OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

(b (Kol b3, s3,509) 5 Porie g9
P31 et ol s Bgi ) 75598 romsl 3L T g9l iy o331 p0 b
Ol ek e oIS nnbs wlio g (559liS 0uSuily c(g 550l iz Al owli)S ggreiils -
Ol o) e oSl el g oo 0aSimghy g 5 (ornbo e 5 55yl 01K ylpslid = ¥
Olpl el B oSSl ol o pde 0aSdnghy gude g (anb @lio 5 (55,5l 0aSily bl — ¥
Sl ksl e olKily (ol e 0. ing sie 5 o @ilio 5 (655l ey lutils - ¥
Ayl eyl asee oKl ¢ mdo mulio 5 (6559l 0aSiSlS g I3l g by owlis S ai el isls — 0
(z.hazbavi@uma.ac.ir) : Jstue oxws g Juesls
VENSYIYY s b VENAYR bl s gl

TN
lgeas |y o Siadl orzen cusl pio Slul clacld 4 lome glie sl gho I pSoilul sl S Sl (Saadl
2y G153 o 5B S jlopy o0 ,Shes g bl S (slelanda BB jgbar loj Jgbo 1 4 5,5 e 55 5 ol
5 ooy clajls ()5 Jolete el 1y (s oy slotle Sludl sla Siadl erdtns i g paiitns Sl o Sl 5 Sladl Cgmax
e yp0 sl 005 (395 o sy (6l3,Sasy 1550 5 (sl slo Sidl oy Bin b yils lis ¢ bl e pr lo3,S Syl dnole
Fypilg e Gloj 5 (e slagplio 3 5 aBS 8 g d)00 Voo F Jlo Jl (S5as] (b)) slasSagy et jgbay o ol Lt
(HSDI) gy s5gsren (Siasl lulote (59345 olbs 4 Olsee bl pipte dlor J load golao (ume Slasios Slal
cedle e g (ERI) (lispy Sy (asls (MGDI) Sl (Siasl (asls p2)s8) (HDAI) sl ol Saiil (a5l
Jein 5 Wlool Wl e st 8yl )3 Baos 5 092 jooma a5l 5 agrin o) bl 2 Sl cpl e 2,8 o (cheisS g
5 09 ody Anld o la Sl Copie & ond o)bl &G cpl & g pgboar sl (Sad] objy) sled,Sogy 4S5 wlerd S
sl &S wlgy & (role By ST &S 3900 Gdnzer GlFe ot 3wl (sloinl g (Bldpg ke gladia oS Sy pilie
ol ol oas Sl 0% Jl5 g Sl (gla Suail jsels g slml 5l G50 ) 5 senlll ((Soidgrnm (sl (elazal (sl

ol Limgl hleidn 5l &S 03 (oLl zolr 3,500, i (il 4 bgte (b pde g (blis b g Al xol> sladelp g0
|

53195

Sl 25" el g Sl

"L’)lf)‘l»)fby L“,‘..))JAA" ‘" /;“. :,] Pw" .
Whpis gond (bob (sjpwis] wil (‘LSEDS) S5 doddo
5 b gyl (Jbge sbagbe SB o5 08 gl ) Comar S Bl L dnels (o Silupy s o (ool o
by S ilopg pST ) it Jolgd )3 (e ) oolisl o3 b by g o 3 ol @lie g A8 e S
(ol gl «rd bwg baee o Saasl ey o ) ol Picket and ) s¢s oo oapel (Siasl olyicas amd o i |,
dilale JS3 g ojlul Jold) S clpl (Sin oy gaugle; Sbils hys L sl chans » (White, 1985
Picket et al., ) wgs 0 JpuS bl 5l 5b (sddeuml o 4 2oy BB cunl (mej )l i oy 5 Sl
1987; Picket and White, 1985; Reice, 1994; Danneyrolles et ) cul ons 3)ly cywej 0,5 swolbl 5 4l
sl Sl .(Sousaj 1984; Turner et al.,1997 5 Shae 5 5bo o Siadl g cpl Sl 5,5 al., 2019
ok e «Sigm ol Wil b jeba Wlgi e 3Ly ol 38 jlopss 4 5,k lo a5le (ooaxte Jolse 4 B lupss
b ol S e 2y M Gl plaasil ‘fb9b o1l d)ly (Siadl w23y o (SHi e Seadl jop 5l A5 )5 e
o3l e gl bawgi slion ap] (e 283 oti SIS oma » (Turner and Gardner, 2015) s Sou
& b (a9l s (ST eales (o9l eshyoliS el S55enl (o Sslopy g o Siadl o by EMels (bl
3959 dbldrwgs glayo; 4 b L;“’L:-TW?’ Jas .‘dl‘d‘“" Il S pwlpw 33 B8 5leper slasnlyd o1y Slej 5 S
GRS 9 kS e I (36 leiS el sdie Slse 2 SSiadl Candy b (TUrner, 1989) ws_ . sbxl
onl g sl (8,5 J.‘.ilf el (yane G‘)f"*"' “’/L”L"‘ NI 55b B slopg p oSl slasil b g sl o Slae oS 5
2y «Sidorha by lde b auple; el la Sl e > jleps (Sasl .(Martin et al., 2009) .l

1 - Large- scale ecosystem disturbances
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8- Univariate measures
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11- Macrofauna

12- Macroflora
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1- Modis Global Distrubance Index
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A - Infrastructural Fragmentation Index
4 - Urban Fragmentation Index
\ + - Connectivity Index

11- Songhua

12- Social Ecological-Technological Systems
13- Baltimore

14- Phoenix
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\ - Hydrosedimentological Disturbance Index (HSDI)
- Sediment Transport

- Hydrological Stress
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< v & €t t =

- Ecological Risk Index
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3 _ Landscape Metrics
4 - Geographic Information System

OYY)

