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Abstract

The relationships between different aspects of diversity (taxonomic, structural
and functional) and the aboveground biomass (AGB) as a major component
of global carbon balance have been studied extensively but rarely under the
simultaneous influence of forest dieback and management. In this study, we
investigate the relationships between taxonomic, functional and structural di-
versity of woody species (trees and shrubs) and AGB along a gradient of dieback
intensity (low, moderate, high and no dieback as control) under two contrasted
management conditions (protection by central government vs. traditional man-
agement by natives) in a semi-arid oak (Quercus brantii Lindl.) forest ecosys-
tem. AGB was estimated and taxonomic diversity, community weighted av-
erage (CWM) and functional divergence indices were produced. We found
that the aerial biomass was significantly higher in the intensively used area
(14.57 (3£1.60)t/ hm2)thanintheprotectedarea(8.70(£$1.05) t/hm2) due to per-
sistence of some large trees but with decreasing values along the dieback inten-
sity gradient in both areas. CWM of height (H), leaf nitrogen content (LNC)
and leaf dry matter content (LDMC) were also higher in the traditional man-
aged area than in the protected area. In contrast, in the protected area, the
woody species diversity was higher and the inter-specific competition was more
intense, explaining a reduced H, biomass and LDMC. Contrary to the results of
CWM, none of the functional diversity traits (FDvar) was affected by dieback
intensity and only FDvar values of LNC, leaf phosphorus content (LPC) and
LDMC were influenced by management. We also found significantly positive lin-
ear relationships of AGB with CWM and FDvar indices in the protected area,
and with taxonomic and structural diversity indices in the traditional managed
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area. These results emphasize that along a dieback intensity gradient, the leaf
functional traits are efficient predictors in estimating the AGB in protected
forests, while taxonomic and structural indices provide better results in forests
under a high human pressure. Finally, species identity of the dominant species
(i.e., Brant’ s oak) proves to be the main driver of AGB, supporting the selection
effect hypothesis.

Full Text

Preamble

Dieback intensity but not functional and taxonomic diversity indices
predict forest productivity in different management conditions: Evi-
dence from a semi-arid oak forest ecosystem

Mona KARAMI', Mehdi HEYDARI?, Ali SHEYKHOLESLAMI'*, Majid ES-
HAGH NIMVARI!, Reza OMIDIPOUR?, YUAN Zuogiang*, Bernard PRE-
VOSTO?

! Department of Forestry, Chalous Branch, Islamic Azad University, Chalous
46615/397, Iran

2 Department of Rangeland and Watershed Management, Faculty of Natural
Resources and Earth Sciences, Shahrekord University, Shahrekord 8818634141,
Iran

3 Department of Rangeland and Watershed Management, Faculty of Natural
Resources and Earth Sciences, Shahrekord University, Shahrekord 8818634141,
Iran

4 Key Laboratory of Forest Ecology and Management, Institute of Applied Ecol-
ogy, Chinese Academy of Sciences, Shenyang 110164, China

5 INRAE, Aix Marseille University, UMR RECOVER, Mediterranean Ecosys-
tems and Risks, Aix-en-Provence 13128, France

Abstract: The relationships between different aspects of diversity (taxonomic,
structural and functional) and aboveground biomass (AGB) as a major compo-
nent of global carbon balance have been studied extensively but rarely under
the simultaneous influence of forest dieback and management. In this study,
we investigate the relationships between taxonomic, functional and structural
diversity of woody species (trees and shrubs) and AGB along a gradient of
dieback intensity (low, moderate, high and no dieback as control) under two
contrasted management conditions (protection by central government vs. tradi-
tional management by natives) in a semi-arid oak (Quercus brantii Lindl.) forest
ecosystem. AGB was estimated and taxonomic diversity, community weighted
average (CWM) and functional divergence indices were produced. We found
that aerial biomass was significantly higher in the intensively used area (14.57
($:t1.60)t/hm{2})thanintheprotectedarea(8.70(:|:1.05)t/hm{2}$) due to persistence of
some large trees but with decreasing values along the dieback intensity gradient
in both areas. CWM of height (H), leaf nitrogen content (LNC) and leaf dry
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matter content (LDMC) were also higher in the traditional managed area than
in the protected area. In contrast, in the protected area, the woody species diver-
sity was higher and the inter-specific competition was more intense, explaining
a reduced H, biomass and LDMC.

