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Abstract
Field investigations of macrobenthic animals and water environmental physico-
chemical factors were conducted at 24 sampling sites in the Jinan area during
spring (May), summer (August), and autumn (November) 2014. Community
composition and spatial structure characteristics of macrobenthic animals were
analyzed using diversity indices and canonical correspondence analysis. The
results showed that a total of 57 macrobenthic animal species belonging to 3
phyla were collected, namely Arthropoda, Mollusca, and Annelida. In spring,
summer, and autumn, 45, 35, and 33 macrobenthic animal species were col-
lected, respectively. The dominant species in spring were Limnodrilus hoffmeis-
teri and Bithynia fuchsiana; in summer were Chironomus riparius and Bithynia
fuchsiana; and in autumn were Chironomus salinarius and Bithynia fuchsiana.
The average densities in spring, summer, and autumn were 2.49×10³, 0.56×10³,
and 1.03×10³ individuals/m², respectively; the average biomasses were 495.59,
137.26, and 109.45 g/m²; the average Shannon-Wiener indices were 1.37, 1.33,
and 1.17; and the average evenness indices were 0.55, 0.67, and 0.59. Five func-
tional feeding groups of macrobenthic animals were identified across the entire
region. Collectors had the highest number of species in spring (20), scrapers had
the highest number in summer (12), and both collectors and scrapers had the
highest number in autumn (11). In all three seasons, collectors dominated in
density, followed by scrapers. Canonical correspondence analysis revealed that
the primary environmental factors influencing the functional feeding groups of
macrobenthic animals in the Yellow River Basin and Huai River Basin were to-
tal phosphorus and total nitrogen in spring, pH and dissolved oxygen in summer,
and dissolved oxygen and pH in autumn.
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Abstract

The objective of this study was to investigate the relationship between macroin-
vertebrate community structure and associated environmental factors in the
Jinan Region from spring 2014 (May) to autumn 2014 (November), using in-
dependent sample t-tests, scatter plot analysis, macroinvertebrate functional
feeding group classification, and Canonical Correspondence Analysis (CCA).
We identified 57 macroinvertebrate species, consisting of Arthropoda, Mollusca,
and Annelida. A total of 45, 35, and 33 macroinvertebrate species were iden-
tified in spring, summer, and autumn, respectively. Bithynia fuchsiana was
the dominant class, followed by Limnodrilus hoffmeisteri and then Chironomus
riparius. The average values of macroinvertebrate densities, biomass, Shannon-
Wiener index, and Pielou index ranged from 0.56 × 10³ ind/m² to 2.49 × 10³
ind/m², from 109.45 g/m² to 495.59 g/m², from 0.55 to 0.67, and from 1.17
to 3.75 from spring to autumn, respectively. Overall, we categorized these
taxa into five functional feeding groups. Gatherer-collector density was domi-
nant. Canonical correspondence analysis results showed that macroinvertebrate
community structure was largely determined by the interactions between total
phosphorus and total nitrogen in spring in the Huang River Basin and Huai
River Basin. Dissolved oxygen and pH were the main environmental factors
limiting macroinvertebrate community structure in summer in both basins. In
autumn, the primary environmental factors limiting macroinvertebrate commu-
nity structure were dissolved oxygen and pH in both the Huang River Basin
and Huai River Basin.

Keywords: Jinan Region; macroinvertebrate; functional feeding group; envi-
ronmental factors

Introduction

Macroinvertebrates play important ecological roles in river ecosystems. They
typically feed on organic particles, detritus, and algae, and serve as food sources
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for fish. They are crucial for material cycling, energy flow, and information trans-
fer in river ecosystems. Macroinvertebrates occupy a key position in benthic
detritus food chains and accelerate water self-purification processes by ingesting
organic matter from sediments as a nutrient source. As indicator taxa for river
ecosystem health, macroinvertebrates offer many advantages for bioassessment,
such as stable habitats, long life cycles, and wide distribution. Their community
structure and diversity largely reflect the overall health of river ecosystems and
provide guidance for river conservation, management, and utilization.

