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Abstract: The collection, transport and transformation of sediments, nutrients, organic matter, energy and information are
key topics in the studies on ecosystem processes. However, there is no systematic literature on watershed information flow

( WIF) in watershed ecology. To promote research on the WIF, we proposed the concept of watershed biological information
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flow ( WBIF) by referencing the concept of biological information flow, and defined it as the path, processes and control of
biological information transport, exchange, interaction and feedback among different spaces and systems along with
watershed ecosystem processes. We proposed that the key of WBIF research should focus on 1) the WBIF between land and
river, branch and main stream, upstream and downstream and different patches, 2) the periodical fluctuation and trending
drift of the WBIF, and 3) the impacts of geomorphologic, hydrologic situations and human activities on WBIF. We
conducted a case study on the WBIF in the Shaliu River basin indicated by the environmental microbes in riverine water and
riparian soil using environmental DNA technology. Shaliu River is one of the main inflowing rivers of Qinghai Lake, which
has a relative simple watershed ecosystem. In the river, there is a simple aquatic ecosystem with low biodiversity and a
migratory fish Gymnocypris przewalskii which migration between river and lake. On the land, there are dominant grassland
and limited human activities. To reveal the essential features of WBIF driven by natural runoff, we compared the bacterial
community ( indicated by operational taxonomic units ( OTUs) ) from upstream riverine water samples with from downstream
riverine water samples and from riverine water samples with from adjacent riparian soil samples. Results showed that ( 1) the
WBIF from riparian soil to riverine water was driven by surface flow and subsurface flow and filtrated by environment
change. lIts transport efficiency was 62.76% in rainy day and 44.16% in sunny day. Correspondingly, their transport
capacity was 68.49% and 56.82% , respectively; their environmental filtration was 8.38% and 22.38% , respectively. ( 2)
The WBIF from upstream to downstream was driven by river flow and attenuated in transport. Its basic integrated transport
efficiency was 97.41% per kilometer, in which the transport capacity was 99.42% per kilometer, the proportion of
noneffective WBIF was 43.46% , and half-ife distance of noneffective WBIF was 14.52 kilometers. ( 3) As the transport
efficiency of the WBIF was mainly constrained by transport capacity of WBIF, precipitation drove the arising of surface
flow, then enhanced the power of erosion and transportation, and finally promoted the increase of WBIF transport capacity
and efficiency. (4) The WBIF increased the detectable biodiversity of sink aquatic ecosystem, but the increase of

detectable biodiversity is limited rather than accumulated along the river.

Key Words: watershed biological information flow; watershed ecosystem processes; aquatic microorganisms; soil

microorganisms; environmental DNA; watershed ecology
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Table 1 The characteristics of watershed biological information flow ( coverage and efficiency) from land to river, from upstream to downstream

indicated by the types of OTU

AL AR B AR

Coverage Effectivity Coverage Effectivity
S_SL6-W_SL6 0.434783 0.719591 S_SL4b—W_SL4b 0.404927 0.595712
S_SL6b—W_SL6b 0.312644 0.472084 S_SL3-W_SL3 0.329702 0.586761
S_SL5-W_SL5 0.303155 0.583992 W_SL4-W_SL3 0.667109 0.687757
W_SL6-W_SLS5 0.697102 0.762412 W_SLAb—-W_SL3 0.565090 0.738029
W_SL6b-W_SL5 0.620159 0.798283 S_SL2-W_SL2 0.460189 0.441602
S_SL5m-W_SL5m 0.409219 0.713725 W_SL3-W_SL2 0.753069 0.570404
S_SI4-W_SL4 0.580115 0.721635 S_SL1-W_SL1 0.306915 0.201736
W_SL5-W_SL4 0.703095 0.658374 W_SL2-W_SL1 0.689200 0.311119
W_SLSm-W_SL4 0.746371 0.765880

T A5 BT ] A LR 7R o 914 S_SL6-W_SL6 4B 7EAF: ki SL6 Ab oy f7 iy - SR ST i /K AR Fy i Bk AR W £ S8 3l ; W_SL6-W_SL5
8 MKE s SLO BURE L SLS i ih B3R iz ik R b B i s E W45 B