Ood @YU dilbie cus b iy ((HDAI) Sl Saas]
» (HDAI= 0) bl (Kaasl cdls 5l claolss $¢5zn
gl Hlaws calie 3blie 53 e VF+ Jlad 4 (glodguze
P B2 Okby b Vb 5l e VO 5l e s 2L
N3 B Ghbg )55 5 (Sabable (335 (Vb golaw (2
oy oladl ds @ 1, Saasl e cpyoie oS 3
3 Sl Jolge 58 wyp @ (YoVY) o Ken 5 HaQewl
Bl piby )l g S sl S5 s )Ib
sy S J ol a3l Wlea oS 5 T sl 055,
cloodls )l cunday cly Siletumw (Solai (6 pSaiges
dj90 o3game (> S Hlea )0 Suysls g95 4 by
3 Spar 2biyl el g1y (Saad] pdaw 263,8 ooliul adllas
g 03)S Lasuie JKo sledbexe 5| S e BLLI g 3D
) e oy L ol)o.:a Caod ui‘;)‘)\ sl sl
5 a5 SuSS 1 eolatwl b 1y ol (g S diges (sladlaime
b (olS anls g95 sbpasld w38 o (ladss oo
Sgpoa wd @byl by Gl Gl Sl gaw ial8
s G L o815 5 5 &l e sile LS slo Sy
51 ooliznl b caalllas opl cudly woSan bls,l Sludl sla Saasl
5 Sl ol o ey g 028 pasete |y M Gise e
o @l cwl 038 s g 4o ) (IR Jidgy slagS
S5 2 SN E 3 Sl Jelge (i g S & GeioS
 JSiz il oo 395 45 4 o 1S o S n S5 dndle
9 30PLL o plnl 3 A8 e gl 1) g5 I bl
Sy alS adaie olab plojle > (el Sloguds pllas
g b sl bl (Bllps Ol I 56 4yl a2l
a4 uwj bow 5 (oladl (sl gljasls 4
PU&J P Dderge  slaaiy Qb)f RS Gly sy,
il 5 ATCGIS sy 51 ol o8 S 5 (s
b s eolal (Wb) aadlidie (658 ponas slaybs,
aw 2 Epdcwl e cppoie &S b L sel Conda
ol CigSn cmizen ul Oliy g pubone )3l i b
Aloe 5l (80 o baeg b azlyd Aol (p 5eS b (ol
2l Gkby 2 Sl g pl sl (Sl Jelse b
b awglio ;0 1) pMU) fliwl o GV SHL bl sljash sla JSo>
)1 ctw‘) ‘}’.I ).) .J:i.)b )1)5 P’ .))}o D.})?&CA—W.} )wa é.lat.ﬁ
By 45 (il 4 9 03,5 ooliinl slaisS g9 e sla e
9 b sl cui».o.w] ol g Lo anate, oS

1 - Human Disturbance Activity Index
2. Pir Panchal



OYFA-OY YN asciuo £+ ) Jlo carly Joad oomw ,lowd (o 8,93 caumns j Lageo ool bl

St (il b1 )5 Bl I g, g 0k plodl Colalllas diivy ao¥s =) Joaa

(Y-¥)

) ~
Ly oe R )90 Joro _ a
s LS £ Lo g sl Coud 5 [CRVOWPS Q3
& oW 9 ) 13,90 EP9P sl o ¥ 3
a5 Sl slo Saasl
25 1) 055 e (sl ygj dnelx ol g S Jldlo )y 2 sl sl Szl ol gl
dnoly )3 Syt iz D 0 S Y (gl o S (2T s a5 anal> S (59, o Sl ol 9 Samejima \
. s <. s g Sl
gt e cul (Saa baysds | (gt slyges A dedb () S S0 i s (¥-¥)
IS S5 cle g plals o gl
A 5 st cos
ol s 5 S e talS € e am 2Dl ) Sl s . ohlSes 9 Amsalu
pgliS LS g i o e s ul w91 Y
SjogiS 2l sl sleojes sl sl (¥--%)
o 5y ;L MGDI I o> gl
SHzye yogkS VAOOA+) o y> VO
Syl ) IS (gla B jlops: Sl Sasl jasls gyl | sl Sl jasls Ll s e, 9 Mildrexler "
2oy [0 g Youd Jlo > Jlad MGDI MODIS - (Vo q) o) an
Yers oy (mpe yioolS SVFOY)
Slows (Saasl s
la b, o poin 51 (lac
trog Sl asls o o plas gl | & T ST
e e e el TV (2205 5 (235l sl Szl e . :
3 iy et xS 5l aily - DT bl (Saasl gjlo oS | oYUl o | o)iSes 5 Falcone
< . el slajasls jI JSize o . £
Jes ailBlis jobay yuiie p 5,8 ) ] o 5,50 sIxe (Y1)
Jess 5 Soxd ( Kdgyie ol kS
' el (Sail Jame
Saasl (asls 5l odal Cunsey gl
e 13 TyglgSke o (8g SLe
wile bl Laasgs 0 1333l 5)Se
o am3 e L5 Ugilylil 5 IS
6 ol Slo bl jeas
o Saasl (Jlie y3 )15 o it L
15 Ylols oS b b I ol _sasl 5 | SRR
o 92 Er ,..- ,d v aw oo SO gla oo o e ~ ,.; wb» Deepananda and
Sk SitngSlo slaaiss .l TR Jolyw > ladisS £55 ¢ YY) Macusi °
55 slbasls 5 bags g dlS Yloleg, | (VIT)
L (03) B 4 cons (AY) Ylaolo) 5 & oS (glo o bl
5 4l 3525 (BY) byl 7
osld 9 GBSl g9 slaadli
Flolog) )3 1y (steliie X9, o ey
5 (YAY 9 VIVY) 48 (Y)Y 4 Q/FY)
.MJJQ
i ol 4385 5 ogw, Jlaxl
9 (1TVY) it Gl
Hlosgy (+/+8A) ¢yjg (e
SB b alo b Jowily izpn | dST) @Mob sl aSd cumsy il s
(39 455 wes> Sy (SEP) g CEL(HS) (Sejddgpen 25 | s | Minas clU Duraes and Mello |
- - o " 3 S
o5 Ol o g (/7)) Jedlty 5 (REC) (isojy05 e dwl) S Gerais (v-1¥)
sy (-VAF) Kol (SEP) S sl a
Sl ol elasl g golaidl slalid
DB ol §&Lﬂ‘L;L¢|L5uLAUS
..Uloa)f sl ey
o Zhang and Chen
ERI-D 4 ERI & ob olis gl | 5 ERI) i) bamo Jad jasls | 5o bl el Siadl b)) | agele ailis, v

1- Macrofauna
2- Macroflora

OYYY




OYFA-OY YN asciuo £+ ) Jlo carly Joad oomw ,lowd (o 8,93 caumns j Lageo ool bl

bad S5l S (slos il oo
@ bgiye Sl (gljpm il Jolse
S5 0 |) 43[5.)5) dlmolf)‘l.wfy

e &l S5 oldl s dilais

(ERI-D

a2, (slag S jlopy,

ceay (J5jgbay (ol sble
Yl )Ltd s 31y ol
o> s loyj g aan J15)55 5
o slaoligSiw 5 @ JE
Ol |y (S84S5 (ie cn e
.M.)uo

B Sl (SABaSS sl
Juasl jasls 5 s 0d

Sloww (SA3aST )y

o)y

5 Lisle
(ALY

5 De Montis
(YY) o) Kon

2 e &S0 Ui Cawlues oo
Sl (63b5 05 B (65,9US damngi

ol 031y 505 |y adgs  Blibpg

ol (S35 s a5l

o4

S bauee el )

Silw 43[5.)5)
2 &Blglon
NN

ol)%en 5 Shen
(¥-1v)

S5l b slaasgormo b (il
sl g olanl B aimagly
wal3 1y s ot slaoiin Vg e
YN

Sl Sy e (oS e
S Sl 5wl adl
9 pS1H coguy w8ke ((So5dden
S 5]

