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Abstract: The ecological integrity of lotic ecosystems is influenced by land cover type and human
activity throughout the watershed. This study evaluated Nakdong River conditions in 2016 using
two multi-metric models, the index of biotic integrity (IBI) and the water pollution index (WPI),
and compared model outputs for four land cover types: predominantly urban, forest, barren land,
and agricultural. The primary objective of this study was to determine whether the land cover type
and human disturbance metrics effectively regulate water quality, fish communities, and ecological
integrity in the Nakdong River basin. Predominantly forest sites had low nutrient, organic matter,
suspended solids, ion, and algal chlorophyll concentrations. In contrast, these concentrations were
higher in predominantly agricultural, urban, and barren land areas. Concentrations of nutrients,
organic matter, ions, suspended particle loadings, and algal growth regulated by the intensity of the
Asian summer monsoon. Model outputs indicated that total phosphorus (TP) was the most important
factor in algal growth in agricultural (R2 = 0.25) and barren land (R2 = 0.35) sites, and evidence of P
limitation was found, with TN:TP ratios >17 in ambient water. Fish community analysis indicated
that tolerant species dominated the fish community in the agricultural (52%), barren land (85%), and
urban sites (53%), and sensitive species were dominant in the forest sites (56%). Fish composition
analysis indicated that two exotic species (Lepomis macrochirus (3.99%) and Micropterus salmoides
(3.92%)) were identified as the fifth and seventh most abundant fish species in the watershed and
labeled as “ecologically disturbing species” in Korea. Nutrient enrichment, organic pollution, and
algal blooms enhanced the mean relative abundance of omnivorous and tolerant fish species. Mean
WPI and IBI scores indicated fair or poor conditions in the agricultural (WPI: 22, IBI: 16), barren land
(WPI: 21, IBI: 14), and urban (WPI: 21, IBI: 17) sites and good or fair conditions in forest (WPI: 28, IBI:
21) sites. The chemical (r = −0.34) and biological (r = −0.21) health of the river basin were negatively
related to human disturbance metrics. The findings suggested that regional land cover, summer
monsoon intensity, and human disturbance are important drivers of water quality, fish community,
and ecological health. The resulting information suggested that agricultural diffuse pollution control,
cutting-edge wastewater treatment technologies, and reducing the degrees of human disturbance
could improve the Nakdong River’s ecological integrity.

Keywords: ecological integrity; fish guild; anthropogenic disturbance; land cover; nutrient; organic
material; Nakdong River

1. Introduction

Lotic ecosystems (i.e., streams and rivers) are critical natural resources that have
multiple ecological and socioeconomic functions [1–3]. Because of their intimate connection
with the adjacent surroundings, lotic systems are vulnerable to external change; their
geochemistry and aquatic biota reflect natural and anthropogenic features of the entire
catchment area [1,4,5]. Extensive anthropogenic activity, changes in land use types, and
summer monsoons have severely impacted the ecological integrity of Asian temperate
lotic ecosystems [6–8]. Rapid river runoff during the summer monsoon period reduces
water residence time, hence altering nutrient levels, organic matter, and light availability,
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which directly influence algal growth [8–10]. The summer monsoon-induced flow could
be a crucial factor in the movement of fish communities; it alters the functional linkages
between nutrients, organic matter, and biological components [8,11].

Although summer monsoons play an important role in determining water quality and
fish community dynamics, human impacts and land use patterns can be critical drivers
of ecological integrity in Asian lotic systems [2,8,12–14]. In Korea, seventy percent of the
landscape is forest-dominated and mountainous [15]. Increases in agricultural land and
fertilizer use increase the productivity of Korean lotic systems and degrade ecological
integrity [8,16], and urbanization tends to increase salinity and negatively affect water
quality and ecological integrity [17,18].

As concerns about sustainable development and preservation of healthy ecosystems
grow, understanding how land use and anthropogenic activity impact water quality, fish
communities, and ecological integrity is critical [2,19]. Previous studies have demonstrated
that land use influences water quality and fish species assemblages in the Etowah River
Basin, USA [20]. Allan [21] provided evidence of significant causal relationships between
land use types and certain parameters related to fish. At the local scale, land use type
affects water quality and fish distributions in the streams and rivers of the USA [22].
Wang et al. [23] demonstrated that native species might be particularly susceptible to
replacement by generalist species following increased sediment inputs in the trout streams
of Wisconsin and Minnesota, USA. Recent studies have suggested that land use type is
an indicator of water quality and changes in biological communities in aquatic systems
worldwide [7,24–26]. For example, the ecological integrity of rivers in China is strongly
related to the amount of urban and farmland area and the intensity of nighttime light [27].
Additional work in China has focused on spatial patterns of pollutants in aquatic systems
and their correlation with human activity [28,29].

