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Abstract: The advancement of limnology and lake science has compellingly demonstrated the critical importance of long-term,
site-specific field observations and experimental research. Globally, scientific institutions have established long-term field
observation stations—such as those at Flathead Lake, Lake Trout, and Lake Michigan in the United States—to systematically
conduct research spanning decades to over a century on the evolution, impact mechanisms, and sustainable management of lake
ecosystems. Supported by the Chinese Ecosystem Research Network and the National Science and Technology Infrastructure
Platform Center, Chinese scientists have successively constructed field observation and experimental stations at sites including East
Lake (Wuhan), Lake Taihu, Lake Poyang, Lake Dongting, and Lake Liangzi, undertaking long-term experimental monitoring and

networked comprehensive studies of lake ecosystems. This study systematically reviews the progress of long-term, site-specific
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observation and experimental research in lake science, both globally and within China. Through cross-national, cross-regional, and
cross-lake-type case comparisons, it highlights the irreplaceable role of such sustained, location-based observations in uncovering the
dynamics of lake ecosystems. The study emphasizes that only through cross-regional networked observations, enhanced
informatization and intelligence in monitoring, and the integration of observational data with simulation models can we deeply
analyze the response processes and resilience mechanisms of lake ecosystems to climate warming and human disturbances. This
synthesis provides crucial scientific support for global lake conservation, ecological restoration, and sustainable utilization, thereby
propelling lake science forward from “phenomenon description” to "mechanism analysis™ and "predictive early-warning." Ultimately,
this work serves the objectives of the United Nations Sustainable Development Agenda and the Beautiful China Initiative.
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WA IR T 1850-1920 4F [ RKIN , 1892 4F 18 ek i (13 1- 2% # Frangis-Alphonse Forel (1841-1912
D) ANIE T HIVE F B 984 “limnology” (IR B A S 1E“limne” (IVABCETBE) H“logos” (1)) M4
). 1892-1902 4, Frangpis-Alphonse Forel Y4 T At} H PY LA 30 2 4RI T 45 R,
T EZE CHAIH: #7E%) (Le Lénan Monographie Limnologique) (3:=%), JI1ER I8 &
N TR Forel Kl 7 )5 PR XHBIE BT, DN MIE 2 A MR 7. 1922 FELEFE E R R %8
AT E BRI IS 5 N A IVE 2 o K4, Kttt . RIRMIBT TR MIE 2, R WE 2 10 5 S T3
PRV 249 8 e P Bl KA R RE 2% 35 North Carolina k2% [E PR3 4 W18 2% % Robert G, Wetzel #3%
1978 4EHU R ) (Limnology: Lake and River Ecosystems) (1983 4EF /i, 2001 4E55 3 hi) 3y Anim i A=
B RGINBNE 0 TN O N 2K 2 75 IR R 2 CERARE R RO AR W) 2 808, WA T 5 Hh 40 324F Jacob Kalff
18 -1 2002 4F HY Wi 95178 2 Zk4 (Limnology: Inland Water Ecosystems), HL 174 27 4 R R BE K 4 42 245 &
it e,

Stephen A. Forbes 7£: 1887 & (148 4L i 30 “The Lake as a Microcosm” ', ZICKG WA N — A~ Thie
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P CRET D) KRBT, XN RS REWT AL BE TR, B 26 [ EH SR 2 b 3 e R B AR S ¥ 227,
YE AL ZE WA #2532 A, Chancey Juday #1 Edward A. Birge 76 7 WIiEI B . 4427 A AL W4 L 10 2
guEsillE, R\AMSOE T RICRFE TR, MATKIAEE (1900-1940 %) H415178 2 IRk MRl 2
ARy g B Rl . 1957-1993 4, G. Evelyn Hutchinson Hifi 7 PU#4< (Treatise on Limnology), %%t
WA ARSI, AW RO RS 0 —.

