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Abstract: The study aims to assess the spatial distribution of benthic macroinvertebrate communities
in response to the surrounding environmental factors related to land use and water quality. A total
of 124 sites were surveyed at the Seomjin River basin in May and September 2017, respectively.
We evaluated the abundance and composition of benthic macroinvertebrate communities based on
nine subwatersheds. Subsequently, we compared the benthic information with the corresponding
land use and water quality. To comprehensively explore the spatiotemporal distinction of benthic
macroinvertebrate communities associated with those ambient conditions, we applied canonical
correspondence analysis (CCA). The CCA results explicitly accounted for 61% of the explanatory
variability; the first axis (45.5%) was related to land-use factors, and the second axis (15.5%) was
related to water quality. As a result, the groups of benthic communities were distinctly characterized
in relation to these two factors. It was found that land-use information is primarily an efficient
proxy of ambient water quality conditions to determine benthic macroinvertebrates, such as Asellus
spp., Gammarus spp., and Simulium spp. in a stream ecosystem. We also found that specific benthic
families or genera within the same groups (Coleoptera, Diptera, Ephemeroptera, and Trichoptera)
are also differentiated from ambient water quality changes as a secondary component. In particular,
the latter pattern appeared to be closely associated with the impact of summer rainfall on the benthic
community changes. Our study sheds light upon projecting benthic community structure in response
to changes of land use and water quality. Finally, we conclude that easily accessible information,
such as land-use data, aids in effectively characterizing the distribution of benthic macroinvertebrates,
and thus enables us to rapidly assess stream health and integrity.

Keywords: benthic macroinvertebrates; canonical correspondence analysis; land use; spatial distribution;
water quality

1. Introduction

Benthic species are one of the most diverse and abundant biota in fluvial ecosystems such as rivers
and streams [1]. Recognizing a large portion of their importance in fluvial ecosystems, the ecological
responses of those benthic species to ambient physicochemical conditions have been explored and
described for the sake of biological assessments based on species sensitivity [2-4]. For many years,
it has been thought that benthic macroinvertebrate communities generally play a pivotal role in
facilitating energy flows and nutrient cycling within ecosystems [5,6]. McLenaghan et al. [7] reported
that the functional diversity of benthic macroinvertebrates regulates nutrient and algal dynamics in
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riverine ecosystems. Besides, the high sensitivity of species in their composition and assemblage to
changes of ambient habitat conditions allows benthic macroinvertebrates to be used for assessing the
stream health and integrity of fluvial ecosystems [8,9]. From an ecological perspective related to niche
partitioning, monitoring the distribution of aquatic macroinvertebrates has been linked to ambient
physicochemical constraints (e.g., ecosystem morphology and trophic status) [10,11]. Hence, the role
of benthic invertebrates has been gradually emphasized as bioindicators [12].

Stream health based on benthic communities can be spatially heterogeneous according to ambient
environmental factors, such as neighboring land use/cover, various pollutants, hydrological factors,
and local climates. Particularly, land use/cover is a critical factor to drive the transport of sediments
and nutrients related to stream water quality [13,14]. Given the recently advanced satellite technology;,
easily obtainable/accessible data to land-use information are highly cost-efficient relative to field-based
water quality measurement [14,15]. Since the fate and transport of nutrients (e.g., nitrogen and
phosphorus) are also closely associated with land use in watersheds, benthic communities can be
correlated with surrounding land-use patterns [16,17]. Therefore, we hypothesize that land-use
information from online websites can enable the rapid assessment of benthic communities in the
context of ecosystem health.

Despite the assessment efficiency of land-use information, its slow changes can be still limited to
explicitly account for the temporal dynamics of the target biota of our interest within a short term.
In stream ecosystems, benthic macroinvertebrates vary in their composition as well as abundance
within the same survey area over time. Particularly in East Asian countries including Korea, eastern
China, and Japan, monsoon events along with multiple typhoons recur in summer [18,19]. Despite
the short time span between surveys, this local climatological feature can change water quality
quickly. Therefore, we infer that there are huge potentials in benthic macroinvertebrate community
change within a short term, assuming that ambient water quality can be a supplementary indicator to
characterize the benthic macroinvertebrate community in a temporal scale.