However, assessments of individual land use impacts may not adequately represent
the collective effects of human activity on lotic systems [30]. The human modification
index of terrestrial systems (HMITS) has been utilized in determining water quality [31],
biodiversity [32], and the primary productivity condition of aquatic systems. It represents
the accumulative effect of humans on a particular location by considering multiple types of
human activity [33,34]. Degrees of anthropogenic influence vary spatially, and interactions
between humans and lotic systems occur on a regional scale [5,31]. Therefore, spatial
analyses may provide insight into the current conditions of lotic ecosystems.

Ecological health assessments of streams and rivers based on water quality and fish
assemblages are common worldwide [8,19]. A multi-metric water pollution index (WPI)
based on water chemistry is used to assess the chemical health of aquatic systems. Kim
and An [11] developed this index for diagnosing the chemical health of lotic systems on a
regional basis based on nutrients, organic matter, ionic content, and algal productivity. On
the other hand, a multi-metric index of biotic integrity (IBI) model was used to assimilate
information from multiple levels of fish communities to provide the biological condition of
streams and rivers and assess human impacts on stream or river communities [19,35–37].
In addition, an empirical investigation between trophic state parameters (TP, TN, CHL-a) as
well as fish trophic and tolerance guilds with the index of biotic integrity must be evaluated
to comprehend trophic interactions at various trophic levels in the food chain [8,38]. Trophic
preferences and interactions can affect river water chemistry, community structures, and
ecological integrity [8,39].

Assessments of human impacts on the ecological integrity of lotic systems on a regional
scale are scarce. South Korea is intensely industrialized and urbanized with distinct climatic
and geographic features. There is substantial concern about the integrity of aquatic systems
within the country, particularly the interactive effects among land cover, ecological services,
and lotic ecosystems. The ecological integrity of the Nakdong River basin was severely
compromised by the presence of Gumi and Daegu, two cities with national industrial
complexes, as well as small industrial and agricultural areas [40]. As a result, we sought to
determine how land use type influences water quality, fish communities, and ecological
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integrity in temperate lotic systems in South Korea. We determined HMITS values to
understand cumulative human impacts on the ecological integrity of the selected river.
Biological integrity and chemical integrity were assessed with the IBI and WPI, respectively.
We further assessed interactions among nutrients, organic matter, and algal chlorophyll
against fish guilds and IBI values.

2. Materials and Methods
2.1. Study Area

The Nakdong River basin, which comprises 25% of South Korea’s total land area,
begins in the Taebaek Mountains in Gangwon Province and runs through Gyeongsangbuk
Province, Daegu Metropolitan City, Gyeongsangnam Province, Busan Metropolitan City,
and Ulsan Metropolitan City. The Nakdong River basin is South Korea’s second largest
watershed. The watershed is 23,817.3 km2 in size, with a channel length of 521.5 km and
a circumference of 1097.13 km. The average slope is 32.26%. To determine the effects of
land cover type on the Nakdong River basin, we classified study sites into four categories:
predominantly urban, forest, barren land, and agricultural (Figure 1).
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2.2. Cumulative Human Pressure Data Set

We extracted HMITS values current to 2016 [30] for the Nakdong River basin from
https://sedac.ciesin.columbia.edu/data/set/Lulc-human-modification-terrestrial-systems,
accessed on 25 May 2022 (Figure 2). These data included modeled metrics representing
13 anthropogenic activities and included population density, urbanized area, crops, live-
stock, major and minor roads, double-track railroads, mining, oil wells, wind turbines,
power lines, and nighttime light.
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2.3. Water Quality Parameters

Monthly surface water quality data were obtained from the Ministry of the Envi-
ronment’s (MOE’s) Water Information Network (http://water.nier.go.kr, accessed on
25 May 2022). We included nine water quality metrics available for the Nakdong River
basin in 2016. The sampling time of water quality data was 11 ± 0.30 a.m. A portable

https://sedac.ciesin.columbia.edu/data/set/Lulc-human-modification-terrestrial-systems
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Sonde Model 6600 multiparameter analyzer (YSI, Yellow Springs, OH, USA) was used
to directly measure water temperature (WT), electrical conductivity (EC), and dissolved
oxygen (DO). Samples were collected, preserved and analyzed via Korean Ministry of En-
vironment protocols to determine total suspended solids (TSS), chemical oxygen demand
(COD), biological oxygen demand (BOD), total phosphorus (TP), total nitrogen (TN), and
chlorophyll-a (CHL-a) [41]. The Ministry of Environment stated that nutrients, organic
matter and solids analyses were performed in triplicate, while CHL-a was measured in
duplicate to ensure validity [41].