H [ T B S TR D R, B O T RS R RUASIBTIRON R A R 45 R I R R R, WIVE R
5 SO A A oy Ay R S R R A AT, FRIENITARL A AT 32 B W T AR SR R A T A
B R ERE K . 20 4 50 FARSEH,  H ERLE B 2K AR AR VI ST S — e v N R K AR AR A AT R
A, ZJEERBURMBEAT KRS 2 I 7 9T s 1 v B R B A e A2 78 R gl ie ol 2 3R IE R
FET LS AMIAE RS, 1958 4, 5 AR MM EF AR PRENESSERFT, G T42H
UGB TAE S, BB B il Rl 2 4% 5 1 2 b o BB R 220 725 (1. 1958 4E 6 A 7 [
B B g RO SO AT (P R} 22 B e M R S A SR OL TR AL R, ZJERHLIN . KT
TR ZEREWILX . HRGE RS T RE AR, 20 4l 80 EREI, Rk
W, RE. RARMEAEE MR TT, o ER 2R R o B 5 AT R A0 R A 25 G W e
S, 1986 4 9 H o [E R B ik i 7E TG B AT AR S RGO T uE (FRTRR: KIS, 1988 4R
FEESREH AWML (CERN), ZJ5 XREEIERBRS . PLALS. K E B WAG AT 5 155 g & 57 4k
Mk o 20 40 90 A, o ERN B 8 30 T Bl 70 U8R A SR E A EWE WA L T, IR T 1998
FEHRT CRE#IMEY. 2006 FREESN T R EBIWOKE . KRS R RIS R TR T,
G AR A B T A B TR A U A A R BT RCE R A T E S . BERR ROk, WIVARL R ST
(FKE) REGERKGHEL. SHEIEE. R 5 AT R SR 4 A S R, i BRRL 2
5 Bl 5 2 RIS SO PR 5 SO R, B MR B 5 3R R 2 R G R 1 H a8 AR A 2
ARG TR A WIERAL, WIAER 0 7T AT AN = R
1.2 KEAEMMUER BRI ZHRFRIEN

KA AR s BHEE T R A 5 0ua, HEEE R FER R RRA, JHESR LT E
S PRI A AT S AR R E N S SR . TS RE MR A, SRR A IS B
TIAAEL . A RN AR A R 1 R B DL AR RS R G AR 3 S R RO G, A TR R IR S 4
SRR A 7 1A A S R G PR B AR A I e S R R IE R, R SRV AR AT T AR 06 250 R R RE ) SE
NEPEAS Ak, DR A AN S 86 4 AN AR AT R G RTA AR S R AU A SHLEE, KA e A A
R I TE IR B T R B AR B AR RS R G AL I T K00 P sk IR YR T A 19 Al
i, 1843 4R JEIE v S L0005 S A ER AN RS KN T H R AR - LSRR IR, (FONAE
A EA UM SL T A R AL I R S ¢ T A AU R e 1T R I U 46 T 1888 4 KR 5 5 [ AH 4k
S EF AR FE S5, T I RS IR SRS EAL R pH fE L VAR BREBEAEREE R 54
Yot COnVRiEkay) . RAAYD . AR B, B0 I BAIIE UIh R 2 2 ) AR Gext U A1),
o g R HR ARV A S RGN ThRe 5 BN AT AR IR O R B B, B T IV AR T A
HREERIG W2 R AR B M. W1 1941 4, 38 E AR 25 5 SO 2 08 I ZA AR AE S R G K B4
MR, RS RARERA PR N I —— R Sl 2Rk TR A S AR
WIR, SHEHE T B, WSS RS, OSSR 10 B S

