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Abstract

Background and Objectives: The Hyrcanian forests, as dynamic and highly diverse ecosystems,
play a key role in maintaining ecological stability and conserving biodiversity. The sustainability
of these forests critically depends on natural regeneration processes that determine species
composition, age structure, and the forest’s capacity for renewal. Although numerous studies have
examined regeneration patterns in northern Iranian forests, the specific role of old-growth trees
in shaping species diversity and regeneration density within their understory has remained largely
unexplored. This study aimed to analyze species diversity and regeneration density under the
canopy of old-growth trees across different forest types in the Baharbon district of the Kheyrud
Forest, thereby clarifying the contribution of these legacy trees to natural regeneration dynamics.
Methodology: The study was conducted in the Baharbon district of the Kheyrud Educational and
Research Forest within an elevation range of 1,000-2,200 m a.s.l. Sampling was conducted during
the summer season. Old-growth trees were identified using species-specific minimum diameter
at breast height (DBH) thresholds, forest-type maps, and a completely randomized sampling
method. A total of 47 one-hectare plots comprising 188 micro-samples and 60 old-growth trees
from five species, including Acer velutinum Boiss., Fagus caspica Denk & G.W. Grimm, Alnus
subcordata C.A. Mey., Carpinus betulus L., and Quercus castaneifolia C.A. Mey., were studied.
For each old-growth tree, four 6 x 6 m subplots were installed beneath the canopy to assess
regeneration characteristics, including seedling density, species composition, health status, and
height and diameter class distributions. In addition, herbaceous cover percentage and litter depth
were measured. Species diversity was quantified using the Shannon—Wiener and Simpson indices,
and differences in regeneration density among forest types were examined using independent t-
tests. Data analyses were performed using Excel, SPSS, and PAST software packages.

Results: Findings indicated that in both the pure Caspian beech type and the other forest types,
Acer velutinum dominated regeneration with a relative abundance exceeding 70%, whereas Fagus
caspica, Carpinus betulus, and Acer cappadocicum Gled. contributed minimally. The highest
regeneration density occurred within the smallest diameter class (<2.5 mm) and the lowest height
class (<30 cm), reflecting the predominance of early-stage seedlings. Herbaceous cover was
generally below 50%, and litter depth was greater in the pure Caspian beech type. Shannon (0.39)
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and Simpson (0.08) diversity indices were lower in the pure Caspian beech type compared to
other types (0.47 and 1.03, respectively), indicating the dominance of a few species and an uneven
distribution of individuals. More than 90% of the seedlings were healthy, and no significant
difference in regeneration density was observed between forest types (P= 0/854, ns).
Conclusion: Overall, natural regeneration in the Baharbon region exhibits satisfactory density
and seedling vitality; however, species diversity is low, and the regeneration layer is strongly
dominated by Acer velutinum. If this pattern persists, it may lead to structural homogenization
and reduced ecological resilience of the forest. Given the lack of significant differences in
regeneration density among forest types, factors associated with microsite conditions, seed
production, and interspecific competition appear to exert stronger influences than forest-type
identity. Thus, although the regenerative potential of these forests is high, active management
interventions aimed at enhancing species diversity within the regeneration layer are essential to
ensure the long-term ecological sustainability of these valuable Hyrcanian forests.

Keywords: Biodiversity, Caspian beech, ecological stability, Hyrcanian forests, natural
regeneration.
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Figure 1. Geographical location of the study area: (1) location of Mazandaran Province in Iran, (2) location of

the Baharbon district within the Kheyrud Forest, and (3) spatial distribution of sample plots in the Baharbon
district



33 $23135 (S5 5 e S g 5s

(Javanmiri Pour et al., cul ooz ool 5 i 28
Gty Cundy 5 ot M Slagws 325 2022)
adllas ol ol o 4 1y o] ao o opl 03, g30cans

el 03 8 o 651305 b slaaz b

ORI SR
wii oy M sy b Sl s ol el sl
Gb 5l s ool ST elde b ol i e
S 5o JesS ol o e il 5 20 S S
el J—<e.° slcw 5 el sl g‘io slacs 3l
Slagtasy & olaal 5y S Ll s aas sl aas
Sl olsea o b8 a0 65 b 6l i
Azaryan et ) oz x5 S L5 5 o 539 JeonS sl
iy el A gy B AteS kg ol gisy al, 2015
95 eosleady Gl s e V0 ody s ShalSus e
Azaryan et al., 2015; Hosseini ) as 43 5 15 55
ol o ol Jab 5 s S K et al., 2020
ol o) adlas sy5e sl 5o e Ver o 4
Aol Y o 2 5086 8O0 (s sl 5 Lalls
558 g 5SS Ca 50 P e pamans 5SS i s
Hbady 5 e (Shaeys b bl
M8 &, 504 (Quercus castaneifolia C.AMey.)
S S wgians PV (e s plels ol
25 0 e e 9XF slal b waiands ) VAR el

