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Abstract: In the context of climate change and human-induced habitat destruction, biodiversity is being destroyed at an
unprecedented rate. Moreover, the biodiversities in freshwater ecosystems are decreasing faster than those in terrestrial
ecosystems. Less attention, however, has been paid to this issue. Compared with fish and algae, benthic
macroinvertebrates, which have more advantages, become the most popular biological indicators of river health. Early
studies were mostly focused on the influence of small-scale indicators on macroinvertebrates assemblages. Since the 1990s,
some researchers started to pay attention to the impact of large-scale factors. Factors at landscape and watershed scale began
to be treated equally or were given more concern. Understanding the relative influence of environmental variables at different
scales is important in the distribution of large-scale monitoring points and river restoration.

Based on environmental and biotic data of 38 sites within the Luan River Basin, the aims of the study were to identify
the key factors related to macroinvertebrates at reach and catchment scales, and to determine which scale is more important
in explaining the variation of macroinvertebrates assemblages in this region. Macroinvertebrate assemblages were collected by

D-frame net and described by using community structure index and biotic attributes. Such methods were commonly used to
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describe ecological condition of streams (e.g., richness, feeding type). Water chemistry and physical indicators were
involved at reach scale. A majority of reach-scale physical indicators were measured using the method in reference to rapid
biological assessment programs in the United States and the Australian community monitoring manual. The covered ratio of
forest (%), grassland (%), arable land (%) and construction land (%) in each catchment and buffer zone were
summarized as catchment-scale indicators. Redundancy analyses ( RDA) was used to quantify macroinvertebrate-reach
relationships. Key variables for each ordination at reach scale were selected using the manual forward-selection procedure
provided in CANOCO 4.5. The selection was based on Monte Carlo permutation test. Then, the RDA was performed to test
for the significance of the first RDA axis and all axes, only by the selected reach-scale variables.

The following results were captured as follows. First, 117 macroinvertebrate taxa were collected. The dominant
population community was aquatic insects which included 107 generas. Second, RDA results showed that the selected reach-
scale variables related to macroinvertebrates were %fine sediments, riparian vegetation cover, riparian human disturbance,
% cropland in riparian, water width and river transformation. The first axis and all axes explained 0.307 and 0.42,
respectively. Both reached a significant level. The first axis and riparian vegetation cover had a highest correlation
coefficient. Third, the selected catchment-scale variables were latitude, attitude, % cropland in the whole catchment and
catchment area. The first axis and all axes explained 0.234 and 0.32, respectively. Both of them also reached a significant
level. The first axis and catchment area had a highest correlation coefficient. The results showed that benthic
macoinvertebrate communities in Luanhe River Bsin were affected by the combined effects of natural and human factors at
both scales. However, variables at reach scale played a more important role in stream macroinvertebrates distribution, rather
than catchment scale. It was suggested that more attention should be paid to reach-scale factors in river ecosystem

management and restoration in Luanhe River Basin.

Key Words: benthic macroinvertebrates; scale; environmental variables; Luan River
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Fig.1 The distribution of 38 sampling sites in Luan River Basin
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Table 1 Description of biotic attributes used to describe macroinvertebrate assemblages at all sites
5 A% E LAk SFIME (F/IME, JROR(E)
Variables Code Definition/Description Mean ( minimum, maximum)
RIPEITEL Total taxa R_taxa S E Hh YA o3 28 T B A 13(3,29)
EPT 73R FLICAL EPT taxa R_EPT FRUEE HEE B AR H 22T B 5(1,13)
7K¢E$%%$ﬁﬁ R_insect JI A K A2 B U 2 JE 0T B 9.6(2,24)
Aquatic insect taxa
ﬁfﬁiﬁf)ﬁl /ll;izl;/r?f;%ﬁ Relative R_domin ;ﬁiﬁfjﬁ/ﬁ z{xH;jz 1 AT ETT A A 0.56(0.24.0.90)
TOP3. SIHEEATCHYARAR RS 2 8 TOP3 AMEBCE 2 1 3 A 5r BT AN K 0.85(0.58.1)
Relative abundance of TOP3 taxa BB RE BB
EPT/% EPT/ % gf/?\{;z;‘ U G 0.57(0.01,0.98)
Margalef Margalef Margalef Z #1445 5X 1.95(0.61,3.4)
Simpson Simpson Simpson ZAEHEFEEL 0.41(0.16,0.82)
UL Chironomidae/ % Chironomidae/%  FESCRHMALH/ HE mB M AKL 0.20(0.0,0.9)
7EZ burrower/ % burrower/ % TJER B AR B S REL 0.28(0.01,0.98)
Kl clinger/% clinger/ % R BN RB R A AR B 0.36(0.01,0.97)
BEH climber/% climber/% B EAREL BE SR AEREL 0.02(0,0.26)
J&FT# sprawler/% sprawler/ % J&F T3 A REL R SIS 0.02(0,0.28)
WK swimmer/ % swimmer/ % WeTk & A ARE R SRR 0.32(0,0.86)
W # collector/% collector/ % WA AN B R R R 0.70(0.13,0.99)
& predator/% predator/ % T NARBL RS B AREL 0.04(0,0.35)
& scraper/ % scraper/ % T B E AR R SRS 0.26(0,0.84)
i # shredder/% shredder/ % W B AR BE SRR EL 0.0(0,0.03)
®2 REIREMTRRERERFHIR

