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Abstract

Background and objectives: Ground vegetation is an important component of forest
ecosystems through which many indicators of biodiversity, stand stability, and the effects of
global changes caused by human activities can be assessed. Changes in ecosystem components
are studied through the process of monitoring. Ground vegetation monitoring is being carried
out as part of forest monitoring projects in different regions of the world. However, in the
Irano—Turanian forests, such studies have not yet been conducted, and previous studies have
generally focused on describing the structural and environmental characteristics of the stands. In
this study, ground vegetation in the Irano—Turanian forests of Khojir National Park in Tehran
Province, Iran, was investigated and monitored over a three-year period.

Methodology: Khojir National Park is located within the Jajrud protected areas complex in the
eastern highlands of Tehran Province, approximately 25 km from the Tehran metropolitan area.
The forest habitat has a gentle north—northeast slope and an average elevation of 1,500 m above
sea level. Permanent sample plots of 100 m2 were used to study and monitor forest cover and
regeneration, while permanent microplots of 1 m2 were used to monitor ground vegetation
cover. The floristic composition, quantitative and qualitative characteristics of vegetation cover,
plant species diversity, and regeneration were studied over three consecutive years (2021, 2022,
and 2023) during mid-May. All plant species present in the microplots were recorded based on
density (individuals per unit area), life form, and phenology. In addition, the cover of ground
vegetation, mosses and lichens, shrubs, litter, bare soil, rocky outcrops, and surface gravel was
accurately estimated and recorded in the microplots. Comparisons of the studied variables were
performed using repeated measures analysis of variance or nonparametric Friedman and
Wilcoxon tests.

Results: Ground vegetation cover in the microplots during the first year of the study (22.3%)
was higher than in the second and third years (17% and 18.7%, respectively); however,
comparisons of the means indicated that these differences were not statistically significant.
Moss and lichen cover (mainly soil-surface mosses in the study area) showed a decreasing trend
and was significantly lower in 2023 (10%) compared to previous years (16.4% and 15.8%). The
percentage of litter cover decreased significantly from 2021 to 2023 (from 43% to
approximately 16%), whereas the percentages of bare soil and surface gravel increased
significantly. Based on the results, among the 79 species recorded in the microplots of the
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Khojir site, 62% were annual plants (therophytes), 20% were hemicryptophytes, 13% were
chamaephytes, 4% were cryptophytes, and 1% were phanerophytes (seedlings, saplings, or
small woody stems). The Asteraceae family, with 15 species, was the largest plant family,
followed by Brassicaceae, Poaceae, and Lamiaceae. The density of plant species fluctuated
during the three years of the survey, such that no significant difference was observed between
the first and third years (average of 242 and 249 individuals per square meter, respectively),
whereas density was higher in the second year (average of 344 individuals per square meter).
Changes in density were not consistent among all species, and significant interspecific
differences were observed. Some therophyte species showed a decrease in density, whereas
others showed an increase. The density of hemicryptophytes increased significantly during the
study period (average of 2.4, 3.8, and 5.9 individuals per square meter, respectively). Overall,
species richness and diversity indices of the ground vegetation showed an increasing trend
during the study period, whereas evenness indices did not differ significantly. In the Khojir
habitat, only regeneration of mountain almond (Prunus lycioides (Spach) C.K.Schneid.) was
recorded in the sample plots, whereas wild pistachio (Pistacia atlantica Desf.) showed no
regeneration. Approximately 80% of almond regeneration occurred without nurse plants. The
analysis of abundance across height classes also indicated that the number of saplings and
young almond individuals has declined in recent years.

Conclusion: Overall, the three-year study of permanent monitoring plots in Khojir National
Park revealed that vegetation cover, moss cover, and surface litter decreased during the study
period, whereas bare soil, rocks, and surface gravel became more exposed. Changes in the
density of different species followed different trends, although species diversity and richness
increased overall. The Pistacia—Prunus habitat in Khojir was found to be in poor condition with
regard to regeneration.

Keywords: Alborz, biodiversity, Irano- Turanian, regeneration, woodland.
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Table 1. Precipitation and temperature statistics in the period leading up to the monitoring time, for monitoring
years and one year before!

