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ABSTRACT

Aims. The Yarlung Zangbo River basin supports rich and unique biological resources, which makes it a global
biodiversity hotspot. However, surveys on benthic macroinvertebrates in this river basin are far from sufficient. To fill
this gap, this study focused on the middle and lower reaches of the Yarlung Zangbo River, where macroinvertebrates
were sampled from the main stream and tributaries in autumn (October 2015) and spring (March 2016).

Methods: One-way ANOVA was used to examine the differences of abundance, biomass and ecological indices
between the main stream and tributaries. Canonical analysis of principal coordinates (CAP) was adopted to test if
community structures varied among different site groups. Canonical correspondence analysis (CCA) was applied to
identify the key environmental factors that significantly influence the community structure of macroinvertebrates during

WSk 1 41: 2021-10-29; 232 [13: 2022-01-08
LI H . RHEER IR A5 1520 19F Y 101903; 2019FY 101906) 1 H (5] e g 42 (41 i 48 8l 00 8¢ -4 5 e A4 B 24 1 92 By
* J@I/E# Author for correspondence. E-mail: zhcxie@ihb.ac.cn

https://www .biodiversity-science.net



ZRIE WA SR R U A S Y I 2 I S i TR 3R

each season.

Results: A total of 270 species were identified, belonging to 5 phyla 8 classes 20 orders and 92 families. The
community included 246 aquatic insects, 14 oligochactes, 4 mollusks and 6 others. The average density was 939.1
ind./m% and the average biomass was 5.44 g/m’. 184 and 214 macroinvertebrate species were collected in spring and
autumn, respectively. The dominant species were aquatic insects that preferred clean and cold water, including Baetis
sp., Baetiella sp., Smulium sp., Micropsetra sp. and Brachycentrus sp. The community structure, density and diversity
indices exhibited significant temporal and spatial variation, and the diversity in tributaries was significantly higher than
that of the main stream. CCA analysis indicated that environmental factors including altitude, velocity, river width and
substrate types were key factors structuring the benthic community in the Yarlung Zangbo River.

Conclusion: The variation in community structure and diversity pattern were mainly derived from the variable climate
types and geological barriers in the Grand Canyon area. This study can provide important basis and reference for
macroinvertebrate diversity assessments and environmental monitoring in the Yarlung Zangbo River basin.
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Fig. 1 Geographical locations of the sampling sites in the Yarlung Zangbo River, China
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Fig. 2 Species composition of benthic macroinvertebrates in
the Yarlung Zangbo River

20224F |30% |6 | 21431 40T



ZRIE QAR HEE AN L R AR SR 2 1

S H 28 LR E R H & 1R

F IR R AL B I Sh ) H R B AR AE —
E 12 5 (ANOSIM, Global R =0.22, P<0.001).
i, BERICRER 1845, BIEFEERIOM, Tk
Yi2dh, JKA BT URR Al S 2 F0 . A3 Ak DY
TR —Fh(Baetis sp., X H 7 A10.00%)
I J& — A (Smulium sp., 7.60%). /MR IR —
(Micropsetra sp., 7.50%) - 4 f1 ik J& — F
(Brachycentrus sp., 5.06%). 7k 77 1 $% i (Pagastia
orientalis, 3.90%) LA} %5 #2 &% j& — Ff'(Drunella sp.,
3.20%) 0 K= REE 2140, OFEFEIROF, Bk
NN3Fh, BCP2FN, KA B HU196 R R Ho At 4
Fh(E2) . PLAFI AU B —FF(18.65%) L i#HkF
J& — Fh (Baetiella sp., 6.50%) . & Zi0F J§ — Fb
(Rhithrogena sp., 4.03%)~ /NREPEIUE —Fh(3.65%)
LK 412 T 41 1k J& — Pl (Neureclipsis sp., 3.48%). T
LS AL SRS YD R S B S 3 P, BUR
5 W I P A P B RN S B A R AE RS R FE RS 2

0.2

(2
° o
oe
°
A o ° N
0.1 ° °
L]
N ° N
B oo
0r . ot .
L ] L ]
Ag oA o 4 O, A . ° .\
OAAA‘ : A A
R A B
-0.1 = I I L )
—0.2 -0.1 0 0.1 0.2
CAP 1

E3 MEmMmILEXERAENIEEEERCAPHF

ES AL EN

HEPRSRL, KA B RTEFR R = N 40 34 1
PR, MRS B IHALRN S Y=
Wb

ANOSIMZr#r o, i Kk b AT i
S I JRATS By 40 T U 45 KA 75 25 FK W 2= 140 477 1 2
(1925 8] 22 57(P < 0.001) . HCAPHEFEIFTLAE H, K
U 2% Ui AN T U SO I AR 9 TT DA LG A B R R X
TE, 0T 1 DX 43 B ) A 22 (FE13)
22 BEMEME