Our study aims to project the distributions of benthic macroinvertebrate communities associated
with the surrounding land use/cover and water quality in Seomjin River, South Korea. We also analyze
and evaluate the sensitivities of benthic communities in different taxonomical levels (e.g., order, genus,
and species). Furthermore, to assess the status of stream health and integrity in the Seomjin River,
we evaluated the values of biotic indices from the collected benthic macroinvertebrate data. Finally,
we anticipate finding out more useful data information to effectively characterize the distribution of
benthic macroinvertebrates in the context of the rapid assessment of stream health.

2. Materials and Methods

2.1. Site Description

Seomjin River is one of the four major watersheds in South Korea and is located in the southwestern
part of the Korean peninsula (34°55'-35°45" N, 126°57’-127°55’ E) (Figure 1). The catchment area
is approximately 4900 km?, and the length of the river is 223 km. The primary land use is a forest
area (48%), and the second dominant land use is an agricultural area (33.6%) (Figure 1). The urban
lands comprise approximately 4% of the total catchment area. The agricultural lands are mainly
adjacent to stream channels. The annual precipitation has been 1384 + 317 mm (mean + SD) in the
Seomjin River catchment for the last decade. The unique climate conditions, such as monsoon and
typhoons, bring about >50% of the precipitation concentrated in summer between June and September
(Figure 2). For this reason, several multi-purpose dams are operational to effectively manage water
resources for irrigation, potable use, and flow regulation. The Korean Ministry of the Environment
manages the Seomjin River watershed, dividing it into nine subwatersheds in compliance with their
geophysical characteristics, specifically the main channel, tributaries, upstream, downstream, and dam
location. Particularly for the two groups of subwatersheds; (i) Seomjin Dam in the upper site (SDU)
and the Seomjin Dam in the lower site (SDL), and (ii) Juam Dam (JD) and Bo-Seong (BS), the main
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characteristics of these subwatersheds are separated by dam location. The former subwatersheds form
part of the headwater of the main channel, while the latter are of the main tributary (Figure 1).
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Figure 1. Map of the study area and land-use information in the Seomjin River catchment. The red
circles indicate a total of 124 study sites. The entire watershed was divided into nine subwatersheds.
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Figure 2. Total precipitation of the Seomjin River basin in 2017, based on nine major subwatersheds.
2.2. Data Collection

The present study was based on 124 sites across the Seomjin River watershed in 2017. The study
sites are part of the national water quality monitoring networks run by the National Institute of
Environmental Research (NIER) which is operated by the Korean Ministry of Environment (KMOE).
All 124 sites are located in the same catchment and are connected to one another by way of the Seomjin
River. Due to the accessibility of sediment sampling, most of the study sites are placed on low-order
streams (i.e., shallow depth). For data consistency, we conducted the surveys at the same sites twice a
year in May and September. The total number of study sites consists of 16 from SDU (catchment area:
763 km?), five from SDL (237 km?), 12 from Oh-Soo, OS (370 km?), 12 from Soon-Chang, SC (431 km?),
11 from Yo-Cheon, YC (486 km?), seven from Seomjin-Gokseong, SG (183 km?), 27 from the lower
Seomjin River, SL (1128 km?), 24 from JD (1029 km?), and 10 from BS (283 km?) (Figure 1).

From the study sites, we investigated geophysicochemical features, such as land-use information
and water quality parameters. The land-use data were based on the year 2016, and were obtained
from the National Spatial Data Infrastructure Portal (http://data.nsdi.go.kr). We specifically extracted
the land-use data around the study sites by an arbitrary 1-km circle buffer using ArcGIS software
(ESRI, Redlands, CA, USA). We collected water samples on each site (one sample per site). The water
quality parameters included biochemical oxygen demand (BOD), total nitrogen (TN), nitrate (NO3-N),
ammonia (NHj3-N), total phosphorus (TP), phosphate (PO4-P), and chlorophyll a concentrations (Chl-a).
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The water quality parameters, including BOD, TN, NO3-N, NH3-N, TP PO,-P, and Chl-a concentrations
were analyzed in the laboratory using water samples on sites in compliance with the methods proposed
by Wetzel and Likens [20].