Py PR oy adlllas
Sl > (Siadl LS
@glof ~ e - ele]

G Loyl 0,8 g

9 50:3L

ol)Sen 5 Grimm
(Y1)

\K

b oYUl asyd Y 5 i
Vb sk (2yme )3 (550 by
S g (Shbele (§uS
ok 45 3l 518 (alS by

Sl (Faasl cdld IS jasls
(HDAI)

slcdld i g5l oS
Jelse g (sl (Suasl

SV

ol)%en 5 Lomnicky
(Y~ \R)

B

i Ll g5, o ol Ao
oolaidl ogs w1y Sasl o5 o S ’
ool o3l
Oy S & G ol s
S 5 2 IS b o Slsl Jalse . :
2 Sl Jolge 18 ()0 095 4L

4 45 1S o (KaS In JSin dnols
9 JXo )b o pde 395 g

Cug |y G g9 5l bl
.A;g‘_;d

bl (5 S diged by,

dnal> oS5 (510850
RS pidgy gl g IS

» =l

ol g Haq
(V+¥Y)

Y

a3 ol (lise o e
ol g peboone a3 i ad
BolS s S (i ob !
barlys 5l alold 58 b (liog,
Suid CBlge I b o des

Al g)dg) dbyd oAb

S baee 9 (3Ll

2 OB lopg Sl 5l (56
wbab olejls

&S ailaio

aby (S
drog)l

oan ¢ Sl3Lal
(\\"‘\a)

Y

Slib ey Jllo gabain) )
2 il s ol sl ((Suasl
SSns 9 SB Jelgs LS
GBS S5 Jelse 0513855k

Cowl

dld.}; o5 codle L;LAJ.\A

B Gde » iawoil g

bl sl Js
olxl o

Ohlen 5 (6350
(¥as)

V¢

gt cpl 50 eslatwl 3y90 3,550, b
Shlin iSe (S5h3] 428 e
Sygody |y Cople Cod S
F S Olyisas g a5 sloyed
2y B Gl gl

ot 493 5l ot ()5l b
S o 5 305 Slose

LS

Sl Cndy (s gyt
1S oy » G

e Sk
Olds

e 5 L)
()

Vo

2 (Sl e o 3 i ol
S 85 4B a0 WA Lo
Colus b gye 4 K> 5l o)
2l e ot SR VY

Gl anisly o

wlolws g pejpwr Sloww (sladominn
kil cledl

SloeS sly by, )
by e (Saasl ol
iy Slosw (sladomin

s o

(\raa)

"

OYYY




OYFA-OY YN asciuo £+ ) Jlo carly Joad oomw ,lowd (o 8,93 caumns j Lageo ool bl

odel )3 12l & (fS3lopsy (Saadl b)) il (slaasls
Soslaer @y ol 2y90 a4 gliwd (sliwly > ol
Oladss) sl wyy gy il ddlllae 3)g0 (pawss cleMb
g b ol (Bl SMbl claolll (oiagh 5 (ole
OBslopy (Sumdl b il (slagasle 5 o So,
eV Joda p3 i8S )8 Jlod g gy 390 9 gl
ilopg (bl Dbl aie; 53 01 bl oo, I 4]

ol 0d 030> uLW

Sl kgl GWlae 3ble b g lacde el oy duglie
cage sl ol gl jials oy clolasl ol jolaieds o]
slagby 5 Loadls dajiie da Suadl 5 35U o
SleMbl s (Jdd ppadds ol 0k gyl o5l g Lioriw
9 Copde dlpy (3bly Glogeuad M3l )0 diej opl )5 zol>
aujp g loj cp S Byo b Cun) base g (b mle cbles

B (g,

S50y kot g (el B b &8 Canl (65950 g3 o
OB 5lwegr (Sl (b, disoj 13 bl gl G113, 5 laoYs -Y Jgus

&

3)-!)‘5

W) kxo

Y\ ¢, Sen 5 De Montis

Oy Slogms (S1DAST (o)

(C1) Juasl yaslis o (UFI) (g (SaiasS (IFI) coluyj (Sabass

el 2 e 3,59,
JIRCIORP AW S

Y+\¥ ¢ Duraes and Mello

wlolid walisee (2o oyl obj)l
9 Sjytebyp 4 SaS (Sl Gble

Saadg ) dulie 5 b plie pavass
o) bame S )3 ) il

5 (ReC) suajj f 435 (HS) (So5edgytun i (ST) gy Jliml
(SEP) S1 (il p Jowiliy

S0 i ‘JA&LUU
(HSDI1) (g19m ;- (55979 02

Y ¢y Ken 5 Lomnicky

Sl ol o)l 5 g gl (obj)l
Shise Olalie cbodly olol 5

P 5 (Seiele )t (ixio (SR g (Sume A (g ygliS

(HDAI) _glwsl

Yo ) Ken o Mildrexler

9 S5 owlbie o (Sawsl 5l ol passs

Saie

e gaw (slod MODIS) bawgio 2509 L ()l g (oo
(EVI) 003 (jloiyl oalS Sidg 5 {LST)

I e
(MGDI) e

Y+\¥ « Zhang and Chen

3 (b o Sy Lol (gl
s 31 IS csles ] ol sloled
@ bgrye (Sl (il Jolge (L5

ddlais Lﬁ; » 4315.}9) L;Lhulf)'lm,:y

Sz bl

dodgS o (559U oyl ()8 plin] Bgis LB put pdans cCopna
lodls 5 f 5l el luwwls bl @85 pgams

Loy Sy s Lo
(ERI)

OhlSer 9 Cho gy

o 5 S5 IYAS

(ohSad 5 (g ymai VYAV
raa

B slopy > Ko (Saasl Cundy cpuss
)'l o™ d)}ig}é )l oalaiwl L O;U; dh’
GIS g (pojpw (Sloww (glodotiw ¢y92

MESH Jolis Jlto lgieas 3005y (Slogms (slodoniw
SPLIT .CONTIG-MN FRAC-MN (LPI ENN-MN [PD.NP
SHAPE-MN PLAND {DIVISION AREA-MN

b 0 Sl g5l
Sloaw srassw ;1 oaliiu!

8.3 o

YoV o) Ken ¢ Falcone

b ol 0jgn 50 bl (Ssasl (gjlo oS
oS sloylano 51 oolizal

5 3 Seilonien ol oS lusl (gl sl I Stz Jole VY
w2y o515 (5068 9 b)) Caman o515) Jlar! (Sabil oo
5 Sl oyl 6p)lS Ak I g ki slapasls wdls (S5 (e
alols gsul 0je 45 alg) Las/ JlagS/ JU 35 gyl slal > dadgs
2 pS15 g s Gus T JUE 0 5S35 b ()l gl Jomo s
O FSP B )l piges oo s aliold s 1515 cdus 055 s>
(Fare Slilos oadgs 5 o515 5 lass

dh}:ﬁ.&i 3y
EMAP g, 4 silas!

