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Abstract

Background and Objective: Species composition are affected by disease outbreaks, pest outbreaks,
and harvesting. In the Hyrcanian forests, alder brown leaf beetle is among the most common biological
disturbances, which along with timber harvesting can alter its species composition. The present study
aimed to simulate the species composition of the Hyrcanian forest at stand level under the mentioned
natural and anthropogenic disturbances.

Material and Methodology: Using random-systematic sampling with a circular plot within a 200*200
grid, 667 plots (1000 m?) were sampled for evaluating the current state. A LANDIS-II landscape change
model was used to simulate the study area under different scenarios for 5-years’ time periods over 100
years.

Findings: By accelerating the removal of pure hornbeam stands from the landscape, biological
disturbance is likely to increase the mixture of tree composition by allowing Carpinus-Diospyros and
Carpinus-Parrotia to replace them. Similarly, tree harvesting will also create the same situation by
establishing mixed broadleaf and Alnus-Carpinus forest types. In the presence of biological disturbance
and tree harvesting, diversity peaked so that the highest mixture stands were produced by scenario of
alder brown leaf beetle in the presence of tree harvesting.

Discussion and Conclusion: When biological disturbance occur, Caucasian alder species that host this
pest can be preserved by implementing appropriate harvest management technigues and creating a more
mixed forest ecosystem.

Keywords: Alder leaf beetle, forest landscape, LANDIS-II, tree harvesting management.
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Figure 1. The location of the study area within Hyrcanian mixed forests
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Figure 2. Execution stages of LANDIS-II model
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Table 2. Class of priority and susceptibility of alder tree species in non-equilibrium state of alder leaf beetle

outbreak
Ol e 4395 (Comwlw) (099 drsuns (4l juno Ol 45 5lade ags
RIS
Vo Vol Yol skl Ol P> Oljee &3z Ol
q’\\ C, q’\\ C q’\\ C Cl’\\ C Cl’\\ C Cl’\\ L}’“ ?
SO0 I s T ot N o N I o (O 0 I S B I U B
(o} - (o i (o i C i C i C g
g q { q (Z q g q g g { %
L q. N o Y \e | q. . 158 o Ny ye

SJL" Voo

@ Jle 00 3l 6l ¥ LS o Sl ol

5yl Jlozml s Jlw VYo e Jlo 80 5l s 5

(F Jgoz) 0,5 yenis Vo &y +/A-

9 o) Oy OO S IS (b 2ol et b el ol
@00z gyl o 4 g0 Jgaz 5 (S ndy! Jloz>|
Joles el 5o gs 135 5 (gloged Smwg—w (Ll pU
WY N slp s plcaml Jlizl g e o] 50 45 s,



va e S 2 LK )0 bodg ‘;..au.oi 22 Slopo s g ol obab b g jlwands

Kwgi lgxs p (gloged Swgm obxb Jolv el o Kwgi (550 aig¥ OO w9 S glgl WIS -V Jgus

Table 3 .Class of priority and susceptibility of alder tree species in equilibrium state of alder leaf beetle outbreak

OU w0 495 (Camwlus) (4099 dxiawmo (3l 3o

Ol 43¢5 Hlado

Ol e
Vol Vs ¥ oS kol Obyee £9 Oljee Sz Obme
cl’\\ (:. cl’\\ (:. Gl/\\ (:. Cl/\\ (:. Cl/\\ C. Cl/\\ o~ g_\
% £ % £ % £ % | % E |V [ gu!| ®
. ~ C ~ o g C g - = - i
g G { G g G { G { g { 8
- VY- ./ Ve Vel q- | q- -Is8 o - vy Ve

o K bl o a5 (cdy 1,8l 5 S o5 aisle) s_i.ﬂw
0920 oyl diad adlo y Jlo Yo B0 oo jlaslonds ansls
polp 550 gledisS ple (lp ) Je adg el el
el SloJSiz 4 Gblio (l i s a2 53 5 00,5
po Sunse abbio gl b S Lol asli b walss
JRYTCHN SO VI JUDEUE I Wi RV SPIC S PR { X [99)
20 g iad ol Bola jsb 4 lolug! iy, ()
Al bl £ o adhie ol 5170 Ale mu sy al> e
5 bsk o L8l s aloz jlany )55 (250 sladisS cals

