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Abstract: Due to the small area and the cascaded structure formed by surface water, alpine micro-wate-
rbodies are often considered to have similar habitats to alpine streams. However, due to the differences
between the environmental factors and the benthic diversity, the functions of these two habitats in the
ecosystem may be completely different. Northwest Yunnan hosts one of the richest global biodiversity
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hotspots where alpine micro-waterbodies and streams are densely concentrated. These two fresh water
ecosystems have important functions in regional benthic biodiversity maintenance, however, these peculiar
freshwater ecosystems have barely received research attention. In order to compare the similarities and
differences of environmental factors and biodiversity between these two habitats and their maintenance
effects on benthic diversity, in this study, benthic biodiversity and the environmental factors of 27 alpine
micro-waterbodies and a stream in the same region (9 sample sites within an altitude gradient of 500 m) were
investigated in an alpine valley of Gongshan County, Nujiang, Yunnan Province in June of 2015. Results
showed that: (1) The common characteristics of benthic communities in alpine micro-waterbodies and the
stream were that the dominant taxa have large population size, while, the rare taxa had higher richness but
small population size. (2) However, the environmental factors, species diversity, functional diversity and
community structures were quite different between the alpine micro-waterbodies and the stream, the alpine
stream had higher species richness, species diversity and functional diversity than alpine micro-waterbodies.
(3) the benthic biodiversity and formation of community structure in alpine stream were related to the
elevation and aquatic environmental factors relating to flow rate regulation, while, the aquatic environmental
factors of alpine micro-waterbodies did not act as the drivers for the distribution of benthic biodiversity.
Therefore, these findings suggest that alpine micro-waterbodies and streams are distinct ecosystems that each
feature has very different characteristics, they cannot be regarded as similar ecosystem types. Both of them
play an important role in the maintenance of regional benthic biodiversity and ecosystem functions.

Key words: alpine freshwater ecosystem; environmental heterogeneity; community structure; biodiversity

maintenance; Gaoligong Mountain
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Fig. 1 Research area and sampling sites. The micro-waterbodies (MWB) which are circled indicate that the water flow from the
micro-waterbody cascades is running into the stream finally.
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Table 1  List of the descriptive statistics and difference in environmental variables between stream and micro-waterbody

BT 7k 44 Micro-waterbody i Stream

BRI BoME BOKl T = ks BoME OO T = dkE
Min. Max. Mean + SD Min. Max. Mean + SD

#ER At (m) ™2 3,266.00 3,332.00 3,299.70 + 27.34 3,087.00 3,586.00 3,364.90 + 188.82

A 5% Cond (us/cm) ™ 2.94 10.45 5.12 +1.33 10.82 34.50 17.54 +8.84

WIRE S| DO (mg/L) ™ 3.13 7.51 5.68 +0.92 6.22 7.18 6.72 +0.27

pH{E pH™ 5.48 6.20 5.84 +0.24 5.80 6.55 6.23+0.26

TEAN Area (m?) ™" 3.00 160.00 26.15 + 33.65 / / /

k% Depth (cm) ™ 8.00 43.00 27.70 +10.09 6.00 26.00 18.33 £ 6.48

JEJETRE BSD (cm) ™™ 9.50 58.00 26.09 +13.02 / / /

M Turb (NTU) ™ 0.00 3.70 1.42+1.08 0.00 2.40 0.98 +1.06

M TN (mg/L) ™t 0.096 0.729 0.300 +0.170 0.115 0.445 0.280 +0.110

M TP (mg/L)™ 0.024 0.104 0.046 £ 0.016 0.036 0.068 0.050 + 0.010

{2 7% & CoD (mg/L) ™ 0.160 4.730 2.150 + 1.290 0.160 5.056 3.320 + 1.420

MAYURRSE TOC (mg/L)™  0.924 7.590 4.270 + 1.640 3.043 6.963 4.800 + 1.070

BEIGEE Width (m) "™ / / / 0.50 5.30 2.53+1.78

BIIE FV (m/s) " / / / 0.16 0.93 0.58 £ 0.31

DI REAT G 46 (B AR V1) AR ZHUR 30 (AR 92) R UK 7k SR [RIR R R 7 I 22 5% . * P < 0.05; ** P < 0.01; ns¥R7s 257+ A 2.3 none

FORTO e, AHEAT T

The difference of each environmental variable between micro-waterbody and stream are tested using independent sample T test (with superscript 1) or
nonparametric tests (with superscript 2). * P < 0.05; ** P < 0.01; ns indicates non-significant; none means do not perform the analysis because the

data sets are not comparable.
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Fig. 2 Biplot of PCoA calculated based on environmental factors. AS indicates stream sites, AU and AD indicate micro-waterbody
sites. Depth, Water depth; Area, Waterbody surface area; Width, Stream width; FV, Flow velocity; Cond, Conductivity; Turb,
Turbidity.
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Fig. 3 Species abundance ranking curves for alpine micro-waterbody (A) and stream (B). Arrows indicate the inflection point of the
curve between the dominant taxa and rare taxa. X axis refers to the species order in Appendix 1.
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Fig. 4 Heatmap of the benthic species distribution among the collection sites. The species abundance for each taxon marked by the color shade
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Fig. 5 The Venn diagram between the micro-waterbody and
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Table 2  List of the species richness, species diversity and fun-
ctional diversity between stream and micro-waterbody

KA Micro-waterbody &I Stream
RN BOK CFHIME £ BN RK CFIME £

1B 1B PRtz B EE
Min. Max. Mean+SD Min. Max. Mean £ SD

gt 3.00 10.00 6.26 +£2.07 3.00 12.00 8.67 +3.43
H™ 0.882 1.649 1.240+0.250 1.011 2.265 1.720 +0.460
FDis™ 0.000 0.469 0.220+0.130 0.544 0.968 0.820 +0.130
DABRST AR AR TAS 36 (A5 R 1) BB UK AR FR 2 B S AR PR 22 57 o %
P <0.05; ** P < 0.01; ns& R ERFAREE,

The difference of diversity between stream and micro-waterbody are

tested using independent sample T test (with superscript 1). * P < 0.05;
** P < 0.01; ns indicates non-significant.

