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Abstract

In contrast to neighbouring Maghrebian countries and despite recent progress, knowledge of the Ephemeroptera of Algeria
remains fragmentary. As part of an ongoing survey of the Ephemeroptera of Algeria, we investigated the mayfly fauna of Wadi
Cherf, a major tributary of the Seybouse River, northeastern Algeria, and present an updated checklist and distribution of
Ephemeroptera of this major Maghrebian river. Eighteen species were identified with new records for northeastern Algeria,
filling distributional gaps. In addition, two species, Habrophlebia sp. and Procloeon sp., are new to science. A multivariate
analysis indicated that mayfly assemblages of the Seybouse River were driven by the physical characteristics of habitats. Species
richness was positively correlated with permanent flow and coarse substrate and negatively associated with altitude and salinity.
Results also showed that Caenis luctuosa and Baetidae, in particular Baetis gr. pavidus and Cloeon gr. dipterum, dominated the

mayfly community.
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Introduction

The identification of patterns of species diversity and the basic
processes driving such patterns are keys to the management
and conservation of ecosystems (Chapin et al. 2000;
Emmerson et al. 2001). In the context of global and local
alterations, increased demography, demands and depletions,
there is a real need to assess the consequences of ecosystemic
changes on the sustainable use of vital ecosystem services like
freshwater habitats (Pereira et al. 2012, 2013). Dam construc-
tions, water abstraction, forest gallery destruction, channeliza-
tion and pollution have for decades modified the North
African and Middle East riverine landscape leading to a steep
erosion of freshwater biodiversity (Hafiane et al. 2016; Al-
Obaid et al. 2017; Morghad et al. 2019). These changes have
impacted fluvial functioning which is characterized by high
variation in hydrological regimes (Cooper et al. 2013; Elosegi
and Sabater 2013). In the semi-arid North African region,
climate change is expected to exacerbate such trends with
adverse consequences (Jobbins and Henley 2015; Lezzaik
and Milewski 2017).

Aquatic insects are key components that play an essential
role on the functioning of rivers and streams (Wallace and
Webster 1996; Palmer et al. 1997). The order
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Ephemeroptera includes over 3,700 species (Jacobus et al.
2019) that have aquatic egg and nymphal stages (Sartori and
Brittain 2015). Mayflies exhibit specific adaptations to both
lotic and lentic freshwater habitats (Bauernfeind and Soldan
2012). They are abundant and widespread across all types of
freshwater habitats, and they fall prey to predatory insects,
fish, and a range of other vertebrates including humans
(Macadam and Stockan 2015; Jacobus et al. 2019).
Mayflies’ responses to changing environmental conditions
make them useful bioindicators to assessing freshwater habi-
tats (Bauernfeind and Moog 2000), especially, during the on-
going influence of global changes on biological processes
(Rosenzweiget al. 2008).

Ephemeroptera research in Algeria began with pioneering
investigations carried out in the nineteenth and early twentieth
century (Eaton 1899; Lestage 1925). In the final decades of the
past century, our understanding of the taxonomy and distribution
of Algerian and Maghrebian mayflies improved further with a
series of studies mainly focused on taxonomy (Thomas and
Dakki 1979; Soldan and Thomas 1983a, b; Soldan and
Gagneur 1985; Thomas and Vitte 1988; Gagneur and Thomas
1988; El Alami and Dakki 1998; Thomas 1998).

However, in spite of all these important efforts and recent ad-
vances addressing the taxonomy (Benhadji et al. 2018; Kechemir
et al. 2020) and ecology (Mebarki et al. 2017; Benhadji et al. 2019;
Bouhala et al. 2020a, b) of this order, our knowledge of mayfly
biodiversity in Algeria remains incomplete.

The gradual depletion of freshwater biodiversity entails
conducting extensive taxonomical and ecological surveys of
the riverine fauna. This study, focused on Ephemeroptera, is
part of a larger project of the Laboratoire de Conservation des
Zones Humides, University of Guelma, aimed at (1) improv-
ing the knowledge of the taxonomy of Algerian freshwater
macroinvertebrates, (2) mapping up their distribution and
identify the driving environmental factors.