For biological data, we sampled three benthic sediments at each site, taking the spatial heterogeneity
within the site into account. A Surber sampler (30 cm X 30 cm, 500 um mesh; APHA et al., 1992) was
used to collect benthic macroinvertebrates, at a depth of approximately 10 cm in May and September.
Then, we preserved the obtained benthic macroinvertebrates in 7% formalin. In the laboratory,
we sorted the invertebrate specimens, identified them up to genus or species level, and counted the
number of specimens using a dissecting anatomy microscope. The identification was based on several
pieces of literature including Quigley [21], Pennak [22], Brighnam et al. [23], Yun [24], and Merritt and
Cummins [25].

2.3. Use of Biotic Indices

To assess the status of stream health and integrity in the Seomjin River, we calculated the values
of biotic indices from the collected benthic macroinvertebrate data. Bearing in mind that there is no
clear-cut distinction of ecosystem assessment in accordance with biotic indices, we considered both
globally popular and regionally specific indices. In this respect, five biotic indices were selected to
evaluate the abundance, diversity, dominance, evenness, and richness: McNaughton’s dominance
index (DI, [26]), Shannon—Weaver index (H’, [27]), Richness index (RI, [28]), Evenness index (EI, [29]),
and Benthic Macroinvertebrates index (BMI; [30]). In particular, BMI is a modified version (i.e.,
conceptually the same) of the saprobic index of Zelinka and Marvan [31], which ranges from 0 to
100. The BMI has been used for the bio-assessment of benthic macroinvertebrates in Korea [32].
The governing equation is expressed as:

BMI — (4_ 2%1 sihigi

x 25 1)
i—1 higi )

where s; denotes the saprobic value of the species i, i; denotes the relative abundance ranking of the
species 7, and g; denotes the weight value of the species i of the total number of species . There is a
subtle difference between the saprobic index and BMI. While the saprobic index takes the absolute
biomass of the species for ;, BMI uses the relative ranking of species abundance. Kong et al. [30]
reported that BMI was a more capable means of assessing stream health and integrity when utilizing
the information of relative abundance.

2.4. Multivariate Analysis for Data Ordination

We used canonical correspondence analysis (CCA) in order to relate the benthic macroinvertebrate
communities to the surrounding environmental variables. The environmental variables included the
land-use percent coverage of cropland, urban land, forest, and wetland, in addition to the ambient
water quality parameters TN, TP, NH3, Chl-a, and BOD. The benthic macroinvertebrate data included
22 genus groups, except for the family group of Chironomidae. Prior to the CCA application,
we calculated the length of the gradient based on detrended correspondence analysis in order to
examine the adequacy of CCA application [33]. As the length was 4.16 (greater than 4), CCA was
used for data ordination [34,35]. All the variables were modified by log transformation to stabilize the
data close to normal distribution [36]. For statistical analysis, we used SPSS ver. 18 software (IBM,
New York, NY, USA) and the open-source software PAST3 (SOFTPEDIA, Romania).
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3. Results and Discussion

3.1. Comparison of Water Quality and Biotic Indices

Water quality parameters and biotic indices were compared in nine subwatersheds between
May and September. In the temporal scale, the nitrogen level was slightly higher in May than in
September (Figure 3). It appeared that a significant amount of nutrients entered the stream by summer
rainfall (see Figures 2 and 3). We speculate that incoming nutrients are more dissolved forms of
nitrogen and phosphorus than particulate, because we observed frequent increases of NH3-N, NO3-N,
and PO4-P (Figure 3). The previous studies have reported that the high flux of NO3-N could be
driven by specific agricultural activities, such as manure applications and conservational tillage [37,38].
Nonetheless, TN concentrations exhibited a gradual decrease from upstream to downstream (Figure 3),
and specifically exhibited approximately from 2 mg L™! at sites SDU, SDL, and OS, to 1 mg L~! at sites
SG and SL. A study by Ahn [39] reported that unexpectedly high nutrient concentrations in headstreams
are often observed because of the relatively undeveloped wastewater treatment and septic tanks in the
rural area of South Korea, thereby inducing an increase of BOD. In contrast to TN and NO3-N, NH3-N
concentrations were very high at the SC site, regardless of time (Figure 3). Given the largest fraction
(49%) of cropland among nine subwatersheds, the high ammonia concentrations could be associated
with agricultural activities. In China, which is geographically close to Korea, it was reported that
agricultural nitrogen accounted for more than 40% of the variability of TN, and subsequently it drives
ammonia increases [40,41].

