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ABSTRACT. We aim in this study to increase our knowledge of the Odonata in the Aures,
an unexplored region of northeastern Algeria, using single-species occupancy model
(spOccupancy R package) coupled with spatial interpolation technique (kriging ArcGis) to
assess the relationships between elevation and odonatan species distribution. From time
windows of about 90 days (June to August 2021), a total of 22 odonatan species belonging to
2 suborders (Anisoptera and Zygoptera) have been recorded in 15 sampling wet biotopes;
among them the endangered Calopteryx exul. Our modelling shows that 62% of the
odonatological community has a uniform probability of being present in the studied area.
The probability of detecting a species is similar during each survey for 90% of the
odonatological community except for the endangered Calopteryx exul (p < 0.05) and
Crocothemis erythraea (p < 0.05). We also found that Ischnura graellsii and 1. saharensis are the
most common species; they are predicted to occur in more than 60% of sites, followed by
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INTRODUCTION

It is well established that aquatic insects are considered as “Keystone” groups of arthropods, whose
presence in an aquatic ecosystem, including hydro systems like rivers, streams, ponds, and wetlands, is
paramount to the point that without insects, several key ecosystem processes would be vastly affected
(Weisser & Siemann, 2008; Yang & Gratton, 2014; Elango et al., 2021). Because they comprise around 60%
of all known animal species in the freshwater realm (Dijkstra et al., 2014), by studying these organisms,
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scientists and environmental professionals can gain insights into the health and integrity of aquatic
ecosystems, and help to guide conservation and management efforts to protect and restore these vital
habitats. There are several reasons why this group of animals are valuable indicators for assessing the
health and quality of aquatic ecosystems: (1) they are sensitive to environmental changes; (2) they
comprise diverse taxonomic groups (Hotaling et al., 2020); (3) their various life history traits offer
information on specific aspects of ecosystem health and functioning (Richards et al., 1997); (4) the
possibility of long-term monitoring that can indicate the effectiveness of conservation and restoration
efforts (Kennen et al.,, 2012); and (5) straightforward sampling process and identification (Bried &
Hinchliffe, 2019). Overall, the use of aquatic insects in biomonitoring and ecological assessments is a
valuable and widely accepted practice.

Several groups of insects are used to serve as bioindicators to assess the quality of environmental
changes such as Coleoptera, Diptera, Lepidoptera, Hymenoptera, Hemiptera, and Isoptera (Chowdhury
et al,, 2023; Shrivastava et al., 2018). Among them, member of the Order Odonata, which include
dragonflies and damselflies, stands as one of the most valuable biological indicators in lotic and lentic
habitats. The structure of their communities can be highly informative about the effects of human
activity and environmental changes on the ecosystems they inhabit (Foote & Hornung, 2005). The
academic study of dragonflies and damselflies (odonatology) is well-established worldwide (Bried &
Samways, 2015). However, in Algeria, the biggest country in Africa, odonatological studies are
unsatisfactory and disputable to the point that ecological findings in certain studied taxa are wrongly
rebutting (Khelifa et al., 2018; Samraoui, 2018). Furthermore, almost all odonatological studies have not
adequately proved the effects of environmental factors; instead, they all consist of checklist annotations
with a cursory analysis of the issue (Khelifa et al., 2011, 2021; Chelli & Moulai, 2019; Sellam-Bouattoura
et al., 2018; Mairif et al., 2023). For the few studies in which the influence of abiotic factors on odonatan
species distribution was addressed (Bouchelouche et al., 2015; Yalles Satha & Samraoui, 2017), the link
was assessed only using generalized linear models or simple correlations. Although it was thought to be
a suitable tool, these statistical approaches imply perfect detection of the target species which could
biased parameter estimates by not incorporating non-detection error (Gomez et al., 2018). This fact
underscores the need for more robust and in-depth research in odonatology, particularly by acquiring
reliable models of species distribution. Indeed, in entomological studies, as in ecological research
involving any taxonomic group, accounting for false absences (non-detection errors or imperfect
detection) is a common challenge when predicting patterns in species richness, community composition,
or species dispersion. Ignoring non-detection errors can lead to biased and misleading results.
(Mourguiart et al., 2021). Recently, occupancy modelling (e.g., MacKenzie & Royle, 2005; MacKenzie et
al., 2017) has become a standard application in many wildlife studies thanks to the power and flexibility
of their model input (Hayes & Monfils, 2015). Occupancy modelling is a statistical approach used in
ecology and conservation biology to estimate the probability of a species or ecological feature being
present (occupancy) in a given area while accounting for imperfect and heterogeneous detection
probabilities. It requires appropriate statistical models and can provide valuable insights into the
distribution and trends of species in a cost-effective manner; only data on species presence or absence
are required (Gomez et al., 2018; Nicholson & van Manen, 2009).

