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Abstract: The debate of holism and reductionism regarding the ecosystem suggests that ecosystem holism requires further
understanding. Tansley created the term “ecosystem” and regarded it as “quasi organisms” including the biotic and abiotic
associations and human interventions. Thereafter, Lindeman, Eugene, and Howard Odum were fundamental in the
development of a systemic-holistic approach. Specifically, Lindeman submitted a chapter of his thesis for publication in the
journal Ecology!that outlined the Ten Percent Law ( namely, the trophodynamics of ecology). Odum brothers adopted the
term. “ ecosystem” and developed it further. The two brothers worked closely together- they were both committed to promoting
Lindeman’s functional-systemic approach. Because of their efforts, ecosystem was seen as the fundamental functional unit
for ecology, which brought together biotic and abiotic components to form circular paths of energy flow. However, the system
ecology of Odum brothers was inappropriate based on material-energy, which was viewed as “reductionist holism”. Patten et

al. proposed the ecological network theory to avoid the reductionism dilemma of the holism of Odum brothers. The ecological

EE WA :2014 £ [FH 5 2R 2 54 8 ST H (14AZX008)
Wo#s B #7:2016-09-27; P £& H hi H #3:2017-09- 12
# WIRAER Corresponding author.E-mail ; xxjing@ ucas.ac.cn

http ://www.ecologica.cn



32 JAE = 38 G

network was not only the description of trophic relationships in food webs, but also a representation of the biotic interactions
in an ecosystem, in which species were connected by pairwise interactions or links. These interactions can be trophic or
symbiotic. Patten et al. considered entities as networks of interrelated factors and defined them as ecosystems. The ecosystem
was an entirety formed by an organic or an inorganic entity as well as its featured environment, and constituted an analyzable
unit. In this way, Patten et al. attempted to improve the theory of Odum brothers to moderate holism to strengthen the
ontological ecosystem holism, and tried to make the context of ecosystem have more wholeness. Patten et al. adopted, the
“network environ analysis” to consider the emergence of ecosystem on the physical level, and proposed that more attention
should be paid to biological phenomena. However, in ecosystems, there are random quantification problems regarding
qualitative ecosystem processes, resulting in the study of semiotic phenomena to fall into reductionism dilemma. Jgrgensen et
al. proposed the “system theory” of ecosystem ecology and declared their intention not only to just repeat what was already
known but also to introduce some new perspectives about ecosystems. They attempted to boost ecosystem research to an
integrated framework including material-energy-information-network and asserted that ecosystems have seven attributes.
Their efforts were of importance because they were from not only an epistemological viewpoint'but also.a scientific viewpoint.
However, their tasks still have issues on how to balance energy and biogeochemistry. From the above argument, it can be
implied that the trend of ecosystem ecology research is a progressive transformation/from “ material entity” -“ energy flow” -
“information network” , and finally to “open system”. The key challenge of ecosystem ecology is how to better understand

the wholeness of ecosystem by adopting a method that appropriately reflects-the wholeness of ecosystem.

Key Words: ecosystem; organism; energy; information; network ; system; holism; reductionism
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1 Tansley A.G.: AT RGEEEILHRY

“HBRG X MR 2 Tansley A.G.7EH: 1935 4F & 38 1910 3C Fl 4 AL A R T (4 1 FH B2 Ll
FH” (“The Use and Abuse of Vegetational Concepts and Terms” ) AR H 1 fb 2 FF LR X —HE &, 5 2 Aif
KRR RS RS IR R AR A R
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X J& Clements F.E. 7% “ LA (Organicism ) % “ BARIE” (Holism) BEAE . B MR, 52 2 R4
BT, 513415, Gleason H.A.7E 1917 4F48 H, Clements F.E. B9 W& 245 1% 1), BEVE 19T A AN & —Fh T
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Gleason H.A. [ B AR THEP < AMAIL” (Individualism ) 3“8 J538 " (Reductionism ) , 15 Clements F.E. [
7% LA B A XS