The phosphorus pattern was spatially similar to the nitrogen pattern in May. The level of TP
concentrations gradually decreased from upstream to downstream, except at the headstream SDU site
in May (Figure 3). However, it was comparatively notable that phosphorus concentrations rebounded
in the lower part of the river, such as at the BS and SL sites. This longitudinal trend could be consistent
with the fact that the lower part of the Seomjin River was dominated by agricultural lands (38.8% at
the IS, SC, YC, BS, and SL sites) and urban areas (6.6% at the YC and BS sites) relative to the upper
part (27% at the SDU, SDL, SG, and JD sites, and 3.3% at the SDU, SDL, and ]D sites) (see Figure 1).
In relation to agricultural management practices (e.g., manure applications) and urbanization, a large
amount of dissolved phosphorus could be generated [42,43].

Chl-a concentrations were also slightly higher at the upper part than at the lower part of the river.
However, based on the current level of Chl-a concentrations, the Seomjin River changed from being
oligotrophic to mesotrophic (Chl-a < 10 pg L™!). The BOD values mostly ranged from 1 to 3 mg L™},
and appear to differ from the spatial pattern of nutrient concentrations (Figure 3). Additionally, we also
compared five biotic indices, and most of the values of biotic indices were not statistically significant
across all the study sites (Figure 3). Thus, it was difficult to distinguish the spatial pattern of benthic
communities based merely on the biotic indices.



Appl. Sci. 2019, 9, 5162 60f15

IS
o
o
N}
@

(a) (b) 1 (c)
0.08 20
3 — |~ _
L ] a
- o 0.06 o 151
o £ £
€2 £ et
= Z 0.04 1 ., 1.0 1
= T (<]
4 =z z
0.02 I 054
04 0.00 ﬂ* " - = 0.0 u T
SDUSDL OS SC YC SG JD BS SL SpDUSDL OS SC YC SG JD BS SL SDU SDL OS sC YC SG JO BS SL
200 80 10
(d) (e) (f)
150 4 60 8 -
Py
) - —
i - o6
o] 3 o
2100 z 2
o ©
- C.; = 4
o o
50 - 20
5 ]
0 0 ol
SDUSDL OS SC YC SG JD BS* sL* SDUSDL OS SC YC SG JD BS SL SDU'SDL OS SC YC SG JD BS SL
S 1.2 12
(9) (h) @
4 1.0 1.0 4
L 0.8 08 1 r
-3
o
£ 306 T 06 -
a
82
o 04 04
1 0.2 0.2 -
o 0.0 0.0 - :
SDUSDL OS SC YC SG JD BS SL SDUSDL OS SC YC SG JD BS SL SDUSDL OS SC YC SG JD BS SL
5 5 100
4 4 80 [
3 3 60
T z s
© o
2 2 40
1 1 20
0 LA ol o
SDU SDL OS SC YC SG JD BS sSL SDUSDL OS SC YC SG JO' BS SL SDUSDL OS SC YC SG JD BS SL

Figure 3. Comparison of water quality and biological indices between May and September. Error bars
indicate standard errors. Asterisks represent statistical significances at P < 0.05. (a) TN; (b) NH3-N;
(c) NO3-N; (d) TP; (e) PO4-P; (f) Chl-a; (g) BOD; (h) DI; (i) EL (j) H’; (k) RI; (1) BML