The study was conducted in a mountainous region of northeastern Algeria, the Aures region, it was
therefore necessary to account for the effects of elevation. There is a strong consensus that this
topographical variable alone may not influence the composition of aquatic invertebrate communities
(Stefani-Santos et al., 2021) but, if coupled with other environmental variables, changes in community
composition could be exerted (Woodward, 2001). In this research we aim to (1) increase our knowledge
of the Odonata in the Aures region; an unexplored region of Algeria in terms of odonatology, located on
the northeastern side of the country; (2) use a single-species occupancy model to estimate the proportion
of sites occupied and detection probabilities of each inventoried species (MacKenzie et al., 2002) and (3)
using the occupancy model to assess the relationships between elevation and odonatan species
distribution. This study is a robust and data-driven approach that reached an altitude of 1900 meters for
the first time in odonatological studies in Algeria. Additionally, it allows us to account for the
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complexities of imperfect detection and variations in species occurrence along elevation gradients at a
unique and less-explored ecological niche, which could provide valuable insights into the distribution,
behaviour, and adaptations of Odonata species in this geographical entity of the country.

MATERIAL AND METHODS

Study area and data collection. The study was conducted in the Aures region, a mountainous area in
northeastern Algeria, located up to 180 km from the Mediterranean Sea (Fig. 1). Odonata were sampled
by walking slowly and repeatedly at 15 locations in the Aures hydrosystems throughout an altitudinal
gradient ranging from 500 m to 1900 m. Data on detection and non-detection gathered over repeated
visits are necessary for occupancy models. To meet the closure assumption (MacKenzie et al. 2006), we
restricted the data to time windows of about 90 days, from June to August 2021 when each site was
visited three times within the year. This period is well admitted to match the flight period of all
odonatan species in Algeria (Samraoui & Menai, 1999; Mairif et al., 2023). Only the visits that were made
during a time of closure within the year qualify as valid repeated visits. For the survey, a 150 m linear
transect was demarcated in each study site, and adult insects were recorded when observed at a distance
of up to 5 m ahead of the researcher (Batista et al., 2021; Boieiro et al., 2022; Darshetkar et al., 2023). The
insects were captured with the help of a sweeping net only in case of need to confirm their species
identity, being immediately released afterwards. We followed the systematics according to Dijkstra and
Schroter (2020). Sampling was carried out by the same observer (Elafri A) between 10 a.m.-3 p.m. and
under favourable climatic conditions.
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Figure 1. Map showing sampled locations, the Aures region, the Algerian highlands and the Sahara.
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Statistical analysis. We applied a single-species occupancy model, which followed the material by
MacKenzie et al. (2002). The occupancy model consists of two hierarchically coupled sub-models, one for
occupancy and one for detection probability, the latter being conditional on the occupancy sub-model
(Donovan & Hines, 2007). Occupancy models were developed to address the issues arising from
imperfect detectability, where species detection is not always perfect, leading to both detected and non-
detected records of a species during surveys at each site (MacKenzie et al., 2002). These models account
for detection probabilities to estimate true occupancy and are typically defined by the following
equations:

Occupancy Probability (p): Zi~Bernoulli (p;)

Where Z; is a latent variable arising from a Bernoulli process representing whether site i is occupied
(Z=1) or unoccupied (Z;=0), and y is the probability that site i" is occupied.

Detection Probability (p): Yij~Bernoulli (Z;+p;)

Where Yj; is the detection/non-detection data for site i during survey ‘/, and “p; is the probability of
detecting the species at site ‘" during survey ‘j’ given it is present (p:: probability arising from a Bernoulli
process conditional on the true latent occurrence process).