Precipitation (mm)

Temperature (°C)

Year Total annual
precipitation

From September to  Winter before  From April 1st to the Daily average one Average minimum
the monitoring  the monitoring

monitoring time month before the  winter before the

time (8 month) time (about one month) monitoring time  monitoring time
2019-2020 327.3 291.8 126 90.4 - -
2020-2021 219.8 215.6 100.4 20.5 175 2.9
2021-2022 197.1 186.3 104.5 18.8 17.6 1.7
2022-2023 165.9 147.6 994 18.3 15.9 0.7

FECSCRVANS % &l L aasls opl ol aa LS Sle sanass Cl:.‘.)a (Multi-Source Weather (MSWX)) _acsdis wliclsn Jpame K wassl)) glaosls

el oz ol bl (555 ol s

1 The data provided is a Multi-Source Weather (MSWX) product at the global integrated grid level. The data has a resolution of 0.1 degrees and is skew-corrected.
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Figure 1. Plots and ground vegetation microplots pattern (Left) and a view of the Khojir forest habitat (Right)
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Table 2 . Comparison of coverage in micro-plots over three years (2021-2023)

Variable Year Average Standard devision Statistical analysis
Ground vegetation cover 2021 2231 11.6 Mauchly's W= 0.707 Greenhouse-Geisser
%) 2022 17 8.6 _ df=2 F= 4._83 df=1.55
2023 18.7 5.5 Sig. = 0.044 Sig. = 0.022
Moss/lichen cover 2021 16.4+@ 15.9 Chi-Square = 13.41
%) 2022 1582 145 Friedman Test df=2
2023 10° 14 Sig. =0.001
Bush cover 2021 49m 7.9 Chi-Square = 5.027
(%) 2022 64™ 9.3 Friedman Test . df=2
2023 4.9™ 8.1 Sig. = 0.081
Litter cover zgi ;feab 15: Mauchl;(;];s:V\Z/— 0875 Sphericity Ass.umed F=27.32 df=2
(%) 2023 157°¢ 6.3 Sig. = 0.300 Sig. =0.000
Bare soil cover 2021 14.9c¢ 11.9 Chi-Square = 25.605
%) 2022 242" 13.9 Friedman Test _ df=2
2023 4223 15.7 Sig. = 0.000
Rock outcrop 2021 35m™ 45 . Chi-Square = 2.667
%) 2022 3.8m™ 45 Friedman Test _ df=2
2023 35m™ 4.6 Sig. = 0.264
Surface gravel 2021 5.4°b 35 . Chi-Square = 16.969
(%) 2022 7.7° 4.2 Friedman Test _ df=2
2023 8.62 5.3 Sig. = 0.000
2021 O™ 0 Chi-Square = 2.923
Soil erosion rank 2022 0.1m™ 0.3 Friedman Test df=2
2023 0.1™ 0.4 Sig. =0.232

1 Although analysis of variance indicated a significant difference (P<0.05), Bonferroni mean comparisons did not show a significant difference in three-years.
Different letters within each variable indicate a significant difference between means.
ns: non-significant.

Number of species 4,3 2lua

6J|5J.!JL°T Lgl.&dl.u &SJJM S u&.&x dLADJJ @‘jlﬁ CJ}J'—* Jg&
Figure 2. Distribution of abundance of ground cover species in plant families by survey years
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Table 3. Comparison of the number of species belonging to different life forms in the plots over three years
(2021-2023)

Variable Year Average 3tan_d_ard Statistical analysis
evision

2021 10.3°¢ 1.9 Mauchly's W= 0.799 Sphericity Assumed F= 55.34
L\'p‘égzgrp‘:; ;':gggme 2022 1540 3.6 df=2 df= 2

2023 20.22 3.8 Sig. = 0.133 Sig. = 0.000
Number of 2021 13° 11 Chi-Square = 10.73
Hemicryptophyte species 2022 1.4° 1.2 Friedman Test df=2
per microplot 2023 182 1 Sig. =0.005

2021 11m 13 Chi-Square = 6.5
SN%';Z? ‘;‘; %?2:2&?&““9 2022 0.9m™ 1.2 Friedman Test df=2