3.2. Spatial Distribution of Benthic Macroinvertebrate Communities Before and After Summer Rainfall

The distribution of benthic macroinvertebrate communities was spatially distinct (Figure 4).
At all nine of the subwatersheds, the abundance of benthic macroinvertebrates decreased after the
summer rainfall in September. A decreasing level of benthic communities differed from the location of
subwatersheds. It was a particularly remarkable pattern that while the abundance of Gammarus spp.
(Amphipoda) slightly increased, the abundance of Asellus spp. (Isopoda) dramatically decreased after
the heavy rainfall (Figure 4). Moreover, the relative abundance decreased from 41% to 3.3% (Table 1).
However, in this respect, Gammarus spp. also dramatically increased in terms of relative abundance
(26.6% in May to 69.6% in September, Table 1). This pattern was clearer at the SDU site, which was
a forest-dominated area. We could not find evidence to support their inverse abundance pattern
associated with rainfall, especially in a forest area. To understand their relationships and ecological
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interactions, a long-term monitoring is highly required to depict the inter-annual variation in specific
land-use coverage.
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Figure 4. Average abundance of benthic macroinvertebrate communities based on (a) order and
(b) subcategory (family, genus, and species) in Seomjin River.

In relation to unfavorable benthic macroinvertebrates in polluted environments, it was found that
Diptera (Chironomidae and Simulium spp.) prevailed across the Seomjin River watershed (Figure 3).
However, it was also observed that their abundance was significantly low in September after summer
rainfall. Chironomidae abundance consistently decreased across all of the study sites except for SDL.
A slight increase (21.9% to 24.1%) of the abundance might be longitudinal flush effects, since the SDL
site was located downstream of the Seomjin Dam. Simulium spp. also decreased after summer rainfall,
but their low abundance appeals to further surveys over a long term.

On the other hand, the key benthic macroinvertebrates such as Coleoptera and Ephemeroptera
were scrutinized. Interestingly, the abundance patterns of Elmidae spp. and Eubrianax spp. were
opposite between May and September. The former was commonly higher in May, while the latter was
higher in September (Table 1). Ephemeroptera were slightly more abundant in September. Particularly,
Ecdyonurus spp. abundance was distinctly high in September relative to the other Ephemeroptera
(Table 1). The most dominant Ephemeroptera, Baetis spp., showed irregular spatial pattern in their
abundance. Interestingly, the longitudinal pattern of abundance looked like a zigzag, which implies
that Baetis spp. (e.g., larva) could be influenced serially from upstream to downstream by hydrological
factors. Another key group Trichoptera showed higher abundance, particularly at the SDL and OS
sites (Table 1). Hydropsyche spp. appeared to be sensitive to summer rainfall, while Cheumatopsyche spp.
seem to be more tolerant.
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Table 1. The relative abundances of benthic macroinvertebrates in Seomjin River. SDU: Seomjin Dam in the upper site, SDL: Seomjin Dam in the lower site, OS: Oh-Soo,

SC: Soon-Chang, YC: Yo-Cheon, SG: Seomjin-Gokseong, JD: Juam Dam, BS: Bo-Seong, SL: Seomjin River.

Order Family or Genus Month SDU  SDL (O1] SC YC SG JD BS SL

Amphipoda Gammarus spp. May 26.6% 00%  00% 00% 01% 00% 00% 0.0%  0.6%
Sep  69.6% 00% 00% 00% 01% 00% 0.0% 0.0% 0.0%

Arhynchobdellida  Erpobdella spp. May 01% 00% 03% 02% 03% 02% 01% 01% 03%
Sep 0.0%  02% 120% 21% 27% 20% 1.0% 02%  0.8%

Coleoptera Elmidae spp. May 02% 19% 83% 07% 06% 106% 05% 05%  0.3%
Sep 0.0%  9.0% 24% 03% 29% 01% 19% 07% 17%

Eubrianax spp. May 00% 00% 00% 01% 01% 01% 00% 01%  05%

Sep 09%  0.6% 12%  6.6% 05% 42% 9.6% 11.8% 1.1%

Decapoda Caridina spp. May 00% 05% 01% 03% 00% 01% 00% 01%  0.0%
Sep 0.0%  45% 109% 11% 03% 02% 00% 07%  03%

Diptera Chironomidae May  9.6% 21.9% 23.5% 61.7% 51.6% 443% 663% 36.1% 37.8%
Sep 59%  241% 195% 30.3% 30.3% 19.1% 281% 19.5% 24.4%

