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Abstract  Air quality in steppe environments can be 

assessed using lichen biodiversity and environmental 

variables, which are excellent bioindicators. This study 

uses biomonitoring techniques to assess and map air 

pollution levels in the province of Djelfa, while identifying 

species sensitive to air contamination. The analysis focused 

on epiphytic corticolous lichens in 36 communes of the 

province of Djelfa, with samples taken at 121 stations 

distributed between forests, urban areas and main roads, 

reflecting different levels of exposure to pollutants. Three 

indices were used to quantify pollution: the Atmospheric 

Purity Index (API), the Air Quality Index (AQI) and the 

Human Impact Index (HII). Twenty-two (22) species of 

corticolous lichens were identified, mainly foliaceous and 

crustaceous thalli. The values obtained for the API ranged 

from (0-44.965), the AQI from (0-27.533) and the HII from 

(2-28), revealing strong spatial variability, with pollution 

levels significantly higher in urban and road areas than in 

forested areas. The results of the statistic analysis (PCA, 

RDA, Monte Carlo test) demonstrate the influence of 

environmental factors and arid to semi-arid climatic 

conditions on lichen diversity, confirming their usefulness 

as bioindicators, and indicate a marked deterioration in air 

quality as one moves away from forests. This study 

contributes to a better understanding of the impact of 

human activity on ecosystems in arid environments. 

Keywords  Air Quality, Biomonitoring, Djelfa, API, 

AQI, RDA, Lichens 

1. Introduction

Air quality has become a major environmental issue [1] 

due to industrial and road traffic activities; the 

contamination of ecosystems has harmful impacts on the 

health of living beings by disrupting the natural balance and 

compromising our quality of life [2]. To assess these 

impacts, biomonitoring techniques are implemented [3]. 

These techniques use living organisms, called bioindicators, 

to evaluate environmental quality [4]. Lichens, widely 

distributed across the world [5,6], colonize various 

substrates [7], particularly tree bark. Each lichen species 

has specific requirements for ecological and environmental 

variables [8]. They are sensitive indicators of 

environmental variations, such as air quality, water 

availability, and the presence of pollutants [2, 3, 4, 8, 9, 10]. 

Their sensitive surfaces react quickly to environmental or 

climatic changes [10-16], making their study relevant for 
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providing insights into air quality and other environmental 

parameters [17]. 

Lichens monitoring thus emerges as an innovative and 

sensitive strategy for tracking atmospheric pollution [8, 18], 

using quantitative methods such as the Index of 

Atmospheric Purity (API) [19], the Air Quality Index (AQI) 

[20], the Human Impact Index (HII), and environmental 

variables [17, 21, 22]. The use of these methods has yielded 

impressive results in recent years in various parts of the 

world, particularly in humid and subhumid climates, as 

evidenced by numerous studies [23-28]. Arid and semi-arid 

regions are characterized by low rainfall, high temperatures, 

and nutrient-poor soils, which limit biodiversity to species 

adapted to these extreme conditions [25, 29, 30, 31]. We 

explored all 36 municipalities of the Djelfa, a study 

unprecedented at this scale, although similar research had 

previously been conducted in a single municipality (the city 

of Djelfa) [32]. This region hosts a steppe ecosystem where 

lichen biodiversity remains largely understudied, despite 

its potential significant role in environmental conservation 

and ecosystem health. 

This study focuses on the lichen biodiversity of the 

Djelfa province and proposes a statistical analysis of the 

spatial distribution of lichens, as well as their ecological 

requirements based on the region's environmental factors. 

The aim is to deepen knowledge and the use of lichens as 

bioindicators in biomonitoring by calculating the API, AQI, 

and HII indices, to assess environmental quality in arid and 

semi-arid zones, and to establish the interaction between 

atmospheric pollution and ecosystem functions [33]. 

2. Materials and Methods 

2.1. Study Area 

The Djelfa province covers an area of 32,256.35 km² and 

currently consists of 36 municipalities grouped into 12 

districts (Figure 1). The altitudes range from the highest 

point at 1,613 meters to the lowest point at 150 meters. It 

has a population of 1,508,535 inhabitants [30]. The climate 

varies from one municipality to another, generally ranging 

from arid to lower semi-arid, characterized by cold, frost, 

and snow in winter, and heat and aridity in summer [29]. 