In river ecosystem research, macroinvertebrates can be classified into shredders,
scrapers, gatherer-collectors, filter-collectors, and predators based on feeding
habits—these are known as functional feeding groups (FFGs). This classifica-
tion method differs from traditional morphological taxonomy and can more
precisely reflect relationships between macroinvertebrate communities and dif-
ferent aquatic environments. Macroinvertebrate FFGs can reflect community
structural characteristics and habitat adaptation features, as well as the inten-
sity of human disturbance and the condition of river ecosystem impairment.

International research on macroinvertebrate FFGs mainly focuses on two as-
pects: (1) macroinvertebrate FFG responses to human activities, and (2) estab-
lishment of FFG assessment systems and their applications. However, there are
few reports on freshwater macroinvertebrate FFGs in China. This study inves-
tigated macroinvertebrates and water environmental factors at sampling sites
in the Jinan region, which is traversed by both the Huang River Basin and Huai
River Basin, from spring to autumn 2014. We analyzed the temporal-spatial
distribution of macroinvertebrate FFGs and the correlation between macroin-
vertebrate communities and water environmental factors to identify the main
environmental factors affecting community structure and provide baseline data
for ecological protection and management in the Jinan region.

1. Study Area and Sampling Site Setup

Jinan is located in central-western Shandong Province, with a complex aquatic
ecosystem type. Human activities have led to reduced vegetation coverage, con-
tinuous depletion of groundwater resources, increased pollution, and reduced
biodiversity, which seriously hinders sustainable development. To better distin-
guish spatial differences in macroinvertebrate community structure in the Jinan
region, we established 22 monitoring sites in representative areas of Jinan city
and its counties based on geographic characteristics, water quality conditions,
and pollution distribution patterns. The Huang River Basin and Huai River
Basin traverse the region, with 10 sampling sites in the Huang River Basin and
12 in the Huai River Basin. Some sites in the Huang River Basin have sediment
accumulation, long and numerous tributaries, slow water flow, and sand-gravel
substrates. The Huai River Basin is mostly mountainous with elevations gener-
ally around 100 m, with fewer riparian vegetation and sediment substrates.
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2. Macroinvertebrate Sample Collection

At each selected site, we collected macroinvertebrates using a Surber net (30
cm × 30 cm opening, 500 �m mesh size) from three parallel samples. Sam-
ples were fixed with 100 mL of 75% alcohol in the field and brought back to
the laboratory. In the lab, macroinvertebrates visible to the naked eye were
separated from stones and other debris, then identified and counted under a
stereomicroscope (Olympus-SZX7) and biological microscope (Olympus-CX21).
Identification followed relevant literature to the lowest possible taxonomic unit.

3. Measurement of Water Physico-Chemical Properties

Water physico-chemical indices were measured through a combination of field
and laboratory methods. In the field, a handheld multi-parameter water qual-
ity analyzer (YSI ProPlus) was used to measure water temperature (Temp),
pH, and dissolved oxygen (DO). Water samples were collected at each site and
brought back to the laboratory for measurement of conductivity (Cond), al-
kalinity (ALK), total dissolved solids (TD), permanganate index (CODMn),
total nitrogen (TN), and total phosphorus (TP) according to standard methods
within 48 hours.

4. Classification of Macroinvertebrate Functional Feeding Groups and
Ecosystem Attributes

Based on the feeding types of macroinvertebrates and the classification method
of Cummins et al., macroinvertebrates in the Jinan region were divided into
five functional feeding groups. This study analyzed ecosystem attributes from
perspectives of material cycling, longitudinal transport capacity, riparian in-
put, and coarse/fine particulate organic matter input based on the research of
Yoshimura et al.

[Figure 1: see original paper] Sampling sites distribution in Jinan Region

**** Macroinvertebrate functional feeding group composition in Jinan Region

Functional Feeding Group Feeding Habit Representative Taxa
Scrapers Feed primarily on

sessile organisms
such as
periphyton

Chironomus spp.

