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Abstract. In this study, the concept of functional feeding groups was used to classify macroinvertebrate
community structure. A total of 55 genera or species were sampled in the Tuanjie Reservoir in China and
identified into six functional feeding groups. The mean values of water transparency (SD), dissolved
oxygen (DO), pH, water temperature (T), total phosphorus (TP), chemical oxygen demand (CODwn),
dissolved copper (Cu?"), depth (D), electrical conductivity (EC), total nitrogen (TN) and dissolved iron
(Fe®*) showed significant difference between sampling sites (P<0.05), while ammonium nitrogen
(NH4*-N) and nitrate nitrogen (NOs-N) were not significantly different (P>0.05). Macroinvertebrate
samples were also different, we find that the highest abundance was observed in summer at all sampling
sites except S5 which was documented in spring, while the lowest abundance recorded in autumn except
for S1 (in spring). Pearson and redundancy analysis (RDA) results showed that T, NH4*-N, Fe®*, DO and
CODwn were the major factors influencing zooplankton functional groups in Tuanjie Reservoir.
Keywords: macroinvertebrate, functional diversity, environmental factors, drinking water, correlation

Introduction

Macroinvertebrates play an important role in the aquatic ecosystem, which is an
important channel for nutrient recycling and energy flow to higher levels (Benke et al.,
2010). Aquatic ecosystems are mostly affected by agricultural non-point source
pollution which poses severe threats to macroinvertebrates (Shabani et al., 2019). The
diversity of macroinvertebrates community structure can reflect the disturbance degree
of long-term human activities aquatic ecosystem (Plafkin et al., 1989).
Macroinvertebrates are widely used to monitor the damage of aquatic ecosystem. They
are also an important part of aquatic food web and the basis of nutrient cycle and
ecological balance of ecosystem (Liu et al., 2012; Mangadze et al., 2016; Hu et al.,
2018). Benthic animals are the food source of aquatic animals such as fish and play an
important role in fishery production. Therefore, the investigation of benthic animals in
reservoirs has important reference value for understanding the nutritional status and
water productivity of reservoirs. Benthic animals are the food source of aquatic animals
such as fish and play an important role in fishery production. Therefore, the
investigation of benthic animals in reservoirs has important reference value for
understanding the nutritional status and water productivity of reservoirs (Chi et al.,
2009).

Functional groups are classified based on physiological, morphological, life history
or other biological characteristics associated with an ecosystem and with the behavior of
species, and are aggregates of all species with similar functions in the community (An et
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al., 2016). Because of the environmental and spatial scale changes caused by nature and
human beings, aquatic organisms respond accordingly. Researchers classify the priority
functional groups of species according to similar biological and ecological
characteristics, and these characteristics are consistent with the gradient of the
environment (Poff et al., 2006). Species characteristics of functional groups are more
closely related to the environment, which can more directly reflect the ecological
process of ecological environment affecting aquatic communities, and can understand
the aquatic ecosystem and its biodiversity (An et al., 2017).

China is the country with the largest number of reservoirs in the world (Liu et al.,
2012). In many provinces, reservoirs have become an important source of water supply
(Han, 2010), and are considered as the last barrier for drinking water safety in China
and even for human beings (Han et al., 2016). Although there are a large number of
reservoirs in China, the importance of reservoirs is increasing day by day, but relative to
lakes and rivers, the research on benthic zoology of reservoirs is still scarce and needs to
be strengthened (Liu et al., 2012).

Tuanjie Reservoir was built in 1981 with the aim of supplying drinking water to the
local village people. The main sources water of the reservoir is Muling River, which is
the largest tributary of the Ussuri River on the left bank of the border between China
and Russia. Recently, the ecological study of Tuanjie reservoir mainly focuses on
plankton (Chen et al., 2019; Sun et al., 2019). In this study, the macroinvertebrate
functional feeding groups (FFGs) were used to reveal the relationship between
macroinvertebrate FFGs abundance and environmental factors in Tuanjie Reservoir. We
aim to collect macroinvertebrate fauna, and explore the relationships between
macroinvertebrate functional feeding groups and environmental factors in the Tuanjie
Reservoir.