Materials and methods

The Seybouse River, the largest catchment in northeastern
Algeria, flows northward from the Hauts Plateaux to the
Mediterrean Sea at Annaba (Fig. 1). The upper reaches
(250-900 m) of the Seybouse River, upstream of the conflu-
ence at Medjez Amar of the two main tributaries, Wadi Cherf
and Wadi Bouhamdane, is dominated by scattered settle-
ments, farming and pastoral activities (Fig. 2). The lower
reach (0-100 m) of the river is occupied by intensive agricul-
ture, industries and urban settlements and thus is the recepta-
cle of domestic, agricultural and industrial wastes. The
Seybouse watershed has a typical Mediterranean climate with
a hot and dry period stretching from June to September and a
rainy season from October to May (Yalles Satha and
Samraoui 2017).

@ Springer

Ephemeroptera nymphs were collected from a set of
22 localities (S1-S22), all located along Wadi Cherf,
that were sampled monthly from July 2014 to
June 2017 (Bouhala et al. 2019, 2020a, b). GPS coor-
dinates were measured using a Garmin GPS (Table 1).
Mayfly nymphs were sampled using a dipnet (500 pm
mesh size, 35 cm diameter) and were fixed in 5% form-
aldehyde. Adults were also occasionally collected and
some nymphs were reared in captivity until emergence.
A series of parameters (water temperatures, conductivi-
ty, water velocity, water depth, bed width, hydroperiod,
vegetation cover, and substrate), measured in situ using
multi-probes at mid-water depth (Bouhala et al. 2020a,
b). In each locality, an area of 100 m” was kick-
sampled by walking slowly and repeatedly across all
micro-habitats for ten minutes thus providing a semi-
quantitative sampling of mayflies in each locality.
Both substrate and hydroperiod were classified in a
dichotomic manner: coarse (cobbles and boulders)/fine
(silt/clay and sand) and permanent/intermittent, respec-
tively. Additional sampling including new localities
(S23-S30) was performed in a similar way along the
Seybouse River between 2016 and 2020, but specimens
were preserved in ethanol. For logistics reasons, samples
of the Baetidae for 2016 and 2017 (January-June) were
not identified.
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Fig. 1 Distribution map of sampling localities at the Seybouse River
(open circles). Additional stations are indicated by an open square
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Fig. 2 View of sampled habitats at the Seybouse River: Dbebcha with
dominant vegetation made up of Tamarix gallica and scattered stands of
Juncus sp. (a), and O. Aar dominated by Nerium oleander, Juncus sp. and
Tamarix gallica (b)

Statistical analysis

We performed a Principal Component Analysis (PCA), using
a matrix (site /frequency of taxa) to associate the spatial var-
iation of mayflies with their frequency. We used the hydrope-
riod and the substrate as supplemental discrete variables and
the altitude and species richness as supplemental continuous
variables. Only regularly (monthly) sampled sites (S1-S22)
were taken into account in the PCA analysis. All statistical
analyses were carried out with the software R (R
Development Core Team 2019).

Results

Eighteen mayfly taxa representing eight families were record-
ed (Table 2). Caenis luctuosa, Baetis gr. pavidus, and Cloeon
gr. dipterum were the most widespread species with the for-
mer occupying 15/22 sites (Fig. 3a). Species richness ranged
from zero (S3) to nine species (S21) (Fig. 3b). Two rare spe-
cies (Potamanthus luteus and Ephemera glaucops) were

additionally recorded at this site (S21) outside the sampling
period.

Family Leptophlebidae

Choroterpes atlas Soldan & Thomas, 1983

Localities: Dbabcha (S13): 8.viii.2015, 25.v.2020; O. Aar
(S14): 22.vi.2016; Medjez Amar (S21): 21.x.2014,
8.viii.2015, 4.vi.2016, 16.viii.2016; Hammam N’Bails
(S28): 29.vii.2019.

Comments: Within the Seybouse watershed, this
Maghrebian endemic seems confined to a few mid-altitude
localities.

Habrophlebia sp.

Localities: O. Nil (S12): 29.ii1i.2016; O. Aar (S14):
24.v.2019; Boufrais (S19): 23.iv.2016, 9.v.2016; Selaoua
(S20): 24.v.2018, 27.v.2020.