(YO) ol g5lwacds e aalaie Q.:l 59

Gliso gvgs Low wudipdlm,fu.;f‘;u B3

lodisT il (5 pslaez sloosls 5 Jlae Slles 4 a5 L
B g laaiss Joldo o 0, oz (gm0 sl JSiz (5559
S e laed g oyt L8l ey Tl g 5 o5 e
Oyge &) Sy ) gile aih I (il i 2
o551l yer Job i bl o ek s (S s
Al o Jlw (g3leaily) YO« 5 (sane2) Vo G (5550
ools oS s jalls jpae |y (6 el 2o 351 (o 4z S
5 sshemh s s cg e B yoe ¢ yoa sl Slaged el
Wby L3l bgly cgann > dS—wgs) Lol S (500 o3

3 g S Sl 55 ls sgz g Sladllas dilaie jo 5 (Ll

CB 50 Caild g aig 38l 4o LS 4o adad gilw Juw
LANDIS-II 5 35590 o 4 oy cails  aig3l
Cope) (IR (550 laaiss o pae gilwanb ln
oolici] Jlo Ve e e 4y gl O oy Jolsd o (el
Ol cov dbls jo Wb co o adad gilwand (F)) ol
Olojl gaiail (Wbl 355 ploxil (0 oo 3blie
Wb s e dilaie dw g o nsul g wilhe e S
dilaie) sndicn 55 Ko ) adlate) uss JKir Jolis a5
Wt 3 A a9y Ol 31VO) oo T(Y didhais) olos K= 4 (Y
2 &l g @le dadfiz plojls caslbw Gl il
bily s Calow (pl oS Conl S3 0¥ 0 By Joe
B s 5 e ansee] lo JSim Sl oo s, Lo
sl 8l cesls y asens sl o Jlaanls aziesl sla S
TS g el (Sl Joz) (e b
P2 (G0 G bl GBS0 EBls p oS 09 salgs
Slawi (ptdm el | (3550 ladiss 058 (oo plonil 4358
A (G Sy LS 50 K5 58 (6l 39290 (1)
Wil s 0 o bl 2 Sl o 50 (s (g9 S e
0 g i a5 opl pyogdle s 19y s ool il b Iy
Sl Jlls 5 oz (£ 50 slaaiss (55 i L) oo
SasS sl aam o) sLad sl b S e el oaile
Wil JKiz) 093 aanb A G 35 ) S s
%9 3l 90 (s e ddbie )3 325 oo Fo—w (Jlwsal

9 S y9 Soa3eS T bl p oS o ooliiwl 10,55




ol 5 sy

1P+ olo wawl IYQ o louds e ) baumo (55919550 g pole A

Slogtd S g Sg2)bem 2o dalllan 590 iz a5 S
ol Sl il ands Jolw pd Sl o K o5 1555 5
b1, o3 T o35 g, GAlS jyen o 5lotns £9,5
4 Al e oo gl OF 5l G g WS (e s A Lo
5o bl (ol G K0 e 8l sy alS Sl
Ve Jlos )0 &5 G565 4 aa3se &) (300> =) yen
s> ld e A cod 5l Rir S5 50 O e
5 aslllas 9550 sliled 2 )3 (Gaie B 00 oS w28,
ol Sl LSe YO« b g oo, 995 zgl s Ar L 090>
Copda jeia > 50 gl ol S8y (G S ) e Tosls
oS SR Bl Wy gy S pogdle i (gile At cb by
5 bsle S oy i b ol 00 S5 5 Al e
e yen 9 (3005 poe S (Sl Wi ¢ yea S o5