Materials and methods
Study area

Tuanjie Reservoir (130°8'-130°11'E, 44°01'-44°04'N) is located in the southeast of
Heilongjiang Province Northeastern China (Fig. 1). The reservoir was built in 1981 in
order to control floods, provide water for irrigation, fish farming, power generation and
for aesthetic value. Tuanjie Reservoir has a surface area of 445 km?, a capacity of
8.63x10” m® and it shaped like big “Y”. The region where the reservoir is located is
influenced by temperate continental monsoon. The average annual evaporation and
precipitation of the reservoir are 950 mm and 534 mm, respectively. The annual mean
temperature is 1°C, which ranged between -44.1°C to 37.6°C. In winter, the surface
water of the reservoir is covered by ice (Sun et al., 2019).

Environmental factors data sampling

We collected all samples three times from 5 sampling sites of Tuanjie Reservoir on
6"~13" May, 14"~21" July and 20"~27" September periods for spring, summer and
autumn three seasons in 2015 (Table 1; Fig. 1). At each sampling site, water
temperature (T), pH, electrical conductivity (EC), dissolved oxygen (DO) was measured
in the field using a portable multi-probe (YSI 6600, YSI Inc.). Water transparency (SD)
and depth (D) were measured using Secchi disk and longline method. Triplicate water
samples for chemical analyses were collected at each sampling sites and put on
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acid-washed plastic bottles, placed in ice box and transported to laboratory for analysis.
The concentration of total nitrogen (TN), total phosphorus (TP), ammonium nitrogen
(NH4"-N), nitrate nitrogen (NO3™-N), chemical oxygen demand (CODwn) and dissolved
iron (Fe3*) and dissolved copper (Cu?*) were measured according to the standard
methods for China (MEP, 2002).
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Figure 1. Map of sampling sites in Tuanjie Reservoir

Table 1. Five sampling sites coordinate in Tuanjie Reservoir in May (spring), July (summer)
and September (autumn) in 2015

Sampling sites Latitude Longitude
S1 N44°01'48" E130°1124"
S2 N44°03'36" E130°10'48"
S3 N44°03'00" E130°09'36"
sS4 N44°04'12" E130°10'36"
S5 N44°04'48" E130°10'48"

Macroinvertebrate FFGs data sampling

Three random subsamples were collected in comparable habitat at locations of 1 m?
at each sampling site by using a Peterson mud bottom sampler (CN-150, 1/16 m?). All
macroinvertebrates samples were composited into a single sample, preserved in 75%
ethanol and transported to the laboratory for identification. In the laboratory, all samples
were sorted on white porcelain pans, identified, and counted with a light
stereomicroscope. All individuals were identified to genera or species using appropriate
identification guides (Morse et al., 1994; Epler, 2001). Taxa were divided into six
functional feeding groups (FFGs) according to Cummins et al. (1974) and Duan et al.
(2010): predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors
(FC), scrapers (SC) and shredders (SH).

Data analysis

Statistical analyses were carried out using the SPSS 19.0 software. Variation and
correlation of environmental factors and macroinvertebrate FFGs abundance in different
sampling sites were analyzed by using One-way ANOVA. Relationship between
macroinvertebrate FFGs abundance and environmental factors was done using
CANOCO 4.5 software (Microcomputer Power, New York, USA). Before analysis, the
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biological and abiotic data were transformed by logio(x+1) to satisfy the normal
distribution. We found that the detrended corresponding analysis (DCA) of the largest
gradient length of the four axes was 0.648 (< 3). Therefore, linear ordination method of
the redundancy analysis (RDA) was used to reveal the relationship. Monte Carlo
simulations with 499 permutations were used to test the significance of the
environmental factors in explaining the macroinvertebrate FFGs abundance in the RDA.

