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This study aimed to investigate patterns of alpha and beta diversity of plants and
Noctuidae moths along an elevational gradient in the Bagheran Protected Area, South
Khorasan Province. Field sampling was conducted during 2023-2024 at 27 stations
distributed across three elevation classes (1500, 2000, and 2500 m), with three stations
and three sampling replicates for plants and Noctuidae moths at each elevation. Alpha
diversity indices included taxa richness, Shannon and Simpson diversity indices,
evenness, dominance, and the Menhinick and Margalef indices, whereas beta diversity
was assessed using the Whittaker, Cody, and Harrison indices, as well as Jaccard and
Sgrensen dissimilarity measures. Permutation tests indicated that taxa richness differed
marginally between plants (48 taxa) and Noctuidae moths (42 taxa) (P= 0.0525), whereas
the number of individuals differed significantly (plants: 512; Noctuidae moths: 1046; P=
0.0001). Noctuidae moths exhibited higher species diversity and evenness than plants,
whereas plant communities showed greater dominance by indicator species (P= 0.0001).
The highest species richness and diversity for both groups occurred at 2000 m elevation,
and species compositional heterogeneity was greater in plants than in Noctuidae moths.
The Jaccard and Sgrensen indices revealed increasing compositional dissimilarity with
increasing elevational distance. Venn diagrams further showed that the highest number
of unique species for both plants and Noctuidae moths occurred at 2000 m, while the
lowest number was observed at 2500 m. Overall, the results indicate that elevation plays
a significant role in shaping plant and animal community structure, with a stronger and
more pronounced effect on plant communities.
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Introduction

Protected areas are among the most effective strategies for counteracting biodiversity loss and rising
human pressures on ecosystems. Although most protected areas are designed with a focus on conserving
vertebrates and plants, insects—constituting more than 80% of all animal species—are often
overlooked. Mountain ecosystems, which cover approximately 12.5% of the Earth’s surface, are
recognized as global biodiversity hotspots but remain highly vulnerable to habitat conversion and
environmental change. Beta diversity, referring to the variation in species composition among
communities, can be partitioned into two key components: turnover (species replacement) and
nestedness (species loss or gain). Understanding how beta diversity changes along elevational gradients
is essential for identifying conservation priorities and ecological boundaries. This study examines beta
diversity patterns in plants and noctuid moths within the Bageran Protected Area, with the goal of
identifying unique species assemblages and potential ecological transition zones.

Material and Methods

The Bageran Protected Area is located southwest of Birjand in South Khorasan Province, eastern Iran.
Sampling was conducted along a north-facing elevational gradient ranging from 1500 to 2500 m a.s.l.
Three elevation classes (1500, 2000, and 2500 m) were selected, each consisting of three representative
sites. Plant sampling was carried out using 90 quadrats (16 m2 each) per elevation, established along
three 150-m transects. Moth sampling took place during peak activity (late spring to early summer)
using 150 W mercury vapor lamps installed in white mesh tents and operated from dusk to dawn, with
three replicates per elevation each year (54 sampling events in total). Alpha diversity indices (e.g.,
Shannon, Simpson, Margalef, Menhinick, Chao-1) and beta diversity indices (e.g., Whittaker, Cody,
Jaccard, Sgrensen) were calculated using PAST software and the vegan package in R. Turnover and
nestedness components of beta diversity were quantified using the betapart package. Permutation tests
(9,999 iterations) were used to compare alpha diversity between plants and moths, and Venn diagrams
were constructed to illustrate unique and shared species.

Results

Permutation tests revealed significant differences between plants and moths across most diversity
indices (P < 0.01). Moths exhibited higher Shannon diversity (2.92 vs. 2.55) and evenness (0.91 vs.
0.81), whereas plants showed greater Simpson (0.19 vs. 0.09) and Berger—Parker dominance (0.40 vs.
0.23). Along the elevational gradient, both groups peaked in alpha diversity at 2000 m (Species richness:
plants = 31, moths = 30; Chao 1: plants = 71, moths = 49.5), with lower values at 1500 m and 2500 m.
Beta diversity indices indicated higher compositional heterogeneity in plants (Whittaker = 1.08; Cody
=25; Jaccard < 0.87) compared with moths (Whittaker = 0.95; Cody = 23.5; Jaccard < 0.96). Pairwise
comparisons identified the highest dissimilarity between 1500 m and 2500 m. Turnover was the
dominant component of beta diversity for both taxa, with nestedness contributing marginally. Venn
diagrams showed that the 2000 m sites harbored the highest number of unique species (17 plant species
[51.5%] and 11 moth species [29.7%]), while only two plant species and one moth species were common
across the entire gradient.