Comments: This genus may present a high degree of ende-
mism within the Maghreb. Previously, only one species was
known in Algeria and it was erroneously assigned to H. fussca
(Curtis, 1834) (Gagneur and Thomas 1988). This taxon, from
the Tafha River, western Algeria, turned out to be an Algerian
endemic and described as Habrophlebia hassainae Benhadji
& Sartori, 2018 (Benhadji et al. 2018). More recently, the
Habrophlebia Eaton, 1881 populations of the central-north
area of Algeria (Kabylia) were assigned to the endemic spe-
cies H. djurdjurensis Kechemir, Sartori & Lounaci,
2020 (Kechemir et al. 2020). The Seybouse taxon is a new
species which awaits formal description.

Family Potamanthidae

Potamanthus luteus (Linnaeus, 1767)

Localities: Medjez Amar (S21): 16.v.2019.

Comments: The family Potamanthidae in the Maghreb is
monogeneric and monospecific; it is represented by only
P. luteus. As was noted already in Tunisia (Boumaiza and
Thomas 1986; Zrelli et al. 2015), the species seems relatively
rare in the Seybouse River. However, this burrowing mayfly
may evade sampling and thus be underrecorded.

Family Polymitarcyidae

Ephoron virgo (Olivier, 1791)

Localities: Dbabcha (S13): 21.v.2020, 21.vi.2020,
4.vii.2020, 14.vii.2020; Chihani (S24): 30.vi.2016,
3.viii.2016, 10.viii.2016, 23.viii.2016.

Comments: The family Polymitarcyidae in the Maghreb is
monogeneric and monospecific as in all West Palaearctic re-
gions. In Morroco, E. virgo is found in low-altitude rivers with
relatively warm waters (El Agabani et al. 1992).

Family Ephemeridae

Ephemera glaucops Pictet, 1845

Localities: Medjez Amar (S21): 25.1i1.2016; Chihani (S24):
26.v.2016.

Comments: A burrowing mayfly that may easily be
overlooked.

Family Caenidae

Caenis luctuosa (Burmeister, 1839)

@ Springer
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Table 1 Sampling sites for mayfly nymphs and adults at the Seybouse River, northeastern Algeria

Code Name Latitude (N) Longitude (E) Altitude (m a.s.l.) Hydroperiod Substrate
Regularly sampled:

S1 Beldjoudi 36°13°23” 7°12°52” 822 Intermittent Fine
S2 Ben Mheni 36°9°2” 7°16°50” 667 Intermittent Coarse
S3 O. El Maleh 36°8°53” 7°8°38” 748 Intermittent Fine
S4 Ain Arko 36°7°35” 7°9°17” 750 Intermittent Fine
S5 O. Dahmane 36°3°11” 7°19°40” 752 Permanent Fine
S6 Sedrata Dam 36°3°34” 7°27°19” 746 Permanent Fine
S7 Sedrata Bridge I1 36°3°8” 7°27°58” 760 Intermittent Fine
S8 Sedrata Bridge I 36°4°28” 7°29°39” 765 Permanent Fine
S9 0. Krab 36°7°12” 7°32°46” 784 Permanent Fine
S10 Krab Bridge 36°7°55” 7°34°16” 800 Intermittent Fine
S11 Tiffech Bridge 36°8°28” 7°45°16” 860 Intermittent Fine
S12 O. Nil 36°8°23” 7°26°45” 864 Intermittent Coarse
S13 Dbabcha 36°12°50” 7°18°58” 610 Permanent Coarse
S14 O. Aar 36°13°34” 7°19°11” 617 Intermittent Coarse
S15 O. Cheniour 36°14°52” 7°20°36” 602 Permanent Coarse
S16 Ain Makhlouf Bridge 36°14°23” 7°18°41” 590 Permanent Coarse
S17 Aazlat Hlima 36°16°11” 7°17°1” 770 Intermittent Coarse
S18 Chaabet Bounab 36°17°5” 7°17°4” 805 Intermittent Fine
S19 O. Boufrais 36°18°57” 7°16°20” 612 Intermittent Coarse
S20 Selaoua 36°20°54” 7°16°2” 589 Intermittent Coarse
S21 Medjez Amar 36°26 35” 7°18°39” 249 Permanent Coarse
S22 Ain Makhlouf Dam 36° 13’ 34” 7°17°48” 643 Permanent Fine
Additional sampling:

S23 O. Mellah 36°27 597 7°42°8” 89 Permanent Coarse
S24 Chihani 36°37°14” 7°47°25” 34 Permanent Coarse
S25 Sebaa Ayoun 36°12°50” 7°27°48” 892 Permanent Coarse
S26 Ain Chikh 36°23°07” 7°25°10” 668 Intermittent Coarse
S27 Hammam Laassasla 36°19°49” 7°32°13” 465 Permanent Coarse
S28 Hammam N’Bails 36°20°31” 7 40°35” 356 Intermittent Coarse
S29 Magroun HNB 36°20°16” 747127 473 Permanent Coarse
S30 Guelta Zerga 36°15°49” 7°36°52” 937 Permanent Coarse

“0.” stands for oued, meaning stream or river

Localities: Beldjoudi (S1): 11.v.2014; Ben Mhenni (S2):
7.vi.2015, 19.i1.2016; Ain Arko (S4): 30.vii.2014,
23.viii.2014, 22.vii.2015; Sedrata Dam (S6): 23.iv.2016,
16.viii.2016; Sedrata Bridge I (S8): 23.iv.2016; O. Krab
(S9): 30.vii.2014, 23.viii.2014, 29.xi.2014, 1.x.2015, 25.ix.
2017; Krab Bridge (S10): 29.iii.2016, 4.vi.2016, 11.v.2017,
Tiffech Bridge (S11): 16.ix.2015, 4.vi.2016; O. Nil (S12):
17.ii.2017; Dbabcha (S13): 27.i.2014, 27.x.2014, 8.viii.2015,
1.i.2016, 4.iv.2016; 28.ix.2016, 7.x.2016, 23.iv.2016,
4.vi.2016, 28.ix.2016, 27.1.2017, 25.iv.2017, 21.v.2017,
27.vi.2017, 18.x.2019, 25.v.2020, 21.vi.2020; O. Aar (S14):
21.iv.2015, 22.vii.2015, 16.ix.2015, 25.iii.2016, 17.i1.2017,
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24.v.2019; 2.vii.2019, 18.ix.2019; O. Cheniour (S15):
21.iv.2015, 11.v.2015, 17.vi. 2019; Ain Makhlouf Bridge
(S16): 31.vii.2014, 16.ix.2015, 9.v.2016, 1.xi.2016,
11.ii1.2017; Selaoua (S20): 27.v.2020; Medjez Amar (S21):
25.i1x.2014, 22.vii.2015, 13.vii.2015, 29.iii.2016,
16.viii.2016, 28.ix.2016; Ain Makhlouf Dam (S22):
21.v.2017; O. Mellah (S23): 19.x.2018, 51, 22.iv.2019;
Chihani (S24): 19.x.2018; Sebaa Ayoun (S25): 24.v.2018;
Hammam N’Bails (S28): 29.vii.2019; Magroun HNB (S29):

29.vii.2019.

Comments: This species is the most widespread mayfly

along the whole Seybouse River.
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Table 2 Check-list of the

Ephemeroptera recorded at the Family Species Maghrebian countries
Seybouse River, northeastern
Algeria Leptophlebiidae
Choroterpes atlas Soldan & Thomas, 1983 AMT
Habrophlebia sp. N/A
Potamanthidae
Potamanthus luteus (Linnaeus, 1767) AMT
Polymitarcyidae
Ephoron virgo (Olivier, 1791) AM, T
Ephemeridae
Ephemera glaucops Pictet, 1845 AM, T
Caenidae
Caenis luctuosa (Burmeister, 1839) AM, T
Caenis pusilla Navas, 1913 AM, T
Bactidae
Alainites sadati Thomas, 1994 A, T
Baetis maurus Kimmins, 1938 A,M
Baetis gr. pavidus Grandi, 1949 AM, T
Baetis gr. alpinus AM, T
Baetis (Rhodobaetis) gr. rhodani AMT
Cloeon gr. dipterum (Linnaeus, 1761) AM, T
Labiobaetis neglectus (Navas, 1913) AM, T
Procloeon stagnicola Soldan & Thomas, 1983 A, T
Procloeon spA N/A
Oligoneuriidae
Oligoneuriopsis skhounate Dakki & Guidicelli, 1980 A, M, T
Heptageniidae
Ecdyonurus rothschildi Navas, 1929 AM, T