P P P 2023 09" 1.2 Sig. =0.05

Different letters within each variable indicate a significant difference between means (P<0.01).

ns: non-significant.
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Table 4. Comparison of total density and by life forms in the plots over three years (2021-2023)

Variable Year Average Standard devision Statistical analysis

Density (Number of 2021 242° 105 Mauchly's W= 0.628 Sphericity Assumed
indivituals per square 2022 3442 99 df=2 F=15.38 df=1.46
meter) 2023 249 b 72 Sig. =0.015 Sig. = 0.000

. 2021 237° 105 Mauchly's W=0.637  Greenhouse-Geisser
Density of TRETOPIYIEs 2022 336+ 100 df=2 F=1526 df= 147
persq 2023 238" 71 Sig. = 0.017 Sig. = 0.000

b

Density of 2021 24 b 3.5 Chi-Square = 17.59
Hemicryptophytes per 2022 38 59 Eriedman Test df=2
square meter 2023 592 4.8 Sig. =0.000
Density of 2021 1457 17 Chi-Square = 3.36
Chamaephytes per 2022 1451 1.8 Friedman Test df=2
square meter 2023 1.271s 1.7 Sig. =0.186

Different letters within each variable indicate a significant difference between means (P<0.01).
ns: non-significant.

AFeeNFeY) Sl i b S iy ) &l sbasls awslie —0 Jous
Table 5. Comparison of biodiversity indices of the ground over three years (2021-2023)

Index Year Average  Standard devision Statistical analysis

Species per square 2021 13¢ 2.3 Mauchly's W=0.826  Sphericity Assumed F= 58.58
m‘;ter persq 2022 18.2" 3.7 df=2 df=2

2023 23.3¢ 3.7 Sig. = 0.179 Sig. = 0.000

2021 0.28% 0.01 Mauchly's W= 0.55  Greenhouse-Geisser
Dominance 2022 0.2°b 0.04 df=2 F=11.11 df=1.38

2023 0.19® 0.06 Sig. = 0.005 Sig. = 0.001

2021 0.71° 0.06 Chi-Square = 11.7
Simpson 2022 0.82 0.03 Friedman Test df=2

2023 0.812 0.1 Sig. =0.003

2021 1.67°¢ 0.23 Mauchly's W= 0.642 Greenhouse-Geisser
Shannon-Wiener 2022 1.95° 0.17 df=2 5;215 f7

2023 2.222 0.34 Sig. = 0.019 Sig. = 0.000

2021 0.9° 0.25 Mauchly's W= 0.848  Sphericity Assumed F= 45.34
Menhinick 2022 1.06° 0.32 df=2 df=2

2023 1552 0.4 Sig. =0.224 Sig. =0.000

2021 2.2bC 0.43 Mauchly's W= 0.58 Siegzhzciuse-Gelsser
Margalef 2022 3 0.49 df=2 .

2023 412 0.79 Sig. = 0.007 gLl

' ) e Sig. =0.000

2021 0.43™ 0.11 Chi-Square = 0.7
Sheldon 2022 0.41m™ 0.12 Friedman Test df=2

2023 0.42" 0.11 Sig. =0.705

2021 0.66 " 0.09 Mauchly's W= 0.731  Sphericity Assumed F= 2.5
Pielou J Index 2022 0.68" 0.07 df=2 df=2

2023 0.71ns 0.08 Sig. = 0.060 Sig. =0.096

Different letters within each index indicate a significant difference between means (P<0.01).
ns: non-significant.
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Figure 4. Phenological changes of species at the Khojir site by study years

S ysbolas ol saal 0 K s VFLY 5 NFes
asl alS ol 5 S sS sbal slaw i o sanlie
el s Koy Jhs Ko a4 e
slaw 4 258 el (g551al5 L asadlas slass saianks
oo olaws pl S s sanlin g e N 2 3 Y/0
S S L e 5 2 Wl obbl Jl an
Ao sl o sasliae an gl oslal; o Sl
SO R P PRV SRR PN,
Dl 13 e o ban gl 5 & psle o 8 °,v\3\-xé\e
Jlo aw Jsb s a5 bl uslal sl ol ks

e sl & Jpam 55 i o8z s; 5o ol k]

