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Fig.1 Location of the sampling sites
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Fig.2 Relative abundance of macroinvertebrate
functional feeding groups

in stream of southern Jinan city
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Tab.1 Relative abundance of macroinvertebrate functional feeding groups in different sites

V)i Ff 5 Sites
Functional

feeding groups S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
IEEH FC 0.29 0.47 0.05 0.71 0.71 0.75 0.29 0.08 0.25 0.31 0.33
sE#H GC 0.71 0.53 0.95 0.27 0.29 0.24 0.53 0.78 0.25 0.68 1.00 0.61
REH OM 0.02
ME#H PR 0.08 0.03
FlEE SC 0.01 0.08 0.11 0.50 0.02 0.07

TE ALRRAART F2 R T 0. 01 B IEAT S 9 Zh BE R (2R

Notes: Only functional feeding groups of macroinvertebrate with relative abundance greater than 0. 01 are shown.

2.2 DEEEBREEMMSEIRHSE Shannon-
Wiener 2 f# 15 EHE X 14T

U A P B 11 DX 25 A U A VAV 30 40 ) )
JHE T B O A BF ( Baetis sp. ) S0 A1 K
( Ceratopsyche sp. ) . & W J& — # ( Chironomus
sp. ) G IR IR ( Bellamya purificata) KA R
( Macronychus sp. ) F14< & $& W Jg — Fl ( Tanypus
sp. ), LR 20 & SRR 3 4 Shannon-
Wiener ZHEMEFEE51 8 3.88(S1) .6.01(S2) .
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1.35(S3) 2.62(S4) ,3.43(S5) \2.30(S6) .8.23
(S7).4.88(S8).2.83(%9).3.99(S10).1.45
(S11)Fi13.43(S12) . Xt D fiede 2 HEI 2] B4R
%5 Shannon-Wiener Z2 FEPE 45 2t 47 —JC Rl A
Jri, AR R —JnEH B R 2 (P <0.05) A
BT EE R =0.44 (18 3) o [MIE 53 H7 W], g
TR E R 2 AR 40 Shannon-Wiener Z2#
T8RO BT RS
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2.3 EFEHYMMEE AR RYMEES KR .
P [ OEE &

5 8K TR AL 2 5 4 0 11 1 3 -
VT B — 5 9 AR B T, B R BLLE TN A e
COD PIAME R 1 (3¢ 3) . DCA 4147 578 HEFF4i 250y
B K N T3, B IR 0T A 4 BT R .l
( Redundancy analysis, RDA) TEAN A 3 ) T RE 5% %‘E‘ s
FEBERWRBEE SARZ MR, RDA S §E o1pe oo
B, i 2 S AR RS RE SR A2 75, 19% 1Y el
AR, KIS R, 55— HET B (R 5 02 i 6 8
61. 1% 1975 5% ) 47 e 5 191 19 2 KA & TP : s ol it N
(0.19) Fil Sal(0. 12) , WLIE 4a. ¥FEEd 5K 5 B3 e R
RDA 485721, 55— A5 — HE R AL A R IR Shannon- Wiener £ F 8 #% 2
SWIRETE 46.2% MBS, Ak, 55— Fig.3 Relationship between
7 (BERFERE 27. 5% 178 S8 ) A dae s [B1 A R 4 evenness index of functional feeding groups
)& pH( =0.65) , ILIE] 4b, and Shannon-Wiener diversity index
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Tab.2 Relative abundance of macroinvertebrate in different sites