FEAE, WIARLE R R R R R AR AR TR BT SR I 5 I8 0 L. 1970 4EAR, A R B g at
PRSI T BT R B ERLWIALE A R b, B EWIAK 2RI T, TS B K E
fii7s 1980 4EAR, Ay Uil R B 5 SR, AR RORR A A R A, ST R R K AR R AR G S, TR KK 1T
P 75 5 S K AR R A AR AT 8 55 7R Y, 3t B 5 A5 2R 1 R RN . 1987 A RIS A S RSB AR
S MLRE 7 38 1E 3, 123 B R B /K IBA CIFRE T 30 RAE R MKW, AR 7R T K1
IKSOKBN I FE AR SN AETRE R . & B MR A N TE R . VR A B I TS
BRI . LKA S AR RRBBREE, TR T EE K5 1 fi
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ARG SEIMEKIARR BT, TR TWINAERESE 5 RSB E RER AR R AMBR G101, 328 i L
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Ao
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WM. IR, RAEVENEORRESIREST, K2 T EmAEE RO RRE R, A
TR AR BIE . VPSRBT . AT A 2 IR R WL 22 i) 52 W] R B IR AL T AN vl B AU
FHAW P2 o T SARARA IR AP 2 ARl R 5 A TS Qe A A BRI PR, KDL I 4fE B
N R A AR TR BB AR CoKR TR ARG 3 SHinK SO A S R
G EEAKYE . B, ARG A DR AR M W, FK OIS RR 86 52 Bk g
5N R IRKE, 17K U I ECHE 1 A X AR | ] 0 S A R SR A S . LR
TE R A6 2 T 5 o J 5 A IR BURR L X, 9T T Al ) S R K O T 5 K v DSEURR B 2 R
HE RS B G A BRAR AL L 122.230,

B, K E A 5 I B A ORI O 3RS g, S sy 4 N SR LA AR I« —
TTE K NS A ER A S PR A A s ) 2 R R o 3K — A T Y K R 8 5 AT A R o AR R IR IR R
R R 3, 23R R 5 T RE S SR L IR S A2 SO S TR YR, AR SR AR IE R, A
W2 BEMEORY B IR BT Y IR B R FEAS AT AR SCBEAE
2 EfR#ERIAKEIAE NN SRR AR
2.1 BHRHBKIBEAN S

BR 36 Rk [H 5K B P78 RN Z 45 56 3 IR K e AL, DA WS IRT R v A A R G KR A
FeARSTARAY, o 3G I R BUR AL AT RS I ZVE B 4T . 038 B O R SR 5 S
(GLERL) HE T EEZME MK EIR (NOAA), X TL RIS B X ({1 A4E 28 R G MR 5h s 3t
AT WA G T s R R S0 15 0 080 T o B 2 % e o T it o B R A ] = 5 S Ak )
HRIWEL, AR EDIRAR AT KB A S B A . teAh, W2 k%, Mz RERE. BliHRE
KRN Je 75 ak K2, #TE B v KA e SO I ek, TFIRIBIAK SO . B2 5 A A 5%
Z S RHOW T

2 [ 52 K25 N #hd 4 B 4 A vt (Flathead Lake Biological Station) o7 1899 4, &£EPiH
TR A& ST VA B A0 R AT I, , L E T KA S IS I 5 A S RARYEE, M 1899 EFFUf NS I i 5 2
TET I 2 100 4, FFT 1977 fEfIE 17— WA R IR I TR o SRRy R AR K R IR B A
AR S B G AT I Ay I r A BRI - D) AR G K B AR S BR A T B BB ST AR S AR R L 24-28L i, — T
BT h R BRI R O IR 38 A 1Y % #h B A HH I DA U T B 4T, R N TR R A
BB IR ZAR T, WA BB A 27 v 5 SR A 2 IR D ) B AN e B I R A K RO B R, X T
FVIIN = A G IR, S 0T R ) A 0 T O T IR R AN S P AR P A A A R o R T B P 1
AHOCHH 7T TARRHER) T 28 b S B e 70 g s K AL B R G DL 95 1 7E 3 e PR AT b 52 B
SN R IHT A 40 P RS E AN BT S Chittps://flbs.umt.edu/newflbs/monitoring/lake-monitoring/ ). H #ij #
o B A s AR R M VA 2 5 S R R B B - James Elser 2042, 8 1 WIS 77 3k 8 11 A4k
FEERE