(5 ¥ JS8) il aalS 5
ol Cod adlllas 5590 Sz jlilet 2 55lo aed L
Sl L5 &5 Joles Slo 40 IS 55 955 1 (slosgd s g
5o aSL s oaalice ree Lall> ol lade )0 polae g ayals
e Al B 2 53 i P yon 5 (el poe Sloces
(G JSC5) 0t snnlitie (g5 4, bl oyl Jolas
ol lag lw jo 2550 oS g0 (e ool ol
5 azs] Gl pcwlong Jolss pué slagy L 5l jiaS
Slog b a5 Sloj s )5 S5 (LS s cbly g lw 390
s5—a> 3 ol Ll 50 wgs 1958 5 (slogtd S—wg—w
G o alS Wiy, Nl gl And Co e cl oy gl
S0ty o5 b g oab 8 5l ey baze allS jree

o F JS8) 005 00 (Rl jree Blngs o g bglna

ol 50 (B 5 JaiaS b Jlsibo o Jluslyz atseel 0095
Silwdnd & b o gl Sl oal JoSi5 D958 5 500
Sz (5550 lodisS oS 5 p ol U g Guios slagy ) lw
el 00 0olo Lzd ¥ g ¥ USS o dslllas o0

W (55l ( Siadl g o)l o iz &5 alSin
Ji;;;bslmz% Y4 JL) Silwanss )'l o Js A b
Uk ogs ol plas s ol Sis (@l 5 e G
Coro 01iS a5 Slallhs dilaie ,0 Sg>ge Curadly
L Al e (ol S 5 b & G ol (sload
& sl ol o @ ddlaie ( S glocos pl
28y wly> i ol ol ol e b Bl o5 egite
(Gl Y JSs)

b RS Wiy (S Ll S e g0yl gl L
G ey ey 3l (SEaBT 5905 g0l 4 Cand a5 e
o cdlas cpl (o F JS2) ad anlgs o955
s Ll BB 55 05 o i1 b ol yan a5 lagy L
w2) Al jree gt (o gyl (luand b riren
G551y o Sy A 3 ey oS Slelllas dilare S
SRt eei b ceiy 4 (oo oS85 jree (S50
Bows 55 Gl g 9 (UK o (2538550 Olgie @) bglies
ebd @l Blas ulpliy b aalss Sl e —
iz o iy 55,0 sloaiss g4 oboxyl ey iz
b G 95 Gl lae 0l dalys axlllas )
By i g sl Sy (I i b Al e

dloe jpea




A e S e G Iz 50 Wodgi (Sizmol 3 gz (5110 0 i 9 ST et U (g5 Luvand

‘ " (&) : all)
>yt g b T e ()
y Foe
8 T ey e Ty
{ Pes W e { e T e
g o T e I e =T T b e
é‘ Yoo G g - g’ Yo N
'™ T e | or / T e
S —  —————
o o To Pe o fBePe Yo he o toe o he To Po Pe e Po Ve A 4o boe
() gle (AR RO
0 b b/ g Sy (<) g0 Qb 0 | e o ()
Por #
s [ o —
— -ty ey
e T -
-; — s 0 { o
i S / T loghhe oS 5 ‘i & 7 T b S
e G ~ Yo S g g
o T - e Va -
PR O S PN S YO PR PR PR P o b To Pe Pe B P Yo A 4o Nee
() e () o

Pl gy 5 w955 Gloged Swgm Cilico (sbagy )luw Cai (550 (SLdisS S 5 (o T KU
Gilwdands 0590 (b jo &Sy cblo

Figure 3. Investigation of tree species composition under different scenarios of alder leaf beetle in the presence
and absence of tree harvesting during the simulation period
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Figure 4. Investigation of tree species composition under the scenario of brown alder leaf beetle in equilibrium
state in the presence and absence of tree harvesting during the simulation period
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