. 5 Sites

PR Species S 2 3 s+ S5 S6 ST S8 9 Sl0 Sl SI2
I RIS Branchiura sowerbyi 0.06 0.25
BEHI 7K 2245 Limnodrilus hoffmeisteri 0.12
FUE B IZ Bellamya purificata 0.06 0.04 0.50 0.01
TR Corbicula fluminea 0.04 0.25
FEURIE J& — M Mooreobdella sp. 0.08 0.03
WEIRI % N2 Radix swinhoei 0.14 0.01
54 45 VB % Semisulcospira cancellata 0.03
FH R & —F Antocha sp. 0.02 0.10
VY5 W J& —Ff Baetis sp. 0.08 0.17 0.93 0.22 0.13 0.16 0.31 0.21 0.52 0.56
b7 Jg —Fh Caenis sp. 0.18 0.08 0.01 0.01 0.04 0.06 0.04 0.05 0.01
S Wk JB—Fp Ceratopsyche sp. 0.02 0.11 0.05 0.69 0.59 0.75 0.02 0.06 0.25 0.24
PEIUE — M Chironomus sp. 0.43 0.19 0.04 0.06 0.04 0.02 0.06 0.88 0.04
F& M WF Ephemera wuchowensis 0.03 0.01 0.12
Jiit W% J& —Ff Heptagenia sp. 0.01 0.02 0.04 0.01 0.07
K e B Macronychus sp. 0.03 0.51 0.05
KIZWAJE—F Philoganga sp.
KRR —F Tanypus sp. 0.28 0.33 0.01 0.12 0.03 0.05 0.09
W )& — A Simulium sp. 0.12
H AR UF Marcrobrachium nipponense 0.02

AR R R R T 0. 01 (YRR S P Fh

Notes:; Only macroinvertebrate species with relative abundance greater than 0. 01 are shown.
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Tab.3 Physical and chemical variables of water quality in different sites
=y Cond/ TDS/ w1/ DO/ H ORP/ Sal/ TN/ TP/ COD/
Sites (us/em)  (mg/L) C (mg/L) P mV (mg/L) (mg/L) (mg/L) (mg/L)
S1 918.0 637.0 18.1 11.01 7.93 94.6 0.49 7.49 0.02 3.0
S2 868.0 604.5 18.2 6.74 7.80 94.8 0.46 5.87 0.03 6.1
S3 646.5 455.0 18.7 14.06 8.42 83.3 0.34 2.77 0.03 1.0
S4 559.5 390.0 18.3 10. 14 8.20 90.6 0.29 5.95 0.01 8.8
S5 574.0 396.5 18.9 10. 87 8.11 76.5 0.30 5.31 0.01 1.2
S6 532.1 369.2 18.3 6.62 7.71 103.5 0.28 0.43 0.01 1.0
S7 622.5 435.5 17.6 9.22 7.95 109.6 0.33 7.57 0.01 64.0
S8 532.5 370.5 19.0 7.54 8.10 89.2 0.32 3.84 0.01 7.6
S9 581.0 403.0 18.9 9.23 8.01 86.3 0.30 1.94 0.01 1.8
S10 545.0 377.0 18.8 10.42 8.00 83.8 0.28 1.63 0.01 1.0
SI1 602.5 422.5 17.8 7.08 7.48 95.2 0.32 2.47 0.01 4.7
S12 349.8 245.7 17.3 9.34 7.75 92.2 0.18 1.41 0.02 1.0
TP
06 TDS
Condpgal
0.5 coD
TN DO
~ 0 / ~ ORP
g pHY ORP g TN Sal
< WT s pH WT TDS
= = 0 Cond
N coD N DO— _/
=< = TP
2 -0.5 2
-0.5
-1.0
1 0 1 0.5 0 0.5
RDA1(61. 1%) RDA1 (27. 5%)
(a) (b)
4 KEENEEEBRER (a) MYFEE () B9 RDA 5347
Fig.4 RDA analysis of water quality and functional feeding groups (a) and community structure (b)
VLA (1), Hrp,S1.82.83.85.86 Fil S11 #£88 LA
3 itig

