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Landscape ecological evaluation of Fenglin Nature Reverse: Quantification and interpretation. GUO Qingxi''2,
WANG Tianming? (! Northeast Forestry University, Harbin 150040, China ;% College of Life Sciences, Beijing
Normal University, Beijing 100875, China ). -Chin.J.Appl. Ecol . ,2005,16(5) :825~832.

Fenglin National Class Nature Reserve is the largest well-saved virginal Korean pine( Pinus koraiensis) forest
area and a precious species gene bank in China. In this study, the indexes diversity, naturalness, representativity,
rarity, area suitability, stability, and anthropogenic interference were selected to establish a ranking ecological e-
valuation system to estimate the ecological condition of the Reserve. The value of each index was determined by
the evaluation system, and the weight percentage was decided by Analytical Hierarchy Process(AHP) . In the Re-
serve, there were 568 higher plant species belonging to 113 families and 220 higher animal species, with score 3 of
species diversity. The zonal “climax” vegetation type broad-leaved Korean pine forest and the intrazonal commu-
nity type spruce-fir forest constituted the principal part of the Reserve forest, which was the epitome of the virgin
broad-leaved Korean pine forest in Lesser Xing' an Mountains, with representativity score 3. During the past 20~
30 years, the natural habitat in the Reserve was quite good, and secondary succession was obtained effective con-
trol with few natural or anthropogenic disturbance, with score 4 of naturalness and anthropogenic interference.
There were a lot of ancient species of the tertiary period, such as Pinus koraiensis, Fraxinus mandsurica,
Juglans mandshurica, Pellodendron amurense, Tilia amurensis and Acer mono, and Pinus koraiensis was listed
as one of severe danger species by the FAQ of UN, with rarity score 4. The Reserve covered an area of 18165
hm?, with an enough size to maintain the structure and function of the ecosystem. Accordingly, its area suitability
score was 4. Broad-leaved Korean pine forest was the most typical and stable vegetation type in the Reserve, and
thus, its stability score was 4. Finally, the composite evaluation index (CEI) was figured out as 0. 87, showing
that the ecological quality of the Reserve was very good, and the protection value was quite high. In conclusion,
the present area, structure, and management of the Reserve could satisfy the requirement of sustainable develop-
ment.

Key words Ecological evaluation, Assessing index, Analytical hierarchy process.
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Fig.1 Vegelalion map of Fenglin Nature Reserve in China( Created in
ArcGIS 8 using ArcMap.ESRE, Inc) .

TO1: HAHELT ¥ MK Betula costata-Pinus koraiensis forest; TO2 21
FAMK Titia amurensis-Pinus koraiensis forest; TO3; 23 % §2 7L ¥ 153
Picea jezoensis- Abies holophytla-Pinus koraiensis forest; TO4: 203 12 8K
Picea jezoensis-Abies holophylla foresi; TOS: A2 Abies holophylla
forest; TO6: A L& FHs 4k Planmation Pinus sylvestris var. mongolica
forest; TOT: M HE 2 MK Mixed broad-leaved forest; TOS : il 5 i 5¢ Mk
Hard mixed broad-leaved forest; T09: 4% ## i€ 3 #% Soft mixed broad-
leaved forest; T10: 5 HHEACHK Mixed coniferous forest; T11: §1 f#0 8
% H Mixed broad leaf-conifer forest; T12: 7% 0F#4 K Larix gmelinii
forest; T13: LU M Populus davidiana forest; T14: '] FEFK Beruila
plat‘\'])hyllu forest; T15: FER K Quercus mongolica forest; T16: i)
Uncultivated land; T17: B R &, Settlement; TI18: 4 M Farmland.
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Table 1 Grades and values of the assessing index used in evaluating Fenglin Nature Reserve