Contrary to the results of CWM, none of the functional diversity traits (FDvar)
was affected by dieback intensity and only FDvar values of LNC, leaf phosphorus
content (LPC) and LDMC were influenced by management. We also found
significantly positive linear relationships of AGB with CWM and FDvar indices
in the protected area, and with taxonomic and structural diversity indices in
the traditional managed area. These results emphasize that along a dieback
intensity gradient, the leaf functional traits are efficient predictors in estimating
the AGB in protected forests, while taxonomic and structural indices provide
better results in forests under high human pressure. Finally, species identity of
the dominant species (i.e., Brant’ s oak) proves to be the main driver of AGB,
supporting the selection effect hypothesis.
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1 Introduction

Forests in many regions worldwide are exposed to numerous destructive anthro-
pogenic factors, putting at risk their biomass production and main ecosystem
functions. Since 2000, a dangerous phenomenon called oak (Q. brantii) de-
cline has occurred in many oak forests globally, especially in the Mediterranean
region. In this respect, a gradual dieback of semi-arid oak formations was ob-
served in the Zagros forests of western Iran, which are among the oldest oak
forest reserves in the world with remarkable ecological value.

Although the exact cause of this forest dieback has not been determined, most
studies have emphasized the role of climate change (particularly prolonged
drought periods), habitat degradation (including depletion of soil nutrients and
moisture), non-adaptive management, and pest and disease outbreaks. The im-
pact of forest dieback on growth and biomass accumulation is influenced by a
wide set of factors, among which species diversity can play a significant role.
For instance, severe droughts can significantly reduce tree growth and biomass
accumulation, though this effect varies according to tree diversity in different
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biomes. In general, most researchers agree upon a positive relationship between
forest biomass production and tree species diversity, although changes in direc-
tion or absence of a relationship can also occur. This process can be explained by
complementarity in ecological traits among species and underlines the concept
of functional diversity (FD) that refers to the amount, range, distribution and
relative frequency of functional characteristics of species in an ecosystem. In
a forest system, functional traits and structural characteristics of forest stands
(such as diameter and height differentiation of trees) could influence ecosystem
functions (e.g., AGB) along with abiotic factors, human activities and natural
disturbances.

However, numerous studies have recorded variation in diversity-ecosystem func-
tion relationships based on forest ecosystem type, which can be negative or
positive. This apparent lack of consistency indicates that various factors such
as heterogeneity of habitat environmental conditions, type and structure of
vegetation, geographical scale, management measures, land use change and in-
teractions with climate can affect the relevant mechanisms influencing diversity-
ecosystem function relationships.

In general, the relationships between species diversity and traits with different
ecosystem functions can be expressed using two main hypotheses: the niche com-
plementarity and the selection effect hypotheses. The niche complementarity
hypothesis assumes that communities with functionally diverse species are better
able to use limited environmental resources. Differences in functional character-
istics reduce species niche overlap in capturing available resources, leading to
maximization of matter transformation and energy flux processes. On the other
hand, in the selection effect hypothesis, the effects of a species’ relative abun-
dance in the community on ecosystem function are predominantly influenced
by dominant species that present more efficient functional traits compared with
other plants. This implies that ecosystem functions are controlled by the pres-
ence or absence of dominant species, whereas addition or elimination of other
plants does not greatly influence ecosystem function. Studies supporting these
hypotheses have used indices based on frequency and value of functional traits
such as functional divergence (FDvar) and community weighted mean (CWM)
of trait values. For example, carbon and AGB storage are positively correlated
to the CWM of trees with high potential maximum diameter because these trees
can use more environmental resources and be more efficient competitors.