R RN IR ( v L 7 A A50) Pl i 380 KPR 1 U 385 2E 0 5 B TR M SR S R0k 62.76% 72 47 (1 0.627643 £0.
087327) , 5 HE F1°H 68.49% 2245 ( 0.684876+0.091302) , FR¥E i R4 7 8.38% £ £+ ( 0.083816+0.020574)
PR A 7K Bt s BT BE AN B AT S, T D 2200 L2 00 o 454 A pl it 381 /K A 1) 3 304 0 1 JEL O 1 R B 1ot i sk
N RS BE T TR AR BRI 2.
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Table 2 The transport capacity, environmental filtration, transport efficiency of watershed biological information flows from land to river at

each sampling site

WIS RERETs LRSI ES EZ8:RURY-& UV 12 2:IVA) MR

Filtration Capacity Efficiency Filtration Capacity Efficiency

S_SL6-W_SL6 0.048747 0.756467 0.719591 S_SLAb—-W_SILAb 0.107198 0.667238 0.595712

S_SL6b—W_SL6b 0.064307 0.504529 0.472084 S_SL3-W_SL3 0.095981 0.649059 0.586761

S_SL5-W_SL5 0.109190 0.655574 0.583992 S_SL2-W_SL2 0.222821 0.568211 0.441602

S_SL5m-W_SL5m 0.080882 0.776533 0.713725 S_SL1-W_SL1 0.216037 0.257329 0.201736
S_SIL4-W_SL4 0.080409 0.784735 0.721635

6wl I A R A SR /K P ST N D < a8l w2 9= vy <N w1 | i 2 o 2 o P S R C RS 7
fFRIMELSmMAL . TR FUEE U A 15 B I B AR 00 S M A S8 B A BOR (R 3)
TRARCR SR b UWERE s DX IR A RS BB T U0 AR A DAL L [RIVE R 45 5

1 B2 A A P B, A RE 1 2078 99.42%( 0.994245+0.000941)  km, HICRL B AE Y5 B IR
ii LL 297 43.46%( 0.434635+0.041681) , ToRC i AR W 17 2 I i P s BE B 29 8 14.52( 14.523377 £1.440539)
km , 25 SL3 Il SL2 (1 SR AE R AR S5 U4 (LU W 37 ) 9 O A PR 58 3 DR800 29 4 0.57% (1 0.005687 +
0.005450) , i FIAE i SL1 &b ()2 JK BT 77 A 1 P15 3 DR8N 29 4 54.42%( 0.544164+0.010042) o ARHE 1
WEE R IR A S BRI AR, AN R A SL2 SLI 1y 3 B v L JER 25 A iR U AE W 1S B RS
BRLBEYH 97.41%( 0.974105+0.000926) km.
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R3 AEA LA THREEYEERNREZERES. SRR E. . RIUTERES. RiIHEBRE
Table 3 The runoff distance and transport efficiency between two sampling sites and the accumulative runoff distance and transport efficiency

from the first sampling site in each chain of watershed biological information flows

YR EE Sy & L E A i B SR B2
Efficiency Distance /km Efficiency_cum Distance_cum/km

A SL6-SL5 0.762412 9 0.762412 9
O SL4 0.774467 15.5 0.590463 24.5
813 0.876010 23.5 0.517251 48
HSL2 0.800434 15 0.414025 63
8L 0.464092 7 0.192146 70

B SL6b-SLS5 0.798283 8 0.798283 8
QL4 0.669975 15.5 0.534830 23.5
813 0.910494 23.5 0.486959 47
812 0.787119 15 0.383295 62
8L 0.515073 7 0.197425 69