Simulium spp. May 74% 05% 04% 07% 05% 03% 01% 07% 1.9%

Sep 07%  00% 03% 00% 00% 01% 02% 00% 11%

Ephemeroptera Baetiella spp. May 01% 00% 02% 00% 38% 07% 00% 33% 34%
Sep 03% 1.5% 01% 00% 20% 04% 00% 00% 51%

Baetis spp. May  15% 13.7% 4.6% 88% 109% 18% 47% 184%  9.5%

Sep 6.5%  4.0% 82% 161% 7.6% 128% 97%  24% 202%

Caenidae May 01% 32% 00% 11% 00% 01% 04% 04%  0.7%

Sep 04%  0.6%  00% 22% 00% 15% 18% 159% 09%

Choroterpes spp. May 14%  26% 07% 27% 21% 08% 60% 72%  4.0%

Sep 0.0% 08% 09%  07% 16% 13% 24% 40% 11%

Ecdyonurus spp. May 40% 00% 07% 26% 29% 87% 23% 32%  5.0%

Sep 22%  231% 39% 14%  93% 112% 135% 14.0% 12.4%

Epeorus spp. May 04% 01% 00% 00% 1.7% 01% 03% 01%  44%

Sep 1.1%  00% 01% 01% 24% 15% 01% 00%  32%

Ephemera spp. May 01% 02% 04% 11% 14% 11% 45% 12%  04%

Sep 03% 03% 03% 45% 27% 01% 49% 38%  0.6%

Labiobaetis spp. May 00% 03% 00% 01% 00% 00% 00% 0.0% 0.0%

Sep 05% 87% 19%  00% 01% 00% 02% 00% 0.1%
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Table 1. Cont.

Order Family or Genus Month SDU  SDL (O8] SC YC SG JD BS SL

Gastropoda Semisulcospira spp.  May  1.5%  404% 16.6% 81% 7.0% 222% 3.0% 153% 16.3%
Sep 0.6% 11.6% 194% 71% 181% 19.6% 162% 11.8% 15.6%

Radix spp. May 04% 01% 21% 07% 13% 17% 03% 03% 2.0%

Sep 01%  0.0% 03% 00% 02% 1.0% 08%  6.6%  14%

Haplotaxida Limnodrilus spp. May 0.5% 1.7%  2.1% 7.7% 6.2% 31%  93%  54% 1.5%
Sep 05%  29%  1.7%  256% 22% 152% 69%  6.0%  2.6%

Isopoda Asellus sp. May 41.0% 00% 21% 02% 05% 11% 12% 0.0%  0.0%
Sep 33% 02% 06% 00% 01% 48% 00% 00%  0.1%

Trichoptera S;‘;”matoﬁ syche May  02%  84% 104% 01%  26% 0.0% 00% 01%  0.5%
Sep 22%  5.0% 13.6% 00% 02% 00% 02%  00%  04%

Hydropsyche spp. May  26%  32% 245% 02% 06% 01% 00% 07%  74%

Sep 12%  29% 17% 00% 24% 00% 00% 00% 01%

Tricladida Dugesia spp. May 23%  13% 29% 30% 59% 29% 09% 68%  3.5%
Sep 37%  0.0% 09%  18% 143% 51% 25% 28%  6.6%

9of 15
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3.3. Association among Benthic Macroinvertebrates, Land-Use Coverage, and Ambient Water Quality

The CCA simplified the relationships among the variables of our interest (Figure 5). The CCA
results explicitly accounted for 61% of the relational variability with two primary ordination axes;
the first axis (45.5%) was related to land-use factors, and the second axis (15.5%) appeared to be related
to water quality. The first ordination axis characterized the gradient of land-use coverage (Figure 5).
The land-cover gradient was mainly separated by forest and agricultural/cropland areas. Urban land is
topographically placed in the middle between forest and cropland. Wetland is close to cropland, which
is reasonable because extensive agricultural areas have been converted from riverine wetlands by
constructing levees in South Korea [44,45]. The second ordination axis depicted the gradient of water
quality parameters. On the whole, the upper part of plot is closely associated with the parameters
related to water quality deterioration, such as the higher concentration level of BOD, Chl-a, TP, and TN
(Figure 5). It was notable that the ammonia (NH3-N) concentration showed an inverse pattern against
the other water quality parameters. This pattern appears to be associated with agriculture and pasture.
In contrast, the NO3-N concentration showed a weak relationship with agricultural activities including
grassland/pasture, while the PO4—P concentration had close association (Figures 5 and 6a). As previous
mentioned, higher PO4—P concentrations were apparently observed in the lower part of the river
(Figure 3). Thus, the CCA ordination depicted the disparate responses of nitrogen and phosphorus
dynamics in the lower part of the Seomjin River.
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Figure 5. Results of data ordination based on canonical correspondence analysis (CCA). Comparison
of land use and water quality with benthic macroinvertebrate communities; (a) 14 groups, and (b) eight
Ephemeroptera groups.
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Figure 6. (a) CCA data ordination associated with data samples and ambient environmental factors.
(b) Dissimilarity of data attributes between May and September.