Both functional and taxonomic diversity, by reflecting stand structure, can be ef-
ficient indicators of AGB. Additionally, forest structure plays a major role in de-
termining ecosystem function, so any factor that changes this structure (includ-
ing forest dieback) can alter the diversity-biomass relationship, although this
point requires further investigation in disturbed forest systems. More research
on diversity-ecosystem function relationships in different ecosystems is needed,
particularly to understand how these relationships are affected by changing
natural forest structure, management practices and natural and anthropogenic
disturbances. In this study, we investigate the relationships between functional,
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taxonomic and structural diversity of woody species and AGB in a semi-arid
oak forest of western Iran. We hypothesize that these relationships can be influ-
enced by dieback intensity and management conditions. More specifically, our
questions are: (1) Is the effect of dieback intensity on AGB and biotic indices
(taxonomic, functional and structural diversity) affected by management condi-
tions? Two contrasted management conditions were tested: protection vs. tra-
ditional management. (2) How much variation in ecosystem production can
be explained by taxonomic, functional and structural diversity characteristics
along a gradient of dieback intensity under different management conditions?
(3) Which is the best combination of multiple metrics of taxonomic, functional
and structural diversity regarding dieback intensity under different management
conditions? And (4) can the relationships between taxonomic, functional and
structural diversity and AGB be expressed by the niche complementarity and
selection effect hypotheses?

2.1 Study area

This study was conducted in oak forests of Ilam City in western Iran known as
Zagros forests, which are among the oldest continuous oak forests in the world.
For this purpose, two adjacent forest areas with the same flat physiographic
conditions (altitude range 1279-1450 m a.s.l. and generally flat topography;
average slope <20%) were selected and named according to their level of dis-
turbance and management conditions: traditional management by natives and
protected area (government protection). Both areas were initially composed of
dense forest cover based on documents from the Natural Resources Office and
interviews with natives.

The selected forest areas were exposed to human disturbances (e.g., firewood
exploitation, grazing and land-use change), but with some differences between
the two areas. Before protection enforcement in the protected area, many large
trees were cut down to extract large quantities of wood biomass to meet various
population needs (particularly by migrant populations, charcoal smugglers and
temporary ranchers). In contrast, the traditional managed area has been used
by nomads and neighboring rural areas for agriculture and animal husbandry.
Management of this forest area followed traditional practices: large trees were
preserved mostly because they provided shade for temporary structures (huts
and tents), and their high acorn production was used for livestock feeding. In
contrast, coppice oak and remaining small woody species like Crataegus pontica
K. Koch, Cerasus microcarpa (C. A. Mey.) Boiss. and Daphne mucronata Royle
were regularly cut (mostly for firewood and for making livestock hedges).

In the protected area today, degradation was mostly related to war refugees, non-
foresters, and wood and coal smugglers. These people did not understand the
need to preserve dominant, ancient and large trees such as seed-origin oak and
pistachio trees. Consequently, many large trees were cut, gradually developing
oak coppice forms. After a period of intense exploitation, ownership conditions
changed in the protected area: lands were reclaimed from private ownership by
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the Natural Resources Office after implementation of national policies in 1963.
Following this, protection measures were applied. The area was fenced and
supervised by forest guards to prevent disturbing factors (e.g., fire, grazing and
logging). In contrast, the traditional managed area continued to be exploited
traditionally by local people and nomads.

The dominant species in these forests is Brant’s oak (Quercus brantii) associated
with different woody species such as Pistacia atlantica Desf., Acer monspessu-
lanum subsp. cinerascens (Boiss.) Yalt., Crataegus pontica K. Koch, Cerasus
microcarpa Andrz. ex DC and Daphne mucronata Royle. In the traditional
managed area, large old oak and pistachio trees were often present, while other
woody species were very rare. Since 2001, a phenomenon called oak dieback oc-
curred in the Zagros forests, including our study area, leading to drying of trees,
especially oaks, with different intensities. Factors causing this forest decline are
not exactly known but are supposed to be linked to climate change, particularly
recurrent and prolonged drought periods. Trees with symptoms of decline of
different intensities are scattered throughout the study area, with oak being the
main affected species.