WA BT

Evaluation indices

£
Grades

B
Values

SR

Diversity

REH
Represen-
tation

HR %

Natureless

RA

HEEEHE
Area suitability

REE
Stability

ABFH
Threat of human
interference

AEBCESER) KRS, RAEN WHERERE, RSHY>2 000 #, XSS >300 F Habitar

(ecosystem) type is diverse and terribly complicated, species and diversity very abundant, and species of higher

plant 222 000 or higher animal 2>300

BAEW(ESRR)BESH, LEE R, WL REEE, BSHY 1 000~1 999 F, HAF Y 200~299
Habitat(ecosystem ) type is diverse and relatively complicated, species and diversity comparatively abundant, and

species of higher plant 1 000 ~1 999 or higher animal =200 299

CHEM(ESRR)KAURD, WA WHEREPFTE, BEHY 500~999 #, AHHFZIY 100~199
Habitat(ecosystem)type is less and relatively simple, species and diversity moderately abundant, and species of

higher plant 500~—999 or higher animal =100~ 199

DAB(EARE)BEME, WHK/L, BESEHYW <500 #, WS Y <100 F Habitar(ecosystem) type is

simple, species is less, and species of higher plant <500 or higher animal <100

AFEREARAE A BFKIRARE RLHRERYE, RELREERFASE X/ RE RZLREE X Prima-
1y vegetation type has prominent representation and significance in the vegetation region or in the _globe ot in the
same latitude

BEEHMEANAHEMEANRAERENRERYE SELERERREYHEKANAEREREEL Pr-
mary vegetation type has prominent representation and significance in the vegetation zonation or in nation or in the
same biogeographica

CEEMBpARAMBTHTNREREN &Y, KEMREEREYREEARERRE X Primary
vegetation type has prominent representation and significance in the vegetation subzonation or in the region or in
the biotic province area

DEEHBEEANEHBREARE R B, % Pamary vegetation type has prominent representation in the
vegetation province

AFRZALRRERELSZRER, REFGRE, AREERT, B OBRZABEM Not or few intruded
and hold primitive status and nature habitat get well, as well as core area not is affected by human
BRABZHBHMBIR, HESEEXHBHEHWAL, GREHELRT BLUERZERISZEER
Intruded and destroyed tinily, but not evidently change in structure of ecosystem and nature habitat basically get
well, as well as core area not or few is affected by human

CHMZHETENER, RESMEETL, ENTRENSIAYFH, BREHRL, B UEZRIPEREE
1 Badly destroyed and changing in structure of ecosystem, but there not being a mass of introduced species and
nature habitat degenerate, as well as core area is affected moderately by human

D HREMLHHPIER, M EWRHEARSIA B LCE2ARAEN, HRRSELAEHATREFER
Nature habitat is entirely destroyed and foreign species are largely introduced and core area is affected awfully and
nature status is basically replaced by artifical status.

AMRERAE—REBEEE, RY B LREL B IS Y Being a globally exclusive or important habitat
or being in rare and severe danger species

BERKEWHAKEANEEEN, EREANRY I B30 1 . 1 KHY Being a important habitat in na-
tion or in the biogeographic realm or there being national key protect 1 animal or I, I plant
CHMRHEEMABERAREN EXEARY 1 K31 M AHY Being a regional rare or importent habitat
or there being national key protect 1 animal or I plant ’

D RE AR BBEYF Being in regional rare and severe danger species
AFREEA/MAH, EUSARES ZEMNEHRRIIRE, EHRP STRPAMR Usable area suits in size, suf-

ficiently maintains structure and function of ecosystem and efficiently protecis main protective object

BAREPK/IMGEE, BABERESRENSANINE, HRRP L ERP IR Usable area relatively

suits in size, basically maintains structure and function of ecosystem and efficiently protects main protective object

CEREBRANMNAESE, FRERESRANEHANYE FREUERRP ETERI IR Usable area
none so suits in size, difficultly maintains structure and function of ecosystem and is insufficient of protecting main
protective object

D AREBUC/IEH, FELERESRENGHANE, FRSAARPEIERP R Usable area few

suits in size, insufficiently maintains structure and function of ecosystem and can’t protect main protective object

AFEHEERN] ~ VEIARBRBASHARETEE, SRESRASHR TR, BTHRE Stems or
diameter class structure of I ~ V class of primary vegetation type make a pyramidshape and forest ecosystem are
quite integrated in structure and tend to steady