A, M, and T stand for Algeria, Morocco, and Tunisia, respectively

Caenis pusilla Navas, 1913

Localities: Dbabcha (S13): 21.iv.2015, 11.v.2015,
7.vi.2015, 29.iii.2016, 16.vii.2016, 16.viii.2016, 12.xii.2016,
21.1.2017; 11.iii.2017, 25.iv.2017; O. Aar (S14): 19.ii.2016,
19.v.2016, 1.xi.2016; O. Cheniour (S15): 23.iv.2016; Ain
Makhlouf Bridge (S16): 29.iii.2016, 23.iv.2016, 7.x.2016,
11.111.2017, 21.v.2017; Medjez Amar (S21): 19.ii.2016,
23.iv.2016, 4.vi.2016, 15.vii.2017.

Comments: In contrast to its common congeneric,
C. luctuosa, this is a relatively rare species.

Family Baetidae

Alainites sadati Thomas, 1994

Localities: O. Cheniour (S15): 25.ix.2014, 27.x.2014;
Magroun HNB (529): 29.vii.2019.

Comments: This species (Fig. 4a) is not widely distributed,
confined up to now to narrow streams with low conductivity and
high transparency in NW Algeria (Thomas and Gagneur 1994)
and Tunisia (Zrelli et al. 2012). The new record fills an important
gap in the distribution of this Maghrebian endemic suggesting
that it may be more widespread than previously thought.

Baetis maurus Kimmins, 1938

Localities: Guelta Zerga (S30): 29.vii.2019.

Comments: A rare species in the Seybouse watershed, only
collected at the base of a series of waterfalls. The species seems
more abundant in western Algeria (Benhadji et al. 2019).

Baetis gr. pavidus Grandi, 1949

Localities: Ain Arko (S4): 23.viii.2014, 16.v.2015,
23.viii.2015, 27.x.2015, 14.xi.2015; O. Dahmane (S5):
11.v.2015, 27.x.2015, 14.xi.2015; Sedrata Dam (S6):
15.v.2015; Sedrata Bridge I (S7): 11.v.2015; Krab Bridge
(S10): 28.ii.2015, 7.vi.2015; Dbabcha (S13): 26.ix.2014,
27.x.2014, 25.xii.2014, 21.iv.2015, 11.v.2015, 8.viii.2015,
13.xi1.2015; 30.vi.2018, 18.x.2019, 30.1.2020; O. Aar (S14):
11.v.2015, 27.vii.2015, 16.ix.2015; 27.x.2015, 14.xi.2015,
13.x11.2015, 24.v.2019, 2.vii.2019, 18.ix.2019, 11; O.
Cheniour (S15): 27.x.2014, 27.11.2015, 12.1ii.2015,
1.iv.2015, 11.v.2015, 7.vi.2015, 8.viii.2015, 16.ix.2015,
27.x.2015, 14.x1.2015, 13.xii.2015, 17.vi. 2019, 21,
18.x.2019; Ain Makhlouf Bridge (S16): 31.vii.2014,
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Fig. 3 Number of sites occupied
by recorded taxa in 2014-2017
(a), and species richness of sam-
pled sites during the same period
(b). Some species were recorded
outside the regular sampling peri-
od and are listed with zero
frequency
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23.viii.2014, 25.ix.2014, 27.x.2014, 29.x1.2014, 27.ii.2015,
13.1i1.2015, 11.v.2015, 7.vi.2015, 12.vii.2015, 8.viii.2015,
17.ix.2015, 14.x1.2015, 13.xi1.2015; Aazlet Hlima (S17):
11.vi.2015, 11.x.2015; Boufrais (S19): 11.iv.2015,
12.v.2015; Selaoua (S20): 8.viii.2015, 11, 27.x.2015; Medjez
Amar (S21): 31.vii.2014, 27.x.2014, 29.xi.2014, 25.xii.2014,
21.iv.2015, 12.v.2015, 11.vi.2015, 22.vii.2015, 8.viii.2015,
16.ix.2015, 27.x.2015, 16.xi.2015, 13.xii.2015, 25.iii.2016,
16.v.2019; Ain Makhlouf Dam (S22): 28.xi.2014,
26.11.2015, 13.ii1.2015, 5.vi.2015, 9.viii.2015, 28.x.2015,
13.x1.2015; O. Mellah (S23): 19.x.2018, 22.iv.2019; Chihani
(S24): 13.1v.2019; Sebaa Ayoun (S25): 24.v.2018, 2.vii.2019;
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Ain Chikh (S26): 22.iv.2019; Hammam Laassasla (S27):
30.vi.2018; Magroun HNB (S29): 29.vii.2019.