2.2. Sampling Procedure 

The study area was divided into 53 stations, with each 

station subdivided into 3 sampling points (approximately 

0.5–1 km² apart) and 10 trees analyzed per point. This setup 

allows for the evaluation of 30 trees per station (3 points × 

10 trees). In total, all sampled points cover 121 stations 

across all municipalities of the province (Figure 1). These 

stations are distributed across various natural habitats, 

including forests and wooded areas. This methodological 

approach helped ensure a representative coverage of lichen 

biodiversity and allowed us to improve the accuracy of the 

results obtained. All species were collected between 

December 2022 and March 2023, using a knife or simply 

by hand. The collected lichen species were sorted, packed 

in envelopes, and identified in the laboratory of the DIFAR 

Department (Dipartimento di Farmacia) at the University 

of Genoa, Italy. Identification was carried out by observing 

the morphological characteristics of the thallus under a 

microscope, as well as the size and color of the spores, and 

by using identification keys: the site (Italic 8.0) and other 

works by lichenologists [20, 28, 32, 34-42]. 

2.3. Index Calculations 

A statistical approach was adopted to identify the 

interactions between lichens and their environment, using 

three (03) specific indices: API, AQI, and HII. 

2.4. Calculation of API 

The Atmospheric Purity Index (API) was calculated 

using the method of LeBlanc & De Sloover [19], taking 

into account pollution levels (see Table 1). It was 

determined as follows [28, 43, 44, 45]: 

API = (1/10) ∑ Qi* Fi 

 Fi: Abundance of each species 

 Qi: Ecological index of each species 

 ni: Number of species 

To calculate the ecological index (Qi) for each species, 

it is necessary to determine its accompanying species (co-

occurring species) and the species total presence (PT). The 

formula for Qi is as follows: 

Qi = ∑ (accompanying species) / PT (total presence of the 

species) 

Where: 

Accompanying species: refers to all species found in the 

same plots as the target species. 

Total presence (PT): the number of occurrences or plots 

where the species is present. 

2.5. Calculation of AQI (Air Quality Index) 

The Air Quality Index (AQI) was calculated as follows: 

AQI =
∑ the average frequencies of each species

∑  the number of trees
 

To classify the results based on the degree of 

atmospheric pollution, the air pollution scale developed by 

Kirschbaum and Wirth was used [20], as outlined in (Table 

2). This scale is divided into six (06) categories, ranging 

from 0 to over 50. Here, air pollution is inversely 

proportional to the AQI value: the higher the AQI value, 

the lower the atmospheric pollution. 
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2.6. Calculation of the Human Impact Index (HII) 

This index, also called the rating index, was proposed by 

Gombert [22] to characterize environmental variables. The 

data on environmental variables were collected from field 

observations. We used the following environmental 

variables: vegetation cover, urbanization, number and 

distance of roads, and highways; described by Ghennam 

[47], this index is defined as follows: 

Rating Index = I (E + M + O) 

Where: I: Influence criterion, E: Exposure criterion, M: 

Environment criterion, O: Openness criterion 

 

Figure 1.  Sampling Points in the Study Area 
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Table 1.  Air Quality Levels According to API [46] 

Level A 0 ≤ API ≤ 12,5 Very high level of pollution 

Level B 12,5 < API ≤ 25 High level of pollution 

Level C 25 < API ≤ 37,5 Moderate level of pollution 

Level D 37,5 < API ≤ 50 Low level of pollution 

Level E API > 50 Very low level of pollution 

Table 2.  Atmospheric Pollution Scale [20] 

AQI Values 0 0-12.5 12.5-25 25-37.5 37.5-50 ˃50 

Atmospheric Pollution Extremely High Very High High Moderate Low Very Low 

Table 3.  Coding of Environmental Variables [47] 

Criterion Variable Modalities 

I Influence criterion Rural 

(D = 1,2) 

1 

Suburban 

(D = 3,4) 

4 

Urban 

(D = 5,6) 

4 

E Exposure criterion Distance from a traffic route (F = 1,2) 

0 

Proximity to a traffic route (F = 3,4,5,6) 

1 

M Environment criterion Field 

1 

Large park 

2 

Square – subdivision 

3 

Roadside parking 

4 

O Openness criterion Isolated trees (C=1) 

1 

Aligned trees (C=2) 

1 

Grouped trees (C=3,4,5,6) 

2 

 

2.7. Statistical Analysis Methods 

 Principal Component Analysis (PCA) 

PCA is a statistical method that simplifies multivariate 

data by transforming it into uncorrelated principal 

components, thereby reducing its complexity. This enables 

the identification of hidden patterns within the data [48]. 