AR ‘J)KAA 9 6395‘3):;:

e Juo jloslinul b slseS g9 23
&9

Slge duopd iyt (SB cdl) SB Sluogas ( 2LS Jide
o Cagloy S Sl el 515 ol B ol 5 i sodigd 5
2o o w0 «Sb als (ogase iy (SB (3,8 (SK
o gl ad (Wgas dshad mdaw 1> S p Y o wwsd S
sl o pite

Sl E98 Cudle e

YoV o, Ken g Haq

20 Gl Jolge i85 yigp Sy
I anls S 5

£95 4 by slaoslsy (9,1 Cussty (sl ' (ol (5,5 Wged g,
JKB (o aokad otz > i3 S

] o) du‘;msi <Ly
RS gy SB S5 2
K sbody

1- Systematic Random Sampling Method

OYYY




OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

Qi ‘L}aj oly calsyp; b I osls Jsb Li oo &l (Y+-2)
REOWH IS R PCHN WAL AP IRCIESTRIVE S KW
— (ZiEML;.Q;).N.Pt (1)

. At
(L. QD)) (v)

St

B oty S84S5 oS gpSoilul S asls oyl
2,8 ool (clawslio olad gy > o) 5l olgie 9 Amd e
Joslinal & 5l 588 gpSeilul Jold culee LIS (ze
3 Juad g olo jgy cicluw (wlal 1 SBl5 1515 3550 10 ool
sl b olple b GRlP LU s s L IFD
G Sasass Lasls g8 awlre LSS Loy sble
I B G Slow 015 &5 (oS g Seilil S (UF)
dwle ¥ g ¥ slaabal) 1 ool b a8 amd o &51)) Lol gSeus
(Rmano and Zullo, 2013) 54 .

IFI =

Upy < 21 St ZiZh P (v)
|l yiznsi

A

ol T oy ula.:m 5 colue PI g ST & aal,
Blo owall Jobo ySlie LMaAX; 5l jslhiio ¥ daly )3 iz
oy Ol d (o @lo coluus S ool anly S5 55 (o0
AStaso ) cul o)) ssly coluwe Al g pll 505 glo Sl
o585 ks L (Cl) Jlasl yesls (Garcia et al., 2013
Sloe 9 o) b 9 Sgas clp)l olad Sy
O35 1y eSS plod oy Jlail Sz slagyals > o Bloyj
Mancebo ) s4i0 3ylp 0 dal, Gk & Wi

Quintana et al., 2010

4 ()

no_oJ
=lde, ;
- 2nde,qx
9 hate W Colue Aj e alols :dei_j wlaly cpl
1 oxed Cal olled | See Hlude Sls 2TTd €0y
(ECI) L) baeo Jlail sl dlrs 4 Ygons Cl LS

cl;

b omeire Glosw (Bilupg bls)l (adls cpl 298 e adlyy
dols Juo g (Blipg 3,8es blie I slasgorme (ulul 5
aayly) W o Gaseds ool glo Pl Jols &S Slaolxe ai e

Marulli and Mallarach, 2005 ¢

In(1 + (x; — Xpin)) (F)
(1 + (Xax — Xmin))?
ool Gaudad Sy S p0 anie dlols i)l Xy odaly ol je
odd Wbl polie Jlas 5 Shs Xipin g Xmax 9 o
Jlisl copl 3 ogMe Lt pxe dibile S > dloli-an s

O3 poyd 3 potde oll 2 1y Jlail jasls (PC) Jlas!

ECI =10-9

OYYH

2 By ()l adlhe VP asie jobay plie y9p0 olul p
Syge g b il Sl (Saasl (asls oo g dulbxe dige;
Shllae sl 98 5l 2B spiagh 5 85 HIE o)
wshby Sl (Suidl sboadls i)l @ e b
X e D05 0w WAL Jlo a glpl 0 5 Ver¥ Jlo 4 i
B g 390 ilise Sldllas 3 ggdge (nl syt j5bots
SSaasl b)) e s,Sus) il ozl by S Lol sl b ,S
alllas 350 muio V& oy 50 By awyy g Juboo 4 il
W o oad @S 5 5 Sl (Saadl sl sl 2550, 8
Fyeia oyl g bip dolbwl Wl e wlipte dyal
ol A by W Syg;y cpl 5l LS o o i 4 doldl j3 5 Wleads
|

ol Dllede (SaidS aby 2 e 25,
(IF1) calup; Suiass jasls aw sal olol p 3,50,
3950 dploes (C) Jlasl (a3l 5 (UFI) (08 (Sasass
ol » & cwl unld TLF) guejp Glow (Sa54S5
e o8 5l g SSasS (Bgd e oaal aS) &) S5 sloolSin )
LF (vo)) Flgy)l cun bsmo lojlo ¥eee & S1) K4 o0
ool " il oolitl gl b Blis 0328 " 4 by
e E95 p e gl 4 g (YO (ol Kea 4 Harrisson)
» et al, 2013 Gibson (e lyca) s 45T
5 B g Joo sloy; jl (56 Sasass » LF lojlas
e g bolSigss Giyns p UFL (lail slaolSsgs
2 dilie pe Aol wle g5 olul 58 Cl oy o068
De ) cusl oad 3505 ol g5 5 s n)l8 @i o yiod
(Montisa et al., 2017

I oosliul b oy ) bgald, 5 besls 5l st LF
Oliee Sl (S a2 g5 390 4555 byl IFL sile (oo pasls
Rmano and Tamburini, 2001; ) cwl a3 )3
o>l (Rmano, 2002; Bruschi et al., 2015
Slowwr (S154S5 (55 S0jlul sl oS (IF]) ciloy; Sasass
ol pcwl die J& g Jon sbocdlon (236 ey
De Lug ) daly 3 2gd 0 ale ¥ 5V slaakal,
Jsb LI (lapuiio 5l ons 4l (Y+)V) o Ken 5 MoONtiSa
Celuyj e Sl cups OF ol ol el b T ools
oS5 4S5 el by o8l doly 1 4 laass slas N
oyl wly colue Al 5 ol ssly e Pt ol ond
ohHen sLa ROVErE Lug a5 Y aaly 13 el onds eslizul

I- Landscape Fragmentation Dynamics
2 - Landscape Fragmentation
Y_ Jaeger

- European Environment Agency



OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

il sl cpl ausbre )0 oolatwl dyg0 (glb psio oS ol
030zl b Ygane 45 a2l 5 b jio o 3,0l & g0

. _ (Xi_Xmin)
Xlnormalized -

)