Results and discussion
Environmental factors data characteristics

The results of environmental factors mean values were shown in Table 2 and
Table 3. Many biotic and abiotic factors, such as sediment type, water depth, food,
dissolved oxygen, etc., have an important impact on the distribution of benthos
community in lakes and reservoirs (Ji et al., 2015). There are many factors affecting the
community structure, density, biomass and biodiversity of macroinvertebrates, special
some important physical and chemical factors change (Petridis and Sinis, 1993; Buss et
al., 2002; Duran, 2006). The cold climate in the North determines that the impact of
temperature on macroinvertebrates is higher than that in other areas (Wang et al., 2019).
The mean values of SD, DO, pH, T, TP, CODwmn and Cu?* were extremely significant
difference among sampling sites (P<0.01). And the mean values of D, EC, TN and Fe**
showed significantly difference among sampling sites (P<0.05). While NH4s*-N and
NO3-N were not difference among sampling sites (P>0.05) (Table 2). Among sampling
seasons, the mean values of D, EC, TN, NOs™-N were not difference (P>0.05), and Cu?"
showed significantly difference (P<0.05). The other environmental factors were all
extremely significant difference (P<0.01) (Table 3).

Table 2. The values (mean+ SE) of environmental factors among sampling sites in May
(spring), July (summer) and September (autumn) in 2015

S1 S2 S3 S4 S5 F p
SD(m) 0.66+0.10 | 0.85+0.05 | 0.95+0.06 | 1.36+0.04 | 1.46+0.05 | 9.364 | 0.000™
D(m) 0.84+£0.07 | 7.42+0.08 | 2.44+0.07 | 17.48+0.08 | 22.72+0.07 | 2.895 | 0.034"

EC(mS/cm) | 0.31+0.03 | 0.08+0.01 | 0.15+0.01 | 0.10+0.01 | 0.08+0.01 | 2.633 | 0.048"
DO(mg/L) 9.10+0.21 | 8.27+0.09 | 8.90+0.21 | 9.00+0.26 | 8.33+0.07 | 5.016 | 0.002™
pH 7.69+0.09 | 7.65+0.04 | 7.71+0.06 | 8.06+0.02 | 7.44+0.05 | 10.994 | 0.000™
T(°C) 6.70+0.82 | 11.08+0.27 | 10.58+0.08 | 11.39+0.13 | 9.36+0.22 | 17.394 | 0.000™
TN(mg/L) 0.97+0.06 | 1.11+0.06 | 0.77+0.04 | 0.89+£0.03 | 0.75+0.03 | 2.835 | 0.037"
TP(mg/L) 0.43+0.11 | 0.53+0.05 | 0.51+0.06 | 0.46+0.09 | 0.17+0.03 | 5.104 | 0.002™
NHs*-N(mg/L) | 0.18+0.02 | 0.18+0.03 | 0.16+0.03 | 0.14+0.03 | 0.19+0.01 | 1.807 | 0.147
NOs-N(mg/L) | 0.47+0.07 | 0.47+0.12 | 0.43+0.20 | 0.33+0.12 | 0.43+0.09 | 0.382 | 0.820
CODwmn(mg/L) | 4.07+0.04 | 4.35+0.08 | 4.28+0.05 | 4.23+0.06 | 4.39+£0.04 | 19.060 | 0.000™
Fe3*(mg/L) | 0.42+0.04 | 0.39+0.02 | 0.41+0.01 | 0.41+0.01 | 0.41+0.01 | 3.696 | 0.012"
Cu?*(mg/L) | 0.32+0.11 | 0.07+0.03 | 0.03+0.01 | 0.04+0.01 | 0.09+0.03 | 4.677 | 0.003™
Water transparency (SD), depth (D), electrical conductivity (EC), dissolved oxygen (DO), pH, water
temperature (T), total nitrogen (TN), total phosphorus (TP), ammonium nitrogen (NH.*-N), nitrate
nitrogen (NO3™-N), chemical oxygen demand (CODwn) and dissolved iron (Fe®*") and dissolved copper

(Cu?"), F and p values from One-way ANOVA tested by post-hoc test using Tukey HSD ANOVA.
“p<0.05, "p<0.01
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Table 3. The values (meant SE) of environmental factors among sampling seasons in May
(spring), July (summer) and September (autumn) in 2015