Glazss s 5 o0 gba S
s o 5o A lams s 5 550 s S
4y 5 (Prunus lycioides) (L. Su) 258 obol Jols
(oS K 4geianks 5y a4 (Pistacia atlantica)
o pioled an al OF 5 S ebl al VAP
el gl ancy (LS iy Ol ok paianks
Fole VP gl ks anay s pesle 40 a8
>S5 bl ZU colie win imes ) caoy
slaib ;s gl 3 s a4 Er Ao VAN
s S5l 4y slaws sls 49) a8 plsl, sl i)
Il 53 55 (5 —ilie sadle 53 4L TV 5 YA — slS



Yoa

Foolad ¥Y als ol sio s SR Slidios ale 4y

12
) ——2021
2 10 /\
Y M —=—2023
2 8
£ /NN
2 6
Gt
S 4
<
E %;
El 2
7.

0 .-

0 20 40 60 80 100
Height Classes(cm) ¢l )l olid

S bl el gbaib s Sl s -0 IS
Figure 5. Abundance by height classes curve of Prunus lycioides

s bl Sl an Jsb s PS phb oslaly sla) Ol it =5 Joi
Table 6. Changes in regeneration size of Prunus lycioides over three years of the survey

Variable Year Average  Standard devision Statistical analysis

Longest crown diameter 2021 20.3™ 8.7 Mauchly's W= 0.984  Sphericity Assumed F= 0.267
(Cm)g 2022 217 14.4 df=2 df=2

2023 235 ™ 7.7 Sig. = 0.939 Sig. =0.768
Diameter of the crown 2021 145" 7 Mauchly's W= 0.849  Sphericity Assumed F= 0.344
perpendicular to the longest 2022 148 11 df=2 df=2
diameter (cm) 2023 17.2 18 7.8 Sig. = 0.519 Sig. =0.714

2021 19.3™ 9.4 Mauchly's W=0.81  Sphericity Assumed F=0.183
Height (cm) 2022 205 ™ 9.3 df=2 df=2

2023 219"™ 7.6 Sig. =0.430 Sig. =0.834

ns: non-significant.
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Appendix 1. Flora of the Khojir site
S . . Density Frequency
Scientific name Family Life form 2021 2022 2023 2021 2022 2023