Tansley A.G. R ICHERFE “AHLIE CBRIKE) MEAIR (B E8) " I FiE . AT E Gleason H. AR
MR GRIFIR) X Clements F.E.F H B UL iy 2k 434 K, I PRECKE 9% 2 SR < MEA HLIA” (Quasi
Organisms) , 1920 4, Tansley A.G. 5 % “ B8 5 A Z4t X (Human Communities ) £H Lt , A% 9 #f 7% (Plant
Communities ) I AR EIE A VLA, (BAEYIHEE T BEAIAR AT LABAL e HLIA” 50 A LA (Organic
Entities) o X 4&H -~ , — 7 A 1)& A HLHIC ( Organic Units) BT 2H A ; 55 — 5 11, A AT T B945 M EEAR 22 7 If J2&
PA—A iy Jr sRRBL R . Bk, A B AT A e AR 5

Hi Tansley A.G.XAEYIHETE HINIR AT LLE i, bl AR AR HE [H] Clements F.E. B9 @ AT HLAKIE” ( Super-
Organicism ) , {E2 A — F R FF RIS, MBS 18 - XS RGE 1O TR % | & — 4> B2 ali /b FLAT B 45 4 11 52 4%
AR, EARAHUARIRA IR ST 00 1 B4 T 7, (R IR A B AL W R 5 HRFE B 1 3kpE—k
Tansley A.G.[HRIEHEIL Clements F.E. BNERZ] AL E TAEYBR W& TR, i, 5
Fef AR R BIMEE T 1935 B AR RS & SON W Fiee B BRI RS, B G
F Y B SRR S IRATFR Z R () AV HE R (Biome ) 5 A R BLA 1, Bl ) iz 2 L LA
[ (habitat factors) " .
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Tansley A.G. 321 B A3 R G SR A P52 X IE KRR, ZJ5 e R — Rl e
TABRGE WA HUA” 80 S — M B RN A e, TR I A SCHT TR

AN, RUEAE T, Al T DR LIREL AR 25 R G A HLBE R PEDE 7 6 T, Lindeman R. A8 17 P sl 1k 19
fEE,