May (Spring) | July (Summer) | September (Autumn) F p
SD(m) 0.69+0.06 0.96+0.1 1.06+0.09 4974 0.012™
D(m) 8.07+1.97 10.77+2.57 10.18+2.28 0.387 0.681
EC(mS/cm) 0.08+0.02 0.14+0.02 0.14+0.02 0.369 0.694
DO(mg/L) 7.71+0.18 7.65+0.32 8.72+0.12 7.301 0.002™
pH 7.41£0.05 7.24+0.09 7.71+0.06 11.932 | 0.000™
T(°C) 17.47+0.59 23.35+0.3 9.82+0.48 204.801 | 0.000™
TN(mg/L) 1.09+0.1 0.94+0.07 0.9+0.04 1.921 0.159
TP(mg/L) 0.78+0.09 0.58+0.03 0.42+0.04 8.768 0.001™
NH;*-N(mg/L) 0.21+0.02 0.3+0.03 0.17+0.01 10.984 | 0.000*
NOs-N(mg/L) 0.46+0.05 0.45+0.05 0.43+0.05 0.118 0.889
CODwmn(mg/L) 4.48+0.04 3.86+0.09 4.26+0.04 25.529 | 0.000™
Fe3*(mg/L) 0.35+0.02 0.25+0.04 0.4+0.01 8.125 | 0.001™
Cu2*(mg/L) 0.23+0.03 0.17+0.02 0.11+0.04 4556 | 0.016"

Water transparency (SD), depth (D), electrical conductivity (EC), dissolved oxygen (DO), pH, water
temperature (T), total nitrogen (TN), total phosphorus (TP), ammonium nitrogen (NH.*-N), nitrate
nitrogen (NO3™-N), chemical oxygen demand (CODws) and dissolved iron (Fe®*) and dissolved copper
(Cu?), F and p values from One-way ANOVA tested by post-hoc test using Tukey HSD ANOVA.
“p<0.05, "p<0.01

Macroinvertebrate data characteristics

During three sampling seasons, we totally collected 904 individuals and identified 11
orders, 23 family and 55 genera or species of macroinvertebrate belong to six FFGs
from Tuanjie Reservoir (Table 4). Our findings agreed with the studies of Liu et al.
(2019) and Shabani et al. (2019) who also observed the same six FFGs in the same
province. According to Rosser and Pearson (2018), aquatic insects were the most
abundant group in freshwater ecosystem, Chironomidae especially. Thus, we found that
the abundance of Chironomus KkiiensisTokunaga (11.62%) which was absolutely
dominant species of macroinvertebrate community structure in Tuanjie Reservoir. The
disturbance of Tubificid worms can significantly improve the nutrient level of the water
body. These nutrients times of phytoplankton can promote the growth of phytoplankton
(Jin et al., 2017), and phytoplankton is the opening bait of benthos. The dependence of
benthos and phytoplankton cannot be separated from the change of nutrient
concentration (Li et al., 2001; Cortes et al., 2010; Wang et al., 2019).