S AR S B 0 T 2 5 0 939.1 ind./m?’,
SR NS.44 g/m®. B RE AN A AR S T I
ERBE R BEETREFE S0 44-1,494
ind./m* ¥J{H ~477.5 ind/m*. EYETTH, KRR
T(14.29 g/m))Fh, A% WIHIE AT EAR K KT,
B R2.12 gim®s TS MR, Kk B
CPYI#E1,402.2 ind./m’; AEPET.05 g/m?) KKk
R RWSDR(1,075.7 ind/m?; 8.24 g/m®)HIE B otk
WMEEZE ST TRERD,

0.1 1 (b) Y .
4 4 a
’A A A
: “ A <)“A . °* I ad 2 3
st s T S bion
ol R ERN acd Upstream branches
o‘ A ° s
.. . | KA TR
. N Downstream branches
A
-0.1 oo * » ¢ Tt Main stream
< A <o
A
° <
02 & . . |
-0.15 -0.05 0.05 0.15
CAP 1

- @FF, OMF.

Fig. 3 Canonical analysis of principal coordinates (CAP) ordlnatlon diagrams of benthic macroinvertebrates in different reaches of

the Yarlung Zangbo River. (a) Spring; (b) Autumn.
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Table 1 Comparison of density and biomass of macroinvertebrates in different reaches of the Yarlung Zangbo River
e T Kb B KSR b
Periods Main stream Upstream branches Downstream branches

%% Density (ind/m’) %7 Spring 4775 + 465.6° 1,402.2 + 1,080.6° 1,075.7£1,319.4°  6.741 0.005
#ZF Autumn 327.1+301.7° 1,219.2 + 1,008.3° 1,321.9 + 864.6° 5.945 0.007

A& Biomass (g/m®) FFZE Spring 2.12 +3.69° 7.05 £ 4.36™ 8.24 +7.28 4.114 0.028
FZFE Autumn 2.89+4.68 5.71+7.50 3.37+231 0.872 0.428

ANFFRERINAFAE .35 22 7#(P < 0.05) Different letters indicate significant differences (P < 0.05)
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Fig. 4 Comparation of diversity index of benthic macroinvertebrates in different reaches of the Yarlung Zangbo River in spring.

Different letters indicate significant differences (P < 0.05).
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Fig. 5 Comparation of diversity index of macroinvertebrates in different regions of the Yarlung Zangbo River in autumn. Different

letters indicate significant differences (P < 0.05).
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Fig. 6
environmental variables in spring (a) and autumn (b)

Canonical correspondence analysis ordination diagram of benthic macroinvertebrate communities with significant
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Table 2 The key environmental factors affecting macroinvertebrate communities in the Yarlung Zangbo River based on canonical

correspondence analysis

SRR [ 2 SIS 220 Correlation coefficients with the axes

Key factors selected F P Axis 1 Axis 2 Axis 3 Axis 4
HF #4k Altitude 1.60 0.001 0.762 ~0.183 ~0.408 ~0.182
Spring .

i 3E Depth 1.93 0.001 0.643 0.019 0.121 0.164

pH 1.23 0.064 0.485 -0.405 0.292 0.097

MIHE Velocity 1.25 0.080 —-0.325 0.175 0.454 —0.606
W #EHk Altitude 1.78 0.001 0.070 0.266 0.612 ~0.521
Autumn .