BEEHBEN] ~MELABERE, N.VAILABEE L, SKESERAEHRIRR, DT RBY
B Stems of T ~ I class of primary vegetation type are much more plentiful and that of IV, V class are less and
forest ecosystem are relatively mature and are in a developmental stage

CERHBAHE] ~MALAKBEL, N.VEIABBEE, SHESEREHARRS, L TRABE
R Stemsof I ~ 1[I class of primary vegetation type are less and that of IV, V class are much more plentiful and
forest ecosystem in structure are not integrated and are in 2 much instable status

DIEHBMEN] - NEAAYERS, N VALAYBRSERY. BN ESREEHWAGE, 0T F
BE RS Stems of T ~ Il class of primary vegetation type are thin and that of IV, V class are in a notable domi-
nance and forest ecosystem in structure are not rational and are in a unstable status

ABRPABREED, BROFREAMARHEY . LK FERE, H e ARPRILEFAR A Too few in-
truded by human and poorly exploit and utilize biology, soil, water, mineral resources in the region, which hardly
threaten to the Nature Reserve

BEIBARGEEED, FEAAEY. L KV EFRELEE, M ERRPRB—ERM A few in-

truded by human and moderately exploit and utilize biology, soil, water, mineral resources in the region, which defi-
nitely threaten to the Nature Reserve

CARREFRFRERX, FALARMAEY L K FEREYEE, HHARRPEAREAES o
truded much bigger by human and have a tendency to excessively exploit and utilize biology, soil, water, mineral re-
sources in the region, which very threaten to the Nature Reserve

DARBREDRERA IXAFLABEY. L K TERE HARRPRHERERY Greatly in-

truded by human and excessively exploit and utilize biology, soil, water, mineral resources in the region, which
¢




828 K B £

FE I 16 &
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RAHRE OCEKMESRAZHIRH BRI SHER
Fir HRRPXAESHENEEERG, RIPEFEYHEH
MEEARL KEASHE ZHUEEERYE, HRPFMER
KBHEEATRSADHBEE EREHHEOHERESE,
RSO BABERSE, R TS REETERR
PRRREHRRYE, HERSAEERR, ARERE; T
REREFERMERFMANFORETR, @F HRE
HEMARMAERFER M TFESRALHRP KKK,
NMEEAEERETRIARBRIFESREREN R
HF; B EBEERPN RN ARTULAENRBEE;
BEHSRBERE2MMOEE, FirdH AERESE
FIABTHRHEARE I RPEAREFEERN EFR
SAMEHES.

2. 2.3 ANFMEIRENHE KRR K P8 (Analytic
Hierarchy Process, AHP) 5 ¥ {ft 5 R AU AL 120 Hi45 B
X H R ERABNAE R EHMEARRREAERREEZRA
Sy EME, ARSI ERER, FK RETER
Ak, T A 2 B4R 20 HE N S 04 e vk 1 B R R S ) B
REREHRETE HABERWHEERART ZHR 1~9
WEDE AL RN .

DB RCRBIKEMBE . 2 BB RWRESRFE AR
KMESHFNERRMERRFPENEFRE—RUE
SEEWE, HEREAES AN EESREMO R KT
VEE, UMM BIR R AR W ES R RMK, 352 0A
ELFTEEN 76, e, BV AN BEREN
mE 2 Brn, B B iR B R R EERESE, FaEREm
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Fig.2 Hierarchy of assessing index in Fenglin Nature Reserve.