In the ordination pattern of key benthic macroinvertebrates (e.g., EPTC taxa: E = Ephemeroptera,
P = Plecoptera, T = Tricoptera, and C = Coleoptera), the major Coleoptera groups, Elmidae spp.
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and Eubrianax spp., were distinctly differentiated according to water quality. These two genera,
especially the riffle beetles Elmidae, are typically known as a large group of aquatic Coleoptera
that are generally indicators of good water quality, because of their sensitivity to changes in the
surrounding environmental conditions [46,47]. Nonetheless, the association of Elmidae with several
water quality signals to eutrophic conditions (POy4-P, Chl-a, and BOD) was unexpected (Figure 5a).
This counterintuitive pattern may be a confounding effect stemming from the spatial migration of
larvae. However, there have been some evidence that Elmidae can be distributed in a wide range of
nutrient conditions [48]. We speculate that Elmidae can prevail to some extent, since the Seomjin River
watershed is mainly dominated by forest (48% on average, see Figure 1). The Tripcoptera groups,
Hydropsyche spp. and Cheumatopsyche spp., were separately characterized. It appears that Hydropsyche
is more related to Chl-a than Cheumatopsyche. There have been several literatures on food preferences
and niche partitioning among these species [49,50]. We understand the separate pattern of these
species, in the sense that Hydropsyche larvae prefer higher-velocity microhabitats and mainly digest
detritus and benthic diatoms [51]. Another key benthic macroinvertebrate Ephemeroptera generally
tended to inhabit good water quality conditions (Figure 5b). However, they seemed to be apart
from mountainous areas (i.e., forest areas). Within the same family Baetidae, Baetiella spp. was more
associated with wetland habitat, while Baetis spp. was more associated with ammonia concentration.
Particularly, it was found that Baetis spp. was less sensitive to ammonia toxicity than other mayflies [52].
We infer that the linkage between Baetis spp. and ammonia concentration is highly associated with
their tolerance. In this context, Ephemera spp. and Caenis spp. seem to inhabit in a similar water quality
condition (Figure 5b). The spatial ordination of Labiobaetis spp. was clearly distinct, which appears to
be related to good water quality. The other Ephemeroptera, such as Choropterpes spp., Epeorus spp.,
and Ecdyonurus spp., were placed on a mixture of wetland, cropland, and urban areas. However,
there was little evidence to advocate their association with surrounding environmental conditions.

The dominant Diptera groups were Chironomidae and Simulium spp. in the Seomjin River basin.
These two groups were clearly separated in the data ordination induced by land-use coverage rather
than water quality (Figure 5a). Chironomidae were closely associated with wetland and cropland.
Plenty of literature papers have reported that Chironomidae are the most abundant insects in wetlands
and play an important role in wetland food webs [53,54]. In addition, it is clear that agricultural
land use has influenced water quality, as evidenced by high nutrient concentrations [55]. Thus,
the accumulation of organic matters subsequently fosters the colonization of Chironomidae groups,
particularly in lowland agricultural areas [55,56]. In contrast, the same group of Diptera, Simulium spp.,
was correlated with nitrogen rather than phosphorus in forest areas. The aforementioned Hydropsyche
spp. is known to prefer boulder microhabitats, which are commonly found in upstream areas (i.e., forest
area in Seomjin River). It was remarkable to show a weak relationship between Hydropsyche spp. and
forest land cover. Given the interspecific competition between Hydropsyche spp. and Simulium spp.,
our result was plausible to make Hydropsyche spp. separate in order to avoid excessive predation and
competition [57].