Xmax—Xmin

INArd

db)h&b 9 Dli.u.u)) L;Lm&}' O uf.\»f‘); JLM>| ‘om)'
Saura and Pascual- v aal,) &S o ¢ pSojlul (s)lsges
(Hortal, 2007; Gurrutxaga et al., 2011

i1 Xj=1 i a;pj; (v)
Af

J o1 oSy o) colus @ 5 a7 5 jolate byl ol
Pl Mg il e D g slulde colue JS AL
P 4 o o) el | g T (slaasS o (See sl e
SbauS awlie 5 b 5 ladate gyl il o)
&S el ol o ol ) mined ool Mbe (o pde calie

PC =

Sl S ySeilul sy 5 Sy ) Jlail Ll e
A8 o grlete |y Blge gg3 Lol 03,5 (s |y il JS e

{(HSDI) (9w 5599, (Sl (s s
ol walize Dyt glag )l oL @l pa3ls ()l
5 b @l panass 5 ghyaly 4 S8 (Gl 3ble
odd &l (i) b oS Hlai I calize slbadg ;5 dunlie
Caol odds Sl A dlaly > (2sld ol dusle 0gu Ll
s(Duraes and Mello, 2014)
HSDI = ) (wy ST +w,SEP +w; -HS (V)

+ w, - Rec)

Sl oL 5l )5 ulise U] g5l 03 p3 padli ol
5 oolitnl a8 conl ond Ay Ol cudsS g el (5iolg,0n
ol 45 (HS) (Ki5ggm (25 (ST) gy Jal slaline
<y |y (SEP) Sk (il d sty 5 (REC) ivesp;
ool p (OT) Cswy Jazl by ol o (¥ JS2) 150
s gl ol g Gl Slgwy U5 6pSojlul sloosls asgazo
SSPed G onizen dede dwbre (3 lagie
ok g bwgie oo o daly hbs g 4jes Jols (HS)
» 55 (REC) Liwojpj ol i .cal (Q7,10) L Qoove) ol
oS g ol JSite Pyl slagly degeme 0XpS
olisul b Wi o a5 cuwl (Sjglgpn Jlo Jsb > al by
SEGlep Jedly cales 3 258 dle V3L g,
3 Lol o3y Al BB alisee (sla g, 5l odlizwl L (SEP)
2 09 ol 003 1S RUSLE Jue 5l oslazul 4 Lol g5 50
e il okl b g oo o 298 (yead (Sl (W) Jolse 51 So
55 JB Guzer dge5 awslxe (AHP) ole dluls Jilow

\- Barnes Method



OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

(s~ 55l g SR

as el ot slayba b elap Tl
L J Y
T e S e a3 Lol
Y
HSDI L
= L
gy JUd
ns'é"l_ll l_g_,._n_.,U'
Eiagles
I\Sq“j.:-"r_?_i""-"'"'\ \_,:‘L;
L
Lt ot ] anday Lal
L D = [ a3
o 2l Rl

Minas <Ju! ),;ui Crojes 1> ogw i 559lg, ui’;ml Julodi g 350 g ylre (oo ool (60 (o g0 A LS (6 a5 oo 13905 1SS

Lomnicky et & Jous) 85 o dmlee OVB Cundy dis

(l., 2019

oyYYY

(CDP aoby 3 (wladl) Gerais

00-¥8) 5 (+18) o5 b HSDI il b 5
g (F=YB) oLy (¥0—F+) 5L & o) Lawgie (YO—YO) Lawgis

b e (V0 ) 5 k) Sl

(HDAI) Sl cllad  Sial] [ad W
ol g g ell b))y Bl Ol GRS
ol ad Sle lialie glaodly wlwl 5 Sl slaculs
dawgs (65ygllS) Sludl culld g5 m o Slaalie opl ol
09,5 (I 9 (Sjdayied (ato (b g (SSwme
Sldl b (Saasl asls o g Jhae gy U (7 Jgi) o0
Jolis (ASIS) Y Slusl i asls s 9 iy (HDAI)
b o8 0gm, faYesuw ool §FEus dwy T gjledw
b SolS pidg Gl o TS plig Bl gl
ebod, sl clbedls Simsl clwlis ciizes

G5 Se g gl Wl 390 5B a g bg Ll

- Anthropogenic Stress Indices
" - Damming
¥ -Ditching

-Hardening

&

-Filling/erosion

~o

-Vegetation removal

<

-Vegetation replacement



MGDIInst

OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b M (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u rs51$ Ol

Lomnicky et al., ) gpo Y&+ @y S (wliio 45 00wd (515051851 Jlure ey dawrline (gly 0w (gl Sludl (Kbl Collad Olaalin =¥ Joia

(2019
b S Collzd WS
Gre Yo &S S HDAL gl (Slawe Olaaliv 5l glaods ¢ A
il
biwgy (GeSume (58 «blge adis 3,Slas ¢l il () ladles il as 3o o ndy Y guase (@ye g b jale gl
T = . 29
Soll 03, (A
Abj (83 e e dog> «SHb by «ilS (e egpo3ly b SESHL Cannnd ol Yoz b 0l 93 () o3l> SR 9 S
o (o b (o) ol G slaoly i (g)les Caio
SB b Cawd jlasds Slgw) g5,56 g)las ol aw Jyu8 ksl ‘&‘”" oly yiu 03l w3, S JUK' L s
5985 BB ot s (6399 (g o L olug) ladlgl 295 «(39)9 (st S bl sy (658 oy 3 Siggrien Mol
(8 oby)
o S i gl cov @l wdd oy (g Lisu e gl (g)ledcile (g 8ed o (JKis ol g Blo oy
Al oy capl (S 05 15 y0 codly dnaneis )y glab b icen (Sl 5l ookl 0dd as g [a] clalials o oS j Ol peis
SB il

(Lomnicky et al., 2019) (gyio £+ 9 Y€+ G 51 ool Camdds Flul (Kidd] s guisailb —£ Joun

e 15 o ol Jalge
o oLy il cles b sl 4y bgyye Slise clialie 4565, &l
O 455 4y bgypo Sl oanlite 655 0 BB dags

g

o SBud Chw 4 e Jol ds &S Slacdluy g els des 1 SB (S15 & bayye Slie clialie 465,

LY S sl

SB i b Ghalo 4 bgyye lige saalio 4555 2

Sarlod b )l ogw)

Sl ghedls Lsay ailae 315 5 a8l o (alS (ide il e caalis 445,

S Lhdy Rk

()

(L.S‘T,,WL,C/EVImaX post)current year(y)

B (LSTmax/EVImaXpost)multi — year mean(y — 1)

Shs el ldasd MGDI e MGDI s 51 oo

LST his LSTay 39deee gl5sl ¥l EVI LST

EVImaxpost ol o5 5l 4 )d s 059 Sl (S
Y sl Ju @l LSTngyx 51 om ojg; V¢ EVI Sl
Xy ke ¢ Saasl ly & cwl Jl (current year)
& Jlo szl 4 s (:S3ke (Y-1) 293000 5] Al
Slaglisk Sy sy 35505 sl i i) o
oozl 51,6 Saad] e clp g ded e ool T Syl
ol 03l VY daly )3 o dslee 0956 45 3945 oo

