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Responses of functional diversity of aquatic insect community to land use change in middle
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Abstract: Based on the biological traits such as life history, resistance ability against environmental
disturbance, and physiological characteristics of aquatic insects, and by using the fourth-corner sta-
tistical method, this paper studied the responses of the functional diversity of aquatic insect commu-
nity to land use change in the middle reach of Qiantang River, Zhejiang Province of East China.
For the test aquatic insect community, some of its biological traits were sensitive to land use
change, and altered along human disturbance gradients as expected. With the increasing intensity
of human disturbance, the maximal insect body length decreased gradually, the dominant respira-
tion pattern evolved from gill respiration to tegument respiration, and the abundance of burrowers
increased significantly. At the same time, the functional diversity measured as Rao’ s quadratic en-
tropy was significantly higher in reference sites than in disturbed sites ( P<0.001) , demonstrating
that the changes in the functional diversity of the aquatic community were mainly induced by the
land use change caused by human activities, which resulted in the decline of stream water quality
and habitat quality and the variations of aquatic insect community composition and biological traits.
The aquatic insect biological traits and functional diversity could be the potentially effective indica-
tors in the stream health assessment in the future.

Key words: biological trait; fourth-corner statistics; biomonitoring and bioassessment ; stream.
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Qiantang River.

Locations of 80 sampling sites in the middle reach of



10 14 SRR BRIV K Az B VRV DI RE 22 AR X M) P A2 A 4 ) 2949

x1 KERBREMFUERRERESR

Table 1 Biological traits and categories for aquatic insects

5 ELN 25
No. Ttrait Category
1 f KR K Maximal size (cm) <0.25 ¢m;0.25~0.5 em;0.5 ~
I em;l ~2 em;2 ~4 cm;4 ~8 cm;
>8 cm
2 AT S R Life cycle duration <1 i ;>1 A
3 FRAERT LB B IR B Poten- <1515>1
tial reproduction cycles per
year
4 KRB Aquatic stage s &0y 5 0 e
5 Z54 Reproduction BIRRZE s eSO , TCRE 40 5 e s

WG, 2 WA O A g A s
PR ; B Ui B BRSO R
PEAERIN R (A ) 5 B, B
A Ttk B

KA KA F2 80 28 a2
KEF)

B 5 RERE HRHT TR /N S
EEYNISYH

TR AU s AT TR AT
SR

AT TR Wik ; K 5 €T
o B AR B (P A ) 5 i R
& KBINE
AR+ EY ; <1 mm [
TURL; =1 mm AR UL ; S M
o KUK A KW sh i P ik
=1 mm/h@%ﬁﬁffj]%.j(ﬂ%
RO Wt e IR
HREE (HYESY) ;R
A

6 Y #03X Dispersal pattern
7 HUE 5 HE Resistance form
8 I 755X Breathing

9 B M5 IR KR Loco-

motion and substrate relation

10 B Food

11 HUE > Feeding habit
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SCHR GO (G 43 SOk BERE 0 TR R
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Table 2 Environmental variables measured in reference and disturbed sites in the Qiantang River basin
RN fﬁ)icvia— S BN A Reference sites (n=22) FHL 54 Disturbed sites (n=58)
Environmental variable tion HI{H Mean FrE2 SD I{H Mean FrE2 SD
W Slope * S 22.83 3.99 6.62 3.31
TR 55K Forest (% ) * F 99.97 0.07 51.5 22.79
1K Altitude (m) * Alt 301.59 124.89 79. 69 29.75
TR IE Average depth (m) * AveD 0.18 0.07 0.45 0.60
JIC B F- 3445 43 MSUBST * M -5.90 1.15 0.17 5.67
W Velocity (m « s7!) s 0.38 0.21 0.39 0.28
7Kk Temperature (°C) T 14.87 2.02 18.24 2.85
pH pH 7.24 0.37 7.30 0.66
L5 Conductivity (s + em™) * Cond 40.68 19. 86 309.55 361.48
%A Dissolved oxygen (mg + L71) * DO 10.03 0.48 7.98 1.42
VA Total nitrogen (mg - L7') * TN 0.75 0.43 4.31 5.24
S Total phosphorus (mg - L") TP 0.03 0.03 0.12 0.20
LT A CODy, (mg - L7 * CoD 1.22 1.18 3.17 3.25
I1}4%% a Chlorophyll a (mg - L™") * Chl a 0.47 0.66 3.52 3.97

* P<0.05.

it WA pH Sh, BRI E IS (KR 2). S
R R A TR A R SR e T T
A JEEJFOF 247543 (MSUBST) 76 2 i (9 400 {E (£
() B T TP, T B 2 I A6 8 I DR o 19 R
A HRUHUBORE ZH B 91 8 T 400, T U e
VPFIA BT i T2 R T R AL 8
R M EE (COD,,, ) M 2R a fE T PR E
BERTSMA, S AN ZA TR B, H
SRR N T AL AR AR B T 5 i
T M

=T AN

CCA 7 Mri & i i 8 AN BB A8 & /35l
SRR T pH  HLFR R SR COD,, FIrt
R a(E 2) , XY K A L RV AR S R R
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Fig. 2 Canonical correspondence analysis between sampling

sites and environmental features in the Qiantang River basin.

