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Extended Abstract

Background and Objective: Sustainable management of forest ecosystems requires the use of
appropriate biological indicators to assess forest ecological conditions. Tree-related microhabitats
(TreMs) are among the most important of these indicators because they provide essential habitats
for numerous animal, plant, and fungal species and are generally more abundant and diverse in
natural forests or forests subject to minimal management interventions. These structures, which
develop on living trees or standing deadwood, include water-filled tree holes, woodpecker cavities,
insect galleries, and various other specialized structures that are important for the survival, feeding,
and reproduction of many species. The aim of this study was to identify, assess, and compare tree-
related microhabitats across different developmental stages of relatively undisturbed beech stands
in the reference compartment of the Kelardasht region.

Material and Methods: The study was conducted in the reference compartment of Series 1 of the
Langa Forest Management Plan, located in Watershed No. 36 (Kazemrud). Developmental stages
were identified in the reference compartment based on Korpel's definitions in 2008. One 1-ha
sample plot (100 x 100 m) was established in each of the initial, optimal (peak), and disintegration
(decay) developmental stages, with the plot sides oriented along the four cardinal directions. Tree
species and diameter at breast height (DBH) were measured and recorded for all trees within each
plot. Tree-related microhabitats were identified according to the European Union's Integrate+
classification guide, comprising eight broad forms (cavities, injuries and wounds, bark, deadwood,
growth forms/deformations, epiphytes, nests, and other microhabitats) and 20 groups, including
woodpecker cavities, trunk cavities, branch cavities, water-filled tree holes, insect galleries, bark
loss, stem and crown breakage, cracks and wounds, bark tears, bark structures, dead branches,
dendrotelms, branch aggregations, cankers, fruiting bodies of wood-decaying fungi, non-specific
fungal structures, cryptogams, nests, sap flows, and dendromicrohabitats associated with fine
debris.

Results: In the initial, optimal, and decay developmental stages, 40.6%, 6.2%, and 16.8% of trees,
respectively, lacked any tree-related microhabitat. The highest number of microhabitats recorded
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on a single tree was 13 on a beech tree with a DBH of 98 c¢m in the initial stage, 9 on a maple tree
with a DBH of 43 cm in the optimal stage, and 10 on a hornbeam tree with a DBH of 56 cm in the
decay stage. Of the 20 microhabitat groups examined, nests were not observed in any developmental
stage. Except for water-filled tree holes, all other microhabitat groups occurred at their highest
frequencies, with only minor differences, in the optimal stage, and their patterns of variation across
developmental stages were generally similar. Although moss cover followed a similar pattern across
all three developmental stages, its frequency was higher in the initial stage. Moreover, except for
water-filled tree holes, the highest frequencies of microhabitats were generally recorded, with slight
differences, on medium-diameter trees in the optimal stage, medium-diameter trees in the decay
stage, and large-diameter trees in the optimal stage. The highest numbers of water-filled tree holes
were recorded in the initial stage, particularly among large-diameter (32), small-diameter (23), and
very large-diameter (16) trees. Insect galleries and wood-borer cavities were most frequent among
small-diameter trees in the decay stage (9), exceeding their frequency in the other developmental
stages. On average, 16.03% of trees (43.9 trees) had cavities, 2.11% (5.5 trees) had injuries, 8.03%
(22.3 trees) had bark-related microhabitats, 3.02% (8.7 trees) had dead branches and crown
structures, 19.29% (52.7 trees) had stem deformations, 12.72% (33 trees) hosted epiphytes, and
2.24% (3.3 trees) had other types of microhabitats. The mean number of microhabitats was 2.1 per
tree, while 18.6% of trees hosted five or more microhabitats.