Of the remaining benthic macroinvertebrates, Asellus spp. and Gammarus spp. were strongly
identified in forest areas (Figure 5a). These two genera were clearly separated by components related
to water quality, which we will discuss in relation to temporal water quality changes in the following
sections. The Gastropoda groups Radix spp. and Semisulcopsira spp. were similarly ordinated in the
plot (Figure 5a). Although the former was more related to grassland (i.e., pasture) and the latter was
more related to wetlands, it was difficult to characterize their habitat preferences. In this regard, further
investigations are required. The Haplotaxida Limnodrilus spp. were closely associated with ammonia
concentration in agricultural areas, and are known to be tolerant of unfavorable condition such as
hypoxic and eutrophic states [58]. Thus, we suppose that Limnodrilus spp. is less sensitive to ammonia
(NH3-N) toxicity, similar to the aforementioned Baetis spp. and Ephemera spp.
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3.4. Identification of Spatiotemporal Characteristics in the Data from Seomjin River

We portrayed the data ordination according to time and space (Figure 6a). It was remarkable to
primarily characterize the data characteristics between May and September. Two data points were
associated with forest areas. In comparison with Figure 5a, it was certain that these data points were
correlated with Asellus spp. (Isopoda) and Gammarus spp. (Amphipoda), respectively. However,
most data points characterized their clear separation across the vertical axis, which implies that benthic
macroinvertebrate communities were affected by the temporal change of water quality. Through this
pattern, the key macroinvertebrates Coleoptera Elmidae spp. and Tricoptera Hydropsyche spp. were
relatively abundant in May, while Coleoptera Eubrianax spp. were relatively abundant in September
(Figures 5a and 6a). Interestingly, the Ephemeroptera groups were closely associated with September
compared to other key macroinvertebrates (Figures 5b and 6a).

We also question what major factors could drive the water quality changes between May and
September. Given the unique climatological features of East Asia, such as summer monsoons
and typhoons [18,19], we conjecture that a significant factor of water quality change would be
the precipitation between two time periods (Figure 2). Since our CCA did not accommodate the
precipitation data, we put more emphasis on the intensity of rainfall as a key factor for benthic
macroinvertebrate communities, especially in East Asian countries. There have also been plenty of
literatures related to the effects of flooding on benthic macroinvertebrates on a global scale [59,60].

Keeping this clear temporal pattern of data ordination in mind, we estimated the dissimilarity of
data samples between May and September. Since the amount of rainfall was spatially distinct and
the corresponding land-use coverage differs, there was a conspicuous deviation of data ordination
between May and September (Figure 6b). The OS and SDU sites showed a larger disparity of data
compared to the YC and SL sites. While the SDU site is in a headstream area, the SL site is near the
river mouth (Figure 1). In this respect, their sensitivity to rainfall could be distinct. This pattern was
clearer at the SDU site, which is a forest-dominated area and was consistent with the data ordination
from CCA (Figure 5).

4. Conclusions

From this study, we demonstrated how spatially benthic macroinvertebrate communities were
closely related to surrounding environmental constraints such as the surrounding land use and
ambient water quality. The present study depicted that land-use coverage is a primary factor and
water quality is a secondary factor to evaluate benthic macroinvertebrate communities. Our analysis
also showed that the water quality change in the Seomjin River basin was mainly influenced by
summer precipitation, thereby inducing a community shift of benthic macroinvertebrates in Korea.
In addition, we estimated and compared quantitatively the influence of summer rainfall on a spatial
scale, and then linked those deviations with the surrounding land-use coverage. The data ordination
explicitly accounted for 61% of the explanatory variability in benthic macroinvertebrate communities.
We stress that land-use information is primarily an efficient proxy of ambient conditions to determine
benthic macroinvertebrates in a stream ecosystem. Finally, our study highlights that land-use
information, which is easily obtainable, is very helpful for delineating the spatial distribution of benthic
macroinvertebrate communities in stream ecosystems.
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