C SL5m-SL4 0.765880 8.5 0.765880 8.5
813 0.757064 23.5 0.579820 32
812 0.772661 15 0.448004 47
8L 0.439147 7 0.196740 54

D SL4b-SL3 0.738029 23 0.738029 23
I SL2 0.753173 15 0.555864 38
8L 0.426966 7 0.237335 45

4 ZR AR R RS BE 53 U A B CLD RS A TR A B LT R IBUF HEF R 205 LI A, FOREE — Fmi AR WM Bl 7%
§i; SLOb-SLS5, F275 K A SLob SR i SLS (IR D5 B ™ -SLA, FRFT—HE AU/ ST BB A1 SLA 1A 15 B

oA TS s AL R 3 AR 4 SRR OTU Fps, 28 3 21, 452 iR , W_SL6 Xf W_SL5 ()
B BE I W_SL6b % W_SL5 fy78 3% B ui ok, W_SLSm X} W_SL4 ()75 25 5 [t W_SLS5 X} W_SL4 [y & ik,
W_SLA Xt W_SL3 97 55 5 tb W_SLAb X} W_SL3 ()78 5 & 35 K 78 3 4R AR A9 OTU RS tb, W_SIA W _
SL5 W_SL3 =AFEfhrh A8 OTU Fh2t 5 FuAR YR, BIR A 1 2 ASRE 55 B AR EE 5 ( W_SLA.W_SL5.W_
SL3) [ AK X il Ak 0 S e S MR RS 5 (3R 4)

x4 3AFIRTICLA LTI 3 MHELIPH 4 NMERE OTU MEXLL St 547
Table 4 The three group compare of microbial community composition ( indicated by OTU types) of four samples in three sampling sites around

the confluence of two rivers

2 TR 47 3 HE Tk A 2 TSR 44925 HE B 92 EL Ly ds
B T A R Compare MR AR AR Y I i b
Coverage Distance pare Coverage Distance Compare of fluxes
of fluxes

W_SL6-W_SL5 0.697102 9 km SL6 > SL6b S_SIL4-W_SL4 0.580115

W_SL6b-W_SL5 0.620159 8 km W_SL4_Only 0.080526

S_SL5-W_SL5 0.303155 W_SL4-W_SL3 0.667109 23.5 km SL4 > SL4b

W_SL5_Only 0.132855 W_SL4b-W_SL3 0.565090 23 km

W_SL5-W_SL4 0.703095 15.5 km SL5 < SL5m || S_SL3-W_SL3 0.329702

W_SL5m-W_SL4 0.746371 8.5 km W_SL3_Only 0.229277

W_SL5_Only $§ A2k 5 THEf W_SL6.W_SL6b il S_SLS (1) OTU, H %k {3k £ SL6SL6b ZHE i SLS Jif B (37K IX [l K i SL5 [197K
TR A BRI A D5 B
3 iFig

3.1 AW BRI T A XY nT S AR ) R
TIRAE A B AR AS R G R ) B R A, A A A W AE B A RO A 1 B R
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(FS) o 16 ESRARTRIREN B T 25 R e ad L W0 et 15 RIS 26 B K R i S0 30 T3 b
We B R 7 I A TS 2 o X R IARE A K AEREE DNA HEFTAGIN , 7T LA T L Ut DX 3 1 A 4 B 9 4L
TR0 2 5 XK AR S B PR DNA SEF TR, 7T L T AR 3k A i b b A A v 2 s o > o b T iR
WISV, LLFR A DNA JE X MBI HBEN KA SBT3 ML 37 80 U 00 e 4 15 S R 7 L L 2 e
P ol B A L AR FR 19 DNA P22 b ik kit AFR IS DNA JE 2 MRt 3 K 1A M2 31 1
DAY B/ I Wi bt WAL /)L (=B s R R A Ry R Re T ST R/ R N 1 BRI S A Ak 7RO N 2 G R N
R LU T B AT FIREEE DNA , LR R W FE T AN AR AN L R S T LA A= 3 L R Hb 7
I TR 5 TR TR A 1 ST PR T A M A S 2R 5 1 A R R R 4 7 T 1
Wi o B A A AL AR, LA A B A7 5 AN R RN AR I, DR SR LA A i e, L b HC R A i A 1
B a2 Y kA AR AR Y ) B T BRI AE W SR PRI T X A M A 25 R e i A
SRR TV 5 W 23 7 A R«