2.4. Fish Sampling

Fish were sampled using a methodology adapted from the Ohio Environmental
Protection Agency [42] that was modified for regional use by An et al. [43]. Fish were
sampled overnight using fyke, gill, and trammel nets. Cast and kick nets were used
to capture fish in run, riffle, and pool locations. A boat was used to set up fyke, gill,
and trammel nets along the shoreline, and cast and kick nets were used in nearshore
waters. The sampled river length was 200 m, and the sampling period was 60 min at
each study location. Fish were identified to the species level, and any abnormalities in
sampled individuals were recorded following sample collection. Trophic and tolerance
guilds were determined following An et al. [12]. Sensitive species are the most susceptible
to significant degradation types such as eutrophication, organic pollution, siltation, lowered
flow, low dissolved oxygen, and toxic chemicals [35,37]. Sensitive species are those that
first decline with environmental degradation. Tolerant species were classified as those
generally known to be affected least detrimentally by typical anthropogenic disturbances
to streams and watersheds; many of these species’ historical ranges or local proportional
abundances have increased with increases in anthropogenic disturbances (blue gill, bass
etc.) [35,37,39]. Omnivores are those who can digest considerable amounts of both plant
and animal foods [35,37]. Insectivores primarily consume insects taken from the water
surface or bottom substrate. Carnivores are species that feed, as adults, predominantly on
fish, other vertebrates, or crayfish [35,37].

2.5. Multi-Metric WPI Model

A multi-metric WPI model was used to determine the chemical health of the sampled
river [11,24]. The WPI was calculated using seven metrics: M1: TN (mg/L), M2: TP (µg/L),
M3: TN:TP ratio, M4: BOD (mg/L), M5: TSS (mg/L), M6: EC (µS/cm), and M7: CHL-a
(µg/L). Each metric was assigned a score of 5, 3, or 1 based on the measured concentration
(Table 1). We determined the overall chemical health of the river by aggregating all metric
scores and categorized it as excellent (31–35), good (25–29), fair (19–23), poor (13–17), or
very poor (7–11).

Table 1. Water pollution index (WPI) model and scoring criteria of seven metrics.

Category Model Metric
Scoring Criteria

5 3 1

Nutrient regime M1: total nitrogen (mg/L) <1.5 1.5–3.0 >3
M2: total phosphorus (µg/L) <30 30–100 >100
M3: TN: TP ratio >50 20–50 <20

Organic matter M4: biological oxygen demand (mg/L) <1 1–2.5 >2.5

Ionic contents and solids M5: total suspended solids (mg/L) <4 4–10 >10
M6: electrical conductivity (µS/cm) <180 180–300 >300

Primary production indicator M7: chlorophyll (µg/L) <3 3–10 >10
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2.6. Multi-Metric IBI Model

A multi-metric IBI model was used to determine the river’s biological health based on
the fish community. The IBI model was developed by An et al. [37] for use on a national
scale. The IBI was calculated using eight metrics: M1: total number of native fish species,
M2: number of riffle benthic species, M3: number of sensitive species, M4: proportion
of individuals belonging to tolerant species, M5: proportion of individuals belonging
to omnivorous species, M6: proportion of individuals belonging to native insectivorous
species, M7: total number of native individuals, and M8: percentage of individuals with
anomalies. Each metric was assigned a value of 5, 3, or 1 based on the relative abundance
and number of fish (Table 2). We determined the river’s overall biological health by
summing all metric scores and classified it as excellent (36–40), good (28–34), fair (20–26),
poor (14–18), or very poor (8–13).

Table 2. Index of biotic integrity (IBI) model and scoring criteria of eight metrics.

Model Category Model Metric
Scoring Criteria

5 3 1

Species richness and composition M1: total number of native fish species >67% 33–67% <33%
M2: number of riffle benthic species >67% 33–67% <33%
M3: number of sensitive species >67% 33–67% <33%
M4: proportion of individuals as
tolerant species <5% 5–20% >20%

Trophic composition M5: proportion of individuals as
omnivore species <20% 20–45% >45%

M6: proportion of individuals as native
insectivore species >45% 20–45% <20%

Fish abundance and condition M7: total number of native individuals >67% 33–67% <33%
M8: percentage of individuals with anomalies 0% 0–1% >1%

2.7. Statistical Analyses

Water quality parameters were log10-transformed prior to regression analyses to
improve the normality. Pearson correlation and regression analyses were performed with
SigmaPlot (ver. 14, San Jose, CA, USA) to determine causal relationships between water
quality variables, HMITS, fish guilds (trophic level and tolerance), and IBI scores. Box plots
based on analysis of variance (ANOVA) and post hoc Tukey’s tests were used to depict
spatial and seasonal variation in water quality in the Nakdong River using R (ver. 4.1.1).