PCA was performed on the rearranged data matrix to reveal 

the underlying structure of the dataset [49]. In this study, it 

was used to assess air quality using indices (API, AQI, HII) 

and environmental factors (CO, CE, CI, CM) (Table 3) and 

to identify homogeneous groups of sites. 

 Redundancy Analysis (RDA) 

RDA predicts a set of dependent variables (Y) from 

factors extracted from independent variables (X) [51]. 

Redundancy analysis is an asymmetric method that links a 

response matrix (Y) to an explanatory matrix (X). It 

combines linear regression (Ŷ =X[X'X]⁻¹X'Y) followed by 

a PCA to project sites, response variables, and explanatory 

variables onto the same graph, simplifying interpretation. 

The significance of the axes and predictors is assessed 

using permutation tests [51, 52]. 

In our study, RDA was used to test, quantify, and 

visualize the influence of explanatory environmental 

variables (CE, CI, CM, CO), indices (API, AQI, HII), and 

atmospheric pollution on the response variable lichen 

biodiversity (Y). 

 Monte Carlo Permutation Test 

The Monte Carlo permutation test is commonly used in 

RDA. It involves permutation-based testing (e.g., 999 

permutations) to assess the significance of the relationships 

between explanatory variables (X) and response variables 

(Y) [53]. 

In this study, we applied this test to validate the 

robustness of the RDA by confirming that the relationships 

between the explanatory variables and the response 

variable were statistically significant (P<0.05). 
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3. Results and Discussion 

3.1. Lichen Diversity 

The sampling of lichens from 121 stations in the Djelfa 

region allowed us to identify a total of 22 species of 

corticolous epiphytic lichens (Table 4, Figure 2). It is noted 

that the dominant species are: Xpa, Rfu, Pai, Hsc, Cal, Lar, 

and Lch. The species Pte and Had are considered rare. 

3.2. Results of Calculated Indices 

We can distinguish the state of the air of the communes 

according to the variations of the values of the indices 

which is between min-max as follows (e.g., Table 5): HII 

(2-28); API (0-44.96); AQI (0-27.53). According to this 

variation, we note that the API values vary between the first 

4 levels of air quality (level A, B, C, D) (Table 1), and the 

same thing for the air quality index varies between the first 

4 classes: from extremely high pollution to average 

pollution (Table 2). We observe a positive relationship 

between the air quality indices (API and AQI) as shown in 

(Table 6). The municipalities with the highest API and AQI 

values, considered less polluted, are Dj, Mdj, and Chrf, 

with values of 44, 37, and 32 for API, and 27, 22, and 15 

for AQI, respectively. The lower index values are observed 

in the following municipalities: ACHD, AMR, ANFK, 

DLDL, DOS, GRN, HFDL, HLCH, MLLH, SIDLAJ, 

SLMN, and ZCR (Figures 3, 4, 5). 

The distribution of API and AQI in Figure 4 and Figure 

5 shows that the higher values of both indices are generally 

found in areas near forests and far from urban centers and 

roads. We observe that the further we move away from 

environmental factors (such as urbanization and traffic), 

the better the air quality becomes. 

Table 4.  Ecological Index and Total Presence of Species, Djelfa 2023-2024 

Scientific Name of the Species Abbreviations Qi Pt P (%) Class 

Xanthoria parientina Xpa 6,81 54 12,30 1 

Rinodina cf furfuracea Rfu 7,61 46 10,48 1 

Physcia aipolioides Pai 7,80 41 9,34 1 

Hypocenomyce scalaris Hsc 7,82 38 8,66 1 

Lecanora allophana Cal 7,82 38 8,66 1 

Lecanora argentata Lar 8,68 37 8,43 1 

Lecanora chlarotera,sbsp:meridionalis Lch 8,38 37 8,43 1 

Pertusaria leioplaca Ple 9,83 18 4,10 2 

Buellia griseovirens Bgr 3,11 18 4,10 2 

Lecanora allophana Lal 9,88 16 3,64 2 

Tephromela atra Tat 4,50 14 3,19 2 

Lecanora,sp Lec 9,08 12 2,73 2 

Caloplaca sp Cla 10,91 11 2,51 2 

Pertusaria cf leioplaca Pfle 10,27 11 2,51 2 

Pertusaria hymenea Phy 11,10 10 2,28 2 

Acrocordia gemmata Age 10,38 8 1,82 2 

Caloplaca cerina Cce 3,71 7 1,59 2 

Polyozosia hagenii Pha 4,29 7 1,59 2 

Rinodina sp Rin 9,40 5 1,14 2 

Dentographa decolorans Dde 4,60 5 1,14 2 

Physcia tenella Pte 11,00 3 0,68 2 

Hyperphyscia adglutinata Had 11,00 3 0,68 2 

Shapiro-Wilk normality test p-value<5% 

Kruskal-Wallis rank sum test p-value = 0.4589 

Qi: This is the ecological index for each species, calculated as the ratio of the sum of accompanying species present in all studied sites to the total 
presence of the species calculated [28]. 

