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Abstract: This study aimed to determine whether a swimming-type (planktonic and epiphytic)
zooplankton group compared with the taxonomic group is appropriate to indicate the environmental
changes caused by dredging. Water sampling in the littoral zone was conducted from 2007 to 2015,
including the dredging period from October 2010 to June 2012. The water quality, number of species,
population densities, and biotic indices were compared for both dredging period and grouping type.
Nine of 11 water quality parameters were changed by the dredging period. The results showed that
the rotifer and planktonic groups were consistently dominant. In all groups, population density was
the lowest during the dredging period. After dredging, both the number of species and population
density increased only in the epiphytic group. The dominant species, including Polyarthra vulgaris,
Brachionus calyciflorus, B. rubens, and Bosmina longirostris, were included in the planktonic group
for 9 years. Evenness did not differ, but diversity increased after the dredging period. This study
showed that zooplankton could be used as a supplemental biological assessment tool for evaluating
the impact of river dredging.
Keywords: disturbance; dominant species; biotic index; swimming-type

1. Introduction
Globally, dredging is a major artificial disturbance in freshwater ecosystems [1–5]. Dredging
has been conducted continuously to transport people and supplies using vessels in estuaries [6,7].
It has also been conducted to improve the water quality that has been deteriorated by organic matter
deposited from aquatic organisms and outside-inflow in lakes [8]. The impact of dredging in aquatic
ecosystems is diverse. Eliminating the deposited ground soil results in a deep water level [4], which
has implications for the disappearance of specific habitats [9]. Dredging can result in an increase [10]
or decrease [11] in the total phosphate level. In other cases, such as water quality (i.e., conductivity,
Secchi-transparency, suspended solids, and chlorophyll-a), parameters are caused to fluctuate by
dredging disturbances [10,11].
The densities of mussels and macroinvertebrates are also reduced by dredging [12,13]. Sessile
and swimming organisms show changes in the diversity index (zooplankton: [10,11], fish: [5,14]).
The dredging effect can be different, even in the same ecological group. Lotic species are replaced by
lentic species because of physicochemical alterations in the aquatic environment [5,15]. Collectors,
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gatherers, and grazers in the functional feeding group (FFG) of benthic macroinvertebrates are reduced
due to the alteration of sediments, whereas shredders and decomposers of FFG are increased. These
changes affect the upper predator communities that consume benthic animals [4,5,16,17]. In the case of
zooplankton, the density of the rotifer population is reduced after dredging, but the density of the
cladoceran population is increased in lakes [10,11].
Assessments of morphological and hydrological changes in a river caused by dredging cannot
identify the watersheds within a dredging area [18]. The biotic community was essentially utilized to
provide general information in an aquatic ecosystem because the biotic community is affected by the
watersheds [19]. Furthermore, a biological assessment method for the aquatic environment is limited at
the taxon level, including only the major biotic index. Macroinvertebrates, as a universal biotic index,
are representative taxa that show the saprobity in rivers [20,21]. The index of biological integrity (IBI) is
used to assess the river using fish. Recently, periphytic algae and macrophytes have also been utilized
because they cannot move; therefore, the accumulated impact of environmental variations can be
considered [22,23]. Zooplankton are present in all aquatic ecosystems, regardless of the season [24–28].
They can respond rapidly to the environment because of their short life cycle [29,30]. In addition,
an approach based on species as an evaluation criterion is limited [31,32] because physiological and
ecological comprehension is restricted. Nevertheless, zooplankton, as a secondary producer in rivers,
play an important role in delivering the nutrients of the primary producer to the upper trophic level [33],
making it essential to understand the alteration of rivers.
This study hypothesized that species classification, according to the swimming-type group