A BRI 2K

2 |- 5] 4 1 e
K ORAE A THBIA KEFE LA o VT
% 0 KFIEES
Z R

kS i r;}f :;ﬁ;ffw o TRHBHL L

W LR FET
. O St

2 ATV o RHETTI

it o NI &Rz
i

Fo AR s A
t

A B Eakik o £ 2] i

th 3] 1w s [ 5
A PR EHIMBEC AR O g ok b 4

ik A= A=
\\<ii£mm N\\iﬁiwm
T I

ES5 miSEMESRIER
Fig.5 Types of watershed biological information flows
TEFR S DNA HOR B A A= YR T R A PR L RIS AR PR35 DNA B BEAT SR A2 A BT SR IR WU 23T (9 26 9 R R A s R
AEAE SR B LI i /I 2SR Jr D B A 9 25 DNA £ BRBE DNA A ShlE AR A AL B B2 IB0C JNFF  23# (9 2

ARG BIRAE—E R L3I A AL A AR . X TR R A YRR, PR A= P IEA
REAE I INIT A M) AR 2 R A — 226 1L o) YR 00 R 204 P T 0, I 90 B9 256 £ 1 25 35 M A% 7K AR A 1 3
e AE—ERLRE EHEIN TR RO M RN o X R, e b A P B A A RO R A
SR BB e —E PRI L3 I AR RS A 2k . ARBTTE R, Al — e B0 Rty A W AT i K A4
PAEAEFI R b A —E R RS (R 1), AT LIAH 4 R 22 B0 Fili b 13X )i /K AR OB WA R
IRANREHRER th N2 57 Bl A B A S W 25 A BBOK AROK 6 T S50 Bl — LK AR R AR Wty 31 3 (EL A
N HAEFEA R A 25 R G A BT o5 A 0z AN K 1 SRA AL I IR 50 A e il 2 7K A U sl A 25 R e R BT o 1
It LIRS AN R o b T WA SRR R B B K AR A e R S LA — @ B E A (3R 1) AT LA
PO RZHOE WP T W R YA, SRS REHERR th /K AE B A= S B BT 3 B 25 16 B4 — 26T i K AR
TRl 2L AR O A B TR A 25 R G e v BT o5 O 8 A B 1) SR AR T P 9K 8l 14 oy 0 380 40 403
SRS R G AR T o O, T LA X AN R B 4y
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A W 175 S8 X i A B A ) R S P TR SRR . AREIFZE R R SRR B 3 B R WA
T YRR T 2 R 2 s /N A R (B T W_SL5—W_SLA XX 3¢ Z F9 K SL1 A1 SL2 fi8 2 N7 45,114 4 %
FF) (1) MRV, 2RV AT WS B AR A AR E S R G TR A W SRR VRS K, B
KFAE—IRERS RGEY ZRENE . Deiner 2589 #2 H— AN IR A2 W) ZAEME IR DNA 53 54 2 ] 5 5
(R A Y R — AL . HABR BREE DNA T S e 4 9 = 5 B B 25 TAT L 11 Strahler 2525 (1 44 T AR
W 25 e R BRG] LB IS FH Y B 0 2 1 — AN AR s 1 o ARBF g, R LR R i
TFARE R KA W0 H 0 22 REPE RS2 A A JEL I R A SR T, LI — R B RE 5.9 OTU Fh 2%k
K IFBAT PR Deiner 45 AR FIT T 01 F) 5 25 1 K Frp 203K 3R SE AR O, T2 2 B0 OTU Rk B A e i
(B TREA, SLL A SL2) |, HLM 137 8 F Uife 3 A 35 8 TR T S B o 2 v A7 7R AR SRR A 2 2R (1 3) L B
RE S K A W R A YRR E LA T W S 40 1 B B BT K X (B 4 2 R o T e s 3
T B K B B TR A W SR R R R o X — U TR PR BRI DNA HoAR B FR i, b R .