1 Adonis sp. Ranunculaceae Therophyte 0 0 1 0 0 1
2 Aegilops kotschyi Boiss. Poaceae Therophyte 394 372 56 16 19 16
3 Ajuga chamaecistus Ging. ex Benth. Lamiaceae Chamaephyte 2 2 2 2 2 2
4 Allium scabriscapum Boiss. Amaryllidaceae Cryptophyte 2 5 3 1 3 1
5 Alyssum desertorum Stapf Brassicaceae Therophyte 62 103 157 9 14 16
6 Alyssum linifolium Stephan ex Willd. * Brassicaceae Therophyte 0 0 3 0 0 1
7 Alyssum marginatum Steud. ex Boiss. ? Brassicaceae Therophyte 0 0 1 0 0 1
8 Amygdalus lycioides Spach 3 Rosaceae Phanerophyte 3 3 3 2 2 2
9 Androsace maxima L. Primulaceae Therophyte 370 1576 1463 17 19 20
10 Anthemis gilanica Bornm. & Gauba Asteraceae Hemicryptophyte 0 0 1 0 0 1
11 Arabis nova Vill. Brassicaceae Therophyte 11 8 69 2 4 14
12 Artemisia sieberi Besser Asteraceae Chamaephyte 4 4 4 4 4 4
13 Astragalus macropelmatus Bunge Fabaceae Hemicryptophyte 1 1 1 1 1 1
14 Astragalus glaucacanthos Fisch. Fabaceae Chamaephyte 2 2 1 2 2 1
15 Boissiera squarrosa (Banks & Sol.) Nevski *  Poaceae Therophyte 4 9 79 2 16 15
16 Bromus danthoniae Trin. Poaceae Therophyte 55 45 29 12 14 11
17 Bromus tectorum L. Poaceae Therophyte 15 15 27 2 8 10
18 Buglossoides tenuiflora (L.f.) I.M.Johnst. Boraginaceae Therophyte 2 284 39 1 18 16
19 Bupleurum gerardi Jacg. ° Apiaceae Therophyte 7 1 3 3 1 1
20 Callipeltis cucullaris (L.) DC. Rubiaceae Therophyte 0 0 11 0 0 2
21 Camelina rumelica Velen. Brassicaceae Therophyte 0 16 14 0 5 4
22 Ceratocephala falcata (L.) Cramer ® Ranunculaceae Therophyte 10 3 21 1 1 8
23 Chardinia orientalis (L.) Kuntze Asteraceae Therophyte 96 115 105 19 17 19
24 Cleome coluteoides Boiss. Cleomaceae Hemicryptophyte 5 4 4 1 1 1
25 Clypeola jonthlaspi L. Brassicaceae Therophyte 0 3 67 0 2 12
26 Convolvulus chondrilloides Boiss. Convolvulaceae Hemicryptophyte 5 6 11 2 2 2
27 Convolvulus commutatus Boiss. Convolvulaceae Hemicryptophyte 1 1 1 1 1 1
28 Cousinia aggregata DC. Asteraceae Hemicryptophyte 4 4 4 2 2 2
29 Crepis kotschyana (Boiss.) Boiss. Asteraceae Therophyte 4 2 4 3 2 2
30 Crepis sancta (L.) Bornm. Asteraceae Therophyte 4 32 8 3 13 13
31 Crucianella gilanica Trin. Rubiaceae Chamaephyte 6 8 4 3 2 1
32 Crupina crupinastrum (Moris) Vis. Asteraceae Therophyte 218 84 30 16 15 11
33 Draba verna L. Brassicaceae Therophyte 132 454 763 8 16 17
34 Echinops sp. Asteraceae Hemicryptophyte 1 1 1 1 1 1
35 Epilasia hemilasia (Bunge) C.B.Clarke Asteraceae Therophyte 0 0 3 0 0 2
36 Erodium cicutarium (L.) L'Hér. Geraniaceae Hemicryptophyte 1 1 26 1 1 8
37 Euphorbia bungei Boiss. Euphorbiaceae Hemicryptophyte 1 0 1 1 0 1

Filago griffithii (A.Gray) Andrés-Sanchez & Asteraceae Therophyte 0 9 18 0 5 5

Galbany
39 Gagea sp. Liliaceae Cryptophyte 0 0 2 0 0 1
40 Geranium tuberosum L. Geraniaceae Cryptophyte 12 59 47 3 3 5
41 Haplophyllum acutifolium (DC.) G.Don Rutaceae Chamaephyte 5 4 4 4 3 3
42 :ﬁtce;;’.‘the"“m piliferum (Banks & Sol.) Poaceae Therophyte 1855 1636 426 20 19 20
43 Hypericum cf. helianthemoides (Spach) Boiss. Hypericaceae Hemicryptophyte 3 2 2 1 1 1
44 Koelpinia linearis Pall. Asteraceae Therophyte 12 79 91 5 15 13
45 Linaria chalepensis (L.) Mill. Plantaginaceae Therophyte 0 0 34 0 0 4
46 Linaria sp. Plantaginaceae Therophyte 0 0 1 0 0 1