The most abundant soil types based on FAO classification are Lithosols—shal-
low soils with low fertility and low water holding capacity. According to cli-
matic data (1999-2015) from the nearest meteorological station (Eyvan station,
33°45 N and 46°21 E; 1320 m a.s.l.), mean annual precipitation and annual mean
temperature are 653 mm and 17°C, respectively. This region is described as
sub-Mediterranean with high seasonality in monthly precipitation distribution.
More than 50% of precipitation occurs in winter, 32% in autumn and 14% in
spring, while the summer period (May-October) is particularly dry.

2.2 Experimental design

The two forest areas (traditional managed and protected) were sampled using
80 plots of 1000 m? (40 plots in each area, with distances between plots varying
from 500 to 1000 m) distributed across four forest dieback classes (10 plots per
class in each area). First, in each plot, the ratio of dried canopy part to total
crown of each tree was determined visually as a measure of dieback intensity (I)
and then weighted by the frequency (F) of the tree species (percentage of crown
cover). Finally, dieback intensity of each plot was determined from the total
weighted dieback of all individuals in the plot (Eq. 1) and categorized into four
classes: no, low, moderate and high dieback (Table 1; Fig. 2).

1DI,nii{IF

where DI is the total dieback intensity in each plot; Ii and Fi are the dieback
intensity and frequency of species i, respectively. The resulting DI values were
used to establish four classes: 0%<DI<10%, no dieback; 10%<DI$ 35 DI <
65 D $100%, high intensity dieback (Table 1).
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2.3 Estimation of AGB

We measured diameter at breast height (DBH) and height (H) of all

woody species in each plot. In the absence of models to estimate

AGB for our species and conditions, AGB of each woody species with

DBHS 5cmwasestimatedusinganallometricrelationship(Eq.2)byChaveetal.(2014).T hismodelcoversawiderar
ameasureo ftreesize( DBH ), asite—speci ficenvironmentstress factor( EF)andwooddensity(W D, g/cm{?’})‘Fi
was obtained by summing all individuals.

AGB=exp{-1.803-0.976(EF)~+0.976 xIn( )+2.673xIn(DBH)-0.0299 x (In(DBH))2.
(2)

EF and climatic water deficit (CWD) were computed using Equations 3 and 4
(Chave et al., 2014).

1CWDmin(0,PET)niii

where TS is temperature seasonality: the standard deviation (SD) of monthly
mean temperature over a year, expressed in degrees Celsius multiplied by 100;
PS is precipitation seasonality: the standard deviation (SD) of monthly mean
precipitation over a year, expressed in millimeters multiplied by 100; CWD is
climatic water deficit computed by summing the difference between monthly pre-
cipitation (Pi) and monthly evapotranspiration (ETi), only when this difference
is negative. In our conditions, EF was equal to 2.086.

2.4 Measurement of functional traits

To measure functional diversity at plot level, we selected and measured
traits directly related to AGB according to previous studies. For each
woody species, two branches from different crown height classes (bottom,
middle and top) were selected from the south-facing part of the crown, and
twenty well-grown, undamaged leaves were sampled. Leaves were immedi-
ately stored in an ice box after labeling for laboratory measurements. In
the laboratory, fresh weight and dry weight (48 h at 70°C) were measured
($i0019) .F,reshleafareas(mm{Q})weremeasuredusingaleafaream,eter(ModelCI —203,CIDBio — SciencelInc.,Camas, WA).L
was determined as the ratio of dry weight to volume measured using volume
change after immersion in distilled water. LPC and LNC (mg/g) were deter-
mined using the phosphomolybdic blue colorimetric technique and Kjeldahl
method, respectively.