Shredders Feed primarily on
detritus and
coarse particulate
organic matter

Limnodrilus hoffmeisteri
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Functional Feeding Group Feeding Habit Representative Taxa
Gatherer-collectors Feed on various

organic particles
from river
bottom

Bithynia fuchsiana

Filter-collectors Feed on fine
particulate
organic matter in
water flow (0.45
mm < FPOM <
1 mm)

Hydropsyche sp.

Predators Feed on other
aquatic animals

Gomphus sp.

**** Functional feeding groups of macroinvertebrates related to ecosystem at-
tributes

Metrics Based on Functional Feeding Groups Ecosystem Attributes
Density of scrapers, G2 Primary producers
Ratio of scrapers to filterers and
gatherer-collectors, G2/(G3+G4)

Secondary producers

Density of shredders and gatherer-collectors,
G1+G4

Longitudinal transport
capacity

Density of filterers, G3 Relative longitudinal
transport capacity

Ratio of filterers to shredders and
gatherer-collectors, G3/(G1+G4)

Lateral input

Density of shredders, G1 Relative lateral input
Ratio of shredders to total abundance, G1/total
density

Coarse particulate
organic matter input

Ratio of shredders to filterers and
gatherer-collectors, G1/(G3+G4)

Fine particulate organic
matter input

Note: G1: shredders; G2: scrapers; G3: filterers; G4: gatherer-collectors; G5:
predators; CPOM: coarse particulate organic matter; FPOM: fine particulate
organic matter

5. Data Processing and Analysis

Diversity indices including Shannon-Wiener index (H�) and Pielou’s evenness
index (J) were calculated using Biodiversity Pro software. Dominant species
were determined based on dominance values (Y > 0.02), where Y = (ni/N) ×
fi, with ni being the density of species i, N the total macroinvertebrate density,
and fi the frequency of occurrence of species i.
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Box plots and line charts were used to analyze the distribution characteristics
of macroinvertebrate communities and functional feeding groups across seasons.
Bar charts were used to compare ecosystem attributes among seasons. Inde-
pendent sample t-tests were used to analyze correlations among environmental
factors across seasons and their relationships with macroinvertebrates.

Canonical Correspondence Analysis (CCA) was performed on selected water en-
vironmental parameters and macroinvertebrate community data using Canoco
4.5 software. Macroinvertebrate density data were log-transformed [log(x+1)]
before analysis. Detrended Correspondence Analysis (DCA) was first performed
to determine species response values. Since the standard deviation (SD) of
species turnover was > 2, CCA was selected. Monte Carlo permutation tests
(499 permutations) were used to determine environmental factors significantly
affecting macroinvertebrate community spatial distribution patterns. All anal-
yses were conducted using SPSS 16.0, OriginPro 7.5, and Canoco 4.5.

1. Macroinvertebrate Species Composition and Community Struc-
ture

A total of 57 macroinvertebrate species were identified across spring, summer,
and autumn in the Jinan region. Arthropoda had the most species in all seasons,
followed by Mollusca and Annelida. The dominant species were Limnodrilus
hoffmeisteri in spring, Bithynia fuchsiana in summer, and Chironomus sali-
narius in autumn. Common species included Radix auricularia, Chironomus
salinarius, and Bithynia fuchsiana.

**** Dominant species of macroinvertebrate in each season

Season Dominant Species Dominance (Y)
Spring Limnodrilus hoffmeisteri 0.07
Summer Bithynia fuchsiana 0.05
Autumn Chironomus salinarius 0.07

The average macroinvertebrate density was 2.49 × 10³ ind/m² in spring, 0.56
× 10³ ind/m² in summer, and 1.03 × 10³ ind/m² in autumn. Average biomass
was 495.59 g/m², 137.26 g/m², and 109.45 g/m², respectively. Shannon-Wiener
index averaged 1.37, 1.33, and 1.17, while evenness index averaged 0.55, 0.67,
and 0.59 across the three seasons.