3.1 INREBRABBEENSESRRRRTN

IR 45 2R 2 W1 5 i Rl 8 L DX 3L AT 3l
AR N T, O e o W B i
BAR AP 8 2 0 DO I & LB A0l
PUBKLY) o B, — AT A — I iod S8 B s . OF
T R B L DX U TR AV sl LACER 3 R e
ERAK R, DT DX R A LR A2,
G KT BT 45 R — 5 . B R R
W DX PR 2, N2 Bl % 7K A B 31358 82 )
B, P g A L X B A LA % T RE S
AL T AN A O A S MR
FERLIIHT, 25 FE A RE 45 B S 4L U O R —
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JRAFAE, A BERR A 1 TN A1 COD (14 Ji ¢ 2
BoE (R 3), HHIE T i KR A WY B £ .
I FH O RE S B S 2 S BE AR K () VAR T A
P L DX 7 A 25 o R D 22 B 2% e DX O A
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SELT R PR 0 0 4 22 TR RO B e
B R—2, NI, BIFFE 45 R R W1 5 9
Ll DX I TR Bl ) S e B R 2y I Y )
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JFEFRBOT LS 2 i b XA AL 2 N 3 Bl %
BRULAFZ IR . %k X T R S I ) BE R 4K
FRA R R TE T R EB 43 A D) BE 40 1 S T A A
by B T L 3 S B SRR O 2 B o 0 P
(F 1), Hrr,S7 1S9 KA M T Reti & 2 HE Y
SRR B R W IR RE T+ ST FF S5 B AR IR 3 A
X FEERR(0.53) HEIEES aH Wad
RN 38 305 SO A A5 MB35 U 3 A
E AT R 5], S12.S8 I S10 T fE 4
ERBE SRR EULT ST 1S9 iR HAE T, B
SRIXCILAFE AL & 3 ~ 4 FhOige s & 258, (1
SRR E AT F R, Y T 0.6 (45l h
0.61.0.78 F10.68) . (i iR 43H7 Al 15, ¥ i
b DX I KR A A S TR A S R B A AL
Wit 2 R A I B R YR a2k
HEARRTF B L, et B R BE A A —,
AFFOZM X BT AES RGN TR, TRe#
I 5 FE 48 BURE AR U b s W12 Hb X VR i
B RGBFRARD
3.2 DIt REHFHYMHEEH S Shannon-
Wiener % #£MEEEHE XD T
Shannon-Wiener ZFE AR EUH 1E R K AE A9
W IR AR o PR R AR SR T %4 HitE —
SERE R 1 WF 58 K 3 AN 35 H . 4 4n, Shannon-
Wiener Z2FEE 118 BUAE e J0 0 XI5 B 170 AN 3
ELHEAT AR AE B2 ST R AT 3
YRR AR 2 AR PR 25 R N 26 2l 0L TR 5 i) A
2R K, i1 Shannon-Wiener ZAEPEFEEUAIE
AR BRIEN o AT S I AE R 2R
SIEEFREOEM TSR A A TER A R Gl
FREVEM J7 i R 4D o BRIL, SRR AT 3 9 1)
REtR IS 5 FE 5 45 Shannon-Wiener £+
PEFEBORH S T LA 33X P A 0 B XA T b
AR, e ERTHIERES
Shannon-Wiener Z2 4 45 577 75 B4 10 AH DG A% o
X 25U 78 2 A X AL S N T B
e T Y ¥ i , Shannon-Wiener Z2 V45 BUF1 1) fig
TR S R B #38 FH o VB 53
SR, RIS AE S I RE B R S R E
Shannon-Wiener 22 # ¥4 15 % [l 5 5% 22 8 /v, H
SR 2E B /NI ST R S8 B AN, 8% 25 e R I
S9 FISI1 FE i (B 3) . S7 F1 S8 FES WA H +
IR R Z (R 1,582) . S9 HEX

B3 A, L AR T AR R ST
REAHEL2 MR B I (K 1,%2) . W
I, DI ReH & B 51 45 %5 Shannon-Wiener
ZHMIREEY A H 8 et B R R
ZHIHOUT , TP 45 A B i e
3.3 RESMIEEBRLBRYMEESKR
Z BEIHX &R