Table 2 Description of catchment-scale and reach-scale variables at all sites

At 11 FE L/ 0T/ A EME (BME, BeR(E)
Variables Code Definition/Method/ Unit Mean ( minimum, maximum )
W E Watershed scale

{7 % Location

2% Longitude Longitude 117.7(115.8,119.1)
4% Latitude Latitude 41.1(39.5,42.3)
14K Altitude Altitude 565.2(11,1429)
R A AL Watershed area Area jzﬁfoi fﬁ)ﬂ KT 1.11(0.029,4.57)
A HEEH Land use

A% urban/% urban/% T MO AE R AR L A1) 2(0—6)

i cropland/ % cropland/ % B AE Y AR L) 23(5, 47)

it forest/ % forest/ % AR A S8R T R L 451 42(0,78)

®iHh grassland/% grassland/ % B 7 3 T AR L A5 29(0,76)

% vh X U ML urban in buffer/% B_urban/% B b AE % w X e AR L] 10(0,53)

ZE X H cropland in buffer/% B_cropland/% b 7E L% vt X i B L 46 38(4,78)

& th X HRH forest in buffer/% B_forest/% MR AE G W X T R L £ 19(0,70)
P IX FHE grassland in buffer/ % B_grassland/%  FHBAELSE o [X Hh i B L 31 20(0,92)

T B R Reach scale

JKAE/ B Water body/Substrate

JK I 58 % Width Width RAER KT 58 B /m 24.3(2,200)
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At Iz R S/ T/ AL S (e ME, R AE)
Variables Code Definition/Method/ Unit Mean ( minimum, maximum)
; " MBIESLETH (BFIESTH 1 4) .
WL AU Flow types Flow [sttaniiaieg) 2(1,4
AT AL Flow types on Heti v 1R 1% 32(1,4)
P T A St BA INY .
PO A Quick type Quick gﬁ? ek R 190 1.3(0,2)
. 5 ANEER(AiTor 1—5) (BRI
s
KBk Odour Odour PRI 1.3(1,4)
ANBELT (NI Ay 1—3) . T =3
¥ BE Turbidity Turbidity ;,F: :Té;l”\ TSR 1=3) < T AT 23(1,3)
AR 5 EL ] fine sediment/ % Fine/% Rift<2mm, EEAILVH IR 0.47(0,1)
Nap==titd Riparian
N .. (ZE R R B A A R ) /2
A2 2 PE Bank stability Bank VL L B TR Sk 0.77(0,1)
S Chamel TRTHERR (1 ATAR) + i 0.66(0,4)
The degree of river transformation Wi (1, A Ze 4 ) HE R Y (2) ' ’
S AR Y 25 Rivasi (2 ] R LBk 6 B + A5 R Tl ol A 0.9(0.1)
Riparian vegetation cover tparian ﬁﬁfﬁ)/ 2 : ’
VAT A A FH HGAG] cropland in riparian/ % R_cropland ( Eﬁj@?ﬂ?;& I EL -+ 47 T A A 0.19(0,1)
L) /2
AT R stress A AR (1) + R B R+ 1.2(0.4)
Human interference in riparian - (1) +1ﬁﬁ’§( 1) +3k T AL A5 2) ) ’
, [T THor AR (1) + 4B JE RRL(1) +T804K
SOOmU\.V‘]}\ﬁq:ﬂUFi}; 500_stress (1) +ER (1) +3 A3 (2) +7K 3.1(1,11)
Human interference (<500m) Ly
(2)+xH(5)
KB Water quality
coD CoD mg/L 81.6(17,242)
Z A Ammonian NH, mg/L 0.39(0.09,0.95)
HAREL Nitrate NO; mg/L 2.52(0.1,7.5)
SR Total nitrogen TN mg/L 3.58(0.7,8)
ST Total phosphorus TP mg/L 0.64(0.03,5)
4 Dissolved oxygen DO mg/L 8.18(4.75,11.8)
i35 Electrical conductivity Con (ms/cm) 0.54(0.11,1.61)
pH pH 8.2(7.68.8.82)
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Fig.2 Redundancy analysis (RDA) plot relating reach-scale variables ( solid lines) and macroinvertebrate attributes ( dotted lines) ( The

meaning of the code shown in Table 1 and Table 2)
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£3 XERELEHESMS A TARRERF RBRERTF RDA 4R

Table 3 Redundancy analysis (RDA) results relating macroinvertebrate attributes and variables at two scales
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Fig.3 Redundancy analysis (RDA) plot relating catchment-scale
variables ( solid lines) and macroinvertebrate attributes ( dotted

lines) (The meaning of the code shown in Table 1 and Table 2)
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