Pt: It represents the total presence of the species across all stations. 

p-value: Probability index; if p-value ≤ 0.05, it indicates that the studied effect is statistically significant. 
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Figure 2.  Map of Lichen Species Richness for Each Station 
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Table 5.  Statistical Summary of the indices 

Index Min Max Mean 

HII 2.000 28.000 9.821 

API 0.000 44.965 9.364 

AQI 0.000 27.533 5.042 

Table 6.  Statistical summary of indices by municipality 

API AQI 

Municipality Abbreviation API min API max API mean AQI min AQI max AQI mean 

Ain ellbel ABEL 2.28 17.99 9.36 0.70 6.20 2.70 

Ain chouhada ACHD 0.00 0.00 0.00 0.00 0.00 0.00 

Amourah AMR 0.00 0.00 0.00 0.00 0.00 0.00 

Ain feka ANFK 0.00 0.00 0.00 0.00 0.00 0.00 

Ain maabed ANMD 2.82 7.31 5.29 1.70 8.10 4.70 

Ain ouessara ANOUS 0.00 6.78 3.18 0.00 5.10 2.00 

Birine BIRN 0.00 10.86 4.66 0.00 6.40 2.40 

Benhar BNHR 0.00 9.75 3.81 0.00 3.70 1.33 

Ben yagoub BNY 1.56 11.22 6.10 0.20 3.80 1.87 

Bouira lahdab BRLAH 0.00 2.59 1.33 0.00 2.40 1.00 

Charef CHRF 21.21 32.32 28.33 12.83 22.47 16.74 

Djelfa DJ 0.00 44.96 15.20 0.00 27.53 8.68 

Deldoul DLDL 0.00 0.00 0.00 0.00 0.00 0.00 

Doius DOS 0.00 0.00 0.00 0.00 0.00 0.00 

Dar chioukh DRCH 0.00 5.05 1.68 0.00 2.00 0.67 

Idrissia DRIS 0.00 1.83 0.61 0.00 1.40 0.47 

Faid elbotma FDBTM 0.00 6.19 3.91 0.00 3.40 1.97 

Guernini GRN 0.00 0.00 0.00 0.00 0.00 0.00 

Gatara GTRA 0.00 3.04 1.46 0.00 3.50 1.43 

Guedid GUD 0.00 17.04 6.20 0.00 8.40 3.07 

Hassi bahbah HBB 0.00 4.38 1.46 0.00 1.20 0.40 

Hassi fdoul HFDL 0.00 0.00 0.00 0.00 0.00 0.00 

Hassi eleuch HLCH 0.00 0.00 0.00 0.00 0.00 0.00 

Had ssahari HSAH 0.00 0.93 0.31 0.00 1.50 0.50 

Elkhmiss KHMS 0.00 3.22 1.28 0.00 2.50 0.97 

Moudjbara MDJ 28.17 37.46 33.15 11.10 15.40 13.12 

Mliliha MLLH 0.00 0.00 0.00 0.00 0.00 0.00 

Messaad MSSD 0.00 16.97 9.24 0.00 8.00 3.80 

Sed rahal SDRHL 0.00 0.00 0.00 0.00 0.00 0.00 

Sidi baizid SIDBAZ 1.36 4.97 3.54 0.40 3.20 1.90 

Sid laadjel SIDLAJ 0.00 0.00 0.00 0.00 0.00 0.00 

Salmana SLMN 0.00 0.00 0.00 0.00 0.00 0.00 

Taadmit TDM 5.53 14.82 9.46 0.80 4.90 2.57 

Zaafran ZAFR 0.00 4.54 2.13 0.00 4.00 1.53 

Zacar ZCR 0.00 0.00 0.00 0.00 0.00 0.00 
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Figure 3.  Mean of API and AQI by municipality 

 

Figure 4.  Air quality map calculated using the API index by station 



492 Lichen Biomonitoring of Air Quality Using API, AQI, HII and Environmental Impact in Djelfa, a Semi-Arid Region  

 

 

Figure. 5.  Air quality map calculated using the AQI method by station 

3.3. Study of the Relationship between API, AQI, and 

HII Indices, Species Richness, and Environmental 

Factors by Different Analyses PCA, RDA, The 

Monte Carlo Test 

- Principal Component Analysis 

To determine the different levels of air quality in the 

Djelfa province region and to identify groups of 

homogeneous sites, a Principal Component Analysis (PCA) 

was conducted on 121 sites based on the coupling of 

bioindication indices and environmental factors (Fig 6 (a)). 