1938—1941 4], Lindeman R. X 5& [ W] J& 55 126 M B9 B IBAAME W ( Cedar Bog) /K AEMER B RER I St 4T T
W5 ORI AL AIZIIUIE 5 T AR 2 D0 37 B A 252 a2 B A ) — R 8 3 AR 24 B 3%
B ) Tk Z 2R Y SR B 4, f 24 {E Hutchinson G.E.HYSCRF R, T 1942 4R 4%
TE R B X I SCH P Lindeman R AKZETT T IX AR W 1 B IRk e REIE 8 M5 08 . 5 — , & b
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—ANBEE T ), IR T B IERTE” 1 . Cooper G.J.IA N : “ Lindeman R T Tansley A.G.AE K
T AP AEEE 53 1R 550 ( Integrated Unit) AR RGAM S, JL-F-HARTUE H M 58 i 13X — 2B 82
MESEE AT Lefkaditou AF8 H ; “ Lindeman R.EESE T — S8 KUK (1diom ) ;A= A5 id A i e AR PR A E AT
e I ELSE A A RS — B S ORI G
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Be o AN ARG AR ECOR YRR AT, B N B R & T A MU 53R A Ar R B, EATHY S
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KR T RTHESRG AR AY SCR IR SCRARTT T YRR GEAA W) Z Gt b ds R T 25 1 i o &R
TP AT, 2 %ot K T 2R IS T b R ) A% e [ RUBE [ LA 27 1956 4F, Odum H. T8 6 B 58 HH 08 FH B 2
AL R DR R A S R AR R T SRIL ™ 1968 4F, Odum E.P.7E4ER 19 20 K DI A: A2 v (Y g S F 5
{14 7 0 SCHR A SERE T VR Z0 MG A2 S R G AT (A% 0 < A IS B i 2% (Eco-energetics ) . 1975 4, Odum
H.T42H 7 “ BB (Energy Quality ) #:&, iXJ2 2 SR REMH B AU BLAl . AE BUdaft 2 AEDIR IR A [R]JE Ui 8 i
FA R[] PR SRR S5 GOK -2 5, DR A i B 1 2 R TRl > 071988 4, Odum HeT. 434 1 e K Ty 5 J5i 3
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T REME S I EE L il % ) ( Enwironmental accounting-Emergy and emvironmental decision making) ,3iX &t I
B TREMEM L 2 . Odum H.T.ZEIZAS 46 | BE(EBIBE — iR AN [) 5 1 BE e 40 1l ] — A v B e 119
FEHIITIT I, BRIE % ( Transformity ) AT DL K48 4872 i 19 28 55 A RUPE ( Economic Usefulness ) 21 90 it
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ARG Tolb A =4 Al 22 48 DK T AR AS AR 40 S sk g i 5 v 1
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i BT RUE ) AAGS B, Odum SU5 9 RE I 22 UL R e 22V A 87 SRR e | e iR 1R DL o
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1982 4, Silvert W.AFIAN , Odum H.T. & F e R YR E B TR R G R A2 A6 280, e kD)
KA H R RSCRARME TR R 4 (Individual System) $#iE" 1991 4F, Golley F.B.48 !, 7 Odum bt.26 B9 UL
SR RS R GURAE B A S R LA R I LG RS A A T R AR AL
ERER AL o AR FAY—FFY ) 1993 4E, Mansson B.A.Fl McGlade J.M.#t3] T Odum H./ToH)FE
IS AT, BE R 2E BRI RAATE B AP & X AAIAE Odum H.T. (4 B 19232 A RIS ik
T A S R G0, (R MR A HESE b A7 7R [ A 1 HLE WG (R 6 0 1996 4, Brown M. LS54 1 | Ak
SHAb I 2 5 GNRE i (Energy) R =M (Exergy ) F%& (Enthalpy ) % 22 [A] 1 ¢ R A, IR Odum H.T. &
HAESC B T EMNZ M2 RIFRA LB EMNZRNEELR ™ 6 1998 47, Bergandi D. i
— & N RGBS F RN R RIS Odum HLT. B [H) F < B iA 78 7 ( Hyper=reductionist ) B 5
EAE, MBI, Odum E.P ZEARMIS AR T “ £G4 ( Collective Properties) Fl“ P JE 4 ( Emergent
Properties ) (4 IX 5l ; Odum H. T. J5 ¥ & I R B /2 E i 28 % K] ( Energy Circuit-Diagram ) FI 5 il 18 45 1
( Cybernetic Model ) 45 ; flifl T 4248 A9 J&—F < I8 IS A FEARIS” (Reductionist Holism ), BIAARIS [ A &k
WO, e LW MR R RS, Bk, A2 < i 738" (Crypto=Reductionism ) F502000 4F ,
Cleveland C.J. 22N, BEME RIS F 2 OCTE A2 AN 5 1M 220 T N2 B S FI oK, X RE 2 75 BE L 1E R0 7™ i
XN LR BEE, A, BEERY H A2t LIRS N ORI A (Ecocentric Value) ,iX 52 5F
SRS AR BT, A2 2 DA AZE A LY ( Anthropocentric ) 12001 4,0 Neill R.V.35H, Odum 3 X
(Odumism) IYLER RGEAE S, B —FER AR HESE T+ IR JFB B X S A T A R 48 XA AR FR IR
YRR 5 07 e BRI JEIe AR B AR AR A A AN I B TR, A B i AR 2R
PESN 1A AR AR 50 55 Bt R E S R G B AR, X Se i A 2 RGEW AR B RS PR
550, 2007 4F, Schizas D. 224NN, Odum SESBALAE T 2% 2 6 TAESBG, Thi FLKE A 825 0 BT A
YA A I BUE T RGBS A E D