The highest macroinvertebrate abundance observed in summer at all sampling sites
except S5 (in spring), while the lowest abundance presented in autumn except S1 (in
spring) (Fig. 2). The temporal changes in macroinvertebrates functional feeding groups
(FFGs) of three sampling seasons were shown in Table 5. We found that all
macroinvertebrates FFGs top abundance presented in July (summer). Only group GC
and total macroinvertebrates abundance showed extremely significant differences
(P<0.01), and group FC presented significant differences (P<0.05) during sampling
seasons. Both top abundance of group PR and SH showed at S4, group OM and FC
observed at S2. Meanwhile, the top group GC abundance presented at S5, while group
SC appeared at S1 (Fig. 3). In three seasons (spring, summer and autumn), the top
abundance presented at S5, S2 and S1, respectively (Fig. 4). Both among sampling sites
and seasons, FFGs of group GC accounted for most of the proportion (Fig. 5). Based on
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the study of Zhang et al. (2012), the sediment of Danjiangkou reservoir is rich in
organic matter, which is one of the important food sources for warworm and
chironomid larvae (Li et al., 2018). We also found the similar results that relative
abundance of group GC (including Tubificidae sp. and Chironomidae sp.) was higher
than other groups (Fig. 5) (Benke, 1998; Chaloner et al., 2002).
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Figure 2. Seasonal variation of macroinvertebrate abundance (ind./m?) among sampling sites,
error bars meaning standard error
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Figure 3. Macroinvertebrate abundance (ind./m?) among sampling sites. Predators (PR),
omnivores (OM), gatherers/collectors (GC), filterers/collectors (FC), scrapers (SC) and
shredders (SH)
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Table 4. Macroinvertebrate community structure and abundance ratio in Tuanjie Reservoir
in May (spring), July (summer) and September (autumn) in 2015

Order Family Genera or species FFGs Ratio
Hemiptera Corixidae Corixa substriata PR 2.65%
Diptera Chironomidae Diplocladius sp. GC 2.21%
Synorthocladius semivirens GC 1.66%
Thienemannia gracilis kiffer GC 3.43%
Chironomus kiiensisTokunaga GC 11.62%
Chironomus flaviplumus GC 7.96%
Dicrotendipes pelochloris GC 2.10%
Chironomus plumosus oM 1.33%
Cryptochironomus maculipennis PR 4.42%
Parachironomus arcnatus PR 2.43%
Eukiefferiella fittkaui GC 1.44%
Polypedilum laetum SH 1.55%
Apsectrotanypus sp. PR 2.54%
Stictochironomus akizukii oM 5.09%
Stictochironomus maculipennis oM 0.33%
Paracladopelma undine GC 1.77%
Paracladopelma nigritula GC 0.88%
Chironomus anthracinus GC 0.66%
Micropsectra chuzeprima GC 0.66%
Tanytarsus chinyensis FC 0.44%
Tanytarsus signatus FC 1.22%
Trichoptera Hydropsychidae Hydropsyche sp. FC 0.66%
Goeridae Goera ramosa SC 0.33%
Goera kyotonis SC 0.22%
Rhyacophilidae Rhyacophila sp. PR 0.44%
Limnephilidae Apatania sp. SC 1.44%
Glyphotaelius admorsus SH 2.54%
Stenophylax koizumii SH 0.66%
Ephemeroptera Ephemeridae Ephemera shengmi GC 0.33%
Ephemera nigroptera GC 1.11%
Heptageniidae Heptagenia sp. sC 0.22%
Baetidae Baetis sp. GC 1.66%
Ephemerelliae Ephemerella nigra GC 0.22%
Ephemerella fusongensis GC 1.11%
Plecoptera Pelidae Cyamia sp. PR 0.22%
Odonata Libellulidae Epiophcetia superstes PR 0.77%
Libellulidae Hydrobasileus sp. PR 0.44%
Gomphidae Anisogomphus sp. PR 0.33%
Coleoptera Dytiscidae Cybister japonicus PR 1.66%
Hydrophilidae Hydrophilus acuminatus PR 0.22%
Rhynchobdellida Glossiphoniidae Helobdella nuda PR 2.54%
Tubificida Tubificinae Limnodrilus hoffmeisteri GC 6.75%
Limnodrilus claparedeianus GC 3.76%
Branchiura sowerbyi GC 0.33%
Naididae Nais variabilis GC 4.42%
Dero sp. GC 1.00%
Mesogastropoda Viviparidae Bellamya purrificata sC 1.88%
Hydrobiidae Parafossarulus striatus SC 0.88%
Basommatophora Lymnaeidae Radix auricularia SC 1.00%
Radix plicatula sC 0.77%
Radix swinhoei SC 1.44%
Radix ovata sC 1.00%
Radix lagotis SC 0.88%
Galba pervia SC 1.44%
Planoribidae Polypylis hemisphaerula SC 0.88%

Predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors (FC), scrapers (SC) and
shredders (SH)
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Table 5. The abundance (ind./m?) values (mean+ SE) of macroinvertebrate FFGs among
sampling seasons in May (spring), July (summer) and September (autumn) in 2015

Spring Summer Autumn F p
PR 41.4+9.67 49.60+1.29 36.60+3.82 1.548 0.225
oM 12.20+5.85 4.40+1.91 5.20+1.83 0.768 0.470
GC 89.4+9.04 a 94.00+7.65 a 48.60+11.34 b 8.421 0.001™
FC 6.40+1.86 8.60+2.16 2.80+1.24 3.460 0.041"
SC 22.40+4.60 27.40+4 .45 22.00+2.53 1.090 0.346
SH 9.00+4.92 11.40+3.06 10.80+3.06 0.223 0.801
Total 180.80+18.00 a 195.40+7.47 a 126.00+11.30b | 6.633 0.003™

Predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors (FC), scrapers (SC) and
shredders (SH). F and p values from One-way ANOVA, a and b mean differences between the seasons

were tested by post-hoc test using Tukey HSD ANOVA. "p<0.05, “p<0.01
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Figure 4. Macroinvertebrate FFGs abundance (ind./m?) of spring, summer and autumn among
sampling sites. Predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors

(FC), scrapers (SC) and shredders (SH)
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Figure 5. Macroinvertebrate FFGs relative abundance of spring, summer and autumn among
sampling sites. Predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors
(FC), scrapers (SC) and shredders (SH)

Correlation analysis between macroinvertebrate FFGs abundance and environmental
factors

Correlation coefficient is significant if the correlation coefficient is low it did not
suppose a close correlation between the studied variables (Pries et al., 2000; Sponseller
et al., 2001; Richards et al., 2003; Barquin and Death, 2006). As shown in Table 6,
group FC and SC were extremely positive correlated with T (r=0.398) and NO3z™-N
(r=0.381). Meanwhile, group PR and GC were both positively correlated with T
(r=0.372, r=0.377), and group FC was both positively correlated with TN (r=0.355) and
NH4™-N (r=0.305). By contrast, group GC was both negatively correlated with DO (r=-
0.315) and pH (r=-0.299).

Li et al. (2018) compared with the results of other reservoirs, it can be seen that the
emergence of pollution resistant species, such as Limnodrilus hoffmeisteri and
Limnodrilus claparedianus, can play an indicative role in reservoir water quality. With
the increase of temperature, the release rate of NH4*-N from the Limnodrilus
hoffmeisteri (group GC) increased gradually (Gong et al., 2017). Meanwhile, the
Limnodrilus hoffmeisteri has strong pollution resistance, can grow and reproduce
normally in the low oxygen environment, and even survive for a short time in the low
oxygen environment. It is often used as a symbol of organic pollution or eutrophication
(Lee, 1970; Wildung et al., 1993; Batzer et al., 2004; Bonada et al., 2007).
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Table 6. Pearson correlation analysis of between FFGs and environmental factors in May
(spring), July (summer) and September (autumn) in 2015
SD D DO pH T TN | TP |NH4"-N|NO3z-N|CODwn| Fe** | Cu®
PR | 0.093 | 0.169 | 0.029 | -0.262 | 0.372" | 0.003 | 0.026 | 0.079 | -0.175 | -0.024 |-0.036 |-0.165
OM |-0.008 | 0.097 | 0.196 | -0.269 | 0.019 | 0.198 |-0.096 | -0.022 | -0.042 | 0.185 | 0.171 |-0.224
GC |-0.104| 0.150 |-0.315"|-0.299"| 0.377" | 0.263 | 0.166 | 0.217 | -0.051 | 0.000 |-0.140|-0.009
FC |-0.263|-0.131| -0.201 | -0.148 | 0.398™ | 0.355"| 0.047 | 0.305" | -0.015 | 0.100 |-0.149| 0.001
SC |0.189 | 0.090 | -0.229 | -0.060 | 0.084 |-0.055|0.095 | 0.223 |0.381"| -0.263 |-0.122 | 0.035
SH | 0.151 | 0.073 | -0.185 | 0.138 | -0.007 |-0.224 | 0.037 | -0.151 | 0.069 | -0.133 |-0.272| 0.015