The inertia rate is (76.18%), which means the total 

explanation of the PCA informations; according to axis 

Dim1 (55.71%), there is a strong positive correlation 

between the API, AQI indices and species richness, as well 

as the same positive relationship between altitude, latitude, 

longitude, and vegetation cover (CO). On the other hand, 

the human impact index (HII) and environmental factors 

(CE, CI, CM), already explained in (Table 3), show a 

negative correlation with API, AQI and species richness 

(RS). Axis Dim2 (20.47%) shows a positive relationship 

between the HII and the factors CE, CI, and CM. The 

second graph explains the influence of bioindication 

indices and environmental factors on 36 municipalities. It 

reveals that the municipalities (MDJ, ANMD, DRCH, 

ACHD, FDBTM, SIDBZ, CHRF, DJ, TDM, BNY) have 

significant species richness and high API and AQI values. 

In contrast, the municipalities (HBB, DOS, ANOUS, 

ABEL, AMR, GTRA, SDRHL, SIDLAJ, BNHR, and 

others) have low API and AQI values and reduced species 

richness (RS) (Fig 6 (b)). 

The correlation matrix explains one more time the PCA 

by detailing the coupling between the indices, such as: a 

strong positive correlation between (HII, CI) and (HII, CM), 

as well as between (API, AQI) and (RS, API, AQI) (Fig 6 

(c)). A negative correlation is observed between (API, AQI, 

RS with CE) and (API, AQI, RS with HII). 
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Figure 6.  (a) PCA (Principal Component Analysis), (b) HCA (Hierarchical Cluster Analysis), (c) Correlation matrix 

 

Figure 7.  Redundancy Analysis (RDA) 
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- Redundancy Analysis (RDA) of the effect of 

indices and environmental factors on lichen 

species 

According to the redundancy analysis (Figure 7), it can 

be observed that species richness, API, and AQI are 

positively linked with the following species: Lar, Rfu, Phy, 

Pai, Ple, Cal, Cla, Pfle, Rin, Hsc, Age, and others. 

Conversely, they are negatively correlated with the species 

Tat, Bgr, Pha, and Cce. These latter species show a positive 

relationship with environmental factors (CM, CE, CI). 

- The Monte Carlo test 

The API and AQI values play a crucial role in explaining 

the variability of the data. These two variables have the 

highest values, 76.01 for API (Table 7) and 69.01 for AQI, 

indicating a high observed variability in our data. 

Additionally, the AIC values are relatively low, suggesting 

that our model is well-fitted. However, certain variables 

such as CM, although statistically significant (p-value = 

0.005), have significantly lower F-statistic values (6.36), 

suggesting that they contribute less to explaining the 

fluctuations in the data. This indicates that their influence 

is less significant compared to API and AQI. In summary, 

although all variables in the study are significant, API and 

AQI stand out due to their strong explanatory power. Other 

variables, despite their relevance, have a less substantial 

impact. 
Table 7.  Monte Carlo test 

 Df AIC F Pr(>F) 

IPA 1 246.11 76.0111 0.005 

AQI 1 249.85 69.0121 0.005 

RS 1 252.62 64.0315 0.005 

CE 1 279.06 24.2037 0.005 

Altitude 1 283.37 18.8476 0.005 

Latitude 1 283.53 18.6607 0.005 

Longitude 1 286.54 15.0927 0.005 

CI 1 288.11 13.2854 0.005 

CO 1 289.52 11.6962 0.005 

CM 1 294.42 6.3697 0.005 

With: Df (Degrees of freedom): These degrees represent the number of 
explanatory variables tested to explain the response variable, or the 
number of independent constraints influencing a statistical estimate. 

AIC (Akaike Information Criterion): This criterion measures model 
quality – the lower its value, the better the model, and vice versa. 