The details of this and other variations on occupancy estimation are described in a series of journal
articles (see MacKenzie & Royle, 2005; Doser et al., 2022). For each inventoried taxon we calculated
occupancy using an intercept-only model to test two null hypotheses that are 1) Hgoccupancy assumes that
the probability of being present is the same at each surveyed site, and 2) Hdetection assumes that the
probability of detecting a species is consistently the same during each survey. In order to assess the
impact of elevation on species occupancy and detection we added the site altitude as an occupancy
covariate for each model. For the modelling process, we used R Core Team (2021) with the unmarked R
package (Doser et al., 2022; Kellner et al., 2023). The occupancy models provide predicted values at the
locations where we had data or observations. In order to estimate values at locations where we did not
have observations, and to create smooth and continuous maps of our predicted values we have used the
kriging method (Hengl et al., 2009; Hortal & Lobo, 2011). Species for which this spatial interpolation
technique was performed were those whose occupancy modelling was significantly influenced by
elevation. For mapping, we used ArcGIS 10.8 (ESRI, 2011).

RESULTS

Species distribution models. As a result of field surveys, we collected 945 detection/non-detection data
in the 15 sampling wet biotopes, belonging to 22 Odonata species (Table 1), among them the endangered
Calopteryx exul (Fig. 2). By analyzing the single-season occupancy models (an intercept-only model) we
found that the probability of being present is the same at each surveyed site (Hojoccupancy) for 62% of the
odonatological community (13 species, p > 0.05). Significant differences in occupancy probabilities
among sites are found for the remaining species (9 species, p < 0.05), these particular species exhibit
distinct habitat preferences and their presence is limited at a few numbers of sites (Table 1). We also
found that the probability of detecting a species is consistently the same during each survey (Hopetection)
for almost all of the observed Odonata (90% of the odonatological community) except for Calopteryx exul
(p < 0.05) and Crocothemis erytharaea (p < 0.05) where their likelihood of being detected at the site when
they present varied significantly among the survey period. The negative estimate (f = -2.64) in the
occupancy model for the first species indicates a decreasing trend in detection probability when the
breeding season progresses, and the positive estimate (£ = 1.34) for the second one indicates an
increasing trend in detection probability as the breeding season progress (Table 1).
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Figure 2. The endangered species, Calopteryx exul Selys, 1853 (Elhamm, Khenchela, Algeria, 07°5'15.81"E,
35°27'56.39"N).

Table 1. Species (scientific name) recorded in the 15 wet biotopes of the Aures region Northeastern
Algeria during biodiversity surveys from Jun to August 2021. With the standardized beta coefficients,
standard error, z-value, and p-value (bold data shows significant models) of the single-season occupancy
models (an intercept-only model).