(planktonic and epiphytic), would better indicate the environmental changes caused by dredging
than the changes in zooplankton taxa (rotifers, cladocerans, and copepods). In particular, epiphytic
species would have more negative responses than planktonic species because dredging causes
direct disturbances to the substrates of the habitat. To test this hypothesis, the following were
determined: (1) the effects of dredging on the river through changes in the water quality parameters,
(2) community changes according to the taxonomic group, and (3) community changes according to
the swimming-type group.
2. Materials and Methods
2.1. Description of the Study Site
The Geumho River is the second largest tributary of the Nakdong River (approximately 520 km
long) in the southeastern region of Korea (Figure 1). Its length is 117.5 km, and it has a catchment
area of 2087.9 km2 . This river was changed considerably by the Eco River Development Project
(ERDP) as a part of the Four Large River Projects [14] from October 2010 to June 2012. The ERDP cost
approximately 2.5 billion USD and aimed to improve the water quality, produce a citizen-friendly
river basin, and restore the overall Geumho River ecosystem. To achieve these goals, major processes
included dredging the benthic littoral area and installing weirs. The specific survey point (N 35◦ 510 ,
E 128◦ 280 ) was 4 km upstream from the Nakdong River confluence and at the end of the ERDP region.
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2.4. Data Analysis
2.4. Data Analysis
To identify the changes in water quality and zooplankton community composition over time in
To identify the changes in water quality and zooplankton community composition over time in
relation to ERDP, the sampling period was divided into the following three periods: before the ERDP
relation to ERDP, the sampling period was divided into the following three periods: before the ERDP
(from January 2007 to September 2010), during the ERDP (from October 2010 to June 2012), and after
(from January 2007 to September 2010), during the ERDP (from October 2010 to June 2012), and after
the ERDP (from July 2012 to December 2015). Carlson’s trophic state index (TSI) was calculated using
the ERDP (from July 2012 to December 2015). Carlson’s trophic state index (TSI) was calculated using
T-P and Chl-a data [43]. Eleven parameters of water quality, TSI, and zooplankton composition were
T-P and Chl-a data [43]. Eleven parameters of water quality, TSI, and zooplankton composition were
analyzed using a Kruskal–Wallis test (sampling site) to compare the average dataset according to the
analyzed using a Kruskal–Wallis test (sampling site) to compare the average dataset according to the
ERDP period and according to the normality of the data distribution (Levene’s test, p < 0.05). Kendall’s
ERDP period and according to the normality of the data distribution (Levene’s test, p < 0.05).
Tau-B test was used to test the correlation between zooplankton data and water quality dataset, with
Kendall’s Tau-B test was used to test the correlation between zooplankton data and water quality
the exception of the copepods data. Statistical analysis was performed using SPSS (version 25.0,
dataset, with the exception of the copepods data. Statistical analysis was performed using SPSS
IBM, Armonk, Armonk, New York, NY, USA). The potential total number of species at the sampling
(version 25.0, IBM, Armonk, Armonk, New York, USA). The potential total number of species at the
sampling point was confirmed using a rarefaction curve using the Paleontological Statistics (PAST)
program (Palaeontologia Electronica, version 2.17c) [44]. The sample-based rarefaction curves were
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point was confirmed using a rarefaction curve using the Paleontological Statistics (PAST) program
(Palaeontologia Electronica, version 2.17c) [44]. The sample-based rarefaction curves were plotted to
calculate the expected maximum number of species. The time-series data collected in the field were
used to determine the presence or absence of species. The diversity index (Shannon diversity index, H’)
and evenness index (Pielou’s evenness index, J’) were calculated using the PAST program to analyze
the detailed community structure considering the dominant species [45,46]. The biotic index divided
by the ERDP period was compared using the Kruskal–Wallis test.
Shannon diversity index (H0 ), H 0 = −Pi

X

lnPi (Pi = Ni /N)

Pielou0 s evenness index (J0 ), J 0 = H0 / loge S

(1)
(2)