5% Sand% 1.89 0.004 0.682 0.243 -0.339 ~0.015

pH 1.61 0.004 ~0.165 -0.205 -0.226 -0.478

Y4 Dissolved oxygen 1.67 0.004 -0.406 0.453 ~0.168 0.226

/K% Depth 1.46 0.052 0.289 0.123 0.551 0.244

95 Width 1.48 0.021 0.203 ~0.268 0.194 -0.047

31 YIMLERRANZHEE

A R HE S AT VLR A B 4 1) 2 AT OE B A2 20
20904, I WA S ZR 2 (1992)TEC i = Jif
Y FEE T BN R R R — L
K2 g, BMEEA AN (2010)HIE T H W& I T
RPVAT B S e A SO AR 204, 3Li120%142)847
Flto AR 2E(2012) XL F H W8 ) 254K 2 1 -0
BRI Ay SC b AT TR A, A SRR A 3 5T R
102/@ 110 . 5 45 (2012) 038 7 e 5 A L b
P [V BRI Eh26 R . Tiang5(2014) %} HEE
AL SO JE PR AT 1A, 53851788 94
Folty IR 45(2014) B J5 % & T AR 209 5 R 5
I RIEAT THIB WA . 7 455(2015)i8 3% T Fip
T R IR A S22 R 30 /@3 VR o A UK IR 23 i8R i AT
AT VT TR S AR 754N, D~ 3i270F,
e AL IR A S A A A N AT — IR HH
F XA NGB D, T AR R AR,
FRE RN B 22 LAEPTZRBE(leplis H o 4 H A
BB S I AhKAE B RO RO 3. At
TR S AR AE HF R 500-4,500 mygE Py, XIS
i HOBR. AR DA LA AR 22 R, 1
THEEHENIEN X R BE5> A& 5 TR I
J&—#Fh(Diamesa sp.). MH#EEUE —Fi(Pagastia sp.)-
[ % J& — b (Isoperlasp.) « % f1 U J& — Fb
(Brachycentrus sp.) 55 i# 2 & )3 iy AR A I 7K A< 1 ol

%, MH R J7E )& —Fh(Orientogomphus sp.) 4
1 J& — Fh (Burmagomphus sp.) 25 B 47 73 4 75 HIK
R,

KA B L (246 7 HE B 5B AT VL H R U SR A B
VI AR, MR BRI AR 240
YRR . SRR S, XGE B AR E R
Z PR R R, 3 dsk T 198196 JE 1208137 & (M
S2)e — MM, WU H B H A B
S5 B (Morse et al, 1994), IXYEgh¥ynl itk & Ff
AEAEX (AR . FRHIATE S BORNIE AR
77 B B 7755 ) R IE NS [F] ()R B (Vieira et al,
2006). i H AR B N2 B SE B H 2K,
AT A EAR SRR E, BAHTETET
RS S (— WL ) AN S fE J1(Li et al, 2018).
R H (9FL25 @) A3 H (9%} 22 )& ) 7E 7k & il Aii
KR TR N3 EY, 7] BE -5 X L) FhosH KR
R W AR IG5 [EEERMNE, Wi H =
B ARTE K IRA T, AR S R4 1) K AR B
B, RUEIXRENWA BB IR )1, HK
WA BN IR S T R A E B AT, 5
VRIS T0F; FRl2 %, 1989). BRYL(65F;
TIAISE, 2019)FAVER (2651, T AL, 2017)5 (K
PR ], AR YILETE S R AT LI K R M 2
FEMEARAR, BB Z AL 3 CE M Ak,
fE EAE N2 JE —Fh(Radix sp.). — BN AEES)
) 6 0 o R 9050 AR A DX (U ), I 5 e T
FIHERS, 237 17 T R X 3 BRI A 4 A (E 42
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2018). ‘EAITH T ZIT 2 U7 OIS KR I3 R
(Li et al, 2019a), #3NRE I NA IR, HE LA MK
RS FRIBELRR o 1L Ab, vEriA X 3 25 I R B8 (A i iy
ICIR AN B ) B =) o {8l 3 6 49 b Ml DL AR A7 E
(Maiolini & Lencioni, 2001),
32 KWz ESmERNFIMESR

HCCAZHT &5 R AT UG i, Mk K=
ORI (K6, 322)o AU T RAF
294,000 mPREIAE L, G OR R SRR L 5
1 1) — FR 51 PR 855 AR AR 2 3 BORE 55 TB) JE A 3 P )
MRS Z R RN EE R R RE T — M
X 7K AR IR TR o5 RS IR R A,
TN 3 N 7 A o U K 7/ R B S |
(Jacobsen et al, 2003; Wang et al, 2010; Laursen et al,
2015). VFEATFERW, Sk iR A UK AR A1
VAR, DLRCRR /D I R AR OK A GE B
VIR UG /) f 3 R AT 3 1 7 28 8RN BAF B AIK A
F EJF K (Milner et al, 2001; Chaves et al, 2008). X
LB 55 BB A RS D B9 1 58 S A AT
BT E Xk (Lencioni et al, 2007; Madsen et
al, 2015). #HJ, ARG R R X 3, &
B AR B R A R R HL O IR S R i TR X
RS AT B ok U o DRI, DR T Ui T 1 (52 P
RIS 5t 3 D) R 0 22 1 AN IAE S S B

