

iv
er

si
ty

 b
as

ed
 o

n
 H

el
lin

ge
r 

d
is

ta
n

ce
; D

O
, d

is
so

lv
ed

 o
xy

ge
n

; S
I,

 s
u

b
st

ra
te

 in
d

ex
.

* P
<0

.0
5,

 *
*P

<0
.0

1.

Fig. 3. Nonmetric multidimensional scaling (NMDS) ordi-
nation map based on fish communities with fitted vectors 
of community indices and environmental variables (red 
arrow: P<0.05, blue arrow: P>0.05). LCBD(J), local contri-
bution to beta diversity based on Jaccard index; LCBD(S), 
local contribution to beta diversity based on Sørensen in-
dex; LCBD(H), local contribution to beta diversity based on 
Hellinger distance; H', α-diversity; No.sp., the number of 
species; No.indi., the number of individuals; W.temp., water 
temperature; DO, dissolved oxygen; Cond., electrical con-
ductivity; Depth, water depth; Velocity, water velocity; SI, 
substrate index.
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middle reaches of the Geum River contain several unique 
species or a small number of common species. Because 
of these properties, LCBD values have been suggested 
as an indicator of priority sites requiring conservation or 
restoration (Legendre & De Cáceres, 2013). However, more 
information regarding the relationships between LCBD 
values, α-diversity indices, and environmental variables 
is needed before using it as an indicator for conservation 
biology. 

According to Legendre and De Cáceres (2013), the prin-
ciple of the β-diversity estimate is similar to simple ordi-
nation methods for ecological community data, such as 
principal component analysis and canonical analysis, ow-
ing to the use of the total sum of squares. However, few 
studies have been conducted to reveal the relationship 
between β-diversity estimates and structural properties of 
the community, which is illustrated by species abundance 
distributions (SADs), and species-area relationships (SAR). 
Accordingly, further research is warranted regarding the 
relation of β-diversity estimates with SADs and SAR, in 
addition, and computational analysis for ecological data 
such as artificial neural network, random forests.
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