TR 5 R 20 ) ) b 3 v T RE BB A 2
TEAR GBI BRBE R T 0 e e B /NI BT
T K IR K B JES TG 20140 1) 2 o) o i e
TEAFIE R, 7K BT 5 IR AT Sl 10 W b A v R0 2 RE 16
FRTE A BAF IO . I, A S )
IRV RN L) 8 466 B S X AT A oK ot A= ) 2 31
WIS G o DFSELS b F W1, 2K Bons 2 g 45k
B S AR R 2R = TRV, Ud B A Ik
AR, D RE SR £ S TE T B Lol 30 94 X K
BARURE, TS AR X S, KRS R 5
BEARE ST T 2 7 R 6 1 e o P2 R, X 15
DALU 25 [ BiF 78 45 A2 Lo R Bl S i R /K
PRS2 E IR TS Yo RE BE 1) B B AR A, R T IR AV 3
Y REBEE SRR A A7 5 B L MBS AT LA
AT SR TP R R R AR A B YRR AT
SR AR S ) D Re s B 2. Kb S5 A A
X = BEAR DG M f R I S U pHL, X R 4 K
RTINS MBS L pH o 6 ~ 81 T AHESE Hh
A5 AFES Y pH BT 8 X WS I A A7 A
FEMR o R LU IR ATS 3l 4 D) e 16 2 2 B RN ) R R
5 SR BRZ IR 56 2, D RS A 2 IR AT 5 1y IR
TR S SRR Y G IRAT S, T R RE VR B A
KA F pH 5EFHEEA KL,

SEH:

[1] VOROSMARTY C J, MCINTYRE P B, GESSNER M O, et
al. Global threats to human water security and river
biodiversity[ J]. Nature, 2010, 467(7315) : 555-561.

[2] BONADA N, PRAT N, RESH V H, et al. Developments in
aquatic insect biomonitoring: a comparative analysis of recent
approaches[ J]. Annual Review of Entomology, 2006, 51
495-523.

[3] MENEZES S, BAIRD D J, SOARES A M V M. Beyond
taxonomy; a review of macroinvertebrate trait-based
community descriptors as tools for freshwater biomonitoring
[J]. Journal of Applied Ecology, 2010, 47(4): 711-719.

[4] CUMMINS K W, KLUG M J. Feeding ecology of stream

invertebrates [ J ]. Annual Review of Ecology and

http://www. shhydxxb.com



132 (SR VNI B 2%
Systematics, 1979, 10: 147-172. wadeable river: periphyton, Benthic Macroinvertebrates and

[5] PENG ST, ZHOU R, QIN X B, et al. Application of Fish[ M]. 2nd ed. Washington D C; U. S. Environmental
macrobenthos functional groups to estimate the ecosystem Protection Agency, Office of Water, 1999 270-324.
health in a semi-enclosed bay[ J]. Marine Pollution Bulletin, [15] HEFRHREAPESR. AR A W a4 5[ M]. 4 /7.
2013, 74(1) : 302-310. dbnt: o E RN M, 2002.

[6] DINGN, YANGW F, ZHOU Y L, et al. Different responses of The State Environmental Protection Administration. Water
functional traits and diversity of stream macroinvertebrates to and wastewater monitoring and analysis method[ M ]. 4th ed.
environmental and spatial factors in the Xishuangbanna Beijing: China Environmental Press, 2002.
watershed of the upper Mekong River Basin, China[J]. [16] LEP é], SMILAUER P. Multivariate analysis of ecological
Science of the Total Environment, 2017, 574 ; 288-299. data using CANOCO[ M]. Cambridge: Cambridge University

[7]  GAMITO S, FURTADO R. Feeding diversity in macroinvertebrate Press, 2003.
communities; a contribution to estimate the ecological status [17] kW, T &%, ki, 2. K7l 4 b A1) e R ) e
in shallow waters[ J]. Ecological Indicators, 2009, 9(5): SRR AR [ )], FREEREEST, 2018, 31
1009-1019. (9): 1527-1536.