Occupanc Detection

Scientific name B SE z P values | p SE z P values
Enallagma deserti -0.69 054  -1.27 0.20 11.70 901 013 0.89
Orthetrum chrysostigma -0.13 0.51 -0.25 0.79 10.30 38.3 0.27 0.78
Platycnemis subdilatata -0.13 051  -0.25 0.79 10.03 383 027 0.18
Calopteryx haemorrhoidalis -1.01 058  -1.87 0.09 9.85 39.7 024 0.8
Trithemis kirbyi -0.98 058  -1.79 0.10 1.03 0.7 1.45 0.14
Sympetrum meridionale -0.94 0.6 -1.56 0.11 0.54 0.68  0.80 0.42
Ischnura saharensis 0.56 076  0.73 0.46 -0.18 052  -0.36 0.71
Ischnura graellsii 0.56 076  0.73 0.46 -0.18 052  -0.36 0.71
Anax imperator -0.05 092  -0.05 0.95 -0.75 077  -097 0.32
Calopteryx exul -2.58 1.05  -2.45 0.01 -2.64 0.6 -4.36 0.00
Crocothemis erythraea -0.68 055  -1.23 0.21 1.34 055 2 0.04
Omnychogomphus forcipatus unguiculatus = -0.63 078  -0.79 0.42 -0.48 079  -0.78 0.54
Chalcolestes viridis -1.01 058  -1.73 0.08 9.85 39.7 024 0.8
Sympetrum sinaiticum -1.39 0.64 -215 0.03 10.3 58.6 017 0.86
Orthetrum cancellatum -2.64 1.04  -2.55 0.01 8.4 385 021 0.8
Orthetrum trinacria -2.59 1.05  -2.46 0.01 0.54 1.05 04 0.68
Orthetrum nitidinerve -2.59 1.05  -2.46 0.01 0.54 1.05 04 0.68
Coenagrion caerulescens -1.55 0.9 -1.67 0.09 -0.41 112 -048 0.66
Sympecma fusca -2.59 1.05  -2.46 0.01 0.54 1.05 04 0.68
Orthetrum coerulescens anceps -2.59 1.05  -2.46 0.01 0.54 1.05 04 0.68
Sympetrum fonscolombii -2.59 1.05  -2.46 0.01 0.54 1.05 04 0.68
Paragomphus genei -2.59 1.05  -2.45 0.01 0.54 1.05 04 0.68
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By extracting the real parameters predicting occupancy probability and detection probability from our
occupancy models we found that Ischnura graellsii and 1. saharensis are the most common species, that are
predicted to occur in more than 60% of sites, followed by Anax imperator, Orthetrum chrysostigma, and
Platycnemis subdilatata where that are occurred in about 50% of the wet biotopes sampled (Fig. 3). On the
other hand, eight species among them the endangered Calopteryx exul were predicted to have a very low
occupancy probability throughout the study region (less than 8%, p-value = 0.01).

The monitoring data revealed that mean detections varied considerably among species, ranging
from 0.02 (Cls5%=0.01-0.17) to 0.99 (Clss%=0.94-1) (Fig. 3). We also found that the majority of the species
had a higher probability of being detected (> 63%), followed by a small group (four species) with a
relatively moderate detection probability (31% to 45%), and finally, five species with a much lower
chance of being detected because they are more difficult to find (< 6%) (Fig. 3).

Altitudinal profile. Our monitoring data allowed us to generate occupancy models for the occupancy
probability of 20 species and for the detection probability of 14 species. The main reason why some
species were excluded from the modelling process was the inadequate validity of their models due to
the complete separation of data (Table 2). In our case, this statistical phenomenon is occurring due to
insufficient data collection, it highlights a data limitation rather than a statistical issue per se. That’s why
we preferred to exclude these species instead of going through complicated statistical strategies.

The examination of the obtained models revealed no evidence for a significant altitudinal variation
impact on both occupancy and detectability of the majority of the odonatan species except for
Crocothemis erythraea where elevation seems to have a significant impact on their occupancy probability
(p = 0.04) (Table 2). This species was predicted to colonize wet biotopes at lower elevations more than
high areas (5 = -0.0055) (Fig. 4). They typically resided in areas where the height ranged from 420 m to
1000 m (Fig. 5). For the second species, Sympetrum fonscolombii, detection probability varied significantly
with altitudinal variation (p = 0.01). Their likelihood of being detected at sites where they present
decreased with the increase of elevation (f = -0.03) (Fig. 4), and their detection was higher within the
altitude range of 400 to 1000 m (Fig. 6).

Ishnura graellsii Ishnura graellsii [N —
Orthetrum cancellatum —— Orthetrum coerulescens &———
Paragomphus genei Orthetrum nitidinerve &—
Sympetrum fonsclombii —&———— Orthetrum trinacria —
Orthetrum coerul Sympecma fusca ———
Orthetrum nitidinerve —&——— Colopteryx exul —e——
Orthetrum trinacria —&———— Anax imp.
Symp fusca Coenagrion caerulescens —_—
Colopteryx exul —e 7] gomphus forcip guicul
Ce grion caerul Ishnura saharensis ——
Sympetrum Paragomphus genei
Chalcolestes viridis Sympetrum fonsclombii
Calopteryx h hoidali Sympetrum meridional —_—t
Trithemis kirbyi Trithemis kirbyi —_—tT
Sympetrum idional Crocothemis erythrae [ —
Crocothemis erythrae —_— Orthetrum cancellatum —e
Enallagma deserti —_— Sympetrum sinaticum —e
Onychogomphus forcipatus unguicul Chalcolestes viridis —e
Platycnemis subdilatata —_— Calopteryx haemorrhoidalis —e
Orthetrum chrysostigma —— Platycnemis subdilatata —_—e
Anax imperator Orthetrum chrysostigma —
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Figure 3. Caterpillar plots highlight the probability estimates. A. Occupancy; B. Detection, as well as the
95% confidence intervals for the single-season occupancy models.
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Table 2. Summary statistics of the single-season occupancy models (Altitude as a covariate) of the
odonatological fauna at the Aures region of Northeastern Algeria. (NaN: Complete separation of data
points detected and the validity of the model fit is questionable). The bold data shows significant models.

