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Abstract . Using the macroinvertebrates collected from mountain and lowland ecoregions in the southern basin of Wei River
as indicators, we compared the differences in the composition of 29 macroinvertebrate trait categories and seven traits and
functional diversity indices between the two ecoregions. The combination of the joint analysis of R ( environmental X sites) ,

L (species X sites), and Q (trait X species) (RLQ) and fourth-corner analysis methods was conducted to explore the
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relationships between macroinvertebrate trait composition and land use and physical and chemical variables. We then used a
generalized linear model (GLM) to compare differences in the responses of macroinvertebrate traits and functional diversity
to environmental variables at different spatial scales between the two ecoregions. Our results showed that 18 of the 29
biological traits and 6 of the 7 traits and functional diversity indices significantly differed between the two ecoregions.
Macroinvertebrates with biological traits such as none and shelters of leaf parts or wood refuge, lightly sclerotized, well
protected exoskeleton or external protection, herbivores, and predators preferred habitats in the mountain ecoregion, while
biological traits with integumentary respiration, soft body, and collector-gatherers tended to frequently occur in the lowland
ecoregion under higher intensity of human activities. All traits and functional diversity indices, except functional evenness,
were significantly higher in the mountain ecoregion than in the lowland ecoregion, which demonstrated that environmental
stressors significantly decreased the biological traits and functional diversity in lowland areas. The combination of RLQ and
fourth-corner methods revealed that the traits demonstrated a predictable response of trait patterns along the environmental
gradient. The GLM model predicted that the functional and trait diversity in mountain and lowland ecoregions could be
explained by different environmental variables at different spatial scales, with catchment urban land use, water temperature ,
and total nitrogen explaining most variations within the biological traits and functional diversity in the mountain ecoregion ;
but with reach scale agriculture land use and average water depth mainly explaining the decrease of the functional diversity

in the lowland ecoregion.

Key Words: biological traits; functional diversity; RLQ analysis; fourth-corner; GLM analysis; spatial scales;

environmental variables
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Fig.1 Locations of the sampling sites in southern basin of Wei River,Xi’an City
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Table 1 Functional traits, categories, scores and codes of benthic macroinvertebrates

(ERN (ERINS = Sl WA PEIRACHD
Traits Trait number Categories Score Trait code
JEEA TR BL Refuge tl TR 1 111
LR EE N 2 112
b AR A Sk 3 113
it h 4 14
S PRI L 1Y 2 LR 1 121
Exoskeleton or external protection Bt 2 122
HRLF 3 123
0% 755X Respiration 13 AR 1 31
GON 2 132
ST (IR S KU ) 3 133
&K Body size 4 /(<9 mm) 1 141
45 (9—16 mm) 2 142
K(>16 mm) 3 143
1A% Body shape t5 WA (T SRR ) 1 151
EMEAL (B EFE) 2 152
JEE 4% Rheophily t6 ARG IS R 1 161
TURR AL ] 2 5 Jot 2 162
ol R 3 163
123 2) P Habit 17 PH 1 171
e 2 172
wEF 3 173
lipaEay 4 174
iRl ey 5 175
WATH 6 176
HERA t8 EEH 1 181
Functional feeding groups IEEHE 2 182
BIEH(HEME BT 3 183
WEH 4 184
HiaH 5 185
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L DX IAT BRI SR N JEE R P 3 11 2 P 0 3858 T D X TP D D A A M R B M 7 7 b 3 T
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Table 2 Summary of environmental variables among sampling sites at mountain and lowland ecoregions in southern basin of Wei River, Xi’

an City
. g 111X Mountain 5 Lowland
Variables Abbreviation ~ THMEsbRMEE  BUME-BRME  CPWELAREZE  B/ME-ERKE P