A BAES KR Ecological quality of landscape; P, ; R ¥ Diversity;
P,: X # ¥£ Representation; P3; H #R¥E Natural character; Py: B4 ¥
Rarity; Ps: I BUE B ¥ Area suitability; Pg: 3 % ¥£ Stability; P;: A28
FH Threat of human interference,

2) WL BB K 5 B Ak 47 B L 3 L H T EL KB AR
MREMZHNPETE BETE-BRNEANTET
B EABRRP X T EMEESHEF—A M. »
B RA S IFOr a M X AU, @ A 20 KA E AT, BEiE
20 PE xR KB SARY K B TEN £ it
TR R A - A P VR S AR AT e, e —
BiD 1 AR, EEHCH 3,2 N A FHEU RN
B, ZRTE, GMIENFARNTHRME L. 23 %K
BOEREE, WET A—PHKEK (X)), BERAHNR
¥, BT HYL SPSS #1 Madab BREHH L BB EX
FFIER 20 =7.54, RGBS IIFHNE W, (F2) NEHH

%2 BEBXTEBERBEHXEFHMNERRNE
Table 2 Weighting and estimate matrix between the index and the aim
layer

A P, P; P3 P, Ps Pg Py Ww; ﬁH’? Order
P, 1 3 3 2 3 1 3 0.278 1
P, 1/3 1 3 3 3 3 3 0.233 2
P 1/3 1/3 1 1 1 1 3 0.100 5
P, 1/2 1/3 1 1 1 2 3 0.118 4
Ps 1/3 1/73 1 1 1 3 3 0.124 3
Pg 1 1/3 1 1/2 1/3 1 1 0.091 6
P, 1/3 1/3 1/3 1/3 1/3 1 1 0.056 7

P,: ¥ ¥k Diversity; Py: f{ 3 ¥ Representation; P3: B #87E Natural
character; Py : BiH ¥£ Rarity; Ps: T ELE H¥E Area suitability; Pe: B €
+£ Stability; Py: AZSF#H Threat of human interference. 7] The same
below. by, =3, HE{E & LAREN RMES B RN P, RN
FREEWS, Erkla8 3 MrEPE W EEE Comparing diver-

sity with reprensentativeness, bj; =3 represents moderate.
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Rty = by | | Loy Wi 90 b, i 16955 SR AL

BEWEEFREME. 20, HKEE BB C.1.
= (Amax — 2)/ (= = 1) = 0.09, ER HB BT —
B R.T. = 1.32, MM HBEE R — Bkt &
C.R.=C.I./R.I.=0.068<0.10(% C.R. <0.1087,
s —BHRR), TR NG ERALEHEN —
BOHE B X RS H R A BURE, 1T R HEE B T B
HZHEPEEREANCEM BTN EEEE(X2). B
K2ULEY, SREMRRES HEREAY S1.1%, A5
—RIE R T LR RS RAE A E B S TR

3 ER5HMA

3.1 BIOUHERTE 4 F

3.1.1 2 AXESSEHY 113 £ 568 71, &
FHWIT 220 #, B M, B RS 3 5.
a2 fKFHE FRPXEREWETH 17 765
hm?, 3653 15 AN R IWA 532K 5, WIE S A/ EM B %
FHENSEAERER. ERRERMAR SR A
HREITNE 4.8 SAREE 4, PR R HHEHER
KT SR L RAR Y T EAR /Y W o ZEAR /N
A, BB TR B % Z 8 AR R BB R AHE
BRI SRR ATAR B R SR G A — A, 24 FAKE
BH190.0% IR EBET R 96.6% . TIKAMKE
FERS AR, EHEMR LB AR BA B i F B RIS A M IR
BE T BB 2 B A K A IR AT AR FE BR 1R R AR AR
FRE A H ARG ERP, 454 10.0% F
3.4% . FREFH MR ERERRPRHRAK K
B s R AR AL, B /DRI A
MDA . B, AR PERS 3 4
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Table 4 Area and timber volume properties of landscape types in
Fenglin Nature Reserve

FUER m Air ki LA # P 7 L fil
Landscape Area( hm?) Proportion Volume Proportion
types (%) (m) (%)
TOl 3637.16 20.47 1164690 25.26
To2 504.60 2.84 177560 3.85
To3 5133.14 28.89 1650510 35.79
T4 1769.40 9.9 392740 8.52
TS 340.43 1.92 58930 1.28
T06 3.56 0.02 600 0.01
T07 332.05 1.87 31210 0.68
T08 43.59 0.25 4480 0.10
T09 840.66 4.73 79620 1.73
Ti0 3407.61 19.18 812440 17.62
Ti1 1455.72 8.19 197930 4.29
T12 98.65 0.56 19420 0.42
T13 17.09 0.10 2730 0.06
Ti4 61.78 0.35 6440 0.14
TI5 120.26 0.68 12300 0.27