Litwinowia tenuissima (Pall.) Woronow ex Brassicaceae Therophyte 0 0 21 0 0 5

Pavlov
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48 Malcolmia africana (L.) W.T.Aiton 7 Brassicaceae Therophyte 0 0 1 0 0 1
49 Matthiola alyssifolia (DC.) Bornm. 8 Brassicaceae Hemicryptophyte 0 0 1 0 0 1
50 Minuartia hamata (Hausskn. & Bornm.) Mattf. Caryophyllaceae Therophyte 697 1129 387 19 19 19
51 Minuartia meyeri (Boiss.) Bornm. Caryophyllaceae Therophyte 0 0 9 0 0 5
52 Nardurus subulatus (Banks & Sol.) Bor ° Poaceae Therophyte 27 71 83 9 14 17
53 Noaea mucronata (Forssk.) Asch. & Schweinf. Amaranthaceae Chamaephyte 1 2 1 1 1 1
54 Nonea caspica (Willd.) G.Don Boraginaceae Therophyte 0 0 3 0 0 1
55 Onobrychis aucheri Boiss. Fabaceae Therophyte 0 0 1 0 0 1
56 Outreya carduiformis Jaub. & Spach 1° Asteraceae Hemicryptophyte 1 2 0 1 1 0
57 Papaver argemone L. 1 Papaveraceae Therophyte 0 0 5 0 0 4
58 Poa bulbosa L. Poaceae Hemicryptophyte 14 40 58 3 6 12
59 Poa sp. Poaceae Therophyte 1 8 0 1 3 0
60 Polygala hohenackeriana Fisch. & C.A.Mey. Polygalaceae Hemicryptophyte 1 1 1 1 1 1
61 Rochelia disperma (L.f.) K.Koch Boraginaceae Therophyte 0 3 3 0 1 2
62 Roemeria hybrida (L.) DC. Papaveraceae Therophyte 0 4 74 0 3 16
63 Scabiosa calocephala Boiss. 12 Dipsacaceae Therophyte 0o 9 2 0 4 2
64 Scabiosa olivieri Coult. 13 Dipsacaceae Therophyte 1 0 13 1 0 8
65 Scandix stellata Banks & Sol. Apiaceae Therophyte 0 0 6 0 0 3
66 Scutellaria persica Bornm. Lamiaceae Chamaephyte 1 1 1 1 1 1
67 Senecio glaucus L. Asteraceae Therophyte 3 28 49 2 7 12
68 Stachys inflata Benth. Lamiaceae Chamaephyte 4 4 4 2 2 2
69 Stellaria sp. Caryophyllaceae Therophyte 709 516 437 19 19 20
70 Stipa arabica Trin. & Rupr. Poaceae Hemicryptophyte 10 10 7 9 7 5
71 Taeniatherum crinitum (Schreb.) Nevski 14 Poaceae Therophyte 49 5 1 11 5 1
72 Tanacetum polycephalum Sch.Bip. Asteraceae Chamaephyte 3 1 1 2 1 1
73 Teucrium polium L. Lamiaceae Chamaephyte 2 2 2 2 2 2
74 Thlaspi arvense L. Brassicaceae Therophyte 3 9 13 2 4 4
75 Tragopogon longirostris Bisch. ex Sch.Bip. *> Asteraceae Hemicryptophyte 0 2 0 0 2 0
76 Trigonella sp. Fabaceae Therophyte 0 0 1 0 0 1
77 Valerianella oxyrhyncha Fisch. & C.A.Mey. 16  Caprifoliaceae Therophyte 0 3 42 0 3 16
78 Velezia rigida L. V7 Caryophyllaceae Therophyte 5 8 3 1 6 1
79 Ziziphora tenuior L. Lamiaceae Therophyte 3 2 22 2 1 10

Accepted names according to Plants of the World Online (https://powo.science.kew.org/):

1 Meniocus linifolius (Stephan ex Willd.) DC.
2 Alyssum szovitsianum Fisch. & C.A.Mey.

3 Prunus lycioides (Spach) C.K.Schneid.

4 Bromus pumilio (Trin.) P.M.Sm.

5 Bupleurum affine Sadler

® Ranunculus falcatus L.

7 Strigosella africana (L.) Botsch.

8 Dvorakia alyssifolia (DC.) D.A.German

° Festuca orientalis (Boiss.) B.Fedtsch.

10 Jurinea carduiformis (Jaub. & Spach) Boiss.

1 Roemeria argemone (L.) C.Morales, R.Mend. & Romero Garcia

12 | omelosia calocephala (Boiss.) Greuter & Burdet
13 Lomelosia olivieri (Coult.) Greuter & Burdet

14 Taeniatherum caput-medusae (L.) Nevski

15 Tragopogon coelesyriacus Boiss.

16 Valeriana oxyrhyncha (Fisch. & C.A.Mey.)

7 Dianthus nudiflorus Griff.
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