S ] 7 9 B2 K 2 22 3 4 R VA R O AR 55 RIS (Trout Lake Station) 1 Jy 55 [ i 5 (0 3 i F 72
Yz —, HIAY S Edward A. Birge 1 Chancey Juday - 1925 4E6I37, AL 77 iR WA R 58 dro(en,
2025 AR EH A G 100 A RESTREMISE 1981 AE N AN LR A VA KA AL ST L M4 (North Temperate
Lakes Long-Term Ecological Research: NTL-LTER), i W5 MBI IR . /KR, SRk e Je FL A
SO AR, IS RGN AR ARS8, OO A BRI A AT T B RR AT AL E AT B
B K 2 22 3001 30 43 A W Y S A T e o AR 5 R T 8 R 3R I T VA 2 O 35 IR R B BE + Stephen R.
Carpenter 3%, {2 T BF 4hubi K WD SRR 5258, 547 22 [E bR 4 W1 22 &K M. Scheffer L [F] 61 14
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20 20 %], SR BRAL B o IE ITC AR T AT I SE R M . 1920 4, H - TR Fritz Nipkow 1 V%48 FH 378
B R 2 R AR VR KA TR B A 8, T UURRARAE s 1952 4F, Baije Kullenberg 75 JLELAS 8.5 KA &,
T I SRR AL 2 53 W HR R UK R TEIE IR AR, S TA TR AN A R s 1980 EAUE, R
AL REMAEME R LGN AT REBEM . TrEE KR A Y20 78 Fisii B b sk LA
AP WIAENA I RSB E NG, R RHE I A, KRR R & R
EBr G EM L, TERKERRGIRY S A5AR M B85 U 5Tk o tH 1292381, {4, JRERHH I8 A 1972 4F
DASKE P 8 DY 47 4 0 5 A I 78 R B0, R WINTAE S RGBS = R T AR, HEMANIEREE
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20 20 80 EACH], fEEMEEFRIFIEES (NSF) BT, Jb3ERl 5 R BT L3R 7 99 K )
AT ML (NTL-LTER), BTEIMBIAES RGEAME. M. 50 L ARSI LR . NTL-LTER
A2 2 K AR ST T U1 R EE B A R 4y, I R R A 9 N SR B AN S A AR A e B, R AE R T
TR R WAL R AR A VS E R R AL RSB IR
Vg RIVENLE] . DA AR I NAR 5 2R ) 2 REAE TR B LB S 0884871 it 2 Ab, BRI G 3 T KU A 1L 3
M, AR I EE B WA R, DA R A T AE T L R R i S VR 2 A e, i K
HASE AT SR I T, R T A SRS A, RS TSR B R

Al BRSE 1V 2 SOBAEAR 22 WA TF R A A 10 B9 A 000 5 A RS, R B 7% ke R A AR B A%
o I T R IR A B A S R G A RS S R LA T7845-470 d Jin 5 KBl R 4F 5 k2% David WL Schindler 45145 1)
VA SR T HIATE GRS 2y 226 N 227 [FIAFF R T — R A0 A I 5 i 56 i 78, 385 X Eids i ik
VG ARG SN X 2R AR ARk, 4 SRR I I B PR v L B B A K A, T R AN
RIS LKA, R B B 3 BUE S TR A AR K A R A 10 O i K] - (46,481, s il 1 11 e
PN MR 7 A 32 20 BN &8 SR AP ) T R M, TS KA ER )R A TR R L2 e O
AR HOAEFH DA R AR FE Bl A it P R 1 5 6 oMb T 90 B8 £ 42 411 55 . E. Jeppesen S5 PF 2 35 /K 11 s il ) 340
TSRy BT 2 BH, G VRSl G 0T Bk, W S B AN SRR a IR AR, BB N, (FUEE F 10-15
G4 o 1 T 07 - v 1/ e T S R G (R S M a7 R & [ 2 RS A B A i B8
Vi OKAREDD S IR AN SRR AR S A R A T L, R A SR IR S AR ) 2 S K
W% OFB, HFREEE S WA DL SO i SR DUSE AR SRR 1, AW A S RGE B S R
AL T BRI,