Kl (5ol i sai ol il
2 & aiaalss 515 Sl ($o510)) Camdy s 5 siany
Sosba Ll o e p 2l )
wzls )3 b g (63508 035000 53 4 gaiaalid a5
GB350 @y & paianks o G 6l sl
K 50l s Hler 4 Sl <500
Se (e 5 G wwsn Jhi) glilae o
Faraji et ) oz cutls e oo £ sl & & gasankad 5
sl o Wk gasanks gl sl o) Gl L(all, 2023
Sl Bl e ol G5 el 5 s ol ol

\OF

g, g olge
axlaes ;oo asbais

Iz 5 i S8 5l it it ol ol iy
2 (o) oKils pneb wlin saSltsls 25 N |
Bls o5l el 5o gl 5 ol g3 3 (6 e kS
VOO comlis 4y 535 53 S IS ol el sz
L");CJ@;\J;;AYYH G ol oo pime 5o,
olawe (Jashni er al, 2012) cwl sl 3 2.8
Jsb 0V YA 0f" L OV Y AY" s Gl oL A
Scwl Jhi (o e Y R0 0" LT Y A", 5
b oy 3PP adem 4 G0 ) e S 4 Jles )
Sl Jidu 5 SIS iy, 4 o8 5l oleza U
AV JS) 25 e e

5 faishee Voo e g ¥l Sob lls st o)
Jashni et al., 2012) cul J&ix slosgs el sLaSs
Fagus ) (2l il Jols Gisy opl e s glacws
F.) 5,0 =3, dcaspica Denk & G.W.Grimm
F.) aibual oy dcaspica—Carpinus  betulus L.
C. betulus—F.) 3\, = »s {caspica mixed stands
Alnus ) <y V30 - Dy Koy 56 5 (caspica
s (subcordata C.AMey.—Acer velutinum Boiss.
i (A. subcordata—C. betulus) 5 pe — 3 Ko 55
Sl p iy 9> g0 a2 wll , ((Etemad, 2002)
ool b elasl Al 2l cwa s
U el s cal 53 Kas lacas b o ol Al
5 wodeny ol ailiia s o s S 5 ol )
G DS o gl 55 e 5 MK Koo o «
A o SaS adlllas Copmalar 5 ol il 4 Ll 2l
sle Jool Al s angs oS el S5 oble
Sl Jolt oS5 sy lmn (68 o b 5 i s
sba S ade (gana 5 ol oAb o) s pb
Ol Sl 5 o 5l 5ee 5 2l asle) Lol
Ll gl S pau s sbas S5y Sl
ol 5 (Cud 5 e ‘tub\) s, Q-é\)fﬁ.)n-é



\OV

{r JSe) a8 e

Yol V¥ il ol ) st s [ Slidio ale 4 25

r..as\jé,\)JLNQ@SQL’;;)JC\J}Q)JA}UNL,&A):@\S\A

[]

6m ;¢

I___l 6m ;.f

[]

(5 ) Jio
Old tree

S Sy
Center)

[ ]

I sl G 3 JlaitS 05 (23l 25 05 ualals mon ln e saiankid 5 1l Soles ¢ b Y IS

35 >
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trees in the Baharbon district of the Kheyrud Forest
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Figure 3. Diagram of the percentage frequency of natural regeneration of different species in the canopy of old-

growth trees in the pure Caspian beech type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 4. Frequency of natural regeneration across collar diameter classes in the understory of old-growth trees in the

pure Caspian beech type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 5. Species-specific frequency of natural regeneration across collar diameter classes in the pure Caspian
beech type and other forest types

Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 6. Frequency of natural regeneration across collar height classes in the understory of old-growth trees in the pure
Caspian beech type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 7. Species-specific frequency of natural regeneration across collar height classes in the pure Caspian beech

type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 8. Health status of natural regeneration in the understory of old-growth trees in the pure Caspian beech

type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 9. Species-specific health status of natural regeneration in the understory of old-growth trees in the pure

Caspian beech type and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Table 1. Analysis of natural regeneration parameters among the examined groups using the independent t-test
Independent Samples Test

Levene’s Test for

Equality of Variances t-Test for Equality of Means

95% Confidence interval for the
Std. error

. Sig Mean diff
F Sig. U 40 o iled)  difference  difference e
Lower Upper

g Varances . 0.689™ -0.18 46  0.854 -1074.7 5779.7 -13003.5 10854.1
£ assumed
5
g- Variances
g 018 46 0.854 -1074.7 5779.7 -13046.6 10897.1
S not assumed

ns: non-significant
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Table 2. Analysis of diversity index related to natural regeneration under the canopy of old-growth trees
diversity index
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Figure 10. Percentage of herbaceous cover in sample plots of old-growth trees in pure Caspian beech types and
other forest types

Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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Figure 11. Litter depth in sample plots of old-growth trees in pure Caspian beech types and other forest types
Different lowercase letters in each graph indicate significant differences at the 95% confidence level.
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