MGDINon—Inst (\ \)
(LST s/ EV ey )current year (y)

- (LST oz EV e )multi — year mean(y — 1)

EVI 4 LSTh leosls 5l MGDI 2,601 clabasd e g4

Soyba WS o el AVl e LS
W d]dla.’x] )».C— MGDI )I..\.s,c ‘MGDINOTL—ITLSt

3_ Windfall Impacts of Historical Hurricanes

OYYA

sl ) {MGDI) e (Ssbal a5 3 o)
3 oozl b plaio 5 S5 el )3 (Suail I o) padds ol
s> (MODIS) Lugie z9s5 b g )boppgas (rwish
oy (EV1) 005 (3o, (2LS Sidgy g (LST) (o0 b
LST Sy cleodly jShs jl j6She jadls > cwl ord
EVI 5 oslizel cde .l sas oslizl MGDI ¢l asYL
sl gl pobaw I EVI 3 o8 ol ol NDVI & s
bl j glusl maw 4 5 bl NDVI &S Jls 15 545
5 padl Sl ok sladely 9 998 S35 YL 039565 L
g 3 EVIE ()85l (el (YooY o)) Kon g aign) 3l
ol 5 MGDI (labasd 13,63 £55 34 0 o3lizwl AQUA
I om EVIE gSle—ayle LST s oS5 ool
xS 55 eloosls 5l MGDI dlalasd e o265 55 5 (St
Soygba WS o odlil AVl s EVI 4 LST
Jae Sl wwpa MGDINon-Inst 3 MGDIInst
ySad 5 S ile) it (gllind i 5 (Slalasd MGDI
TSl (Sail e pasets (dly glaland 668Ul (Y04

ol oas @l Ve alaly 55 ] Al 0950 45 2945 o o5l

‘- Maximum EVI Post-Annual Maximum LST
2- Wall-To-Wall




OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

S0 b (Sy orind) s Sl e e il
Cpo bl @nd )5 o 3kl Lags sla Slglyd aen 3,5 o
Ao \Vﬂ)mu»h»‘yéf&u)umbd‘fwsom

Ngud o0
StandardizedERI (Vo)
= (ERI
— MinERI)/(MaxERI
— MinERI)

5 ERI) (o o Jlas (a8 ls 95 o g 152l Jolse dan
(3245 3b5 Jlu g 3b5 dawsio o8 o Yoz ,» (ERI-D
$B3g) sboBlupg b bsye Sl Gligw il Jelge (L8
Zhang and Chen, ) s &1, S5 oldl i dilaio S5 )

(2014
Sloww (gBaww 3 03liul b G (Kitudl g5l Juo
iisee G Bilups (slp osliiel BB )5S3e b9y 1m0
b)|9bLo )J9La.: )] cdalllao Dy90 03gi5te ymad )l o 456)#4: ol
3 o dedie ool LSl gy ebadE 4ns (ely Cusdd
S sl | bl > WA gy Colus o
O lp g 0 Jgio ot Jlie lsisds rejp Slogw
e s 5 5 lbli) (e qis (s (oS Slaaseie
ozl Fragsats 4.2 (c)iley o » laagy S »
Jb 4 lp o] iy 5 (Siadl 0 S5 ladomis (ol clo
So o lelesly iz ol g2 g D900 s S (S
oul Sy ablie Jl Sy gl (Siasl cloais dadssu )l
o 3135 g banogio o8 (Siadl o Siail (g 4 Jlog 4 g 49
OBslopy (e (Suadl il (g )5S de 3,09y L 9da
Slpl (S Glsisa g ard loygd gt ) copde cod
(San 5 (SbB W ()Sen 5 Choing)d) 30 8 4 il

Bl 42> Cos p 0jg) cutin (oS 5 LST pSlae LSToqy
Y o)l o ol 0jg, VVEVI s EVIy gy sl 31,5
L pSSle g Saasl glp &5 cul Jlo (current year)
Jlo szl 4y s 5:Sike 55 (Y-1) 250 byl Al

ol )l

(ERI) s Udpg Sy bl
(v--v) Mattson and Angermeier L.y ERI jasls
)I u.u;l; e ;gwu) LS’L“’LW’ le)J PUSICO IV )Le(wua
sladld ol il Jolge 2gd o oolitwl Sludl (slacules
Ol cblis Gluwwl (Bl 283 pgoww bdeS wunio «(sjyslisS
wanld g9 90 Wl odd oy By Ladls pl > leodls
Ay ogn) ERIED 5 syl Jolgs aan Jolz) ERI
o 90 il (e Blal gy (oSl g oile 85
395 o0 duwlxe VY alal) jl odlatwl L ERI (asls 5,5 0 )8
I Jole JS @uis ST pmnen sl T Jole Slgls FI o 43 a8

2 (\v)
n=1
Fij = Si/4; (\Y)

Sicasl | byl soly o T aas Slohs Fij g8 aay o
J iyl woly colus A g el | ol 215 50 T 5 ggeoxe
el byl sty g2 (gl B silwe iy cud )l S5l
el (i)l aly (el JS A Polae 55 S e 302 Slgl3
adlhe dw p calizee Jolge aus Gl Sl 0uliS wSaie Mydps
(P JBlo 5 O CadS (lp mf)) S8, Bjlops:
2oyl guste lawgs (3jliel B9y | edlil b & Aib s
aw Ui Sl g ol o (dly 900 dlxa (V24Y)
256 Sl 5 5 pac oamd L o 4 295 00 (m33lite
Sy ailge dw Olyed e (PaUKert et al., 2011) el
S gde wMe b Jole p glp ond cuuzen jltel
il ol B3y, Bilepe p o 4yl b oamslis
s Sl oS el Jole o (gl JS sl ord oo
32205 Sl gy o Atz olajlzel ST Q1T 51 a0
iy ol |y gy Lo 5 O kS (ol oy 2

Sij=F+Qi+S; (V)
OB 5lweg S (Sl gUj,l 45 0ud odliw! srdomiaw 10 Joua
. Sloww (e Cuodle .
& b cadle o B oo (Sloww (s doiw
s P sl
CONTIG-MN & pgloe bl % MESH 38 155 &S o)l )

AR




OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

SPLIT S84S5 sl A NP oSJ ol \
AREA-MN o) colus q PD o) oSy Y
DIVISION S asla Y. ENN-MN ailod (3 5CSe35 ol alols il £

PLAND Omiye Sloww Lide dops | VY LPI &) 55 sl °
SHAPE-MN as) JSi jasls Sike | Y | FRAC-MN T3 sl asls il 1

3l slabs)) suinSr 5 ((Siadl slapite Sl (slas gae)
Sl ke g B o Al e alaasls (2209 9
(Falcone et al., 2010) w,ls I, SSa5 oy i g