IR B SRR A7 B AR Odum HOTUHE PN F24 2 B IR . 41 1993 4F | Patten B.C. & 8 SCAE T IR T Xf
Odum JL2p“ A B RGEMIL” M EE W Patten B.C.7E°H Odum S5 B FE ARG BES B R 0 5 R T 41 ZUZ 1
flud it RHAE K, Odum H.THESSER H R RE B Y A 1 E BRI R, M AT B DX A i, Bl A WA~ < — 22
Odum H.T. DAl 11 8 BEA YA R B o i 5 20k 95 S - e 2 1 T Odum H.T 2 — 72250 3 A A=
BRI — S LR AR P L -7 7 RS il SR, AR Odum 52 A SRR IA (R 7E HL
WHESL S5 Fdp W EE B R ZUZK AR RE L, BB 7E Odum St BRE PR ZE A C R Y, Patten B.
C.1E—2 A R 0dum SUERIRZEE T AS R — B RS, A0« B " ( Metaphorical ) #4727 8 H A=
BRGEERRA R —F5  X GEGRREARR, B — RS 3 TG Rk, 1B R 2 0 R, B
“ERG P BT

XFT Odum SUAS I A RGBSR, — DB YW AR BRI — 2 B TR R, E R A AR PR 36 5K DA
LI M EIE R IZE E . X Odum ST E S RGEHE — DA PR A, O, 7EACK
WL 28 FERNIZOE M AE S RGERARIS YR TR FERE SR B B TS RGE R E RN, SR %
PRPERIABURAR B, —Fh AR A 58 2 A RIS 7 AR R R G SE PO AR RERATAY . L IE B % IR S R
B, — A AR R IR EE B MUH AR S R G a U BN AL | 98 A0 AR AR [ B A A 5, F T RE Dz b i £k
HBRGASFHH £, Patten B.C.LAK Jorgensen S.E. 55775 & H b iy LRI

5 Patten B.C.REGEE . “ATNMEE R S“URFEE" IR H
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1976 4F-,Patten B.C.5522F IR KR T X THAEZML 38T (Ecological Network Analysis) #1978
4, Patten B.C.FF I M 1R R FLBEIE vh 22 0C F B FREE " (Environ ) MEE , HAH hy—F 4 A-IRZS -
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) A ME A AR 520
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FAE IS P s T O AL JEUSER R TR ELAE 928 H. G &R (Relations ) 5EMARTELAE JT P B ok, X X)
T BEIEFONZEE RGA TN BRI L ST« 28 R 20417 ( Network-Environ ‘Analysis) 7 %€ i, AT fig
S PO A B IGRTE A RIS B

Patten B.C.55°73 W R 3 A S R 28BS 1Y Ja BR M | Sy i e fa A IEe TRLBE , 78 1990 4F MU £ 584
ARGHAL F2 < BRFHEAL” (Phenomenological Model) ™, Patten, B.C.AFIA N , HXT T iy it BEAS i e AH 1L
VERIRAG e sh SRR |« G AR AY 7 S — T B SR AL o s A EUE PR H1 b ) Jo i 2 A 3 i sl
NGB R A O A EAE A SE B G ZR 0 DRERAE HEAT T XS BRGe A, ke e 1 B s T A B I SS BLOG &R T
AEREMORAE ST HEA T AR R (0 0] (L, [ 7 1 R AR ) K T A i BE U 2 | IR SR OC 3 5l 5 W) o 3 5 1Y
BLA