2.2 BT AR S BRI RZS

It 5 A SRR A AR LI D S5 M BR R PR R SR AR, 7E 36 B B KR G & 3CRE R, AR
Tim Kratz. A% 58 David Hamilton. $1%% 5 Peter Arzberger X i+ 5 #LE} 2% 5 Fang-Pang Lin T 2004
SF % B ORI BT T A BRI A AR S M 4% (Global Lake Ecological Observatory Network, ik
GLEON, https://gleon.org). GLEON & — 8/ FiH A S0 7 1 E BRI ERMFF &, Rk, W
St 5 B R R R F A o AT IR A | AR . RIS 515 BRI SE R B ) B & . GLEON
IR B E S BB, R GR T A A R B 6t A BRER SR AR A (1 e AL ) 140521,
M GLEON 8 Y117 b Wi B8 10 A SR 45 e 490 e 00 250408 170 122 1) Lake Analyzer, T AT S50 06T T8 V11 1K 22 A 470 3
BRAFAEH BREHANR A ZHE0R, T Z R T HUBOAN R 7K ST B A ()46 BE R 1 (1 7R
B ANy ORI, T VR N B A AN [ 2 1) AR ) FRORBE T 7 AR 1 A P b R AL 22 AL 149, GLEON DAHES) I IH
ABFIEBRSE RO a, BERRMIAESE. KCEHSHE IR AT R ThEE S E . 2016
f, GLEON £ G 7 Aii fE A BRE 4N [ S8 150 MEHARNI S, 28 2018 4, GLEON ff] 86 /M1H ALl
A SEAT RRE I AT I ) A BROF IR 3 55 (1B 1) % 2020 45, GLEON 7E4:3k 63 AME K dar 7 id 170
ANV G4yl SR A RO » X el SUEWIATA. TEE . BRRE, ABEREANET
WRES A B ES, AR, BEWIEE . BIRIGE 5 A A HLHI B TR (i T FAR )
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AR TR R AR RS RSO 2 422 e R 1H4E GLEON R SR ek i, HEzhh ity
WARHEW PR LR 75 o

GLEON i i [/ ¢ . B5 A RHIa IR 2R, 0L 74— B RAE . eIt 2 hniE, %
T B A BROWIA A A BE MOT IO e, JE SRR AUk L KL SRR T ST e i 22 LW IR 61387
WL T A EREIA S ERT FUAEIA AR, HESENA BT T AN 1 XA e BRI A R,
SERHA RGBT TR SRR R AR AT A BRI HA T R AU 2 A B RS VE 22 BB R R B 5T
KIS 35+ GLEON WL Kt SRR LA 22 2 Rt B AR 0 H WF 0T 2 BOWE I I R (1 AR A5 53581,
2 RFERE, GLEON CBHITHME 2% T 22 A BRI « AT 50 55 6 B - B il e, LT
JBOE S B SR IE B J3hA R AR AE R AR 2 R ORI BOK SR IRRT RRE R, R S IR A [ R R
Bk H ARSI -
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1 AERWIAAE SR 4% (Global Lake Ecological Observatory Network, GLEON) {1V WL 3 5 2= 53 B 46 (16 5 90 00 00 3
B3 A O Ferfr, GLEON 43 B3 J £ 81 E W00 il ) #5245 T 8 28 2016 45 (152 ), GLEON 81 W sl Fr) 0 B 4t v 48 28 2018
(86 ). M FEHE H12E [E Cary Institute of Ecosystem Studies 1] Lisa Borre $2 4}t
Fig.1 Distribution of lake observation stations under the Global Lake Ecological Observatory Network (GLEON) and lake
observation stations affiliated with GLEON members. Specifically, the number of lake observation stations affiliated with GLEON
members was recorded as of 2016 (152 stations), while the total number of GLEON lake observation stations was recorded as of
2018 (86 stations). The relevant data were provided by Lisa Borre from the Cary Institute of Ecosystem Studies in the United States.