1814065 £95 Cudle s Juw
2 Giseoil g ph ey (Suadl ol yShe g,
Pgd e (s 03y Cuwd S Bble b duglio 3 LS iy,
e Slapsie plo g SB (alS Jhdy 4 beye cledbl
33lai jobds g wpe o YOF Colue 4 dilise (sla Suas] )
L byl o dges clakad (gandals jglaiedsy Cuwl ol Cudld
o by 31 S5T s 05,5 et 5 ame Jolys
Mac Nab, ) cul ons oolitwl Tad b 93 asls slaass
og)S 5 asls bdisS uw j lel omen (1999
Js3lay o (Dufrene and Legendre, 1997) 3qs1
McCune and Mefford, ) ¢ s 03 000 PC-ORD
slp TG Golxte (bl (ki) by 3l cmizen (1999
Dby S 5y 03 OBl (gla ke 09,5 8L (28 saste
b sldsS £o55 aales , (VI g ,SL5) wlos,S ool alS
hBen 5 (6399l 1) 3980 (b)) £95 Cerdle o I olatu

(1Y
fdgy SBSHy Sl b Sad] )l
(IR sodg (2LS

5 Wsas 2Lk (slp 05 Ltmegy )3 (V-VY) s 5 HaQ
sy 5l (TFD) °5,e8s JKi> e gz (5,505l
€95 4 by (laodls (350l cund 4 sl 7 okl (g pSAiges
PIEYL) .Ji))f ool JS\») g kel i 0 w»l.m)Jf
ly S Gilsa s JRe copde @5 wby soly 0 SesS
oyl g o 03laiwl Cud g o)l jelaiedy a5 Cowl K I a3l
s L5 Jloo 525k ) R (LS gy dbise e o
b oS ol (gns 5 S5 Sy DCA 1 auglia (DCA)
B s (Al 9d o0 Slatdy Jlite (65 (Sl
IS5 ol » ol Gl gl b (Jasee byt

3 - TWINSPAN

4 - Partial-Canonical Correspondence Analysis
5 - Tangmarg Forest Division

6- Systematic Random Sampling Method

7- Detrended correspondence analysis

oYY+

9 2Lyl @by gy 4 Sl (Gl ST (55l o8

HEMAP) s o sl
ool bl 3 il Sl gilueS Ban b gy ool
Aoy | (glacgame (yg0)l b &8 Saail cloadls j (ool
CodsS Gl ) JSdte: Jole YV (230jg 5 (3jlitel slay,
il dnog Jorsl (Saadl oo g (K5 ((Sglg)he o]
4 sl goojp s (il (Siaidl (asls anbre (ol
VL) G lamo | cbli uilf] lawgs S (Siai] o
45 g Bodld (yglaen 4 g g 05 (G (V) odoxite
adgl &gty SleMbl oyl D o aisly AICGIS s s
0oLl ¢ pe) iy il ¢ Sludl Courer (60503l ol
oS3l 5 by Gl ol sl (giko Slgo 5 Sl ;)
5 ayeite den (cllol clayito 3y90 )3 33 Naks clalas
Siadl) Yo polis b (o8 (Sasl b (Saasl f90) ol polie
Sl (asls () byste ggeme jl ied ki (Jite
okr i U byl 5l Sy baee &8 bl o vy Sl
Jie glysa) wiS o (pS0jlul 1) ejpw losw laShs
tnasg" Sl lages 93 10 o GgSne 2515 o515 5 Cume o515
Jlozo 4y (Saidl (asls S 50 oyt ) (S (n s 08
2 Gl (Sae & LS e 4 dog b oAl 5l € 5ppe” dL;
osbel ol b oplply 5 dies @S sbol (Bjleps (b
Dgdie ileil (B gy dw adlas cpl > gl a3
s Byiie dan (g n el LSy (230159 Jold gl 09,
» o ol X2 md0s sy o5 g3 gy el S
5 003 3yl palis gl &S e3g X2 polie mjs Lol
Sl b gsol o (3059 Uogy opl sl VB jo b ply
Obgy P BI059 Lhey e BB gl by (Suadl g oS
2 ok Bude slayjg ey nl > 9B oael PCmdyj
oy oty g (ol slin! oyl (wlul p pite Cucnl olal
b puizo do (gl PCA (Y+-F ( oloes 5 YANY) K95 oo s
o) Jol PCS b 9 395 0 plosl (Stamen (ybo, jl o3kial L
09ofl 3l dgbie &85 a5 ) puds BB (-IVO i)l
b yuie 098 blas 2Ll (sl 99 G udlly JBwg S (g2l
5 0sB) 9800 sl (pajliel (230 5 aBl> ©yg0n
Sy ol 1) s o) G (Yol o en

1-  Environmental Monitoring and Assessment Program
(EMAP)
2- U.S. Environmental Protection Agency




OYYA-0Y YT daxbo (V4 Jl.w ‘).:.'{b Juaﬁ (P gmw b)l.w-s ‘pﬁ& 0,92 c&.—vwv“) »lau‘?u) r051$ Ol

Sbasoly & @S dblio (ogee Sl § o8 (Blipy
O 3 48 1S e Loh Iy b Lasoea o 156 S o0l | St
P Sl g e (5 oS5 g wiea ol ) baaslels
el (Sadl Cople o3 Sog, sl b plo; Jsb
D)lye (B 3 A (Kb M (o0 JUd & (Ban 4 5 A
2 25k £55 b 03gume > (Siadl o) Lis Wl e Ban
aly (Saasl Sl Ol (Sae Ban Sy (S
e bl sSime gblie Ale byl b log ) il
Spuie Baa Sy & ey sl el iz ) cel S
et ) GeB> I3 p3tis 3508l 3050 (e Lol S esliz
sl Jolge el Srad] slaculled .l oo 5l
LoYE g ladrlys dajd g laaleng, oy B5lopg (S5
S5y Sl la Saasl @as g olie 6puSojll s
slcuses bl e Sy hiedil 4 b slalase
slaaolp Sy g S am o b b p Sl
aly gl Copto o gl | 26 42 5 b 42 (Saadl
ool (6900 0anl (laus plie slajls ol
2 3T ol Siagy @S Ojp0 Cllles 41 cabaer
Ly sl ojg iuyaeli aoly )3 () gl gy St dnwgs
(SPerin ol (eloial oolatlslul IS ()5 )l )
5 blis Sllasl glgn o wlol g a8 3)s Suw; g (oolldl
e bulpd b cwlise |y asleais 5 g 5l gy (o

3905 3561 Lo 5 (glailaie

YY)

(CCA) &)lute (Stusar Julos 5l oolital L (rogs (sloyeite
Sl Tl coge oygeil 51 CCA I L ol oni oo
odlital (LS by oS5 g Loy slpiie Wb L)
gl awlis cly P st Jibs g i il ol o b
0dd (b pdiges K oz gl > alS Jhdy <S5
oo 5 gy S50 4 ysShe Ly ol sl 005 odlitl
)5 Wl SaS i dnsls oS5 b 0 Sl