AR W15 S8, TR X A HB B A ) 2 REVESE R B /N MO T 45 TR 25 R G 00 S A 1 R (TEARRIT 5
S RN2E) RIS B RS RCR  RA REAE WRE 1 OTU Fh e K 1 K P AR ke i i
(P 3) SR KA ] — R B TR i 6 L) A 1 B TR R R AR i /N T ol 9 B T U
(FHABRE A5 ] H ) BT (5 B A R (£ 1), S8 AR 1 AR 15 B % ok /N F i -
W B WE A A5 B L T LA ey R SR K AR 0 S 0 155 L U X i A LA 25 R G B A 3 3 /N T i L
We B T I LA A5 B X A AR 25 R RSN, S AR F A B ol 9 30 KA A A 2
e /N T i AR IR T WA AR AR S B B E AR (R 1) .

3.2 FEAEYIE B AR EOE R A %

R AR R R I B R A M5 B R A S b ol IR E) T W i SO B T I AR
{5 EIRTEFREE DNA MBI B T8 e 2 > HHRB AR R EA 2 K MiBiEsREA L2t H
B A RGBT R AR Bl 3 R AT B > s SR B B B A 3, U — e X 2 R A
[ FRSE DNA T W I BE 38 O RIFSE A6 1 (R E 8 /N Lk 7% 8L ok B Tk B0 2 s ok Y
Ao Y8R, A BX BEHR IR TR R AL W 15 B R A B B B R RS8O T O A A5 B i R HE g
F RS RN AR AR SERTSE . T Rl AR A R AE W45 EOR A 7E PR DNA W it 9 A A e i >
WRMRE LR MBI A Zum? MEHT R E I/, B Deiner 2548 1 T — AR A W ZAEME RIS
DNA 57 540 2 1] 56 22 B 80, LA B —A> RS K R ER 3% DNA A sk BE STk U a2 T 1) 26 9 2
PR IS AR, I A AW % S 3 I R B 8 )

ABFFE T, i SRR AR IR A S B AT R HAR R RO 62.76% Ze 4+ ( Fh i 7 ANRE A KT
5 T RRKE, LR BEI A B/ 5 760 K, HAR R BORLA A 44.16% (B4 SL2, FEFIRTRAE) | T3 7 A5
FURE 5 SLI T2 350 WK M 29 o, HAR RS R 24 8 20.17% ( FERTRTRAR) (26 1) o BBl iy 2,
L PR RAORSE TTR AKA 5 DR FE BS P FR A R A A 0 KA P T A 35 L TR AR 0% . FERT R, TR0
EEE T AT M B HIE R A AR N 97.41% Ikm( L3 T AR 2 6] B AR R SREE,
HRBER A /N 3 BARRE S SL2 JR 76 M T AT SR AR , SL3 R 7ERERT KRk, SL3 ) SL2 il A 915
VU e B /T S48 00 IR R (E BRI 20 AL AN R 24 0.57% , PRI FL AR B 30 249 8 96.32% ke, 13 2
TR T 45 F R X T ) W B R A 5 L TR AR 7 A T B TRE S, SL2 AN B URRE S —RE R MK
PREE ARG IR A SLT IR RIR 2K AT X, I HLBE A5 SL1 Al SL2 B J2 78 W KRR WAL, BIr LA SL2 iy A %)
SL1 B RO A W1 SR 3 B2 20 K P A5 M3 1] 50 11 5 00 ( BRI o B AR 2400 54.42%) , RS AR 24
% 84.63% /km , LAV A P TR AL AP T Fh DI L 3 3 e R A B R A T S

i b 50 A AP 9 02 125 897 2 b 3 T R M VR IR 3, [ 3 52 i 381 7K 1 B s 2 2 i
PR B PR B SON B R R TRTIA b 0 B U 0 R A 1 S R AR IR B, [] B F
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o v A BEDRBON (K S (PR 6) o PR BB AR LR R U SR TR B A S R G R (fSE R
BAEYE B EEh ARRIRCAIE R TR IR Fraksh > . ok 1) g FE R
I TR SIE AN B J0T T A2 0 X 0 400 RIS S A #7085 B T, FL BT B 3 Ay ey 33K AR B R A W 5 B
BE S /INT B R i P M1 B RS RE I (2) Bl BRI AR BT 7 A 10 BRE a Bk L T
R AR o B FE AN SR L T LA S Tl SR A R A W1 R RS BN TR LR T W
FEYIME RS RERCER , BIV o R0 B (A A 2L A RO 30 /N T KA ) R W AR AR A s B
AMARE(FE D .