TOL : HAMELTEABK Betula costata-Pinus koraiensis forest; TO2:RPIEI¥AMK Tila
amurensis-Pinus koraiensis forest; T03: 723 2L Picea jezoensis-Abies holo-
phyllaPinus koraiensis forest; T04: Z ¥ 28K Picea jezoensis-Abies hulophylla
forest; TOS: 2 428K Abies holophyllu forest; T06: AL T Plantation Pinus
sylvestris var. mongolica forest; TO7: FEl 1R 22 K Mixed broad-leaved forest;
TOS: #8 & iR A4k Hard mixed broad-leaved forest; TO9: 4K K& iR 35K Soft mixed
broad-leaved forest; T10: ¥R Mived coniferous forest; T1: EF AR T
# Mixed broad leaf-conifer forest; T12: J5MFAK Larix gmelinii forest; T13: 1L
¥ Populus davidiana forest; T14: FI#EAK Betulla plarphylla forest; TI5:4F
R#K Quercus mongolica forest. Tl The same below .

3.1.3 ARMAMAL T WREXR S ME 3, RPX
15 B E TG MR AR 4 7 1 b 2 ME R
R ALY 1, AR R ARG MO E B B il
PR L 72.60% , E R 82.52% . o JFiaH
AR LA AR E 2 J00E A B B AR LT AL A L
RELT AN MRR = W8 A2 40 s K R0 A K 2 i #R

50.30% , (5.8 TH 63.62% . 5 FI R A X ZRAK T
B EERNEEATIRATNE, CiEAZBR AR

%5 FHRPEEVEBSUGATREA
Table 5 Area properties based age group of landscape types in Fenglin
Nature Reserve{hm?)

Landscape Young  Middle-age Near-mature  Mature  Over-mature
types forest forest forest forest forest
TOI - 76.49 107.91 1762.30 1690.46
TO2 - - - 444, 4| 60.19
TO3 - 46.35 [13.07 2115.84 2857.88
TO4 - 2227.56 976.31 492,96 72.58
TO5 - - 325.44 14.99 -
TO6 3.56 - - - -
TO7 - 221.79 79.04 31.21 -
T08 - - 43.59 - -
TO9 - 595.99 98.44 146.22 -
T10 - 156.34 934.19  1502.96 814.12
Tl - 184.20 438.65 535.77 297.09
TI12 - 38.56 - 60.08 -
TI3 - - 17.08 - -
Tl4 - 57.00 4.79 - -
TI5 96.05 24.21 - - -
Total 99.61 1628.49  3138.51  7106.74 5792.32
Percentage( % ) 0.56 9.17 17.67 40.00 32.60

B T0l MT02 MTO3
OT04 MTOS MTO6
BT07 OTO8 WMTO9
BTIO OTII BWTI2
BTI3 AT14 BTIS

SR LR

plug SN Mature
Near-mature forest(42.16%)
forest(8.68%)
Middle-age Young Over-mature
forest(11.02%) forest(0. 18%) forest (37.95%)

B3 FHREPERRERIGHAEIRT

Fig.3 Volume properties based age group of landscape types in Fenglin
Nature Reserve(m").

ANEIBEE 0 & W AR G B A8 A 2 fE Small pie graph represents

percentage of each age group accounted for each landseape type.