Jol5 S5 pjliane oS Canl odymmn W S5 oy Saad] o pie
Sl (elatal bjls 5 (wlidpg ((Blupg diate sloass
&S loanlis il 9 aps g, e (Turner, 2010)
Copde sl bl i ] 530 cand 4 Jbs ,d olaessls
Vbl 5 o o sty Suasl slag )l jelcaiise
4 amde &) ooy 2 jgyel & Wi (gla Saadl 5 (Saad]
I 5l e lii>s

6 5 4o

@ Shey gly sl Blipy ey o b
o b bl s g5 g oy (ol ond sbml el il
I oain 9 Cwlw 5 Copte cul Slo Sl slaw)
e Siasl clopss, b ol (ly amsly bl SisSa
el gl pilie glS cppie lge 5l Sl 5> 0y (sl
9 ©aoligS (53 ytalyy Majlys g ol (Kb slaen]) b (Sl
doly dod a5yl 4 dvgi b il o b Siasl I Lé ey
lago))l 4o I plgies g Mt pholal plojen jgba
pilime o Siadl dine > Bilupy Copte )5 clabl
5% B jlops) Gss il cuia 5l iy 5 Gl <S5
Jod B as ) aolibasels U (2 saled Fwl dedy @
oS ybplan 3 (Scwsl iy SsSus dilate Ky (gl Siid]
Lol L ol ool o St (BUps: Ll B 3y90 5

1 - Canonical correspondence analysis
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Abstract

Introduction

Any event that relatively disrupts ecosystems, a community, or the structure of a population, and
whose resources can be changed in context or in the environment, is called disturbance. In recent
decades, due to the expansion of human needs and the consequences of land-use change, the basic
resources of the Earth planet have been significantly damaged. The magnitude of the effects of this
type of disturbance on the structure and function of ecosystems depends on several factors such as
the structure and strength of the damaged ecosystems before the disturbance occurs, and the type,
size, and regime of the disturbance. Accordingly, complex interactions between disturbances and
ecosystems create spatial and temporal heterogeneity in ecosystem processes across a landscape.
The dynamics of disturbance affect the composition, performance, structure, and processes that
govern ecosystems. Large-scale ecosystem disturbances (LEDs) such as fires, hurricanes, insect
outbreaks, dust storms, glacial currents, heat waves, and land use occur at various scales in most
ecosystems around the world. Disturbances are mainly controlled by the intensity, persistence,
frequency, timing, and magnitude of the spatial effects (including the size and shape of the affected
area) caused by them. Ecological disturbances can occur naturally, such as fires, floods, avalanches,
hurricanes, or volcanoes, and can even completely change a habitat. They can also be caused by
humans such as road construction, agriculture, pollution, invasion, urban sprawl, point source
pollution, conversion of natural vegetation to developed areas, entry of nutrients and pesticides
from agricultural and urban resources, mining operations, and canal remediation, and flooding.
These disturbances often change the timing or amount of hydrological flow, temperature, and water
chemistry, and increase runoff, erosion, and sediment. Natural factors, along with human pressures
and interventions to meet rational and sometimes irrational needs, are among the factors causing
depletion and changes in habitats and natural cover, including forests. These changes gradually
disintegrate the landscape of the land, resulting in the spatial disturbance. The spatial disturbance is
one of the most important processes resulting from changes in the landscape, which involves the
conversion of a particular cover or habitat into smaller, less relevant parts and a reduction in their
stability and viability. The emergence of human-induced disturbances is not new to ecologists, but
with the increase in human population and resource demand, the extent of many of these
disturbances has increased, as these factors increasingly affect areas that previously had a little
human impact. One of the needs of planning for effective and sustainable management and
protection is a better understanding and awareness of the process of changes in the landscape
pattern, the phenomenon of disturbance of ecologists, and its spatial patterns.

Methodology
This is a review study that has been conducted with the aim of explaining and analyzing different
approaches and indicators for assessing ecosystem disturbance. In order to achieve the desired goal,
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to collect the specialized information studied, the method of document review (scientific and
research, Internet databases) was used and different approaches and indicators for assessing
ecosystem disturbance were extracted and analyzed. The following sets are presented in the context
of ecosystem disturbance assessment.

1- Approach based on landscape fragmentation dynamics

2- Hydrosedimentological disturbance index

3- MODIS global distrubance index

4- Ecological risk index

5- Human disturbance activity index

6- Modeling spatial disturbance using landscape metrics

7- Quantifying human disturbance by EMAP method

8- Species-abundance models

9- Evaluation of human disturbances on vegetation characteristics of forest stands

Results and Conclusion

Reviewing 16 case studies specifically related to the disturbance assessment led to exploring nine
various approaches. In these approaches, different environmental, social, and economic indicators
were used and various tools such as remote sensing and landscape metrics were applied. Most of
these studies are based on conceptual and index-based evaluations and have been conducted mainly
in the United States, the Mediterranean, China, Italy, Spain, and Brazil. In all approaches to
assessing human disturbance, it is explicitly stated that disturbance management is a complex
process and requires a thorough understanding of various ecological and social aspects.Ecological
knowledge and perspectives on disturbances are critical to addressing the challenges to human well-
being and biodiversity by changing disturbance regimes. Disturbance management is a complex
endeavor that requires a thorough understanding of the various aspects of economics, ecology, and
social needs. Management and politics are two aspects of how society chooses to interact with
disturbance regimes. For well-being, in many cases, the best results require the adaptation of human
societies to disturbance regimes and require short- and long-term planning before perturbations.
Given that, all consequences are possible at the same time and not all values can be protected.
Management ecosystems in the field of disturbance require a combination of insights and
knowledge from several disciplines from ecology (how will ecosystems respond to improvement?)
To sociology (what is the acceptable degree of disturbance for a residential area?). As we learn
more about the ecological process, we must confront the old ecological perspectives and public
policies that ignore the consequences of disturbance and assume a stable environment in which
systems are in equilibrium and the overall composition of species and relative abundance over time.
Disturbance management approaches are highly variable and depend on the goal they pursue. In
some cases, the goal may be to maintain a disturbance regime within the natural range of diversity.
In other words, the goal may be to completely suppress disturbance by protecting valuables, such as
residential areas. Managers may use several strategies to achieve a common goal, but determining
the most effective strategy requires accurate knowledge of the local perspective. Human disturbance
activities are the physical stressors of ecologists for rivers and streams, lakes, and wetlands.
Measuring the extent and severity of human disturbances near-natural environments gives scientists
a better understanding of the impact of human populations on the natural environment.
Understanding and combining disturbance processes, both natural and man-made, in resource
management is essential to meeting the resource needs of future generations. Based on the summary
of all studies, the present study emphasizes the development of a comprehensive assessment
method in the watershed planning unit, taking into account all economic, social, political,
hydrological, climatic, and biological dimensions, based on which conservation and management
measures can be taken.
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