Discussion

The observed hump-shaped pattern of alpha diversity, with a peak at mid-elevation, supports the mid-
domain effect and the presence of optimal ecological conditions—such as favorable temperature,
moisture, and soil properties—at intermediate elevations. Conversely, the reduced diversity at lower
elevations is likely linked to anthropogenic activities (e.g., grazing and agriculture), while the harsh
environment at higher elevations (cold, wind, and high UV radiation) acts as a limiting factor for species
establishment. Unlike plants, which exhibited high dominance at low elevations, moths maintained
relatively stable diversity across the gradient, likely facilitated by their mobility and capacity to track
resources. The higher beta diversity and turnover observed in plants reflect their sessile nature and
susceptibility to strong environmental filtering. In contrast, moths displayed greater compositional
similarity, reflecting higher dispersal capabilities and broader trophic niches. The dominance of turnover
over nestedness suggests that community shifts along the elevational gradient are driven by species
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replacement rather than simple species loss, a finding consistent with recent meta-analyses. From a
conservation perspective, although mid-elevations (2000 m) are critical for both taxa, the high rate of
plant species turnover indicates that protecting only mid-elevations is insufficient; a broader elevational
range is essential to preserve plant diversity. Furthermore, low diversity and high dominance at extreme
elevations suggest that these communities, particularly plants, are highly vulnerable to climate change.
Overall, this study demonstrates that while elevational gradients profoundly shape biodiversity, the
magnitude of this effect is contingent upon taxon-specific life-history traits, with mobile insects showing
weaker beta diversity responses than sedentary plants.
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Table 1. Beta diversity measures for presence/absence data, identified by subscripted ‘f’s, and given in terms of their
original formulation (described in common algebraic notation) and re-expressed in terms of matching components
(see Fig. 2 for the definition of a, b, and c) for a pair of quadrats. (adapted from Koleff et al., 2003)

R Y9 U 8 ko
(b+c)/(2*a+b+c) w Bw 1
(b+c)/(2*a+b+c) -1 B-1 2
(b+c)/2 c Bc 3
b+c wh pwb 4
2*p*c/((a+b+c)"2-2*b*c) r Br 5
log(2*a+b+c) - 2*a*log(2)/(2*a+b+c) - ((a+b)*log(a+b) + i Bl 6
(a+c)*log(a+c)) / (2*at+b+c)

exp(log(2*a+b+c) - 2*a*log(2)/(2*a+b+c) - ((a+h)*log(a+b) +(a+c)*log(a+c)) / e Be 7
(2*atb+c))-1

(b+c)/(2*a+b+c) t Bt 8
(b+c)/(2*a+b+c) me Bme 9
al(a+h+c) j Bi 10
2*a/(2*a+b+c) sor Bsor 11
(2*a+b+c)*(b+c)/(a+b+c) m pm 12
pmin(b,c)/(pmax(b,c)+a) -2 B-2 13
(a*c+a*b+2*b*c)/(2*(a+b)*(a+c)) co Bco 14
(b+c)/(atb+c) cc Bcc 15
(b+c)/(atb+c) g Bg 16
pmin(b,c)/(a+b+c) -3 B-3 17
(b+c)/2 | Bl 18
2*(b*c+1)/(a+b+c)/(a+b+c-1) 19 B19 19
(b+c)/(2*a+b+c) hk Bhk 20
al/(a+c) rlb prib 21
pmin(b,c)/(pmin(b,c)+a) sim  Bsim 22
2*abs(b-c)/(2*a+b+c) gl Byl 23
(log(2)-log(2*a+b+c)+log(a+h+c))/log(2) z Bz 24

CXP o w05 10Z i ssnlio pgd dxsls )3 haid 45 LadieS 3uw 1€ b odnlite ol dnsls ;> Laid oS LlaaisS slini b dnsly 93 S juite slaisS IS slaw @