N: total population, Ni : population of class i, S: total number of species.
3. Results
3.1. Dredging Effect on the Water Quality Parameters
Dredging changed the aquatic environment. After dredging, nine of the eleven mean water
quality parameters and TSI of T-P showed significant fluctuations according to the ERDP period (with
the exception of BOD, T-N and TSI of Chl-a; Table 1). During the dredging period, the SS level doubled
but returned to its original state after dredging (p < 0.001). The water temperature decreased during
the ERDP period but returned to its original temperature (p < 0.05). Chlorophyll-a did not show a
significant difference after being reduced during the construction period (p < 0.05). The pH and DO
increased after construction (before-after: p < 0.01; during-after: p < 0.05). The conductivity and COD
decreased during the ERDP, and these states were maintained (before-during: p < 0.05; before-after:
p < 0.01 (Cond) and p < 0.05 (COD)). The T-P, discharge, and TSI of T-P decreased steadily during and
after dredging (p < 0.01).
Table 1. Average water quality dataset and Carlson’s trophic state index (TSI) of the sampling site from
2007 to 2015 in Geumho River (mean ± standard error; DO, dissolved oxygen; BOD, biological oxygen
demand; COD, chemical oxygen demand).
Category
* Water temperature (◦ C)
* pH
* DO (mg/L)
* Conductivity (µS/cm)
BOD (mg/L)
* COD (mg/L)
* Suspended solid (mg/L)
Total nitrogen (mg/L)
* Total phosphate (mg/L)
* Chlorophyll-a (µg/L)
* TSI (T-P)
TSI (Chl-a)
* Discharge (m3 /s)

Before ERDP
(n = 186)

During ERDP
(n = 84)

After ERDP
(n = 168)

17.32 ± 0.60
7.87 ± 0.04
10.52 ± 0.21
825.76 ± 19.21
3.66 ± 0.12
9.17 ± 0.15
11.93 ± 1.30
7.06 ± 0.14
0.62 ± 0.02
51.72 ± 3.44
85.46 ± 0.31
60.39 ± 0.64
* 414.08 ± 11.43
(n = 1369)

14.95 ± 0.83
7.92 ± 0.04
10.61 ± 0.26
719.73 ± 23.94
3.35 ± 0.16
8.52 ± 0.21
22.93 ± 2.10
6.83 ± 0.18
0.43 ± 0.01
37.55 ± 3.57
81.43 ± 0.37
56.88 ± 1.03
* 60.88 ± 21.88
(n = 637)

17.94 ± 0.65
8.14 ± 0.04
11.66 ± 0.20
700.38 ± 14.57
3.67 ± 0.15
8.53 ± 0.16
11.43 ± 1.18
6.56 ± 0.12
0.11 ± 0.00
49.70 ± 3.58
65.74 ± 0.38
59.20 ± 0.79
* 38.83 ± 2.94
(n = 1124)

* Statistically significant parameter.

3.2. Differences between the Responses of Zooplankton Groups to Dredging
Two hundred and eighteen observations were collected from the sampling site during a period
of nine years. The number of zooplankton species was 85 during 2007–2015 (Table 2; rotifers: 71;
cladocerans: 12; copepods: 2). Fifty-eight, thirty-five, and sixty-eight species were observed before,
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during, and after the ERDP appeared, respectively. The mean population density was 1061.1 ind./L for
nine years, but the fluctuation of the values was significant during the ERDP period (p < 0.001; before:
2130.3 ind./L, during 83.1 ind./L, after: 500.6 ind./L). The dominant taxonomic group was in the order
of rotifers (958.8 ind./L), cladocerans, and copepods (102.3 ind./L). The mean population density of the
rotifers fluctuated according to the ERDP period (Figure 2A). Particularly over the dredging period,
their population density decreased up to 23.5% (p < 0.001; before: 2049.3 ind./L, during 56.4 ind./L, after:
341.0 ind./L). In contrast to rotifers, the mean population density of cladocerans and copepods increased
up to 97.1% after dredging (Figure 2B; p = 0.001; before-after: p = 0.005; during-after: p = 0.008).
Interestingly, there was no significant difference in the mean population density before and during
dredging (p > 0.05).
Table 2. Classification of the swimming-type zooplankton.
Habitat Character