Conclusion: The formation of tree-related microhabitats varies according to tree species, site
conditions, tree diameter, and forest management regime. Although microhabitat abundance
generally increases with increasing DBH, some microhabitat groups may occur at high frequencies
on small-diameter trees. Therefore, biodiversity conservation should encompass trees across a broad
range of size classes. Particular attention should be given to retaining large-diameter trees
supporting more than five types of microhabitats, as well as small-diameter trees bearing unique
microhabitats. In addition, trees with the potential to develop microhabitats in the future should be
incorporated into conservation planning.
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Table 1. Characteristics of trees and stand structures in the study plots (Kakavand et al., 2020)

(S ) - (o Blo) dipms ol e Lo 52 S s sl S e
Standing volume (m?/ha) Mean dbh (cm) Stems per ha Development Stages
aJ
5377 39 340 i
Initial
|
664.7 46 259 &
Optimal
S e
521.4 43 244 Lﬁs caae
Decay
2 250 B Decay- Sy M Optimal-z, H Initial-o;
g 200
£
g = 150
S % 100
C'é_ —g 50
()
B0 N O ~
2 : L
&t > & > ‘2 & > xeX N at
PN & oo & B & ® & :
9 A\ 2
N\e \\eﬂ \2

Class diameter s b sl 4ibs

S kb il gladil 5 Jg e 5s Ol s Sl ) (IS
Figure 2. Frequency of trees in developmental stages and different diameter classes

Sl Ol il 5 o SKle sla e ls Al &l Jlgl

“r

@LA

@bl YoU 51)) ey 390 O 5 TES Cjwﬂ
Sl s S 5 bl s Sls sl YA G as
B (Ao £0/7) oty WA gl d= e 5 (sl
B kb s gl S sy ot s e
5 OF) oS5 3 5 3hns oy by sy
odalive e Slo QA e ol 5 3 L il e s S
o o oS s s ST g yome 31
b axle lbee,im L Bke Lls o585 L
S plS e 5o Sk, 5 Slo g e oY (a8
S etalie adyl e Al e Ol s

ARYA

53 ol 53 &
laaly plul 5 3 Glaclany s & pluld
Kraus et ) L, &sbs| (integrate™) b <o Kol
5 baaeds oo i) IS 05 cois Jels (al, 2016
Wl i /0 S w03 0 s e dae]
SSE woos S Vs (o 5 LY dacs
53 cpr Jold) bS5l slaelSans 55
Ll (oo sy g O5) Sl 5 (S sy
oy 5 LS 5 Sop e glaasrls dae i

A bl al 3 OL sy e
SLl Sl esls Lo gl (iasn ool o
d> 0 a5 Gl jastls Wl oledl oy

F dabe s 38 5 el sy S



b M aalls axlad glaglind]y Jgd Jolpe 50 (8550 sloelians o 5 o5

5 YN =psl oV =D glaz, S slee i
SedS 5 o e G 5 OO = Sty
raS 35 (Y0 = Sigy 5180 =25l O =)
KoK sy Glas i b Bl & by e Sl
Szl (i 26 5 bplil (o5 5 S 5 ezl 5 4
Samso o ap Dlagmse AV 5 i 18
Sl Dk Ly B sbe (Ol pend o
Sy alie e opl 53 553 laelany s = K3
B oSay o 5 e o Sl s e
OLEs st U e anpn 5o 1y eelie L, 0Lty
Ao 95 4 S sl A= e 5 Sl 3 s 0l
P oSSl I ey S el 4 Ko
Jsder) A ooy 1m0 K05 3 sl J oo Al e
(Y

Aol pe e Ban S e
OOl S L L Sl g o nie Wel&iu 33 >
gl P A e b g (g B ANIS s S
5kE ADS 5 (S gy A e Lo gie (g k8 LS
Co;_? Slae i sl o mig sl LA Cj‘ IE
5 () 508 (FY) u8 S s e o
BSS A ke &1 J s Al e (V) 53
Dl OVls oSy 3 5 i Gl a5 L
Ao h3aS aIS 53 Ohlsrosm slae i
2 sk sbadls K n s (3) Sty
(0 LY sla K2) 5 S5 ol e