Overall, macroinvertebrates showed significant spatial heterogeneity across sea-
sons. Density and biomass differed significantly between spring and summer
(P = 0.03, P = 0.02), but Shannon-Wiener and evenness indices showed no
significant differences among seasons (P > 0.05). Between basins, density and
biomass showed no significant differences in any season, but Shannon-Wiener
and evenness indices differed significantly between basins in summer (P = 0.04,
P = 0.04).
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[Figure 2: see original paper] Comparison of community structure of
macroinvertebrates in spring, summer, and autumn (D-Density; B-Biomass;
H�-Shannon-Wiener index; J-Pielou index)

2. Classification of Macroinvertebrate Functional Feeding Groups and
Ecosystem Assessment

Five functional feeding groups were identified in the Jinan region. All seasons
had five FFG types. [Figure 3: see original paper] shows the composition
and density of FFGs in both basins across seasons. In terms of species richness,
scrapers were most abundant in summer in both basins, while gatherer-collectors
were most abundant in spring. In autumn, both scrapers and gatherer-collectors
were abundant in the Huang River Basin, while scrapers dominated in the Huai
River Basin.

In terms of density, gatherer-collectors were absolutely dominant across all sea-
sons. Filterer density was highest in the Huai River Basin in spring. Gatherer-
collector density was highest in both basins across seasons. No significant cor-
relations were found between FFG types/densities and seasons or basins (P >
0.05).

Analysis of FFG-based parameters showed spatial differences between basins:
F4 and F7 values were significantly higher in the Huai River Basin, while F1,
F2, and F5 were higher in the Huang River Basin. Temporal analysis revealed:
F1 and F5 were significantly higher in spring than in summer and autumn; F7
and F8 were higher in autumn than in spring and summer; F2 and F6 were
higher in summer and autumn than in spring.

Regarding material cycling, primary productivity (F2) was significantly higher
in the Huai River Basin than in the Huang River Basin, with no significant
seasonal differences. Longitudinal transport capacity (F3) was higher in the
Huai River Basin, significantly greater in autumn than other seasons. Lateral
input (F7) was higher in the Huai River Basin, significantly greater in spring
than other seasons. Fine particulate organic matter input showed no significant
differences between basins but was higher in summer and autumn than in spring.

[Figure 4: see original paper] Seasonal variation of ecosystem attribute
values in the Huang River Basin and Huai River Basin

3. Relationships Between Macroinvertebrate Functional Feeding
Groups and Environmental Factors

Water temperature was lowest in spring and highest in summer, with water
remaining weakly alkaline year-round (pH 7.74–8.21). **** compares environ-
mental factors across seasons and basins. The Huai River Basin had higher
conductivity, alkalinity, total dissolved solids, CODMn, total nitrogen, and to-
tal phosphorus than the Huang River Basin, while the Huang River Basin had
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higher dissolved oxygen content. No significant correlations were found for any
of the eight environmental indicators between basins across seasons (P > 0.05).

**** Comparison of spring, summer, and autumn environmental factors in Jinan
Region (Mean ± SD)

Environmental Factor Huang River Basin Huai River Basin
Spring
Temp (°C) 19.38 ± 2.06 22.30 ± 3.71
pH 8.21 ± 0.30 7.81 ± 0.32
Cond (ms/m) 654.25 ± 497.27 1222.67 ± 925.47
DO (mg/L) 8.45 ± 1.96 7.90 ± 2.69
TN (mg/L) 3.85 ± 2.57 6.61 ± 6.25
TP (mg/L) 0.37 ± 1.03 0.39 ± 0.42
Summer
Temp (°C) 27.90 ± 1.70 26.45 ± 3.31
pH 8.20 ± 0.30 7.74 ± 0.35
Cond (ms/m) 550.07 ± 395.45 1151.08 ± 744.14
DO (mg/L) 8.21 ± 1.11 6.79 ± 2.50
TN (mg/L) 3.63 ± 2.44 6.34 ± 4.64
TP (mg/L) 0.14 ± 0.19 0.31 ± 0.40
Autumn
Temp (°C) 14.37 ± 1.37 14.31 ± 1.60
pH 8.17 ± 0.30 7.96 ± 0.39
Cond (ms/m) 563.52 ± 436.54 1194.39 ± 746.45
DO (mg/L) 8.17 ± 1.28 7.54 ± 1.85
TN (mg/L) 3.68 ± 2.57 6.54 ± 4.90
TP (mg/L) 0.17 ± 0.20 0.49 ± 1.01

CCA was performed on macroinvertebrate FFG densities and environmental
factors for each season. [Figure 5: see original paper] shows the species-
environment relationships. In spring, total phosphorus and total nitrogen were
the main factors affecting FFGs in both basins. In summer, dissolved oxygen
and pH were the primary limiting factors in both basins. In autumn, dissolved
oxygen and pH remained the main limiting factors in both the Huang and Huai
River Basins.