Occupancy Detection

Scientific name B SE z Poalues |B SE z P values
Anax imperator 0.00202 0.003  0.51 0.60 NaN NaN NaN NaN
Calopteryx exul -0.00258  0.003 -0.75 045 0.54 1.38 0.397 0.69
Calopteryx haemorrhoidalis -0.00406  0.002 -1.61 0.10 0.959 0.649 1.48 0.13
Sympetrum sinaiticum -0.00731  0.004 -152 012 5.6 5.51 1.02 0.30
Coenagrionca coerulescens -0.01 0.02 -064 051 -0.20 1.03 -0.19 0.84
Chalcolestes viridis 0.003 0.002  1.27 0.20 NaN NaN NaN NaN
Platycnemis subdilatata -0.78 0.67 -117 024 NaN NaN NaN NaN
Orthetrum cancellatum 0.0004 0.005  0.08 0.92 NaN NaN NaN NaN
Crocothemis erythraea -0.0055 0.002 -2.01 0.04 -0.0007 0.003 -0.21 0.83
Trithemis kirbyi -0.00101  0.002 -039  0.69 0.006 0.004 1.69 0.09
Sympetrum meridionale -0.00101 0.002 -039  0.69 NaN NaN NaN NaN
Sympetrum fonscolombii -0.0041 0.003  -1.07  0.28 -0.03 0.01 -2.55 0.01
Paragomphus genei -0.0032 0.003 -0.88 0.37 -0.008 0.019 -0.44 0.66
Ishnura saharensis 0.00039 0.002 015 0.87 0.0002 0.003 0.06 0.94
Ischnura graellsii 0.00039 0.002 0.15 0.87 0.0002 0.003 0.06 0.94
Omnychogomphus forcipatus unguiculatus =~ 0.00514 0.004 11 0.27 NaN NaN NaN NaN
Enallagma deserti 0.000238  0.001  0.12 0.90 0.479 205 0.002 0.99
Sympecma fusca -0.000636 = 0.01 -0.03 | 0.96 -0.002 0.007 -0.31 0.75
Orthetrum trinacria NaN NaN NaN NaN NaN NaN NaN NaN
Orthetrum nitidinerve -0.0024 0.05 -0.04 | 096 -0.003 0.007 -0.51 0.604
Orthetrum coerulescens anceps -0.0029 0.003 -0.86 0.38 NaN NaN NaN NaN
Orthetrum chrysostigma 0.838 0.60 1.38 0.16 -0.0029 0.002 -0.98 0.324
Crocothemis erythraea Sympetrum fonscolombii
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Figure 4. Significant altitudinal occupancy/detection probability (+95% confidence interval) of the
odonatological fauna at the Aures region Northeastern Algeria during a period of closure from Juan to
August 2021.
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northeastern Algerian highlands (Altitude as a covariate).
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DISCUSSION

Our dataset contains 22 recorded odonatan species from 15 locations in highlands hydrosystems of
northeastern Algeria (The Aures region). Among them, four species (Calopteryx exul, Platycnemis subdilatata,
Ischnura saharensis, and Enallagma deserti) are a North African (commonly named Maghrebian) endemic
species (Khelifa et al., 2011). The presence of endemic species indicates that the region likely has unique
ecosystems and an evolutionary history worth protecting and studying. Such interesting findings are
crucial for ecological studies since systematic conservation planning the establishment of protected areas
and conservation prioritization are fundamentally based on the status of rare and endemic species
(Harrison & Noss, 2017; Margules & Pressey, 2000). Species of semi-arid and Saharan habitats comprise
Sympetrum sinaiticum, Coenagrion caerulescens, Enallagma deserti, and Orthetrum nitidinerve. The
observation of these Saharan species in the Aures region confirms the range expansion of these species
beyond their historically documented boundaries in Algeria as reported previously (Boudot et al., 2009;
Khelifa et al., 2011). The rapid colonization and expansion of Saharan species into new areas, including
Southern Europe has also been confirmed (Boudot, 2010; Boudot et al., 2009; Corso et al., 2012).