Taxa

Species

Rotifers

Anuraeopsis fissa
Asplanchna spp.
Brachionus angularis
Brachionus budapestinesis
Brachionus calyciflorus
Brachionus forticula
Brachionus rubens
Brachionus urceolaris
Brachionus sp.
Conochiloides dossuarius
Conochiloides spp.
Conochilus spp.
Euchlanis dilatata
Euchlanis sp.
Euchlanis triquetra
Filinia longiseta

Filinia terminalis
Hexarthra mira
Kelicottia longispina
Keratella cochlearis
Keratella quadrata
Keratella valga f. monstrosa
Keratella valga f. tropica
Keratella valga
Platyias patulus
Philodium roseola
Ploesoma lenticulare
Ploesoma tetractis
Polyarthra trigla
Polyarthra vulgaris
Polyarthra spp.
Pompholyx complanata

Cladocerans

Bosmina longirostris
Ceriodaphnia spp.
Diaphanosoma brachyurum
Daphnia galeata

Daphnia spp.
Moina spp.
Scapholeberis kingi

Copepods

copepoda

copepodid

Rotifers

Brachionus quadridentatus
Cephalodella spp.
Colurella uncinata
icuspidata
Colurella spp.
Dissotrocha acureata
Lecane aculeata
Lecane flexilis
Lecane haliclysta
Lecane leontina
Lecane luna
Lecane nana
Lecane sp.
Lepadella acumnata
Lepadella oblonga
Lepadella quadricarinata
Lepadella sp.
Monostyla bulla
Monostyla closterocerca
Monostyla crenata

Monostyla hamata
Monostyla lunaris
Monostyla pygmaea
Monostyla sp.
Mytilina ventralis
Notholca labis
Philodina spp.
Scaridium longicauda
Synchaeta spp.
Testudinella elliptica
Testudinella sp.
Trichocerca capucina
Trichocerca elongate
Trichocerca longiseta
Trichocerca pusilla
Trichocerca sp.
Trichotria tetractys
Trichocerca tenuior
Trichotria tetractys
Trichotria truncata

Cladocerans

Alona gutta
Alona rectangular
Alona sp.

Chydorus sphaericus
Pleuroxus spp.

Copepods

-

Planktonic

Epiphytic
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No zooplankton appeared in the fourth quarter of 2010.