2.5 Measurements of taxonomic, structural and functional
diversity indices

To quantify woody species (trees and shrubs) diversity at plot level, we used
three indices including species richness (number of woody species per sample or
S), Shannon-Wiener diversity index (H ; Eq. 5) and evenness (E; Eq. 6).

1InsiiiHpp
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where pi is the proportion of species i and S is the total number of woody species.
To distinguish effects of dominant species (selection effect) and diversity (niche
complementarity), we used two indices: CWM and FDvar. CWM was calcu-
lated as the mean trait value in the community, weighted by species abundance.
FDvar was computed using variance among trait values of plant species recorded
on a plot, weighted by each species’ abundance in the community. Two struc-
tural indices of woody species were produced at plot level. The species mingling
index was calculated using Equation 7:

where Mj is the species mingling index; n is the number of nearest neighbors
(n=3); Vij=1 if reference tree j and neighbor tree i are different species, otherwise
Vij = 0. Lower values reflect purity or very low presence of other woody species.

Height and diameter differentiation index (Tij) were calculated following Equa-
tion 8. In each plot, a woody species was randomly selected as the reference
tree (i) and the three nearest neighbor woody species (j) were determined.

11niijiTTn

These equations were used for three pairs of reference-neighbor woody species
and Tij indices were obtained as the mean of three individual calculations.
Higher values (close to 1) indicate greater diversity in tree size.

2.6 Statistical analysis

After examining normality (Shapiro-Wilk test) and homogeneity of variance
(Levene test) preconditions, effects of management (protection vs. traditional
management), dieback intensity and their interactions on CWM, FDvar and
structural/diversity indices were tested using two-way ANOVA. Post-hoc tests
were applied using t-student and Duncan tests. Linear regression was used
to predict AGB as a function of structural, taxonomic and functional diver-
sity indices. All variables were standardized (min=0 and SD=1) to improve
interpretability of regression coefficients. To detect the best combination of
AGB predictors including taxonomic (richness, Shannon-Wiener diversity and
evenness), functional composition and structural diversity (height, diameter dif-
ferentiation and mingling) indices and dieback intensity, multiple linear mixed
models were produced using nlme R package. To select the best indices in AGB
predictors, relative importance was calculated using MuMIn R package and in-
troduced to structural equation modeling (SEM) using lavaan R package. As
many sampling plots in the traditional managed area contained only one woody
species, FDvar of different traits could not be calculated, so this index was re-
moved from the final SEM in both areas. Dieback intensity was introduced as
a fixed factor using four ordinal categories: control (no dieback), low, moderate
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and high dieback coded as 1-4, respectively. Best-fit SEMs were assessed using
chi-square ( 2) test (P>0.05), Bentler’s comparative fit index and goodness of fit
index (CFI and GFI), coefficient of determination (R?), and root mean square
error of approximation (RMSEA). To obtain best-fit SEMs, we selected the two
variables with highest relative importance in each category and the best combi-
nation using a trial-and-error approach. All statistical analyses were performed
using R v3.6.3 software.

3.1 Effects of management and dieback intensity on AGB
and diversity indices

AGB was affected by management (F=14.20; P<0.001), being higher in the tra-
ditional managed area (14.57 ($41.60)t/him {2} thanintheprotectedarea(8.70(£1.05)t/hm (91 §),
AGB was also significantly influenced by dieback intensity (F=12.89; P<0.001),

with decreasing values along the dieback intensity gradient in both areas (Fig.

3). However, we found no significant interaction between management and
dieback intensity (F=2.09; P=0.109).

CWM of all functional traits (LPC, LNC, H, LDMC, SLA and WD) were sig-
nificantly affected by management type, dieback intensity and their interac-
tion (Table 2). In contrast, FDvar of some leaf characteristics (LNC, LPC and
LDMC) were only affected by management type, while dieback intensity had
no significant effect on any traits.