(8]  TEXr, AFEE, MIBEL, &5 NN sh Y ShRest & i ZHANG Y, DING S, ZHANG Y, et al. Effects of land use
15?}}?%{%?0]?}@?:%&%}3‘&%%[] I Re N = on macroinvertebrate functional feeding groups in Taizi River
i, 2018, 27(1) : 9197. Basin[ J]. Research of Environmental Sciences, 2018, 31
WANG X Z, ZOU X, HE S X, et al. Application of (9): 1527-1536.
macroinvertebrate functional groups to estimate the ecosystem [18] FE i, %51, , L BRE IR R R s YR e
health in the downstream of the East Tiaoxi River [ J]. ﬁbﬂiﬁgﬁé‘ﬁ&ﬁﬂ” ZﬁJ,u[J]. &R, 2017, 37(21) .
Journal of Shanghai Ocean University, 2018, 27 (1) 91- 7128-7139.

97. WANG B H, WU D, ZHANG J, et al. Diversity and

[9] MCCALLEN E, KNOTT J, NUNEZ-MIR G, et al. Trends in temporal-spatial dynamics of macroinvertebrate functional
ecology: shifts in ecological research themes over the past feeding groups in the rivers of the Jinan Region[J]. Acta
four decades[ J]. Frontiers in Ecology and the Environment, Ecologica Sinica, 2017, 37(21) . 7128-7139.

2019, 17(2)- 109-116. [19] LIULF, XUZX, YINX W, et al. Development of a

[10] Y, 3 Rap. FET SWAT AR B ma g b LU X 4 multimetric index based on benthic macroinvertebrates for the
i{ﬁ*l]fﬂ{jﬁ{tﬁﬁﬁ[]] . MEMEHEK 244, 2018, 37(5) ; 121- assessment of urban stream health in Jinan City, China[J].
128. Environmental Monitoring and Assessment, 2017, 189(5) .
FENG B P, LIANG X, ZENG Z. Optimizing land usage in 205.
southern mountain areas of Jinan based on the SWAT model [20] ¥EXHr, ZEPRAE, 2=, 5. F/KALTE oK IR X IR 7R
[J]. Journal of Irrigation and Drainage, 2018, 37(5) : 121- RERAG SR st 2 sh & (T, N A5 HEEAEY
128. 2£4k, 2009, 15(6) : 803-807.

(L] b, A, i, . Srmamilil X 2Kz i WANG X Z, CAIQ H, LI F Q, et al. Distribution dynamics
Y ThRERE T ]. Wbl , 2017(5) ; 24-25, 30. of macroinvertebrates in the source water areas of the south-
WANG S S, WANG B H, HAN J, et al. Analysis of water-to-north project [ J ]. Chinese Journal of Applied &
phytoplankton functional groups in the mountainous area of Environmental Biology, 2009, 15(6) . 803-807.

Southern Jinan in summer[ J]. Hebei Fisheries, 2017 (5) : [21] 204, Z=meif, RSB 5. WEDLAER™ DX 30 B4 5 R AR A sh 4
2425, 30. HEVE A SOK BUAEY) 3P [T ] IRAEAY A4, 2016,

(12]  #HEW, R, FRBE, 55 Grrgmal il KA TR 17 i 40(1) : 147-156.

S REEFFE (1], WdtHal, 2016(12) ; 28-30, 36. JIL, LI X M, DENG D G. Community structure of
HAN X M, WANG B H, ZHENG B, et al. Study on the macrozoobenthos and bioassessment of water quality in
diversity of zooplankton in the southern mountain area of Jinan collapse lakes in Huaibei mining areas [ J ]. Acta
in summer[ J]. Hebei Fisheries, 2016(12) : 28-30, 36. Hydrobiologica Sinica, 2016, 40(1) ; 147-156.

(131 E0boh, THER, 630, 55 Grgraal il Ok R sh ¥ [22] X8, XVIHME, Sk, & REmEUsyish s g &
UiReE BT [J]. bl 2017 (4) : 30-31, KRB [T]. A EFREERN:, 2020, 40(3) : 1305-1319.
48. WANG Y, LIU J J, FENG Q, et al. Macrobenthos
WANG S S, WANG B H, JIN W, et al. Study on functional community structure and water quality evaluation of Heihe
feeding groups of benthos in reservoirs in southern mountain River Basin[ J]. China Environmental Science, 2020, 40
area of Jinan[ J]. Hebei Fisheries, 2017(4) ; 3031, 48. (3): 1305-1319.