Our finding (in terms of species of semi-arid and Saharan habitat) is far from what was previously
achieved by Samraoui & Menai (1999), who reported the presence of 11 semi-arid and Saharan species in
Algeria. Indeed, this number of species is not as fruitful as we had expected, given that the studied
region is situated at the edge of the Algerian Sahara, and experienced a semi-arid climate. We hope that
this discrepancy is primarily a result of differences in data collection and methodology rather than
habitat degradation or climate change. Further, the recorded insects are a widespread species with
ranges spanning both the Sahara and the Tell or the coastal wetlands (Boudot et al., 2009) which could
indeed explain this discrepancy. In contrast, the remaining Saharan species (Ischnura fountaineae,
Orthetrum ransonneti, 0. sabina, and Selysiothemis nigra) (Samraoui & Menai, 1999) not confirmed during
our odonatological survey are rare and elusive, they need much more sampling effort to be detected.
Rarity was also revealed for some species (Occupancy probabilities under 10%, Fig. 2) assessed in
contrast as Least Concern in the IUCN North African Red List and the IUCN Mediterranean Red List
(Yalles Satha & Samraoui, 2017).

Although we are so far from the national records of 64 odonatan species (Khelifa et al., 2021) or from
the Odonata fauna (35 species) of the closest region, the Seybouse river catchment (Khelifa et al., 2011),
we believe that the presence of 21 odonatan species in a region facing adverse climatic conditions and
extensive water resource use (Elafri, 2022) is a noteworthy finding and raises several important
ecological and environmental considerations: (1) underscores the resilience of biodiversity; (2) provide
opportunities for further scientific research mainly the adaptations strategies of these species in response
to the local environment; and (3) raising awareness among local communities about the ecological
importance of odonatans and the need to conserve their habitats can foster community engagement in
conservation efforts. Using the data from our survey, we were able to predict the occupancy
probabilities of 22 odonatan species in this particular area of Algeria, while accounting for imperfect
detection through a single-species occupancy model. The occupancy probabilities obtained through our
modelling show a uniform pattern of distribution in 59% (13 species) of the odonatological community.
In other words, there is no reason why any species found in one of these sites might not be expected in
the others as well. This is for example the case of Orthetrum coerulescens, despite its lower probability of
detection it has the same chance of occurrence in any sites from the 15 surveyed ones. When we have
such information about species’ occurrence, we will be able to enhance our biodiversity results by
increasing our sampling efforts at each site since we have statistically confirmed that these species have
the same likelihood of being present across the study area. This is one of the most valuable
accomplishments of occupancy modelling in ecological research. It highlights areas where species may
be present but have lower detection probabilities, indicating the need for improved survey methods or
increased monitoring efforts rather than ignored localities, where species have a lower detection rate
from our inventory schemes. On the other hand, significant differences in occupancy probabilities
among sites are revealed for 9 species. These particular species exhibit distinct habitat preferences and
their presence is limited at a few numbers of sites. This allows for a more detailed understanding of the
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ecological requirements of these species and the factors influencing their presence. Finally, we have
found that the probability of detecting of presence of each species remains consistent during each survey
visit within the year (period of closure) for a significant portion of the Odonata community (90% of the
observed Odonata). It is well-admitted that occupancy modelling is a valuable tool in ecological
research, but it relies on certain assumptions, including the period of closure assumption (Kendall et al.,
2013; Mourguiart et al., 2021). This assumption implies that during the defined period of closure, the site
or habitat is considered either occupied or unoccupied by the species of interest, but it is not abandoned
or colonized during that time frame (van Strien et al., 2013). In our study, we are confident that this
assumption holds true for the majority (90%) of the Odonata community we observed, which
strengthens the robustness of our occupancy modelling approach for this particular group of insects in
our study context.