1. Characteristics of Macroinvertebrate Functional Feeding Groups
and Community Structure

This survey identified 57 macroinvertebrate species in the Jinan region, pre-
dominantly Diptera (Chironomidae) larvae. Arthropods dominated across all
seasons, with the highest species richness in spring (45 species). Most species
inhabit polluted water, muddy sediments, or organically enriched water bodies,
indicating that some water bodies in Jinan are polluted to some degree.
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The dominant species showed seasonal variation: Limnodrilus hoffmeisteri and
Bithynia fuchsiana in spring, Chironomus riparius in summer, and Chironomus
salinarius and Bithynia fuchsiana in autumn. The community structure was
dominated by Chironomidae larvae and adherent snails across seasons. The
highest densities in summer and autumn occurred at sites J16 (17.33 × 10³
ind/m²) and J22 (6.54 × 10³ ind/m²), primarily due to Diptera larvae. Site J16
is located in the Huai River Basin with slow flow, while J22 has substrate domi-
nated by bedrock and sand, providing habitat for attached macroinvertebrates.

The Shannon-Wiener index is an effective tool for monitoring community struc-
ture changes and assessing organic pollution. Values of 2.0–3.0 indicate light
pollution, 1.0–2.0 moderate pollution, and <1.0 heavy pollution. The average
Shannon-Wiener index in Jinan (1.17–1.37) indicates moderate pollution, likely
due to dense population, domestic sewage discharge, and industrial pollution.

Five FFGs were identified, with gatherer-collectors showing significantly higher
density than other groups. Gatherer-collectors feed on organic detritus, which
deposits more easily in low-flow areas, explaining their preference for slow-flow
habitats. Their density was higher in the Huang River Basin due to muddy sub-
strate, wider water surface, and abundant organic nutrients. Shredders feed on
riparian vegetation and leaf litter, with higher densities in spring and autumn,
particularly in the Huang River Basin where riparian farmland vegetation pro-
vides abundant food. Scrapers feed on periphyton and were more abundant in
the Huai River Basin due to more cobble substrate, which provides larger sur-
face area for algal attachment. Filterers feed on fine particulate organic matter
and were more abundant in the Huai River Basin, especially in summer when
food availability and hydraulic conditions were optimal. Predators showed no
significant difference between basins but were more abundant in spring when
other groups provided ample food resources.

2. Relationships Between Macroinvertebrate Functional Feeding
Groups and Environmental Factors

Assessing the suitable range of environmental factors for aquatic organisms is
important for river ecological restoration. Studies show that environmental fac-
tors affecting macroinvertebrate distribution differ significantly among seasons.
In the Jinan region, total phosphorus and nitrogen are important indicators of
nutrient pollution. The Huang River Basin has high sediment content and tur-
bidity, with elevated total phosphorus affecting filterers (positively) and scrapers
(negatively). In the Huai River Basin, total nitrogen negatively affected scrapers
and predators, altering their living environment.

Dissolved oxygen directly affects macroinvertebrate survival and reproduction;
reduced levels can cause mortality. In the Huai River Basin, low dissolved
oxygen limited shredders while tolerant scrapers proliferated. In the Huang
River Basin, dissolved oxygen negatively affected filterers. pH also influenced
shredder abundance, with positive correlations observed.
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These results demonstrate that environmental factors affecting FFG communi-
ties vary across temporal and spatial scales, and can be categorized into: (1)
eutrophication factors (nitrogen, phosphorus, ions), (2) organic matter and nu-
trients, and (3) hydrological factors (flow velocity, conductivity).
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[APPENDIX A] List of macroinvertebrate species in Jinan Region

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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