[14] BARBOUR M T, GERRITSEN J, SNYDER B D, et al. [23] WANG X Z, ZHANG Y Y, TAN X, et al. Do water quality,

Rapid bioassessment protocols for use in streams and

http://www. shhydxxb.com

land use, or benthic diatoms drive macroinvertebrate



14 AR A N RTIRAT Sh 4 D) eSS EL PR A B e P R LD DX IR A A R G AR 133

functional feeding groups in a subtropical mountain stream? 4z, 2018, 38(1): 1-6.
[J]. Inland Waters, 2021, 11(1); 67-77. WANG M, YANG B H, MENG Y F, et al. Studies on

[24] MYKRA H, HEINO J, MUOTKA T. Scale-related patterns diversity and temporal-spatial dynamics of Macrobenthos
in the spatial and environmental components of stream Functional feeding groups in the rivers of North Canal in
macroinvertebrate assemblage variation[ J]. Global Ecology Beijing[ J]. Journal of Guangdong Ocean University, 2018,
and Biogeography, 2007, 16(2) : 149-159. 38(1): 1-6.

[25] DALU T, WASSERMAN R J, TONKIN J D, et al. Assessing [27] RREE, BHEL, HE, % BILKAUSHs Y hae st &
drivers of benthic macroinvertebrate community structure in AW A oA S SR [ )] AR, 2020, 40(1)
African highland streams: an exploration using multivariate 60-69.
analysis[ J]. Science of the Total Environment, 2017, 601- ZHU C X, MO K L, TANG L, et al. Spatial-temporal
602 1340-1348. distribution and ecological effects of macroinvertebrate

[26] FEiH, B, sk, & ezl Kk 2 ERZ) functional feeding groups in the Lijiang River [ J]. Acta
YIIREB B RAE S I B R TR RT]. TREEA R Ecologica Sinica, 2020, 40(1) : 60-69.

Application of macroinvertebrate functional groups to estimate the ecosystem
health in the stream of southern mountainous area of Jinan City

LI Xin', FU Yao', DAI Jing', WANG Xingzhong®, YU Xuefang’, ZHENG Wenwen*, SHEN Henglun®

(1. Jinan Environmental Research Institute, Jinan 250014, China; 2. Zhejiang Provincial Key Laboratory of Aquatic Resources
Conservation and Development, Huzhou University, Huzhou 313000, Zhejiang,China; 3. Zhejiang Environmental Monitoring
Association, Hangzhou 310007, Zhejiang, China; 4. College of Life Sciences, Zaozhuang University, Zaozhuang 277160,
Shandong , China)

Abstract; The investigation on the functional groups of macroinvertebrate was carried out at 12 sites in the
stream of southern mountainous area of Jinan City in September 2019. The feeding evenness index (j,) was
used to assess the ecosystem health of the stream of southern mountainous area of Jinan city. The results
showed that the gather-collectors with relative abundance of 56.9% was the most dominant group among the
functional groups of macroinvertebrates in this area, followed by filter feeders with relative abundance of
35.4% ; the dominant groups were mainly Baetis sp., Ceratopsyche sp., Chironomus sp., Bellamya
purificata, Macronychus sp. and Tanypus sp.. The j,, value indicated that the overall ecosystem health in the
stream of southern mountainous area of Jinan city was in poor condition. The regression analysis showed that
there was a good correlation between j,, and Shannon-Wiener diversity index. The redundancy analysis
(RDA) showed that the relative abundance of the functional feeding groups was closely related to the total
phosphorus, while the community structure of macroinvertebrate was closely related to the pH.

Key words: Feeding Evenness Index; bioassessment; macroinvertebrate ; southern mountainous area of Jinan

City
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