F (Fisher test): This F-test value indicates how much a variable explains 
the response variable's variance - the higher the value, the greater the 
explanatory power. 

Pr (p-value): This p-value indicates that the observed effects are highly 
significant. 

4. Discussion 

Arid and semi-arid regions in Algeria are poorly studied 

in terms of lichen flora, as evidenced by this research: 

Tiaret [54]; Setif [55, 56]; Bourj bou arerij [57]; Djelfa [32]. 

A corticolous lichen list has been established for the second 

time in the Djelfa region, where 22 corticolous epiphytic 

lichen species were recorded (Table 4). This follows the 

work of [32], which documented 13 corticolous species 

among 44 saxicolous and terricolous species. 

Studies on lichen flora in urban areas in Algeria are 

limited and primarily focus on natural environments, such 

as forests and parks. In this study, we worked not only in 

natural environments but also, and especially, in urban and 

agricultural areas, as well as along roads. The results 

obtained are similar to those found in France [58, 59]; 

Portugal [60]; Italy [11, 61] and also in India [62]. 

A rich epiphytic diversity, with high species diversity, is 

found particularly in forested stations far from pollution 

sources. Similar observations have been reported by [13, 

62]. A decrease in species diversity is observed in other 

municipalities due to high levels of urbanization, 

agricultural and industrial activities, as well as road traffic 

density, which contribute to this decline [22, 62, 63, 64]. 

On the other hand, wind-borne pollution may be another 

source affecting stations in the region, limiting the spread 

of epiphytic species and reducing their abundance and 

diversity values [57, 65]. 

The highest values of API and AQI were recorded in the 

commune of Djelfa reaching 44.96, 27.53 respectively, 

located exactly at Senelba forest with 13 corticultural 

species. This forest station is separated from the rest of the 

stations studied, with a rich diversity and a moderately pure 

air quality, followed by the stations of Charef, Moudjbara, 

which are characterized by a rather moderate air quality 

(average). The stations of Ain elbel, Messaad, Guedid have 

a high level pollution, with a low diversity of lichens. The 

PCA coupling results revealed a strong positive correlation 

between API, AQI and species richness. 

Among the 29 other municipalities, most exhibit high 

pollution levels according to the standard of API (Table 1) 

and the standard of AQI (Table 2). These areas also show 

a low lichen diversity, indicated by positive correlations 

between the HII and environmental factors and negative 

correlations with species richness, API and AQI. This 

pattern is likely due to harsh climatic conditions (altitude, 

dominant winds) [32], proximity to urban areas, 

anthropogenic activities, and roads. These environmental 

factors contribute to a maximum HII value of 28 (Table 5), 

reflecting significant human pressure. 

Redundancy Analysis (RDA) substantially simplifies 

data interpretation and improves the understanding of 

relationships between explanatory variables (including API, 

AQI, and environmental factors) and the response variable 

(lichen biodiversity). The results confirm both the accuracy 

and reliability of the Principal Component Analysis (PCA) 

outcomes. 

The application of the Monte Carlo permutation test to 

the complete dataset enables assessment of the statistical 

significance of explanatory and response variables through 

calculated indices (AIC, F-statistic, and p-values). 
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To our knowledge, no prior study in lichenology has 

combined RDA with Monte Carlo testing before our 

research. 

The results of the API obtained in our analysis are 

similar to those described in the literature, particularly in 

Algeria within the same bioclimatic zone [32, 56, 57], and 

in humid Mediterranean climates [23, 42], and in various 

parts of the world [59, 62, 66, 67]. 

Studies on the rating index or HII (Human Impact Index) 

remain limited in Algeria. This index is a tool used to assess 

the influence of human activities on the environment, 

taking into account environmental factors (CO, CI, CE, 

CM). It also allows for the analysis of air quality and its 

impact on public health. The study by [17, 42] conducted 

in Algiers (Algeria), despite climatic differences, shows 

results similar to ours. 

5. Conclusions 

In this study 22 corticolous species of epiphytic lichens 

were identified, among which foliose and crustose lichens 

were the most common in the region. The pollution 

indicator indices (API and AQI) showed a clear correlation 

with each other and a significant difference between the 

environmental variables of the HII, urban areas, 

agricultural zones and roadside stations, which exhibited 

very high levels of air pollution. The use of epiphytic 

lichens as bioindicators plays an important role in 

determining air quality across all municipalities of Djelfa. 

Through this bio-monitoring, we demonstrated that the 

majority of the municipalities belong to zone 5 (red), where 

air pollution is very high. 
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