A, 1 B KA A 1 B R T
T KA HhL 2 TR I8 0 4 el 43 T e AT 3 AT K TR
M) R RE ST A 68.49% A A7 ( R 68.49% f A= 415 . IR
BE Mt b 3K (A L) | BRI 0 I8 3000 K 8.38% 72 o ﬁ
Fi( B4 8.38% B A Wy {7 I8 AE Bk /K S T D1 46 i i
) U RS OR A 62.76% 47 TAERS K, Mits fig
J1 R 2 56.82% , BR45 5k BE Ak TH R £ 22.28% , 3k
AR RCR I N L) 44.16% ( F 2) o M _E IR T
Wel B AE W15 L B AL R 1298 99.42% /km, ot
TR IR W1 BT L) 240 K 43.46% , TR0 ALY
E B R B 2 14.52 km , HIERNZE B BFE80R
9 97.41% Ikm 45 o E6 BARFRIEF THAEMEBEDEBRPWIREXINGRE

BT A0 i 2 FE T 3 R VR R AR e, R
i j]l]T % d_%ﬁ *E% ﬂl ﬁi JE El/‘] ﬁ"ﬁ% ﬁﬁ jj . L#ﬁ'ﬁi}ﬁ fj,lT EBB ﬁ i ﬂ_’. Fig.6 The diagram of two types of watershed biological
B A TSR W15 SRS RE 7 38 K, ] A 338 4o
TGO S Y 1 SR 55 T Il K PR S88 U144 S8 11 37455
S BN L ST O T R A W 1 B R B RS R . AHIT S R A R T K A B R AE 1 R
Vi AETIR R RE J1 R 68.49% ZiAy , FREE AT B I Ay 8.38% 24 , HUR R A % Ky 62.76% i Aa: TE I K, iy #%
RE 1240 56.82% , FREE L UEAUN 20K 22.28% , HUE RS R 24 R 44.16%( 3 2) o T R WA R RE 1 38K T I
KRS BE ST, T BRI 1oL A0 1 /IN TG K B PR S5 D A, T S B R A B I (B K T R
HIERFE % -

A BRI AE W5 SR S ) T B S AR TR AR G, TR S AR B B A G o 7 bW R R W B 7 R
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ABFFEH 3 3 H T RS A R W 3 ANRE S B K AR IR S 9 OTU R 06 FL e 343 B 855, 1)1
R U ERRE A HH B 15 R TR W A S R G R (SR ) R, AR BT IR (R 4) o
Xt T ICRR A W A BT, DR A 52 BR 055 DNA PR A8 72 T3 0 R 252 0 IR ) LA A0 52 T S A B 5 1
W 2 T R A A S R VI R A2 33k B TR T 1 S TR T A AR AR W AE BRI AE S R S
S ) L0 305 Y0 320 8 A WA A AL 9 06 R o ELC A A DT L7 — 2 23 ) R E PN L AR IR 5 v 3]
WA TR B L TR Z /N LA TR R ) TR 6, RS /N 20 52 TR Ik AR W 15 S i S5 ), R Kk
232 KRB IR 0 S T A1 X T3 7K X A 0 L S 50 A 4 52, T 40 2 5 9 9 A28 0 B 88 47— 5 9 R O
Yo LEARBFFLRY 3 T30 ACIAL bR URAY 3 RES Y 4 AKES: OTU R Hede .3 A FWERE S 7k i
A RE S PRI AT OTU R 5 HEBI R /N 22 4) L SO T2k L ARAR 2 A B IRE S 30 R IRE S RN K X A
S W15 SRV B S R 55 TS B A 135 JE A O S5 P 53 A MR T /K X N M E W BT AR L TR S
BRI IR 4) o A8 RES () RUBE LSt F7E 79 2 1) B 188 70 U 2 R 2 T K X PR A i B 9 2 7
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information flow driven by runoff
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