4

YYY L) s 250 3 Y04 ¢ pama
ey s alol VA Sl s ol 10 ae il
AL (Lo, VY) Cot o Vsl e 5o (s
oSy 53 2 (£) alad iy 2 5 ol 3 5 650
Falo 8w pl a8 L jls o co s S 65
50 oy 3a S 03 8 Y0 pgemme SIS o)
WY 5 oSl wds s ald os S s e
T I Ao e Ol s Gl el s Dl g s
S edalise

VYV ) o 205e Son VEL ¢ sams
S ol ol b ol 10 5 jae el
(Aoy3 VVA) Ctps £) ¢ S sy Al o 55 (alsl
220 (V) 3lsd oy iy 3 oy 53 5 £ 58 8 A6
0N i ol 3 e s SO g oS
o 33,5 05,5 Y g gazms SlAd Cugy e la
G Sl i d i Jeld o5 S 55 s 2550
Ol Sl plSzma 3 Dls g 5o &Y oy i s
A el (S J g 4l e

Aol e i B e
55 Ol SKIL T, Sl op mie belSa 3o &
s o i ST iy 3l OLES ) T
L ol adsl Jes W e 3 (o= AV) O
A s e a3 L i
= s gy slge Ghls a5 655 Slae i 4 by e
(Y0 = Sy 5 T =l 08 =all) a3



YD)LA.A:J‘\YJ.L‘?‘ M/mijjf ;oJ.C-s.AL».LAB 8

70 P
. B Decay- Sy~ MOptimal-zs' W Initiakals
'"J»
—:.I; 50
> 40
5] 30
=}
g : | | II| I I
w
10 I
0 - _I II II Ill T alln .I II = _ _ _ _
- - - . ~ » % g Ve > N o B S D
. v?7 977 937 . oY 3‘ D 3 f‘?) 7 \,f \),a‘f -\9? ’> ¢ 7"7 \‘:‘:) tf/ \7)7
"SI AN AN S A SRS LK S S AN S A O & TS
N3 o) v )\ B f 7 4 7 J) . (\3 % > ¥ ! = ,}f 6\\
g’ A U & @ 527 NN R SN & < o’
NG AR f? & 5 & & ) o°(° > K@ & & @\‘5
; s $ S & < . ¢ :
&9 ’ (‘9\\ N -})3 t,,\Q' & LN T ,,)’DQ ob& N ¢\°Q @f’\
G RS SR Y I S S MO RN S
¥ > PN &N 2 A 2 < S Q.o X
< 3 F L Ty SO g
O J 2 <& 2 ~ N ? & N R
& Y X XN & $ & ) S
& f D X K
o v ! ©
N ®

Ol S aila 0 A le oy
Tree-related Microhabitatsinsmall diameter class

J}}J J}‘fjk;rg L)LZ?L_)JZ.E.?J&)) 6"2'-‘)) 6LA°L<Z..~&J'JJ>.- Lf‘j‘f CJ‘J::.,.: Ju.j‘)—“ Ji.:'
Figure 2. Frequency distribution of tree-related microhabitats in the small-diameter tree class in the
developmental stages
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Figure 3. Frequency distribution of tree-related microhabitats in the medium-diameter tree class in the
developmental stages
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Figure 4. Frequency distribution of tree-related microhabitats in the large-diameter tree class in the
developmental stages
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Figure 5. Frequency distribution of tree-related microhabitats in the very large-diameter tree class in
the developmental stages
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Table 2. Relative frequency of each tree microhabitat per hectare
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St
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Continued Table 2.
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Figure 6. Frequency of trees with varying numbers of microhabitats in development stages
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Table 3. Comparison of the mean relative frequency of tree-related microhabitats between
developmental stages
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Figure 7. The mean relative frequency of tree-related microhabitats in the developmental stages
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