CWM of LDMC, LNC and H were higher in the traditional managed area, while
CWM values of SLA and LPC were higher in the protected area. CWM of LPC
was highest in low and moderate dieback intensities in the protected area, while
no significant difference existed among dieback intensities in the traditional
managed area. There was no significant difference among dieback intensity
classes in the protected area for CWM of LNC, LDMC and H. In contrast, the
highest CWM values of LNC and LDMC occurred in low dieback intensity class,
and for CWM of H in high dieback intensity of the traditional managed area.
FDvar of LNC and LDMC were higher in the protected area, while FDvar of
LPC was higher in the traditional managed area, with no significant difference
among dieback intensities for these attributes.

All taxonomic diversity indices were affected by management, dieback inten-
sity and their interaction (P<0.001). Structural diversity indices were similarly
affected by management and dieback intensity, while interaction was only sig-
nificant for diameter (F=7.32; P<0.001) and height (F=13.65; P<0.001) differ-

entiation indices.

Woody species richness varied from 1 to 2 (Q. brantii or Q. brantii and P. at-
lantica) in the traditional managed area, whereas it varied from 2 to 6 in the
protected area (Q. brantii, P. atlantica, A. monspessulanum subsp. cineras-
cens, C. pontica, C. microcarpa and D. mucronata). Protection compared to
traditional management caused significant increases in richness and Shannon di-
versity indices, with highest and lowest values recorded in low and high dieback

chinarxiv.org/items/chinaxiv-202203.00035 Machine Translation


https://chinarxiv.org/items/chinaxiv-202203.00035

ChinaRxiv [$X]

intensity, respectively. Evenness was higher in the traditional managed area
than in the protected area, with the highest evenness value observed in the
higher dieback intensity class. In the traditional managed area, all structural
diversity indices were significantly reduced. The highest diameter and height
differentiation values were observed in high intensity dieback and in the pro-
tected area; however, no clear difference existed among dieback intensities in
the traditional managed area. Moreover, the highest mingling index values were
observed from low to high intensity dieback classes in the protected area.

3.2 Relationships between diversity indices and AGB

We found significant linear relationships for AGB only with functional diversity
indices in the protected area. Positive relationships existed between AGB and
CWM of traits such as H, LDMC, SLA and WD, and negative relationships with
CWM of LPC and FDvar of WD. In the traditional managed area, significant
relationships were found only with taxonomic and structural diversity indices,
either positive (diameter differentiation and species richness) or negative (even-
ness).

3.3 Structural equation models

The Shannon-Wiener diversity index, mingling index and CWM of LPC had
the highest relative importance in each category of plant diversity, stand
structure and trait composition. However, species evenness, mingling index
and CWM of LPC provided the best combination of predictors in SEM for
the protected area. Results showed AGB was directly and negatively affected
by dieback intensity (8=—0.358; P=0.006) and trait composition (5=—0.389;
P=0.002). Additionally, dieback intensity positively affected stand structural
indices (5=0.363; P=0.006). Moreover, structural indices tended to affect trait
composition (5=0.287; P=0.068).

Evenness, diameter differentiation and CWM of LDMC had the highest rela-
tive importance in each category of plant diversity, stand structure and trait
composition, while the combination of Shannon-Wiener diversity, diameter dif-
ferentiation and CWM of LDMC provided the best-fit SEM in the traditional
managed area. Dieback intensity had only direct effect on AGB (8=—0.586;
P<0.001). Additionally, dieback intensity had significant negative influence on
taxonomic diversity (8=—0.393; P=0.003) and structural indices (5=—0.272;
P=0.05). Structural indices had strong negative effect on trait composition
(=—0.588; P<0.001).

4.1 Effect of management and dieback on diversity and
function of ecosystem

We found that biomass amount in the traditional managed area was significantly
higher than in the protected area, especially visible in the no dieback class. This
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result seems counterintuitive but can be explained by past management actions.
In the traditional managed area, old seed-origin oak trees with high biomass
were preserved more than those in the protected area (mainly because they
provided shade) while other tree species (e.g., Acer) and shrub species were
exploited for firewood or other uses. Consequently, remaining trees’ access to
ecosystem resources (light, moisture and nutrients) improved in the absence
of competition, leading to increased growth and biomass. In contrast, growth
and biomass accumulation were reduced in the protected area due to higher
interspecific competition and predominance of oaks in coppice form. Previous
studies have shown that coppice-form trees produce less biomass than seed-
origin trees in similar semi-arid systems, consistent with these findings.