WA 5 455 W32 2 The abbreviation of environmental variables saw
Table 2. T [H] The same below.
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environmental variable and biological trait obtained by the

fourth-corner method.
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Table 3 Results from fourth-corner analysis on species abundance, species functional traits and environmental variables

AR Trait 25 Categories S F  Alt AveD M A% T pH Cond DO TN TP COD Chla
S NN =<0.25 - - - + + - + +
Maximal size (cm) 0.5~1 + + + - - _
4-~8 -
BRAE ] LA A RAL 1 .
Potential number of
reproduction cycles per year >1 +
KA B B N Egg + o+ ¥ - - - 4 - -
Aquatic stage 4 H Larva + + - — + _
1 Pupa - - - + + + - + + +
E 3 BN Ovoviviparity - - - + + - " + + +
Reproduction WEES BY BF, JC Mt B 9 Isolated +
eggs, free
s /Y B0, W H I A Isolated  + + + _ _ _ "
eggs , cemented
iy KBS Aquactic passive + + -
Dispersal 23S W55 Aerial passive + +
233, E 3l Aerial active + + - - +
Buiia g BUE Eggs + + - + - - -
Resistance form J& None +
I 77 = Breathing T Tegument - - - + + + - + + +
fifl Gill + + + - - - ¥ - - _ _
S J& Plastron -
12 g M5 R FEKTA_E 77K Surface swimmer + - + +
O 56 R 70 Burrower + + +
PN ) .. o B _ _
Locomotion and %Iljfé%( HAME) Interstitial (en + + + n +
dobenthic)
substrate relation Il ot B 5 Temporarily attached + -
(clinger)
Ty BRI+ Fine sed- +
Food iment + microorganisms
e BUE UL Deposit feeder +

Feeding habit

i # Ppiercer (plants or ani-
mals)
¥4 Parasite, parasitoid

- + + + - + + + +

AN B H S A A 2 MR S BB [ F 4 A (P<0. 00357 ) For ease of interpretation, only significant relationships ( P<0.00357) were shown. +/—:
Pearson 3% 1E M 5&/ fi#15€ Positive or negative Pearson correlation between the environmental variable and the functional trait. F5EAF w455 W3 2
The abbreviation of environmental variables saw Table 2.

INMMEH R 2 (<0.25 em) 5K BT 18 4
(MSUBST) JKili BA BB ELEEHEER, 5
R AR 358 ISR R AR U SRR T
HEEAMER(0.5 ~1 em) 28 SHE R 5% 1
KEIEM KA ZR 5 MSUBST /K I8 AR B 5 0 A0 56

AR AR R Ty S 3 R I S
BMESR BK BHMAZNMEXEXR, 5
MSUBST JKifi  HL 5% SR . COD,, FIF 4R a &2
IEABR KR MR, SR S5 h5 B R 6% 1
WA 2 IEAHCOC R, 5 MSUBST /K HL 3
R MA M COD,, MK a BHRMHEKER, UL

B2 KA T EE T R, e R AR AR A AU T R, K AR
B MRy X DA FH BRI Sy 2 27 7 oA FH 2 B PP
i/ £ 5 MSUBST .COD,, M4 % a &t
SIEAHIEIE R ; MSUBST B FH 7 , 28 B S I 1 KL
I A==/ ARSI T A D e o) W S T y
FHIZHHRE 700 B L, TP e s O B3 4 I e
() S H I R4
2.3 ZHGRTHAAE YRR ZFE T L
AESEL Wilcoxon &AL IE 25 L HH (1K 4) .
SRS ST R PER AR, BN Th e 2 RE R R 2L
Rao ) IR A & 25 5% (W=1038, P<0.0001).
Z BN A 2 S T T
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Fig.4 Trait diversity in reference and disturbed sites of Qian-

tang River basin.
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HENT S EES RN B R, JF Bl DU R
IERA R AESTE S, BRI AT DUFE 94 AR vtk 2 4
ERSPNE S b Y VS R AT R SR =g

(B2, AT 1 A IR DA AR G b s Bt G A
AR SO R E I 1) R [RI AR A Py R
BEFTHT 43 B gt g | 5 A $ oK 5 SR, i T 0K
AR, B AR IR VF 2R B O HERR T2,
N RARBTA D A KRB RE 1y g MR BEFE” Bt
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