Forty-one species belonged to the planktonic group (rotifers: 32; cladocerans: 7; copepods: 2).
Forty-one species belonged to the planktonic group (rotifers: 32; cladocerans: 7; copepods: 2).
The number of species decreased during dredging and increased after ERDP but could not recover to
The number of species decreased during dredging and increased after ERDP but could not recover
their original state (33, 18, and 31 species before, during, and after the ERDP, respectively). Forty-four
to their original state (33, 18, and 31 species before, during, and after the ERDP, respectively). Fortyspecies belonged to the epiphytic group (rotifers: 39; cladocerans: 5). The number of species decreased
four species belonged to the epiphytic group (rotifers: 39; cladocerans: 5). The number of species
during dredging but increased and exceeded the original number after ERDP (25, 17, and 37 species
decreased during dredging but increased and exceeded the original number after ERDP (25, 17, and
before, during, and after the ERDP, respectively). The mean population density of the planktonic
37 species before, during, and after the ERDP, respectively). The mean population density of the
and epiphytic types for nine years was 880.2 ind./L and 181.0 ind./L, respectively. The planktonic
planktonic and epiphytic types for nine years was 880.2 ind./L and 181.0 ind./L, respectively. The
group showed significant changes in the population density before and after, but similar to the
planktonic group showed significant changes in the population density before and after, but similar
number of species, they did not reach the average population density before construction (Figure 2C).
to the number of species, they did not reach the average population density before construction
The epiphytic group showed similar patterns to the planktonic group, but their population density
(Figure 2C). The epiphytic group showed similar patterns to the planktonic group, but their
recovered after ERDP (Figure 2D). In particular, no zooplankton appeared from October to December
population density recovered after ERDP (Figure 2D). In particular, no zooplankton appeared from
2010 (Figure 2E), and the dominant period of the planktonic group was four times longer than that of
October to December 2010 (Figure 2E), and the dominant period of the planktonic group was four
the epiphytic group.
times longer than that of the epiphytic group.
Significant correlation coefficients (p < 0.05) were shown in ten of eleven water quality
parameters (except the DO) in all groups. Water quality parameters with many related groups were
in the order of WT, Chl-a, pH, T-P = BOD, COD = T-N, discharge, SS, and Cond. The high correlation
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Significant correlation coefficients (p < 0.05) were shown in ten of eleven water quality parameters
(except the DO) in all groups. Water quality parameters with many related groups were in the order of
WT, Chl-a, pH, T-P = BOD, COD = T-N, discharge, SS, and Cond. The high correlation coefficients
were concentrated in Chl-a and WT, and the low correlation coefficients was concentrated in T-P and
T-N. Comparison identified a positive relationship between TSI of Chl-a and zooplankton groups.
In all groups, rotifers showed the highest positive correlation in the number of species (planktonic
rotifer; p < 0.001, b = 0.492) and population density (planktonic rotifer; p < 0.001, b = 0.558). TSI of
T-P had negative correlations with zooplankton groups. In particular, cladocerans showed the lowest
negative correlation in the total number of species (p < 0.001, b = −0.434) and epiphytic population
density (p = 0.002, b = −0.403).
The dominant species in the Geumho River consistently belonged to the planktonic group (Table 3).
During the dredging period, the dominant species changed. The mean population of Polyarthra vulgaris
decreased dramatically by 98.6% and increased by 936% (before: 692.8 ind./L; during: 9.6 ind./L;
after: 89.9 ind./L), but this could not recover to the previous status. Although dredging also affected
the Bosmina longirostris population (before: 40.3 ind./L; during: 18.9 ind./L; after: 123.9 ind./L), their
population prosperity increased compared to that in the existing environment. Finally, dredging
altered the Brachionus calyciflorus, and B. rubens were excluded from the dominant species, including
Keratella cochlearis and B. longirostris.
Table 3. Dominant species and population density (mean ± standard error; PD: population density,
ind./L).
Category
1st
2nd
3rd