TRTIAC JEC AT 31 420 (1) Folt 24 2L AR R R B B B ik T
A 35 1) 22 B M D FR 8 M (Heino, 2013; Milesi et al,
2016)0 JE 5T A& 14 R JRy 3 AR 15 S B M 1) A, 2 iR
WEII R AR SIS — V) A il sh b % 5
JE R BIRRE R /N FRE RRRE . SR T At A 7R i o)
SEHEB X A B WA IR KR 5200 (Beisel et al, 2000;
BeaqEaE, 2007). —BORUL, SRSV FN 2 ke
A i JE 5T ) S SO A R R 5 P PR 1S 00 7T 3 I (Jiang et
al, 2014; ZEIE K25, 2016). i, Sif A RiRH
T PR B 25 A A 8 L B v, He A7 A 11 K [
BRRENS ORAP Sh P S 32 S P (it K . REES),
KA S PR A R R B AR e R, fEJR
BN A BT R (AN e vb), B SR BT RR 1 1 AR
Pl 51N N N il R [ = R W D IV
(Allan, 1995), EPTARUFARBEAAATEUD, THiHESUR
T T A 0 L I T 05 1 ) A D o A R e ) R
(Milesi et al, 2016; Zhang et al, 2018). T2 Wi

(T 2oy, HAE: 7 BRI, WIEikN
JERAB BN ) A A BRI 78 2 ) 2 8], DAL b H A
FEEL.

T] B A 5 W) AL 35 PN JER AV 20 47 A Vi 4 ) 1) B
P~ 5 < Sl /- s . AR LI T 7|
(Tonkin et al, 2018) It 1 Ja 3 58 (An Ji T 2 2
B IR AN KR ) 2 BT R O R A — R ARk,
AH L, FE & NP ZE AN 22 R It R 22 R AR B )
M (Li et al, 2019b). 385K, TRYEL 2 2%
KB, TIERR AR, RS R DL A ATRR A N 3,
W E Y E . RSV DR ik & 2R
FE UL s RO A BLUBUR Y B B
(shredders) v &, W& H §VE A iRHFI RS H (1)
GRRE . BEE RN G, R &Y AN
W BRI, CLAR/INBURL 9 B USSR 2 (collectors)
BT G PR (Vannote et al, 1980), Wby H # k7
WAL R SR

TIE « KGR A pHAE XT38 N AR 247 ) P Fh 2
RN EAE A . 7 2R E R IERR
WiZh VDI ARG, A2 BT Fad MR K AR 55,
e K, R IR SR A A RS S IR
FI3REX (Gallardo et al, 2009; Jiang et al, 2014). Bt4h,
— € PR T KR TR, ORAE T K5 RS T,
AR T RBUE AR (H R RS PR R B)
W) FERN 22 e, R R JE AT B 4 5 JE A B
(1) B B PRI R 2R (Li et al, 2019b). KIRHIAEL L5
S — L8 B AR AR (WA R A KRS s, M
T 18] 422 5% We) JES ATG 21 4 1 B V% 45 F (Meng et al,
2016). JEH R, KIS EE ., LY EMZFE
P 35 25 Wi A 7R 3G B0 A B ek GEX 7 40 55, 2011
ZE1EKAR, 2016). ZEURMBIYI A A T & Bt
AR TR T AR AR AN T IR A B P A A7 A AT
AR, YpHAEAE 7-8 2 [A] I $2 I 4y B A A7 AR
I 0, pHIS ey IO AR ) 23 5 e 8 i 40 ) T AR
K, 2001). SRTIAEA KA H1, & FF S HIpH
182 2590014 (6.8-9.0 2 [7]; $41H7.9), HILAKA]
RE RN BR 1 A B4 23 A (R ER 3R o RN AN B 2240
A B P R T RE S pHAE A7 AE B ) L 2
P, PRI CC AR R ik HH oK o

O R (2017) & F PSR AN Zh e VK 5 AL AT 22 B T
22 A8, RALMIRZE, KR,
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Wit RAN e, BA TR ZIRIEOK A B AR 2 FEAE
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MisR1 SRR R TERER RS SR AL BT
Appendix 1  Sampling sections of benthic macroinvertebrates in the middle and lower reaches of the Yarlung Zangbo River
https://www.biodiversity-science.net/fileup/PDF/2021431-1.pdf

MisR2 MEEEMAIILF THERRREZIIMER
Appendix 2 Species list of benthic macroinvertebrates in the middle and lower reaches of the Yarlung Zangbo River
https://www.biodiversity-science.net/fileup/PDF/2021431-2.pdf

MiR3 MEEMIRBEETIRESERRERERBENIIFERK
Appendix 3 Species composition in the main stream and tributaries of the Yarlung Zangbo River basin in spring and autumn
https://www.biodiversity-science.net/fileup/PDF/2021431-3.pdf
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