Altitudinal patterns of distribution. The examination of the occupancy models did not show any
significant impact of altitudinal variation on both the occupancy and detectability of almost all the
odonatan species along the elevational gradient of northeastern Algerian highlands hydrosystems (the
Aures region). This suggests that, for most Odonata species in our study, their presence and the
likelihood of detecting them did not vary significantly with changes in altitude. However, there were
two exceptions to this general pattern. For the species Crocothemis erythraea and Sympetrum fonscolombii,
there was evidence of significant altitudinal variation. This means that these two Anisopteran species
exhibited distinct patterns in their occupancy and detectability along the altitudinal gradient. The fact
that most species did not show significant altitudinal variation suggests that factors other than altitude
may be more influential in determining their presence and detectability. To the best of our knowledge,
this is the first study in Algerian odonatological studies that reached an altitude of 1900 m. The national
histories range from 1 to 550 m (Sellam-Bouattoura et al., 2018), 1 m to 1572 m (Chelli & Moulai, 2019),
1287 m to 1524 m (Mairif et al., 2023), 31 m to 789 m (Khelifa et al., 2011), an average of 2 m (Benchalel &
Samraoui, 2012) and 1 m to 346.5 m (Yalles Satha & Samraoui, 2017). These odonatological studies have
not adequately proved the effects of altitudinal variation; instead, they all consist of checklist
annotations with a cursory analysis of the issue. Therefore, we have resorted to odonatological studies
conducted abroad. In corroborating with our results, no clear distribution pattern was found for
Odonata along the elevational gradient in Java Island, Indonesia (Leksono et al., 2017), in the Atlantic
Forest of southeastern Brazil (Stefani-Santos et al., 2021) and in eastern Colombia (Palacino-Rodriguez et
al., 2021). On the other side negative relationships between Odonata species richness and altitude were
observed in Ecuador (Jacobsen, 2004), Switzerland (Oertli et al., 2002), and Mexico (Novelo-Gutiérrez &
Goémez-Anaya, 2009). The debate about the impact of elevation on odonates (dragonflies and
damselflies) is a complex and multifaceted one, as altitude can have varying effects on these insects
depending on the species, geographical region, and specific environmental conditions. In conclusion,
there is almost consensus that the altitude alone may not affect the composition of aquatic invertebrate
communities (Stefani-Santos et al., 2021) but, if associated with other environmental variables such as
the area conservation degree, the vegetation cover or the physicochemical characteristics of the water,
changes on community composition could be exerted (Woodward, 2001). Reaching an altitude of 1900
meters in odonatological studies in Algeria represents a significant milestone and achievement in the
field of dragonfly and damselfly research within the country. This elevation likely corresponds to a unique
and less-explored ecological niche, and conducting studies at this altitude can provide valuable insights
into the distribution, behaviour, and adaptations of Odonata species in high-altitude environments.

Our dataset, which includes records of 22 odonatan species especially North African endemic ones
(four species, among them the endangered Calopteryx exul) in the highland hydrosystems of northeastern
Algeria (specifically, the Aures region), provides a foundation for studying the odonatan diversity and
ecology in this unique geographical entity of the country. It can serve as a valuable resource for scientific
research, conservation efforts, and environmental education, ultimately contributing to the
understanding and protection of these unique ecosystems and their inhabitants. Obtaining a uniform
pattern of distribution in 59% (13 species) of the odonatological community through our occupancy
modelling is an interesting finding. Understanding which species exhibit such distribution patterns can
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shed light on their ecological roles within the ecosystem. Some species may serve as important prey
items for predators or play other key roles in the food web. Throughout our occupancy models, we
confirm the rare status of certain species in contrast to what was previously known. Such a finding
underscores the importance of continually updating and verifying species status through scientific
investigation. Previous knowledge may have been based on limited data or outdated information, and
our work helps to refine our understanding. Despite their clear impact in shaping the distribution and
behaviour of odonates, we confirm that the impact of elevation is species-dependent and influenced by a
range of environmental factors.
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