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Influence of different spatial-scale factors on stream macroinvertebrate

assemblages in the middle section of Qiantang River Basin
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Abstract: Benthic macroinvertebrates are common, long-lived, sensitive to disturbance, and cost-effective to sample,
which make them ideal biological indicators of aquatic system degradation, and they are used in stream biomonitoring
worldwide. As biological indicators, macroinvertebrates can provide insight into the current and past conditions of
waterbodies and they integrate the effects of cumulative stressors. However, patterns in stream macroinvertebrate
assemblages are the result of a combination of processes acting at different spatial scales. Understanding the relative
influence of environmental variables at different spatial scales can increase our ability to detect anthropogenic influences on
stream integrity, as well as to assess and manage aquatic resources. In this study, we used Qiantang River basin as an
example of a human disturbed watershed. Based on environmental and biotic data of 60 sites located in the middle section of
Qiantang River basin, the specific aims of our study were: (1) to analyze the stream macroinvertebrate assemblages; (2)

to identify the key environmental factors that are linked to variation in macroinvertebrate assemblages; and (3) to partition
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the additive effects of watershed-scale and reach-scale variables, as well as their interaction, on macroinvertebrate
community composition. Environmental variables mainly included land use (urban, agriculture, forest, and the total
impervious area) , geographical location, elevation, slope, stream order, and the area of sub-basin at the watershed scale,
physical habitat conditions and water chemistry at the reach scale. Macroinvertebrate responses were characterized by the
relative abundance of 262 taxa. Principal components analysis was used to explore the major environmental gradients, and
canonical correspondence analysis was adopted to determine the relationships between environmental variables and
macroinvertebrate composition. Variation partitioning was performed using partial canonical correspondence analysis
(pCCA) to understand the relative importance of different scale factors in macroinvertebrate variation. Assessment of the
main environmental gradients suggested that degradation of the macroinvertebrate communities was mainly due to the
increase of anthropogenic land cover, followed by elevated nutrient concentrations, and habitat destruction. At the
watershed scale, the most important variables structuring macroinvertebrate assemblages were latitude, altitude, sub-basin
area, percentage of forest; at the reach scale, they were total N, total P, the concentrations of Ca®* and SiO,, and the mean
substrate score. The total explained variation was 26. 4% . Of this, the results of the pCCA indicated that the relative
proportions of explained variation attributed to watershed-scale and reach-scale environmental variables were 50% and
31% , respectively. The results of the pCCA suggested that watershed-scale variables play a more important role in stream
macroinvertebrates of this study region than reach-scale variables, which could be important for biodiversity conservation

and restoration, land management, and environmental monitoring and assessment.
Key Words: spatial scales; benthic macroinvertebrate ; key factors; relative influence; Qiantang River Basin
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Fig. 1 The distribution of 60 sampling sites in the middle Qiantang River Basin
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IR B A PR FHE + bRk RoME S BOKE
IR AL A
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G/ (°)" 119.55+0. 07 118.51 120.23
P/ m® 90.98+7.29 27.00  344.00
TR HER km 14.96+1. 84 1.00 70.21
AR/ %" 0.59+0.04 0.07 1.00
A/ % 0.24+0.03 0.00 0.87
WY %" 0.12+0. 02 0.00 0.80
BABHERLL %" 0.17+0.02 0.00 0.82
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B RUBE SRR R T
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List of common species of macroinvertebrates, and their frequency of occurrence in sampling sites

N
X

.

2

YFh 44 Species

BE/ %

YIFP 45 Species

BE /%

B Oligochaeta sp.

R RIRELR Cricotopus sp.

filiZe 2U& Nais sp.

ZJIEPEIUE Polypedilum sp.
DI Baetis sp.

FEWE Chironomus sp.

BT RAIBUR Eukiefferiella sp.
EBF} Psychodidae

L2 BPEWUE Thienemanniella sp.
KBHEAR Tanytarsus sp.
MWL Simuliidae

W) dUg Stylaria sp.

WIS EFEIUE Rheocricotopus sp.
WHUE Planaria sp.

KRB Caridina sp.

VAT Corbicula fluminea

HREELE Helobdella nuda
SeHLIEFESUR Conchapelopia sp.
B —3MZJ&E Pseudocloeon sp.
Fe BT IR Glossiphonia lata

U R FEUR Parametriocnemus sp.
R JE Stenelmis spl
THLEFEIUE Rheopelopia sp.
FEIHEEZE Choroterpes spl

128 Ceratopogonidae
KRFRIUSR Tanypus sp.
HRARYAETE Caenis sinensis
LIBSCH I, Cheumatopsyche spl
PR FEBUR Larsia sp.
Acentrella lata

RS YINE Caenis nigropunctata

Ir QRIS Branchiura sowerbyi

S 222 9 9909090 9999990909099 S S S 9SS S oS oSS S0

97
92
82
65
63
62
58
55
53
45
43
42
42
37
33
30
27
27
27
25
25
23
22
22
20
20
20
20
18
18
18
17

Neocylloepus spl

6 R JE Rhyacophila sp.

1% Barbronia weberi
IKFIZKE Asellus aquaticus
HHH} Scirtidae

Nippotipula spl

LLBEIBIEE Cinygmina rubromaculata
A58 Lepidostoma sp.
FURGIR Gyraulus albus
BIEIELUE Microtendipes sp.
T S RS Semisulcospira libertina
SRIEIESR Physa fontinalis
FULIMEIZ Bellamya purificata
Neocylloepus sp2

Oulimnius sp.

BEFEIUE Stictochironomus sp.
R IR Ecdyonurus sp.
FEHLWE I Choroterpes sp2
FEIEIE Habrophlebiodes spl
BEG 88 Neochauliodes spl
FIELCA M Cheumatopsyche sp3
AR IEE Sinopotamon sp.
Ancyronyx sp.

KIS Hydrocassis sp.
SRREIEIUE Nanocladius sp.
HIRIUE Antocha spl
BRIE Hexatoma sp3
AT ISR Cincticostella gosei
FER] Platycnemididae

X A#HJE Nemoura sp.

%5 JE Kamimuria sp.

A WP} Hydrobiosidae

(=}

SRR I R R - R =
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17
15
15
15
15
15
15
13
13
12
12
12
12
12
12
12
12
12
12
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10
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10
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10
10
10
10
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