Before ERDP

During ERDP

After ERDP

Species

PD

Species

PD

Species

PD

P. vulgaris
B. calyciflorus
B. rubens

692.8 ± 328.8
375.5 ± 166.5
127.0 ± 33.7

B. longristris
P. vulgaris
B. calyciflorus

18.9 ± 10.9
9.6 ± 2.6
6.1 ± 2.2

B. longristris
P. vulgaris.
K. cochlearis

123.9 ± 75.0
89.9 ± 48.5
45.1 ± 22.5

The taxonomic group and swimming-type group showed different patterns according to the stage
of the ERDP (Figure 3). Regardless of the ERDP period, rotifers showed more diversity in species
numbers than the cladocerans and copepods (Figure 3A–F). Rarefaction curves of the rotifers had a
steeper slope than that of the cladocerans and copepods, indicating that there was a high likelihood
that more rotifers would be found in a further investigation. Cladocerans and copepods appeared
to converge despite the small number of species. As habitat types, the number of species reacted
differently (Figure 3G–L). Before dredging, the planktonic species formed more diverse communities,
but the situation was reversed after dredging. After dredging, seven planktonic species appeared, but
the total number of species decreased by two. During the same period, 19 new types of epiphytic
species were found, and the total number of species increased by 12.
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during-after p < 0.001).
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4.2. Is the Littoral Zone Collection Representative?
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The waterbody in the littoral zone was effective in collecting both planktonic and epiphytic
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and
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need to use a suitable size mesh net for filtering water [51]. In addition, zooplankton preferred a
microhabitat with different species. This microhabitat was also subdivided into the pelagic zone,
littoral zone, water column, sand, sediment, and substrates. Therefore, collection should be conducted
after identifying the characteristics of the species. This study was also conducted in the littoral zone,
which both planktonic and epiphytic groups inhabit because of the shallow water level and abundant
substrates. Despite filtering the water, the epiphytic group was more abundant than the planktonic
group in our results. Previous studies have collected epiphytic zooplankton [38,52,53], but the survey
intensity and characteristics of the substrates affected the population density and the number of
species [39,42]. To conduct a survey biweekly, consistency is important. In particular, the proficiency
between researchers in a field survey needs to be considered. To effectively control the external
variables, the littoral zone was chosen to consider the qualitative and quantitative representative sites
simultaneously. Although the survey method had a shortcoming, the long-term data obtained through
a consistent method could consider the characteristics of planktonic and epiphytic groups.
4.3. What Is the Application of Zooplankton as an Aquatic Ecosystem Health Evaluation Index?
Environmental alterations caused by dredging converted the Geumho River to an ecosystem that
could accommodate more species compared to that before the dredging period. Previous studies also
revealed that disturbance is one factor causing an increase in species diversity [54,55]. Dredging causes
physical disturbances such as increasing SS [56,57]. In the case of the Geumho River, the SS and nine
parameters reacted to the environmental conditions (Table 1). Hence, B. longirostris, emerging as the
dominant species, flourished under optimal T-P levels [58]. The predominance of these cladocerans is
a critical factor in community formation through predation and competition with rotifers [59]. After
dredging, increasing population densities of B. longirostris have also been reported in other studies
of dredging effects [10,11,59]. Polyarthra sp. regardless of dredging continued to be a dominant
species. This is consistent with the phenomenon of highly polluted river ecosystems with no significant
changes in T-N during our survey period [60]. In addition, the Geumho River has two features that are
distinct from other studies: (1) After the dredging, the discharge decreased steadily (91.8% reduction
in discharge before and after dredging). Due to the damming of the upper stream, the Geumho River
has been regulated anthropogenically. However, the deep water level caused by dredging usually
increases the discharge rate. A previous study of the Nakdong River, with which the Geumho River
merges, showed that discharge and zooplankton population density have an inverse relationship [48].
The population density was not increased in every group despite dramatically reduced discharges in
Geumho River. This phenomenon is more considered to be the result of habitat destruction due to
dredging than the decrease in flow, particularly in the rotifer group [10,48]. (2) Zooplankton species did
not appear at the beginning of dredging in the Geumho River (fourth quarter in 2010). This suggests
that physical and morphological disturbances occurred (Figure 2E). Subsequently, influx processes
from upstream and outside (drift) constructed a new ecosystem [61]. Although this study continued
until 3.5 years after dredging was completed, the rarefaction curves show that both planktonic and
epiphytic zooplankton groups underwent intensive invasion processes.
Studying zooplankton in the littoral zone can confirm the hypothetical food web pathway, including
the aquatic decomposer pathway and algal-grazer food pathway [51,62]. In particular, this study
showed significant differences in the swimming-type grouping. A study of the swimming-type
community in the littoral zone is important to understand that zooplankton are a connecting link
between producers (i.e., periphyton) [22,23] and upper consumers (i.e., macroinvertebrates and
fish) [18,20,21]. Zooplankton are in an important position to become a missing food chain link among
the stream health assessment indices. Therefore, understanding the zooplankton community through
these approaches would overcome the shortcomings of using a species composition-based approach as
an evaluation index [31,32].
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