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Mechanisms of Watershed Land-Use Spatial Pattern on Macrozoobenthos Functional Groups in the Chishui River
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Abstract: I river ecosystems, environmental filtering shapes the functional traits of aquatic organisms. These traits respond in specific ways to land use pattems
at the catchment scale. This study aimed to clarify how spatial land use configurations influence the distribution of aquatic biological functional traits. We carried
out systematic field surveys at 30 sampling sites in the Chishui River Basin from 2022 to 2024. Four functional groups of macroinvertebrates were identified using
functional trait matrix analysis and cluster analysis. We used Gini coefficients derived from random forest models to screen the key functional traits for each group.
Multiple linear regression analysis was applied to explore the explanatory power (RFof habitat factors within buffer zones of 50, 100, 250, 500, 1000, and 2000 m.
Based on the maximum R3principle, the 500-m circular buffer zone was defined as the optimal spatial scale for all sampling sites. Generalized additive models
were then used to determine the stable response ranges of land use structure within buffer zones for each functional assemblage. These valid ranges are as follows:
forest land 15.21%-44.89%, cropland <5.29%, built-up land 1.21%-9.00%, bare land >32.49%, and water body 0.64%-10.89%. The critical threshold ranges of
key habitat parameters are water temperature 15-24°C, pH 5.02-8.81, NH-N 0.31-0.45 mg/L, and substrate particle size 36-188 mm. This study also quantified
the effects of natural land proportion on habitat suitability for each functional group. A 10% increase in natural land proportion raises the suitability for scrapers and
predators by 0.33 and 0.34 units, respectively. The suitability for filters and collectors also improves significantly as the natural land proportion increases. Our results
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clarify the response relationships and intemal mechanisms among land use patterns, habitat variables, and macroinvertebrate functional groups. They provide
quantitative support for ecological conservation and land use management at the catchment scale.
Keywords: Land use pattern; Macrozoobenthos; Generalized additive model (GAM); Influence mechanism
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Fig. 1 Map of the sampling sites for macrozoobenthos investigation in the Chishui River Basin
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Fig. 2 Macrozoobenthos community structure and distribution in the Chishui River, a. Macrozoobenthos community structure;
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Fig. 3 Comparison of macrozoobenthos functional groups among different river reaches: a. Taxa number, b. Density
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2 1 AR RUEER IR 5 28 Te AR KT SRR, G R2{ED
Tab. 1 Adjusted R=df multiple linear regression models linking land use at various buffer scales to water quality parameters

KESH
WT DO pH Cod ORP NTU  CODw  NHgN P ™ Dsp
XSS

50m 0052 0008 0013 0074 0067 0093 0023 0001 0021 0103 0054
100m 00%2 0014 0007 0060 0046 0206 0053 0028 0038 0072  -00%
250m 0231 0001 0013 0104 0092 0152 0046 0083 0053 0048 0241
500m 0257 0035 0012 0282 0104 0166 0029 0079 0061 0049 0006
1000m 0220 00165 0068 0180 0035 0147 005 0060 0028 0023  -0006
2000m 0100  -00165 0001 0296 0050 0091 0072 0057 0034 0058 0027

¥E: WT water temperature, °C; DO dissolved oxygen, mg/L; Cond conductivity, pS/cm; ORP oxidation reduction potential, mV; NTU nephelometric turbidity
unit; CODwi, chemical oxygen demand, mg/L; NHz-H ammonia nitrogen, mg/L; TP total phosphorus, mg/L; TN total nitrogen, mg/L; Dsy median grain size, mm
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Tab. 2 Results of the GAM analysis of land use and habitat factors

B “PEE# R? DE

Aspect S(arcsin (VBare%)) +S(arcsin (vbuild%)) +S(arcsin ( vForest%)) +S(arcsin (v Water%) 0863 90.7%
D5 S(arcsin (vVBare%)) +S(arcsin (vbuild%)) +S(arcsin (vForest%)) +S(arcsin ( /Agriculture%) 0588 66.3%

S(arcsin (v/Bare%)) +S(arcsin (v/Build%)) +S(arcsin ( v/Forest%)) +S(arcsin ( m))

Slope ! 0582 64%

+S(arcsin (vWater%)

NDVI S(arcsin (/Agriculture%)) +S(arcsin (v Water%) 0567 61.1%
N S(arcsin (VBare%)) +S(arcsin (vGrass%)) +S(arcsin (vForest%)) +S(arcsin ( ,/Agriculture%)) 0379 44.6%
WT S(arcsin (vWater%)) +S(arcsin ( v/Bare%)) +S(arcsin (v/Grass%)) 0271 30.3%

Cond S(arcsin (vForest%)) 0197 235%
pH S(arcsin (vBare%)) +S(arcsin (vGrass%)) 0.188 20.7%

¥E: Water%, Percentage of water; Bare%, Percentage of bare land; Grass%, Percentage of grassland; Forest%, Percentage of forest; Agriculture%b, Percentage of
agriculture; Build%, Percentage of build-up land.
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256 GAM IR HTEE R, S EF YRS A A RIEON 1.255 B, W RN G S RECy 17 #,
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1.2-9.0% 1], [FIERHBRITEIRR 5 LA T 325%.