3. Results
3.1. Spatial and Seasonal Variation in Water Quality Parameters

Nutrients (TP, TN), organic matter (BOD, COD), DO, EC, and CHL-a varied signif-
icantly among the four land use types (Figure 3). It is notable that mean TP (59.5 µg/L)
and EC (4811 µS/cm) were highest in predominantly urban sites. Mean TN, BOD, COD,
EC, and CHL-a did not vary significantly among predominantly agricultural, barren land,
and urban sites. Mean TN, BOD, COD, TSS, EC, and CHL-a were lowest in the forest sites.
Overall, water quality was poorer in agricultural, barren land, and urban sites than in
forest sites.

The water quality parameters showed substantial seasonal variation (Figure 4). Aver-
age WT was highest in summer (26.2 ◦C). DO was low (8.89 mg/L) in summer and high
(13.9 mg/L) in winter. Due to the dilution effect, the lowest TN values (2.10 mg/L) were
observed in summer. Mean BOD (2.01 mg/L), COD (6.18 mg/L), TP (56.1 µg/L), and TSS
(14.2 mg/L) were highest in summer because of increased water flow in the river basin.
CHL-a levels (17.6 µg/L) were also highest in summer. Mean EC values (1223 µS/cm) were
observed in winter because of low river flow.
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Figure 3. Land cover-dominated site variations in water quality variables in the Nakdong River basin.
AGRDS: agricultural coverage-dominated sites, BARDS: barren coverage-dominated sites, FORDS:
forest coverage-dominated sites, URBDS: urban coverage-dominated sites. (I) TP: total phosphorus,
(II) TN: total nitrogen, (III) TN:TP: total nitrogen and total phosphorus ratios, (IV) BOD: biological
oxygen demand, (V) COD: chemical oxygen demand, (VI) DO: dissolved oxygen, (VII) TSS: total
suspended solids, (VIII) EC: electrical conductivity and (IX) CHL-a: chlorophyll-a. The red dots
indicate the mean value in all of the figures, the first highest mean receives the letter “a”, the second
and third highest mean receives the letter “b”, and “c”, respectively, and means with no significant
difference receive the same letter).

3.2. Relationships between Nutrients and CHL-a

Regression analyses indicated the TP was a stronger predictor of CHL-a concentrations
than TN or TN:TP (Figure 5). Agricultural (R2 = 0.25, p < 0.01) and barren land (R2 = 0.35,
p < 0.04) sites showed significant positive relationships between TP and CHL-a, as did
forest (R2 = 0.05, p < 0.03) and urban (R2 = 0.14, p < 0.00) sites. However, a significant
negative relationship was found between TN:TP and CHL-a, with TN:TP explaining 13%
and 7% of the variance in agricultural and urban sites, respectively. The TN:TP ratio was
used as a predictor variable in regression analyses to explain nutrient limitations for algal
CHL-a, wherein a larger TN:TP ratio should indicate a greater risk for P limitation. We
found that as the TN:TP ratio increased, there was a considerable decrease in CHL-a, which
indicates P limitation.
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Figure 4. Seasonal variations in water quality parameters in the Nakdong River basin. Spring: March–
May, Summer: June–August, Fall: September–November, Winter: December–February. (I) WT: water
temperature, (II) DO: dissolved oxygen, (III) BOD: biological oxygen demand, (IV) COD: chemical
oxygen demand, (V) TN: total nitrogen, (VI) TP: total phosphorus, (VII) TSS: total suspended solids,
(VIII) EC: electrical conductivity and (IX) CHL-a: chlorophyll-a, The red dots indicate the mean value
in all of the figures, the first highest mean receives the letter “a”, the second, third and fourth, highest
mean receives the letter “b”, “c”, and “d”, respectively, and means with no significant difference
receive the same letter).