5, Patten B.C.AE AW SEZMATAYEIS , T 1997442 10 T BRIy “ AR M B, X i) LIRSS
RUAFIUA N (1) FEAZS R G A7 B A AR B oG & Al &\ BRI AR s 4455 (2) X Fh
VEFIASC R A5 AR S REAUA HEA B W) 5t it 54, 30 A 15 B84 DL Bl 2 Tk B9 A5 7 L4 (Semiotic
Phenomena) ; (3) iIXHE A5 B A H AL 15 A2 R Ge T L) 58 I TCA: A ) 5 1) 3 o ) e —— R A5 2 48k ) g AR e
N DIRE , 1M HA 7] LS8 A A A o i D) AR (T LR AR ) 5 (4) XA AR D BE 2, B Sl R
(G5 A TRERE, SR 5 P XTIk S A A 25 IR E T R1 0 5 (5) T X Pt B g D e 7e 5 55 B B T AH G A am i)
THILPEAAE , B30 BA T 38IAFIRY ( Cognitive-like ) L AALHYRFAE , BT LA A= 25 R G822 — B 00 HLIA Y
FE

Patten B.C.Z5 M58 X F K, Schizas D.IAHN , Patten B.C. 251 TAE B 7EH5E R G0 82410 B 314, ]
TEARMIE PR AES REFE M ERFIEARIT, B Odum YA AT A S RGN AP 274K,
UL R AN Odum ST TAE PTG (A4 M0~ 0y, 26 3 2 8 A ) 2 T TR s e il — 2B
Schizas D. 4« M TR A= i i A7 S A8 IR 25 I8 46 B % 10 W1 B S5 B A B A7 7 . SRR IS, S8 B OR R 58
R AR Baei ) FIFF S22 B4 (AME R FVE S50 ) IRk . Bl AT 5 U T4 B R 4t Patten
B.CRHANEE AT AL B I KT T AE R RS LUE YT (Biological Agents) AWML M, X
WA HUEBN N BEA R R LA RE AL H WA MUAUE RE SR HE FAY—2F, 5 b X2 X)) T AR W)
JEAUT 5 A S A 1) 5 P AR T T8 2 1) 1 L g g, o DB B B b N 1 X — 4B T

AN A AR BAT LUN YRR AR MR A R R G B ) 2 i i ER e, B A S RS AE
AR KA & IS IR T RIS T BE 22 1Y 2R 23R = (Eco-Exergy ) 5 W28 45 il & AE Jay Sl iy | 43 By L34
IR, PSS A RS R GE A T P RIE T LA T 3 BRI AU ARAE P £ W i Y S0 19 2% 1) A= 25 38
SRR I 7E A AR TR M T

H 9K Patten B.C.AEHY“ AEAS M8 B8 HA H R 09 5= ORI (B (B R WAFAE R, A5 5 hy, “ HE AN
IR IEAA NS AT X R BRI a8 A 2 AR SRR AR SR PR, AT
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T P 5 v PT DASRIESE T A S RGBS M JE I, Schizas DAR Y, HHT32 2050 8 LIRE IR, A #0187
FROHIEAN AR . Schizas DRl ;3T W) Bi-RE Uit , Y0 ot i) R B0y R LA S0 T 28 i A id
BA’ (Semiosis) , Febp b AMTMA AR s G A B G R I H A B2 A TE 1T E AR M= AR TR R SE 1
fRA G Ol ARSI 2 1200 1 8 T AR A 22 R RO T 1 AR S R G RE Bt 1
AT IR . SR, S48 BRI 0 IR A S 1 WAL S8 B 5 FR G0 A 2527 AR 2R 19 340 8 10 8 e, L
I MUATH DT RIS SR AR R GUR AT 4 MR BT TR L H., B HESR S O T i e g iy 22
B S IR AL BTN X T RE U B AR Y 2R Schizas D.3E— B4R < AR 2S4S IR
WERMAE TR [ e AR AR T ST AR S R RIMTTE LR RE MR AR R 5L
AR, T2 T TR R LE] L, PR S AR WA A i R b R TR AR SRR R H A

XTI NG S RGE G BPLEA 5, B, 3 Fh 5 AT ME DLk 56 78 348 J5 18 ( Hyper-reductionism ) A9 [l
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Table 1 Classification of ecological indicators
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