Z A Z R AN (P > 0.05), AR P
B TR . YR 2 BRI (HY) 7R R IR S oK 44
2 A2 573 5.2 (P < 0.05), IRIMWIFh L2 FEME T HMH
BE T KA. Y)6e 2 B (FDis) A3 H 5 9 Fh
ZREPER RIS, BIRS HOK A 2 8 1) 2 5 AR
F(P < 0.01), HIZWA:EEFDish &/ ME K Tk ik
AR KB (£2). CCAHEF4E R B8 ASXFIA
X A B PR TECCAHE T B b e A H & (1416)
X 3R BRI AR 358 5 K R AR 358 TRV B P BV 45
R AER IR 25 SR TR A Z 8]
G Sl 40 8 7 A 22 IR R BB T o L S A
PHAEL, M 52 M R I B v PN 007 A 22 i 1) 32 BE R
BRI R R, TR AR PN SR VR 1 22 S 5 R
KR EZA K.

31 SLRKFESERMEETFER
S AT FUIX 38k Y 1 KT 23 K 1 R TG R ¢

HOKL SR AT FFMNRGL, SEBAEBGER, (H
AR R ERE R AR . WIRES R FHFAE
KE, B SHMKEESR TR B g 2 E 25
& HHAE SR [EG ( 3E IT JUE 1 . BOK AR RRAIE
WAL, PEB AN A A B UK AR . R
IR AEXT i IR 7K SCRFIE . & 4 18R e
DR o TR A AR RHR A= SRR IR KR
BEARBA KRRV E £ MoK A8 fkk
MR o TXRE (1A SERFAE 22 731 343 06 1 BRI 55 7K A
TR IR ZE . SHERIIMN S, Wl SR
T AR SRR IR 5 B LA BB AR OO, (R, T
Je Hb T IR 3R 5 B UL T 22 S 1T R R VR U AR B AR
BRmMEr AN TEERRZ —.

32 SWURKAESZEREBNDEFELEHMSZH
M ERREIEEF

e LRI 5 e L AR A & T R A AR AN (R 1
ABEIRA, SRS R O B, SR AN A AR
BRI . ndply B . B AT H
E2 H &) g ) FH R v 2E 5% (Belmar et al, 2013), 1
REIORE . B R R 4y HUU) 22 A TR R BT
FAW)E 15 (Real et al, 2000; Bazzanti et al, 2003) . A&
FOH A SR I A A IR FUE, BiS
KA AP 5> R e H 2 e I, A
S ECRAN, R R oeF & (KI5). mI I, B8R
KA 2 7 & B BURBE 7T W sh W BV 7 R 22
S EEERA .,

MNEER 22 FEVE I AR BE o3 A, SRR AN Sh A
PhZ BRI Dy RE 2 AR T OK AR FR A2 B 3
ZR(K2). WBRRME, KWWMY 2T 5
QLS T - AN B SN Y e 2 S P RN E Y S
ALk, TR AEAS [ AR B[R] 2 78 R — 2B BT Y, A
W) % FEE I 22 S n] BR AR R T AR SRR 1) 2
1M 33 (] (Bonada et al, 2007; Bogan et al, 2013).
33 EWRKERNSWLIERIT EISHERYER
1EF

MXIBRE FE, SR i s 5% o)
WL T A2 b 2 5 SR AR MR 22 0 R 2R
A (Miserendino, 2001; Henriques-Oliveira & Nessi-
mian, 2010), 15 B FEAH 5 1 PR 58 P I 52
JR Mo A= WD RETE 194% 7 (Chakona et al, 2008) .

AT FEIX IR G B/, LB R K EAN
HEE3 km, KRS AR ASEEE0.2 km?, &
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Fig. 6 Biplot of CCA which calculated based on the benthic community data and environmental factors. hydrogen ion concentration
(pH), flow velocity (FV) and conductivity (Cond). AS indicates stream sites, AU and AD indicate micro-waterbody sites. Alt,

Altitude; FV, Flow velocity; Cond, Conductivity.

PRIGR V% 2221500 mo i) e H R X3 p 0 7 AR
TEBREDZRNE, XWAIE 7 AT X N4
BREAEW Z FEVER S HIX, ARt & Ll ik 44
LRI AE ) 2 FEEAS R 4ERF LA B 7T

e LR VR e L K AR A R 1T R
WizhP2ae, BB T i, xF XEES R
G 22 R B AR FE AT B PR () R
M (Biggs et al, 2005; Scheffer et al, 2006). *§ ¥ &1L
KR, BEIRAERUIN R N BB 7 iR AR =, (H
YRR RTE I ST EL R HEK, W REAFE
(LGN A Sy i 2 a1 0E afe S uws N U7/ LI S v
F2(Leibold et al, 2004), X% 5 SLEEVE sh & W 7E
RMESHE . LIRMHEIR . SR & 25 K ik
e MNP Z AEVE R ff BER T A, e LRI S5 K

BT HIR X, #% HYERRE MR RS T RE,
FEAR R OR3P 8 i o] 7 AORIF AL I AR AR, 20 A
HA
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Appendix 1  List of taxa from identification results and the abundance
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Appendix 2 Species richness, species abundance, species diversity and functional diversity of each site
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