3.3. Spatial Variation in Fish Guilds and Community Composition

There was substantial spatial variation in fish guild structures among the four land
use types (Figure 6). Tolerant species dominated the fish community in agricultural (52%),
barren land (85%), and urban (53%) sites, but sensitive species dominated the community
in forest sites (56%). The relative abundance of insectivore fish species was higher than
that of omnivores and carnivores in the barren land, forest, and urban sites; omnivorous
species were more prevalent in the agricultural sites. Analyses of fish community compo-
sition indicated that Zacco platypus was the dominant species across the study area, with
2416 individuals captured and a relative abundance of 23.42% (Table 3). Based on relative
abundance, the most abundant fish species (in decreasing order) were Zacco platypus, Zacco
koreanus, Opsarichthys uncirostris, Pseudogobio esocinus, Lepomis macrochirus, Pungtungia herzi,
and Micropterus salmoides, which collectively accounted for 64.05% of all captured fish.
Two of these species, L. macrochirus and M. salmoides, are exotic and have been designated
“ecologically disturbing species” in Korea by the MOE [44]. Two endangered fish species,
Cottus hangiongensis and Koreocobitis naktongensis, were observed during the study period.
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Figure 5. Influence of total phosphorus (TP), total nitrogen (TN), and TN:TP ratios on algal chloro-
phyll (CHL-a) in the Nakdong River basin. (AGRDS: agricultural coverage-dominated sites—
(I–III), BARDS: barren coverage-dominated sites—(IV–VI), FORDS: forest coverage-dominated
sites—(VII–IX), URBDS: urban coverage-dominated sites—(X–XII).

3.4. Chemical and Biological Health

The chemical and biological health of the river basin varied significantly among the
four land use categories (Figure 7, Supplementary Information Tables S1 and S2). Based on
mean WPI scores, the chemical health of the river was fair in agricultural (22), barren land
(21), and urban areas (21) but good in forested areas (28). Mean IBI scores indicated poor
biological health in agricultural (16), barren land (14), and urban sites (17), characterized by
the dominance of omnivores, tolerant species, and habitat generalists; few top carnivores;
depressed growth rates and fish conditions; and the presence of hybrids and diseased
fish. The biological health of the forest region was only fair (21), with signs of community
deterioration, including the loss of sensitive fish species, reduced richness, highly skewed
trophic structures (increased frequency of omnivores, sunfish, and other tolerant species),
and the rarity of older age classes among top predatory species.
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Table 3. Fish fauna and guild composition in the Nakdong River watershed. (Tol. G.: tolerance
guild, Tro. G.: trophic guild, Hab. G.: habitat guild, AGRDS: agricultural coverage-dominated sites,
BARDS: barren coverage-dominated sites, FORDS: forest coverage-dominated sites, URBDS: urban
coverage-dominated sites, TNI: total number of individuals, TRA: total relative abundance, TNS:
total number of species, ¥: exotic species, EDS: ecologically disturbing species, *: endangered species,
SS: sensitive species, IS: intermediate species, TS: tolerant species, O: omnivores, I: insectivores, C:
carnivores, H: herbivores, RB: riffle benthic species).

Fish Species
Types of Fish Guild Relative Abundance of Fish Species (%)

TNI TRA (%)
Tol. G. Tro. G. Hab. G AGRDS BARDS FORDS URBDS

Zacco platypus TS O 28.84 15.13 12.32 19.16 2416 23.42
Zacco koreanus SS I 12.55 38.76 9.76 1900 18.42

Opsarichthys uncirostris TS C 6.4 25.21 2.56 1.73 556 5.39
Pseudogobio esocinus IS I 6.41 2.94 1.65 4.47 511 4.95

Lepomis macrochirus ¥ (EDS) TS I 4.01 28.15 2.83 1.37 412 3.99
Pungtungia herzi IS I 3.42 6.22 2.74 408 3.96

Micropterus salmoides ¥ (EDS) TS C 4.46 8.4 3.54 0.64 404 3.92
Tridentiger brevispinis IS I RB 2.25 10.08 2.28 7.76 312 3.02

Coreoleuciscus splendidus SS I RB 1.97 6.14 0.09 284 2.75
Rhinogobius brunneus IS I RB 2.5 1.68 1.57 2.37 231 2.24
Squalidus chankaensis IS O 2.41 2.28 0.64 220 2.13

Rhynchocypris oxycephalus SS I 0.78 6.61 218 2.11
Squalidus gracilis IS I 2.58 0.39 3.83 218 2.11

Squalidus multimaculatus IS O 3.39 218 2.11
Mugil cephalus TS H 0.2 16.15 190 1.84

Carassius auratus TS O 1.61 2.1 0.94 4.38 181 1.75



Land 2022, 11, 1428 11 of 18

Table 3. Cont.