Evidently, we found biomass amount reduced along the dieback intensity gradi-
ent in the traditional managed area and peaked in the no dieback class where
both oak and pistachio trees were present. In contrast, no significant biomass
change was recorded in the protected area among the three classes with dieback
symptoms, indicating that higher diversity induced by protective measures mod-
erated dieback’ s negative impact on AGB. Besides, tree age (not investigated in
this study) is definitely much higher in the traditional managed area; therefore,
dieback symptoms may worsen in this area in the future.

CWM values were affected by management type and dieback intensity: CWM
of H, LNC and LDMC were higher in the traditional managed area than in
the protected area, while CWM of LPC and SLA were higher in the protected
area. In the traditional managed area, only old seed-origin oak and pistachio
trees (more resistant to historical degradation since large trees are less selected
for firewood) were present, explaining increased CWM of H in the community.
In this same area, forests exposed to strong human pressure (e.g., harvesting,
browsing and grazing) exhibited simplified vertical structure (reduced number
of vegetation layers) compared with forests under protective measures. As trees
were older in the traditional managed area, they also produced tougher leaves
with higher lignin content that increased LDMC. Previous works have shown
that higher LDMC values in a community indicate predominance of conserva-
tive species growing in low-production environments similar to the traditional
managed area in our study. In the traditional managed area, shrubs such as C.
pontica and C. microcarpa were eliminated to benefit oak trees, which developed
a more acquisitive resource-use strategy due to absence of competition and bet-
ter access to ecosystem resources (light, soil moisture and soil nutrients). This
explains accumulation of elements such as nitrogen in leaves, leading to higher
LNC in this area. Similarly, Boukili and Chazdon (2017) reported prevalence
of resource acquisitive traits (such as LNC) in managed forests and conserva-
tive traits in old growth forests. Higher CWM values of LPC and SLA in the
protected area can be related to higher diversity and richness of woody species
with fast nutrient acquisition strategy. In fact, fast-growing species such as
wild cherries in this protected area can efficiently capture ecosystem resources
in relatively short time.
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Contrary to functional composition results (CWM), none of the FDvar were
affected by dieback intensity, while only FDvar of LNC, LPC and LDMC were
influenced by management (protected vs. traditional managed). In this regard,
FDvar values of LNC and LDMC were higher in the protected area than in the
traditional managed area, whereas the reverse was true for FDvar of LPC. FDvar
generally indicates differences in ecological niches among species. Therefore,
reduced tree diversity due to elimination of species most sensitive to human
disturbances in the traditional managed area minimized differences in plant
nutrient uptake strategies, while protection led to the opposite effect, explaining
higher FDvar of LNC and LDMC in the protected area. Similarly, Reich et
al. (1995) reported that woody species with different photosynthetic capacities
exhibited variations in LNC due to close relationships between photosynthetic
capacities and LNC.

We found that management and dieback intensity affected all taxonomic (di-
versity, richness and evenness) and structural diversity (height and diameter
differentiation indices and mingling) indices, such that species richness, Shan-
non diversity and all structural diversity indices were higher in the protected
area than in the traditional managed area, whereas the opposite was true for
evenness. Increased richness and diversity and consequently structural diversity
in the protected area is associated with positive effects of protection on forest
ecosystems, which created conditions for emergence and establishment of plant
species usually less tolerant to disturbances. In contrast, only oak and pistachio
trees (in the no dieback class) and only oak trees (in other dieback classes) re-
main in the traditional managed area, explaining higher evenness index under
these conditions. In line with this result, increased species evenness is generally
reported after disturbances.