Pt=Pme, Bc=Pl, fcc=Pg 335 0 sanlin & jobojlon . 5llae 115 :aDS ( glaisT (slie Sl MAX (glaieS sle JSls MmN ples &b

a: total number of shared species between two communities, b: number of species observed only in the first community, ¢: number of

species observed only in the second community, log: natural logarithm, exp: exponential function, min: minimum species richness,
max: maximum species richness, abs: absolute value. Note that for pairwise cases, pt=fme, pc=pI, fcc=fg.
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Figure 2. Schematic diagram of the Venn diagram
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LaisS 30l 5l il Ol baiad ylis ool ddlhe b S (Nestedness) bassS 139 o5 ) o5 9 (TUrNOVer)
Bonloa (sl sl o3l g WaigS a2 L alS Sl o3l Sl Sl 039§ 0 95 e 5 ol o
Baselga et al., ) betapart diw, jl oslsiol b cluslore (ool g b ookl (ygudyow p (S oyl 5| badge
o S5 (B_total) JS (sl g5 Ao dadigS Gli—jgin ke sbul Jobis b oo .0 alosl R layes 53 (2023
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(Hammer et al., 2001) 545 o oL, (Bobal eSSl yolwly bdged o sddosnlio (sacgle ! Lol 5ol

oy sadl
2 S biine Gl o pedd 5 lals ple o5 oh ol cutSile oo gl 1JS W £9i5 (g pad Wi duy i
Lol cglés a8 395 ¥Y Lo pwds (slp 9 YA lalS (¢l (Taxa S) )yl slass . (Y Jgis) 3,05 3939 95 (sla sl el
VS o s VY 1) alS) D cglisie (65 e oo laasly sl .(Perm p = 0.0525) ¢ (¢,l5 cime Dbl 4y S35
~lje 1SS (Shannon H) gl a3Ls (Dominance) culle yaslis Jols g sla adls (Permp=«/+.+)
@l yasls (Menhinick) oo (asls (SIMPSON INdeX) jouwenw als (Evenness eMH/S) yguns
oyl Son (Berger-Parker) S',L— Sy ja3ls o (Fisher a) pib Wl (Equitability J) 51555 (Margalef)



\Al OKas g yaapiawy [ iy GUOIS Jab 40 oy g HOLS slo g W] g9

£95 > o peas (IS jobds (3)]90 pled (gl PErM P =+/c v V) wsls L bao peass g polS oo 1y (o)lol ls e
K339 padld SadisS bwgs (5 ke Ade Ll plalS oS Jls )3 g (LS 4 Cuns (gl (Bl 5 (laisS

anllbe 390 Ailaie )3 o pyied 9 GBLS o 45 S14395 £905 S as L duumlile CulSyla (901 20 - Jgor
Table 2. Permutation test results comparing species diversity indices between plants and moths in the study area

Perm p oy olLS sl el

0.05 42 48 (Taxa_S) e, sluss
0.00** 1046 512 (Individuals) 4l sluss
0.00%* 0.09 0.19 (Dominance_D) ygmsesw e
0.00%* 0.44 0.27 (SIMPSON_1-D) yguesoses 55
0.00%* 2.92 2.55 (Shannon_H) 5l g5
0.00™* 0.91 0.81 (€MHIS) (guS—olis Bl
0.00%* 1.30 212 (Brillouin) ;b g55
0.00%* 5.90 7.53 (Menhinick) e sk
0.00** 0.78 0.66 (Margalef) &)L e
0.00%* 8.77 12.97 (Equitability_J) sk, 3l
0.00** 0.23 0.40 (Berger-Parker) ,$,b— 35, colle
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Table 3. Comparison of alpha diversity indices between moths and plant species at different elevations

2500 m 2000 m 1500 m o9)5 LasL ol
10 30 17 o e
9 31 9 LmLf (Taxa_S) s sl
Bledc
65 148 85 ooy —
73 121 92 l.mLf (Individuals) 4 sl
olel
0.1541 0.1131 0.128 ooyt o o .
0.2104 0.095 0.643 RE; (Dominance_D) ;supoms colle
0.846 0.887 0.872 loopd y o
0.7896 0.905 0.357 lals (SIMPson_1-D) ¢ygusess £55
2.058 2.706 2372 oot N ]
1.758 2.821 0.837 Jbls (Shannon_H) 5l gou
0.783 0.499 0.631 ooyt .
0.6449 0.542 0.2566 RY; (€7HIS) ppueS= ol s
1.836 2437 2105 ooyt e
1.589 2.499 0.7329 ks (Brillouin) ;y-5h» ¢35
. . : bl
1.24 2.466 1.844 oot