Fish Species
Types of Fish Guild Relative Abundance of Fish Species (%)

TNI TRA (%)
Tol. G. Tro. G. Hab. G AGRDS BARDS FORDS URBDS

Microphysogobio yaluensis IS O RB 1.54 2.95 0.27 177 1.72
Hemibarbus labeo TS I 2.22 2.94 0.75 169 1.64

Niwaella multifasciata SS O RB 1.1 2.36 131 1.27
Tribolodon hakonensis IS O 1.38 3.19 124 1.2
Plecoglossus altivelis IS H 0.43 8.39 120 1.16

Acheilognathus koreensis IS O 1.26 0.55 95 0.92
Coreoperca herzi SS C 0.9 1.18 0.27 91 0.88

Hemiculter eigenmanni TS O 1.09 0.35 1.09 91 0.88
Odontobutis platycephala SS C 0.84 0.71 0.18 74 0.72

Pseudorasbora parva TS O 0.68 0.04 2.55 73 0.71
Hemibarbus longirostris IS I 0.68 0.28 0.91 61 0.59
Chaenogobius urotaenia IS I 0.53 2.28 59 0.57

Acheilognathus lanceolatus IS O 0.78 0.2 55 0.53
Erythroculter erythropterus TS C 0.37 0.2 1.82 49 0.48

Cobitis hankugensis IS I 0.53 0.24 0.09 41 0.4
Misgurnus anguillicaudatus TS O 0.36 2.1 0.24 0.09 35 0.34

Squalidus japonicus TS O 0.54 35 0.34
Oryzias latipes TS O 0.25 1.09 28 0.27
Cyprinus carpio TS O 0.23 0.42 0.12 0.55 25 0.24

Iksookimia longicorpa IS I 0.63 16 0.16
Leiocassis nitidus TS I 0.55 14 0.14

Acanthogobius flavimanus TS I 1.19 13 0.13
Pseudobagrus fulvidraco TS I 0.14 0.84 0.08 13 0.13
Liobagrus mediadiposalis SS I RB 0.06 0.08 6 0.06

Rhodeus uyekii IS O 0.05 0.27 6 0.06
Gasterosteus aculeatus IS I 0.06 4 0.04

Iksookimia yongdokensis IS I 0.06 4 0.04
Liobagrus andersoni SS I RB 0.16 4 0.04

Orthrias nudus SS I RB 0.16 4 0.04
Cottus hangiongensis * SS I RB 0.05 3 0.03

Synechogobius hasta TS I 0.27 3 0.03
Tridentiger bifasciatus TS I 0.27 3 0.03

Koreocobitis naktongensis * SS O RB 0.02 0.04 2 0.02
Odontobutis interrupta IS C 0.03 2 0.02

Sarcocheilichthys variegatus IS I 0.03 2 0.02
Silurus asotus TS C 0.02 0.04 2 0.02

Lateolabrax maculatus IS C 0.09 1 0.01
Pseudobagrus koreanus IS I RB 0.02 1 0.01

TNS 46 12 36 33
TNI 6440 238 2541 1096 10315

3.5. Correlations between Water Quality and Human Disturbance and Fish Guilds, WPI, and IBI

Nutrient, organic matter, and primary productivity metrics were related to the rela-
tive abundance of fish trophic and tolerance guilds (Table 4). The relative abundance of
herbivorous, insectivorous, and carnivorous species was negatively correlated with TP,
TN, BOD, COD, and CHL-a, but these metrics were positively correlated with the relative
abundance of omnivorous species. Sensitive and intermediate species decreased when
nutrients, organic matter, and CHL-a increased, whereas tolerant species increased. IBI
values decreased when TP (r = −0.12), TN (r = −0.03), BOD (r = −0.12), COD (r = −0.07),
and CHL-a (r = −0.13) increased. Our results suggested a significant negative association
between HMITS and WPI (r = −0.34) and IBI (r = −0.21; Figure 8).
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Table 4. Pearson correlation coefficients (r) among nutrients, organic matter, algal chlorophyll with
trophic and tolerance guilds, and index of biotic integrity (IBI) model value in the Nakdong River
basin. (−) indicate a negative relationship. TN: total nitrogen, TP: total phosphorus, BOD: biological
oxygen demand, COD: chemical oxygen demand, CHL-a: chlorophyll-a.