Mean=SD Min-Max Mean=SD Min-Max

FRALAS B Physicochemical variables
B RE Reach scale
13K Elevation Elev /m 920.724270.77  495.00—1369.00  609.17+215.41  357.00—1236.00  <0.001
7K Water temperature WT /(C) 16.46+2.46 12.40—22.70 21.29+3.11 17.20—27.60  <0.001
FR B8 pH pH 7.71+0.41 6.39—8.36 7.83+0.36 7.15—8.32 0.235
VA4 Dissolved oxygen DO /(mg/L) 9.19+0.55 8.37—10.49 8.05+2.56 0.10—12.55 0.040
SRR Total dissolved solids TDS /(mg/L)  443.81£587.11 0.22—2180.00  380.41+653.33 0.48—2020.00  0.765
58T Calcium Ca /(mg/L) 74.72+42.23 13.00—172.00  136.44+51.60 1.00—228.00  <0.001
BB T Magnesium Mg /(mg/L) 7.08+4.60 1.00—22.00 17.65+10.29 7.00—45.00  <0.001
K47 FE Average water width AWW /m 10.58+9.31 1.12—45.67 10.05+9.91 1.03—35.20 0.337
XTI BE Average river width AW /m 16.29£12.18 4.72—52.60 21.96+20.73 1.60—70.74 0.893
PR GE Average depth AD/m 34.18+21.75 5.00—86.67 31.88+17.72 6.80—95.00 0.926
XY PiHE Average velocity AV /(m/s) 0.51£0.29 0.14—1.37 0.38+0.20 0.00—0.79 0.180
I K # Max velocity MV /(m/s) 1.03+0.52 0.40—2.20 0.66+0.35 0.02—1.70 0.018
T & B EH I3 % silt %Silt /% 20.88+21.59 5.00—86.00 63.26+31.59 8.00—100.00  <0.001
WA EE % gravel % Gravel /% 16.20+12.68 0.00—48.00 12.35+14.85 0.00—55.00 0.144
FEHNA 5 5 H 43 % cobble %Cobble /% 36.68+17.65 4.00—75.00 20.78+23.12 0.00—82.00 0.004
KAYE 53 % boulder %Boulder /% 26.24+23.71 0.00—77.00 3.61+10.40 0.00—45.00 <0.001
S Total nitrogen TN/ (mg/L) 2.00+1.21 0.68—4.60 2.98+1.31 0.83—5.14 0.018
fiti & Nitrate nitrogen NO;/ (mg/L) 1.88+1.15 0.63—4.41 2.59+1.65 0.17—6.37 0.283
AWK Nitrite nitrogen NO,/(mg/L) 0.02+0.01 0.01—0.04 0.08+0.09 0.02—0.44 <0.001
%, Ammonia nitrogen NH,/ (mg/L) 0.12£0.15 0.00—0.65 0.72+1.13 0.00—4.94 0.001
S Total phosphorus TP / (mg/L) 0.07+0.05 0.02—0.15 0.26+0.56 0.012—2.68 0.012
Wik Phosphate PO,/ (mg/L) 0.02+0.03 0.00—0.16 0.19+0.50 0.00—2.34 <0.001
Z&UEE Sio, Si0,/ (mg/L) 8.3323.64 3.96—19.31 11.34x4.14 4.88—21.57 0.005
iR ER HE AKX permanganate index COD,,,/(mg/L) 2.15£0.88 0.82—3.92 3.23+3.59 0.88—18.25 0.445
+ 4 F A Land use
Bt R Reach scale
Al FHHLTE 5316 % Agricultural RA /% 9.90+18.57 0.00—90.69 83.05+15.71 46.52—99.47 <0.001
AR HLET 43 b % Forest RF /% 88.91+19.37 7.35—100.00 6.02+8.56 0.00—31.48 <0.001
WA 43 1% Utban RU /% 1.14£2.70 0.00—12.78 9.35+10.99 0.24—50.98 <0.001
W JE Catchment scale
LMl I E 43 % Agricultural CA /% 31.36+10.35 0.00—52.26 49.71+32.17 2.57—92.46 <0.001
FRMHHLET 43 L% Forest CF /% 96.78+10.44 47.28—99.99 46.55+34.12 0.12—97.09 <0.001
WL 43 % Urban CU /% 0.08+0.13 0.00—0.46 3.51+4.81 0.12—17.75 <0.001