B AR I H o i 45 e % — R R -
gl AR TR o YR A A AR TR 70.40% , PR AR
BT LE B IRl 63.40% 5 1 K 5 W EAR H, FEIAE
ek K8 o itk RA ERA, OB R
RPN, BRI AR, RIS F 00 i P LR
W RS B AR A ARIPTEIR 20 ~ 30
FW,BAZEERISRTIHNAMARN), R
PRIk, AR R B 2] 7 AR
il Hi, B AR 4 7. 7550 AR T A F
AXMAY .+ K BB IR, X B R RIFXILEA
R, Rt , A S TH0A) 4 70

314 WAl PHREPXEGHRERED REE
TRE B = LLM F B, ANLLHA( Pinus koraiensis) ,
7K B W0 ( Fraxinus mandsurica) . #% Bk # (Juglans
mandshurica) . 8 5% ( Pellodendron amurense) . %
( Tilia amurensis) FIEARB( Acer mono) %57 ER{FR;
AR A X R A BB B (Acer tegmemiosum ), 77 R
( Maackir  amutensis) , T i ( Ulmus propingua) . &
#( Populus rorveana) FIKFE 1 (P. ussurtensis) 5§ |7
MR XA SRR, 085 R A L&
( Vitis amurensis). A 2% £ 89 T % F ( Schizanra
chinensis) JREREERY M ERIEBE (A . kolomikta) 5§
TRAE BLIE], oy & 0 S A Nl I 2D AR AR L B SR
T TR 1986 FIk 7 [ MUK 4B SU A Y 42
BK 81 MERINfEERR IO b, RERHD
A R BWRfEEE R, BT A 4R AR st 17 4
PR 7™ 25 3 9 SR AR R 2
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RERIATUHARARBERPREYSH
BEBER,INEFXEERPHFEIYDEZTH
F 1 ZEP 3 EE(Martes zibellina ) I REP
¥ 45 B8 (Ursus arctos ) 2B RE( Selenarctos thibetanus )«
5 B (Cervus elaphus)~ %€ FE (Alces alces), J5 B}
( Moschus moschiferus ) KB Lutra lutra) &3 (Lyns
Iyns) F1'E Ba( Lepus timidus) % 10 F; ER —RRE P
5284 & B (Aquila curysaetos) P ARk 0 5 (Merqus
squamatus ) 7+ TR 8 (Grus japonensis). 4 W #3 1§
(Tetra parvirostris) . ER _RR P SR EFEE (Aix
galericulaea) \ T J& (Accipiter gentilis) TN HE R 4&E Y
(Bonasa bonaisa) 25 98 ¥ . HIt, MAEER S 4 7.
JASHAREEYE FHRRPREEMH 18 165
hm?, REAHAKE MRS RP R S EAM 88.52%, H A
HEBK/MER, BUARESZRRNESHMIIGE,
FREPIERPNR, EREERRS 4 4.
316 BEE FEHRAPREREAFRZE.E
PR KHEHLNK CF 300 TEMHE. RiE
1997 4 159 M HEHL (BN HEML 0.6 hm?) M RGZE ]
R BE, BRI A 25 F#h, 6 842 B kbR A Hg
BERKTEE 120 cm, BEIE 37 m . HHEZE=6 cm By
MEE 10 cm —REW RS ME (B 4). HE 4
AIUES, FREEAR KGRI AL . e 0~
15cm 9 3 786 Bk;16 ~25 cm 1 454 £;26~35 cm
760 #;36~ 45 cm 406 £ ;46 ~55 cm 221 #;56 ~
65 cm 122 #£;66 ~75 cm 53 £k ;76 ~85 cm 23 ¥k; >
85 cm 17 tk. B E S8 10 cm B A8, KA A4
KB ERRY TREMES, L 0~15 cm BEANE
AR E R, TG BER A TR MR KR
BEMASMEAELERH I R(RELSFER),
A RIEHHTRE vy =6307.6exp( —0.67652 ) (R =
0.9951, n =9, P<0.01)REF R R . X B4 AR 1L
FaRRETHKMAREE FAREERHE K
T TR, FTA R R B B H . XL ER R
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Fig.4 Distribution of stems in different diameter class in 156 plots in the
Fenglin Nature Reserve.
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RE;n HIFNIERE . BER2.R3,ITEBHE
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1/4(3x0.278 +3x0.233+4 x0.100 + 4 x0.118
+4%x0.124 + 4x0.091 + 4 X 0.056) = 0.87.
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PO, ERERPEARELARNEE.
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RBHEREEEH. RE BB LULRS RBEL
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