Water Quality Parameters

Trophic Guilds Tolerance Guilds

Model IBI
Value%

Carnivores
% Herbi-

vores
% Insecti-

vores
% Omni-

vores

%
Sensitive
Species

% Interme-
diate

Species

% Tolerant
Species

Nutrients
TN −0.12 −0.12 0.01 0.13 −0.05 −0.02 0.05 −0.03
TP −0.08 −0.14 −0.05 0.12 −0.08 −0.14 0.16 −0.12

Organic
matters

BOD −0.07 −0.15 −0.005 0.12 −0.02 −0.12 0.1 −0.12
COD −0.05 −0.16 0.02 0.1 −0.02 −0.07 0.07 −0.07

Primary
productivity CHL-a −0.06 −0.10 −0.02 0.1 −0.07 −0.08 0.11 −0.13
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Figure 8. Relations of human modification index of terrestrial systems (HMITS) with chemical and
biological health in the Nakdong River basin. (I) Influence of HMITS on the multi-metric water
pollution index (WPI) model and (II) influence of HMITS on the index of biotic integrity (IBI) model.

4. Discussion
4.1. Land Cover Type, Monsoons, and Water Quality

Land cover affects lotic systems and their associated watersheds [21,45,46]; it is a
crucial landscape component that alters the physicochemical features of rivers [47]. Re-
searchers have long recognized that streams and rivers are impacted primarily by their
surrounding land cover [45,48]. The types of land cover present within a river catchment
control the transport of TP, TN, BOD, COD, and TSS to recipient waters by modifying
surface- and groundwater flows, organic matter inputs, and atmospheric deposition [46,47].
The present study found that land cover type was a strong predictor of river water quality.
In the forest sites, river water had low nutrient, organic matter, suspended solid, ion, and
algal chlorophyll concentrations; these concentrations were higher in agricultural, urban,
and barren land areas. Many other studies have reported a tendency for improved water
quality in forested regions relative to regions with other land cover types [7,8,15,21]. For
example, increases in TN, TP, BOD, COD, TSS, EC, and CHL-a in river water have all
been directly linked to increases in agricultural and urban land use, and reductions in
these same parameters have been linked to increases in forest cover [15,21,23,45]. The
proportion of agricultural and urban land cover at the watershed scale is an important
predictor of nutrient and organic matter, which in turn influences algal productivity in the
water body [8,45].

More than 60% of Asia’s annual precipitation falls during the summer monsoon
season [8,11]. This weather cycle results in water quality patterns at seasonal and annual
scales intimately tied to river ecosystems’ longitudinal morphology. The summer monsoon
determines the flow regime in the Asian lotic system; it decreases water residence time
and regulates nutrients, organic matter, ion levels, suspended particle loadings, and algal
growth. Summer monsoons also substantially affect an ecosystem’s functional connections
between water quality elements. The present results found that TP, TSS, BOD, COD, and
CHL-a concentrations were greater in summer than in other seasons, which indicates that
the summer monsoon may impact water quality in the Nakdong River basin.

The elevated TSS concentrations we observed throughout the summer months are
attributed to an increase in TP concentration. TP, TSS, and COD input are linked to flow
regimes in Asian river basins [49–51]. Therefore, increased TP input during the monsoon
season may affect algal growth in rivers. In addition, because of seasonal effects, a strong
negative relationship was observed between WT and DO. This inverse relationship is a
product of the fact that warmer water absorbs oxygen more rapidly and stores less DO.
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Finally, the diluting effect of the summer monsoon decreased mean TN concentrations in
the sampled river [8,11].

4.2. Nutrients and CHL-a Dynamics

According to Hutchinson [52], “Phosphorus is the most critical element for the biologist
since it limits the biological productivity of any region of the earth’s surface more than the
other major elements.” This assertion prompted the creation of empirical models containing
trophic state variables that can be used for eutrophication management [5,53,54]. Earlier
research on algal biomasses and nutrients focused on lentic habitats found that TP was the
most important predictor of algal development [53]. This prediction has also been used in
lotic systems; however, because of seasonality and the complicated relationships between
water quality and environmental factors, TP is a poor indicator of algal growth in lotic
water [55–57]. The association between TP and algal biomass in lotic systems is extremely
unpredictable; consequently, it is inappropriate for eutrophication management. However,
our findings suggest that TP can operate as a regulator of algal growth in agricultural and
barren land areas, although the R2 values are low. These findings corroborate previous
findings in other Korean river systems [58,59].

In addition, the TN:TP ratio has been used to define algal nutrient limitation status.
P limitation is deemed more probable in systems with a greater TN:TP ratio [54]. The
present study found a notable tendency for CHL-a concentrations to decrease as the TN:TP
ratio increased, which implies significant P limitation in agricultural sites. In a review of
157 published studies, Yan et al. [60] reported that the TN:TP ratio is inversely linked with
CHL-a worldwide.