3 RESARFRAEMNSIHIEHT

H R 2 e SCRE AN AT 1 P AR S RG0S 4% (CERND T 1988 FJF IR, B 7Edid x4 [
AR DXICRIAS [F) S g R AR 25 R G M 5 k56, 45 A iR S R RN S5 057, BE R R E AR S R4St
gt 5ThaE. SR SRR E, TTRAESRGER AV, IMHERS RGN, RIFRELES
FRARRZERIE T, B E ASIAGEORY L BEIR S B A 580 Rp 8 Jie e A BRAR A N S 4R A3
KW RGBS EE MR SR8, Ji2e 30 REEF I K, CERN HijfC4 R & 1 5% AWM
ALK L BRI TR I BT DA R B L R A e, AR T RGN E R, JF H & TR
T RIIBEME T AR, ERERR R RN BRI E A5 P O S8 0 S T E B R [H
i, CERN BUAE O 28 By B [ AR A 2 F T RN 4 8 57 1) 2 B b A A TR A 25T 0 AL 1) 2% f) — > BL 22
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MRSy . AT, CERNRFEAH . AR, REHL, B, . 3. B, 183 8 KEERRSR, &
AT 44 AN EF AT SG , H rF e b b AT A . ROBH IS I B T AN B AR, 3 B
KIS S PR g 1 . B B R SRR KA S R AR ST A

2001 AERHE R 20 B 5 AU ARSI ST E0 B, AT g AR I R S i NS B R
SRR KA E KR & . WG, A2 E KA SEE, 2005 42 [FH % 7E CERN £l
T EFAESRFWMH AL ( CNERN) BEATS. ZME LIRS TR, AadEiam. BRIt A%
O EAR, BIEEETT BT GRS, AL E R R R R R 6 . & 2RI IE S %
R, H AT B S ET AR AT 5 P 5 ARl s R AW, L B RE I . R . UK
WG YU VS . RPN RN A S (B 2), TR B AN IR VA 2 A 5 X K
WL TR, BRb ERFE B S RGA,, ARIEEE . AR AR 1 SR S AT
11, PARWidb. =pd BN ARAE G AR 4k 8 2 Ah I G e . R, R S RV B T AEAS
(7 DX AR AR A W S LA T R BT bl s T Al B R -8 48 - P 0> = R SR 0y P S 0 O 00 o) 2% 1 2R
BS80S - B i A E R G O RS V- O [ S L W (OB E1p g o E e S o
TINEZL BRE . B ISR — 3R 5B S ROLK CERN K FLIF 6L K TAE .

I 2 FE it IR TS S, & A il R SRl v U S IR SR AR M IR AL IR IR L K e
KM 7K AR BB AALEE LRSI A2 75 R e B A BB AETT e 7 R E MR, IRV 2 0%
RO AR T8 U S IR SRR N B R S 06, R DL K ST DU B I SRR ], SR IBTE S E
FR 7K A AR ZRUAE A A A 2 W 78 7K 6 1 JER R T 2 25 SR 1) 3 0 s [5800 s Aub sf 3e ae H H 6 WL 5 v 2
PSSR R FE, R I AE HHy R AR AK & B R PR SR AR K B R AN R E SR AR VR R, AR
FREZ B BEBRE], AR RKE N BE . BRI PR, R R T A ) S A R B L
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