Additionally, higher species richness and diversity in intermediate dieback inten-
sity classes in the protected area confirms the intermediate disturbance hypoth-
esis, emphasizing the positive role of moderate-intensity disturbances to reduce
competition and maximize diversity. Numerous studies examining effects of
various moderate-intensity disturbances such as fire, livestock grazing and land
use change have reported positive influences on diversity consistent with inter-
mediate disturbance intensity. However, this study is among the first reports
of such an effect along a dieback gradient.

Diameter and height differentiation in the protected area were more pronounced
than in the traditional managed area, particularly in no dieback and high
dieback intensity classes. There are contrasting patterns of changes in height
and diameter differentiation (both u-shaped) and species diversity and rich-
ness (both hump-shaped) along the dieback gradient in the protected area.
Possibly more intense competition between woody species in no dieback sites
could explain more pronounced height and diameter differentiation. Heydari et
al. (2017b) and Salehzadeh et al. (2017) also showed that degradation versus
protection reduces diversity and density of woody species, leading to reduced
values of structural indices for diameter and height differentiation, consistent
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with our results.

4.2 Relationships between diversity indices and AGB

We found significant linear relationships between AGB and CWM /FDvar indices
in the protected area, and with taxonomic and structural diversity indices in the
traditional managed area. This result emphasizes the importance of using vari-
ous indices to measure biodiversity, allowing more comprehensive understanding
of links between biodiversity and ecosystem functions. In the protected area,
most functional composition indices (CWM of H, LDMC, SLA and WD) were
positively and significantly associated with AGB, clearly supporting the selec-
tion effect hypothesis. Similar findings have been widely reported; for instance,
Finegan et al. (2015) reported positive relationships between CWM of H and
AGB in tropical forests. In contrast, we found a negative relationship between
FDvar of WD and AGB in the protected area, contrasting with Ali and Yan
(2017) who reported positive relationships between functional divergence of twig
WD and AGB in secondary forests. Overall, this relationship between FDvar
of WD and AGB, as well as between functional composition (CWM) and AGB,
emphasizes the large impact of dominant tree species on biomass production in
this semi-arid forest ecosystem. In the protected area, stands where the domi-
nant species prevails (typically oak trees with high WD) present higher biomass
than stands with mixtures of oaks and other species with low WD. As previously
stated, this result reinforces the selection effect hypothesis.

In the traditional managed area, AGB was positively associated with species
richness and diameter differentiation but negatively with evenness. In this area,
only oak and pistachio trees are found across different dieback intensity classes.
When both species are present, both diameter differentiation and aboveground
biomass increase. In contrast, in the protected area, species composition is more
stable across dieback intensity classes and only relative abundance changes. Con-
sequently, diameter differentiation remains low and not significantly related to
AGB. The negative relationship between AGB and evenness found in this study
aligns with numerous previous works reporting similar trends between various
ecosystem functions and evenness, confirming the selection effect hypothesis
again. In fact, increased evenness indicates reduced abundance of dominant
species, leading to reduced roles of these species in ecosystem functions. Our
analysis of relationships between different biodiversity indices and AGB provides
clear evidence supporting the selection effect hypothesis and emphasizes the im-
portance of dominant species in ecosystem function. In contrast, we found no
evidence of positive niche complementarity effects on biomass.

5 Conclusions

The relationships between different aspects of diversity (taxonomic, structural
and functional) and AGB (a major component of global carbon balance) have
been studied extensively but rarely under simultaneous influence of forest
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dieback intensity and management conditions. Our results emphasize that
using different approaches for diversity quantification is vital to assess changes
in AGB of forest systems subjected to various management intensities and
disturbances. Along a dieback intensity gradient, leaf functional traits are
efficient predictors for estimating AGB in protected forests, while taxonomic
and structural indices provide better results in forests under high human
pressure. The results clearly reveal that natural disturbances (here dieback
intensity) play a major role in driving ecosystem productivity and biotic
conditions. Lastly, our results clearly support the selection effect hypothesis as
most biomass accumulation results from the dominant species—Brant’ s oak.
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