4.3. The Impacts of Land Cover, Water Chemistry, and Human Disturbance on Fish Guilds,
Chemical Health, and Biological Health

The catchment-scale relationships among land cover, fish guilds, and community
structure are complex. Allan [61] noted that decreases in forest cover and increases in
agricultural and urban cover adversely affect river water chemistry, habitats, and biota.
This study found that tolerant species dominated the fish community in agricultural, barren
land, and urban sites, but the community in the forest sites was dominated by sensitive
species. These findings are consistent with previous results and suggest that forest sites
have greater ecological integrity than different land use regimes. Trophic guild analyses
indicated that omnivorous species dominated the community in agricultural areas, which
is indicative of poor biological health. This study suggests that the two exotic fish species
encountered, bluegill (L. macrochirus) and largemouth bass (M. salmoides), are influencing
the biological structure of the river basin. Choi and Kim [62] suggested that these two exotic
species are responsible for significant declines in the abundance of native species, including
Pseudosbora parva and Opsariichthys uncirostris. They further noted that these two species
dominate southeastern regions in Korea, occurring in approximately 70% of sites, with
associated imbalances in diversity and food web structures at these locations.

This study found that the river’s chemical health was fair in the agricultural, barren
land, and urban sites and good in the forest sites. The biological condition was poor
in the agricultural, barren land, and urban sites and fair in the forest sites. Extensive
research has shown that poor chemical and biological health directly indicates increased
agricultural and urban land cover [7,21,45,63]. Wang et al. [64] suggested that the amount
of impervious area within urban land cover may be the most significant predictor of fish
assemblages and significantly impact fish and river health. Numerous studies on urban
rivers have shown that river conditions respond nonlinearly to impervious surfaces, and
severe degradation occurs in 15–25% of rivers in areas with urban land cover [65]. Many
research studies have shown that biological health improves when forest cover increases
within the basin [8,19,21,63].

Fish trophic and tolerance guilds have been used to estimate the influence of change
in water quality on the riverine food chain and biological integrity. We found that nutrient
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enrichment, organic pollution, and algal blooms enhanced the mean relative abundance
of omnivorous fish species. A similar relationship was observed for tolerant species. As a
consequence, the relative abundance of sensitive and intermediate species declined with
increasing TP, TN, BOD, COD, and CHL-a. These findings support the hypothesis that
increases in tolerant and omnivorous species damage the ecological quality of a river basin
and contribute to the extinction of sensitive species [12,66]. Overall, the relationships we
found between biological health and chemical parameters and fish trophic and tolerance
guild compositions suggest that river or stream health is closely related to nutrient enrich-
ment, organic pollution, and algal growth. Furthermore, the chemical and biological health
of the river basin was negatively related to the extent of human disturbance, which suggests
that anthropogenic disruption has a greater impact on ecological integrity than other factors.
These findings align with those of previous studies indicating that the ecological integrity
of freshwater systems is strongly linked with indices of human disturbance [2,5,19,31,32].

5. Conclusions

Changes in land-use practices and human activity are emerging issues concerning
the ecological integrity and preservation of the lotic ecosystem in South Korea. This
study demonstrates that riverine ecosystems are particularly vulnerable to land cover
type and anthropogenic activities. The current results provide important insight into
how land cover and human disturbance metrics relate to water quality, fish guilds, and
chemical and biological health in a temperate monsoon river basin. Land cover type
was a major determinant of the water quality in the river basin. Forest sites had low
nutrient, organic matter, suspended solid, ion, and algal chlorophyll concentrations; these
concentrations were higher in agricultural, urban, and barren land areas. The summer
monsoon season regulated nutrients, organic matter, ion levels, suspended particle loadings,
and algal growth in the river basin. The present results suggest that TP can be a useful
predictor of algal growth in agricultural (R2 = 0.25) and barren land (R2 = 0.25) sites. Fish
community analyses indicated that tolerant species dominated the fish community in
the agricultural (52%), barren land (85%), and urban sites (53%), but sensitive species
dominated in the forest sites (56%). Omnivorous species (45%) dominated the community
in agricultural areas, which is indicative of poor biological health. The relative abundance of
carnivorous, herbivorous, sensitive, and intermediate fish species declined with increasing
TP, TN, BOD, COD, and CHL-a concentrations. Overall, the findings indicate that the
chemical and biological integrity of the Nakdong River basin is being degraded because of
human disturbance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land11091428/s1, Table S1: Chemical health assessment based
on multi-metric water pollution index (WPI) model in the Nakdong River basin; Table S2: Biological
health assessment based on the multi-metric index of biotic integrity (IBI) model in the Nakdong
River basin.
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