Bl B A A A SR 2.903 Bf, o RN I # B AR 798 ind/m?, IR AT LIFR AR EUA
WS IRIUETERE N 0.31-045 mg/L; B AR VA BRINETERELA 150.1-381.7uS/em. K RAFUR PG &8 a2 AR
AR, OB RREE 0.6-10.9%, HAHBIIR S VN 6.3%.

T EHE SRS AR 1.146 I, STRRSAREE B EIAT] 13ind/m?, T LS EKIE M EUEE
8 15.0-24.0°C, pH IBUETERELA 5.0-8.8, JHEERBUETEEN 05-17.2. s S oA B ER, Fith
TERRFR T 2.0%, HHHIEARSAFERE 03-84%,  [RIN7KISHANRFHEE 0.4-9.0% G
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Tab. 3 Results of the GAM between habitat factors and functional groups

ThReRE R PR R? DE
T @ﬁfﬁz S(g NTU)+S(1g COND) 0133 18.1%
/X —_— _— _
T LU S(ig NH, )+S(1g COND y+S(NDVI) 0.3% 476%
HE S(lg NH, y+S(1g COND y+S((WT-18.6622)/4.0551) +S(1g D50)+S(1g TN) 0534 60.9%
e LA S(lg NTU)+S(1g Slope) 0172 205%
B S((WT-18.6622)/4.0551)+S((pH-7.688)/0.9311)+S(lg NTU) 0361 428%
Wit YA — — —
I S(lg TN )+S((WT-18.662)/4.055) 0197 26.0%

JEIHAET E SR Canbkth, i) (5 S THRERHETZ B LRI, B SAFHHIARHRT 10%, SIEERHE
HEERE 9N 033 (B 5a) , fEHEBIEREERIPIT 034 (B 50) o JEEHBIIEE LT B A LA L 66.0%
ISZUEAE 4.39, (EL 0%INTPEZ I/ ME 3.78 (18] 5b) ¢ WA FEMIAELG, EL 5.0%INRIRAIE 4.24, BEE HELFEE 100%
AR A{E 5.38 (E5d) o Lier BRI, 24 500 m L2 IX PIMRHITIAN 5 EbAL T 15.2-44.9%. HEHbIIAS & HA T
5.3%- FEAF I & ELAERFAE 1.2-9.0% HBIEIFR & ELi T 32.5%. /KISREAR 5 HiArT- 0.6-10.9%, HoKIRFRELE 15-24°C.
pH {EA-F 5.02-8.81. Z & EIFHITE 0.306-0.449 mg/L. JEFRIAZA 36-188 mm B, JEASIVIRE AL 2HUH HAR
TR PRAS
31ie
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SR OB m). JRBHMERAD RAEREARN, AT A ST BB AR 4. HRE S
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Fig. 5 Mechanisms of land use impact on macrozoobenthos: a. Scrapers; b. Filters; c. Predators; d. Collectors
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Supplementary Tab 1. Classification criteria for substrate types.
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Supplementary Tab 2. Principles for the delineation of macrozoobenthos functional groups based on functional traits.

THREEHER PRIRERY HERGRRG
—HE Vol1
itk AR Vol 2
EZiG Vol 3
PR Dev1l
REHZRE (=savpt] Dev2
Bl =5 vt Dev3
Y DF—H Lifel
Pl £F—H Life2
25<mm Sizel
25~5mm Size 2
5~10mm Size3
[ZSS 10~20 mm Size 4
20~40 mm Size5
40~80 mm Size6
>80 mm Size7
WKk Disp 1
witp e TR Disp2
7R W Disp3
FEE Disp 4
B Res 1
JiEnp Res2
AR JEHP Res3
AT Res4
FKIETR Res5
fre= Trol
brye=a Tro2
TR fliEEs Tro3
e Tro4
WieE Tro5
WA, VNI Food 1
B (<1 mm) Food 2
HYERE >1mm) Food 3
TEAEEY) Food 4
izl LN LY Food 5
YA (>1mm) Food 6
TEIAIEEHER ) Food 7
AR Food 8
HHEBI Food 9
HRERIL Feed 1
AWINTTR) Feed2
TR Feed 3
. W, Feed 4
SR SR Feed 5
LT GERL MIRNED Feed 6
WErE G F Feed 7
e =it Feed8
AT Locl
KT Loc?2
BHIER FRiE KT Loc3
esr Loc4
FAIE GRIEAD Loc5

14



PR (a5

I TElE
FKATEE

Loc6
Loc7
Loc8

B35 3.2022-2024 A FEIX AHEFIFEEASRERE (km?)
Supplementary Tab 3. Land use transition matrix in the study area (2022 - 2024) (km?)
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Supplementary Fig 1. Results of hierarchical and cluster analyses for macrozoobenthos functional groups: a. Number of clusters;

b. Dendrogram from the cluster analysis.
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