2.2 JRWESHPIREE AR T GE 2 R
AFFE LA TE 127 NSRS /325800 ,/H\:qju_l XA H5T 104 4 ,ﬁﬁﬁ%ﬁlj‘] DU 2 )& Baetis sp-, W Wi
HAMRECE 53 ik 3] 44.6% ;R X 70 22 B850 50 4, IR A W AP R B 05| & Tubifex sp. , BB W MEECH 43 HL A
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Table 3 The best generalized linear models ( GLM) for trait and functional diversity indices at mountain and lowland ecoregions

Ejffzﬂiiiﬁfiiﬂb CA CF U RA RF RU WI %St TN Elev TP AlCc  AdjR?
11X Mountain ecoregion
Yrae s WAL FDis 0.20 -3.17 0.80 125 059

IR B HUEFEAL FDiv 0.03 -0.54  -0.29 -70.0 0.62
YIREH 5 EFEHL FEve NA NA
IIREEE R R FRic 50.83  60.67 1477 =922 -9.60 -3.38 -133.65  170.5 0.75
Rao [ ZIKAHFE 4L RaoQ 0.73 -10.76 3.05 74.4 0.61
PR R R TR 0.11 -1.61 -0.51 149.8 0.48
PRIRZ FEERE R TD 0.01 -0.13  -0.07 -131.7 0.57
-5 Lowland ecoregion CA RA TN AD Ca
YIRE S U FE AL FDis -0.01 0.0 0.13
IJJﬁt%"*WTE;ﬁ FDiv 0.12 -71.6 0.17

B ST AR 5L FEve NA

IJJ e 4 & BEFR AL FRic -0.09 -0.26 -19.83  -9.36 144.1 0.57
Rao A K Hi45 4L RaoQ -0.03 71.3 0.11
PR R B R TR NA
PIRZ MR R TD NA

“NA” R T IR An b B AR R4S L3R 2 AlCe : B/ MRt 28X Akaike information criterion ;Adj R2 MBI G R Adjusted R-squares

x4 BTN EUHRARETEERHHNRUNELF

Table 4 Akaike weight in GLM models to rank the importance of environmental variables at mountain and lowland ecoregion

bR T B A R
Ejfi?j”ﬁiﬂ?ﬁi iy cu RA RF WT %Silt TN TP
11X Mountain ecoregion
BEMHUE 464K FDis 0.73* 0.30 0.34 0.95" 0.50" 0.19 0.30
‘*“%‘E&Hﬁ’g& FDiv 0.63" 0.16 0.17 0.19 0.85" 0.97" 0.17
I &) 45 5L FEve NA
UIRE = & BEHEEL FRic 0.58* 0.64* 0.61* 0.11 0.14 0.18 0.35
Rao 1Y Z W48 4L RaoQ 0.80" 0.28 0.29 0.94" 0.26 0.21 0.43*
PERF B BEHE %L TR 0.59* 0.23 0.25 0.60" 0.31 0.47" 0.17
PERZ HEESR £ TD 0.77* 0.18 0.21 0.26 0.69" 0.81" 0.14
5 Lowland ecoregion CA RA TN AD Ca
YIfk s 45 4L FDis 0.28* 0.44 " 0.19 0.28" 0.27
TIRE RS R 46 4L FDiv 0.30" 0.17 0.39* 0.17 0.29
IRt &) 45 5L FEve NA
W BEHE S FRic 0.33 0.70* 0.19 0.87* 0.87"
Rao [ Z 54 RaoQ 0.23 0.42* 0.18 0.28* 0.27"
PERFE = SR TR NA
PERZ HEMESR % TD NA
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