Water transparency (SD), depth (D), electrical conductivity (EC), dissolved oxygen (DO), pH, water
temperature (T), total nitrogen (TN), total phosphorus (TP),ammonium nitrogen (NH4*-N), nitrate
nitrogen (NO3™-N), chemical oxygen demand (CODws) and dissolved iron (Fe®*") and dissolved copper
(Cu?"), predators (PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors (FC), scrapers
(SC) and shredders (SH)."p<0.05, “p<0.01

There are many factors affecting the community structure, density, biomass and
biodiversity of benthos (Shen et al., 2015; Rodrigues et al., 2019; Oremo et al., 2019;
Ruaro et al., 2019; Santonja et al., 2020; Taylor et al., 2020). The summary of Monte
Carlo test showed that the first canonical axis and all canonical axes were significant
(F=5.059, p=0.002; F=1.260, p=0.002; 499 random permutations). The eigenvalues of
the four axes were 0.140, 0.095, 0.055, 0.032, respectively (Table 7). The species-
environment correlations for Axis 1 and Axis 2 were 0.674 and 0.753, respectively. The
first two axes account for 23.6% of FFGs data relation (axis 1: 14.0%, axis 2: 9.6%) and
68.2% of FFGs-environment data (axis 1: 40.6%, axis 2: 27.6%). The Axisl was mainly
positively correlated with T, NH4*-N and TN, and negatively correlated with pH, SD
and D. TN content reflects the nutritional status of water body. A large number of
studies showing that the input of nutrients leads to a higher TN, and the nutritional
status of water body is closely related to the secondary productivity of benthos (Heino,
2005; Benke, 2010; Dolbeth et al., 2012; Hughes et al., 2012). The Axis 2 was
positively correlated with T and NH4*-N, and negatively correlated with Fe**, DO and
CODwn. Groups FC was mainly influenced by T and NH4*-N, and group GC was
influenced by EC. While group PR was mainly influenced by TN, and OM was
influenced by CODwmn. The main environmental factors were T, NH4*-N, Fe®*, DO and
CODwn in Tuanjie Reservoir (Fig. 6).

Table 7. RDA results of macroinvertebrate FFGs abundance in May (spring), July (summer)
and September (autumn) in 2015

Axes 1 2 3 4
Eigenvalues 0.140 0.095 0.055 0.032
Species-environment correlations 0.674 0.753 0.716 0.366
CumuIati(;;esgzgggtglgtivariance 14.0 236 29.0 322
of species-environment relation 40.6 68.2 84.0 93.2
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Figure 6. RDA bioplot of macroinvertebrate FFGs and environmental factors. Green circle:
Spring; Blue diamond: Summer; Yellow square: Autumn. Water transparency (SD), depth (D),
electrical conductivity (EC), dissolved oxygen (DO), pH, water temperature (T), total nitrogen
(TN), total phosphorus (TP),ammonium nitrogen (NH4"-N), nitrate nitrogen (NOs-N), chemical

oxygen demand (CODw») and dissolved iron (Fe**) and dissolved copper (Cu®"), predators
(PR), omnivores (OM), gatherers/collectors (GC), filterers/collectors (FC), scrapers (SC) and

shredders (SH)

Conclusion

During the study period, we totally collected 904 individuals and identified 11
orders, 23 family and 55 genera or species of macroinvertebrate belong to six FFGs
(PR, OM, GC, FC, SC and SH) from study area. The mean values of SD, DO, pH, T,
TP, CODwmn and Cu®* were extremely significant difference among sampling sites
(P<0.01). The main environmental factors were T, NH4*-N, Fe**, DO and CODwn in
Tuanjie Reservoir. Our findings can provide strong recommendations for scientific basis
for the biological resources protection and water quality operation and management of
Tuanjie reservoir for future.
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