1.053 2.818 0.9383 Jals (Menhinick) Suiee (ste
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0.8003 0.822 0.3809 lals (EquitabiliyJ) s 1y
0277 0270 0235 ot (Berger-Parker) ;8 ,b—5 5 el
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9.33 71 12.33 ol ke

(RFY clao e €15+ A 1) LS) Whittaker ales 51 by jasls by g9 Julos 5 1S gLy g5 (g ad Ws g lie
oY :ls) Wilson-Shmida 5 (Y50 il pyeus 50 :5ls) Cody (5 FV :las peus 0¥ :lS) Harrison
b adld plo s bolfinj o GGk GlsS Rl 5 FoSeal b Glals a5 wols (las (VWYY o pycd
So5enl IS jgboas (F Jgda) 15,5 anli ]y By, pwen s YL oS o s « Williams g Harrison 2 54 s
Eglita Yy QLS e slaolSi) ol 3 WIS S 5 45 5 gty sl hopind | st ool 5o by 55

Cw|

axllao 390 adlain 43 LS g Loyl Uy g9 eSS ydlio —€ Jgus
Table 3. Beta diversity index values for moths and plants in the study area

o s obls S
0.95 1.08 (Whittaker) S,
0.47 0.54 (Harrison) ygus y»
235 25 (Cody) ss8
0.22 0.20 (Routledge) b1,
1.24 1.53 (Wilson-Shmida) lies— e g
0.62 0.76 (Mourelle) J,50
0.12 0.05 (Harrison 2) ¥ ¢ysu y»
0.19 0.09 (Williams) ;oL
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Table 5. Whittaker beta diversity index of plants between different elevations in the study area

2500 m 2000 m 1500 m
0.78 0.55 0 1500 m
0.70 0 0.55 2000 m
0 0.70 0.78 2500 m
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Table 6. Cody beta diversity index of plants between different elevations in the study area

2500 m 2000 m 1500 m
7 11 0 1500 m
14 0 11 2000 m
0 14 7 2500 m
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Table 7. Jaccard dissimilarity index between different elevations in the study area

2500 m 1500 m 1500 m
0.87 0.71 0 1500 m
0.82 0 0.71 2000 m
0 0.82 0.87 2500 m
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Table 8. Sgrensen dissimilarity index between different elevations in the study area

2500 m 1500 m 1500 m
0.78 0.55 0 1500 m
0.7 0 0.55 2000 m
0 0.7 0.78 2500 m
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Figure 3. Turnover and nestedness components of plant beta diversity along the elevational gradient of the Bageran
Protected Area
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Figure 4. Venn diagram showing unique and common plant species between different elevations in the study area
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Table 9. Whittaker beta diversity index of moths between different elevations in the study area

1500 m 1500 m 1500 m
0.93 0.49 0 1500 m
0.60 0 0.49 2000 m
0 0.60 0.93 2500 m
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Table 10. Cody beta diversity index of moths between different elevations in the study area

1500 m 1500 m 1500 m
125 115 0 1500 m
12 0 115 2000 m
0 12 125 2500 m
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Table 11. Jaccard dissimilarity index of moths between different elevations in the study area.

2500 m 1500 m 1500 m
0.96 0.66 0 1500 m
0.75 0 0.66 2000 m
0 0.75 0.96 2500 m
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Table 12. Sgrensen dissimilarity index of moths between different elevations in the study area

2500 m 1500 m 1500 m
0.93 0.49 0 1500 m
0.60 0 0.49 2000 m
0 0.60 0.93 2500 m
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Figure 5. Turnover and nestedness components of beta diversity of noctuid moths (family Noctuidae) along the
elevational gradient of the Bageran Protected Area.
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Figure 6. Venn diagram showing unique and common moth species between different elevations in the study area
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