Comments: The most frequent and widespread baetid
(Fig. 4b) in the Seybouse watershed.

Baetis gr. alpinus

Localities: O. Nil (S12): 23.iv.2015.

Comments: Rare in the Seybouse River and confined to a
single high altitude locality, this species-group, made up of
cryptic species (Leys et al. 2016; Godunko et al. 2017), has
larvae characterized by a reduced paracercus and numerous
bristles on the distal segment of the maxillary palp
(Bauernfeind and Soldan 2012). One Maghrebian endemic



Biologia

Fig. 4 Dorsal view of a Alainites sadati, b Baetis pavidus, and ¢ Baetis
gr. rhodani

of'this species complex, Baetis punicus Thomas, Boumaiza &
Soldan, 1983, is known from Tunisia and Algeria (Thomas
et al. 1983; Thomas and Lounaci 1989).

Baetis (Rhodobaetis) gr. rhodani

Localities: Ain Arko (S4): 16.ix.2015; O. Dahmane (S5):
23.iv.2015; O. Aar (S14): 30.vi.2018, 2.vii.2019; O. Cheniour
(S15): 23.viii.2014, 25.ix.2014, 27.x.2014, 29.xi.2014,
25.xi1.2014, 12.iii.2015, 11.v.2015, 7.vi.2015, 22.vii.2015,
27.x.2015, 13.xii.2015, 22.iv.2019, 17.vi.2019; Ain
Makhlouf Bridge (S16): 25.ix.2014, 29.xi.2014, 21.viii.2015;
Aazlat Hlima (S17): 27.i1.2015, 13.1ii.2015, 11.vi.2015,
11.x.2015; O. Boufrais (S19): 13.xii.2015; Selaoua (S20):
25.xii.2014, 21.iv.2015, 12.v.2015, 7.vi.2015, 13.xii.2015;
Medjez Amar (S21): 8.viii.2015; Ain Makhlouf Dam (S22):
30.1.2015, 21.iv.2015, 24.vii.2015; Sebaa Ayoun (S25):
24.v.2018, 30.vi.2018, 2.vii.2019; Ain Chikh (S26):
22.iv.2019; Hammam Laassasla (S27): 30.vi.2018; Guelta
Zerga (S30): 29.vii.2019.

Comments: An abundant and widespread species-group,
made up of sibling species (Williams et al. 2006). Three spe-
cies are reported from Algeria (Soldan et al. 2005), two of
them can be separated by using DNA barcoding (Benhadji
et al. 2020).

Cloeon gr. dipterum

Localities: Beldjoudi (S1): 25.i1.2015; Ben Mhenni (S2):
25.xi1.2014, 7.vii.2015; Ain Arko (S4): 30.vii.2014,
23.viii.2014, 12.iii.2015, 11.v.2015, 22.vii.2015, 8.viii.2015,
16.ix.2015, 27.x.2015, 5.x1i.2015; O. Dahmane (S5):

23.viii.2014, 25.xi1.2014, 23.iv.2015, 7.vi.2015, 22.vii.2015,
22.viii. 2015, 27.x.2015, 14.x1.2015; Sedrata Dam (S6):
23.iv.2014, 30.vii.2014, 26.ix.2014, 29.xi.2014, 25.xii.2014,
23.iv.2015, 11.v.2015, 7.vi.2015, 22.vii.2015; Sedrata Bridge
IT (S7): 29.ix.2014, 11.v.2015, 27.x.2015, 14.xi.2015,
13.xi1.2015; Sedrata Bridge I (S8): 30.vii.2014, 22.vii.2015,
8.viii.2015, 17.x.2015, 14.xi.2015, 13.xii.2015; O. Krab (S9):
26.ix.2014, 27.x.2014, 29.1.2015; O. Krab Bridge (S10):
29.x1.2014; O. Cheniour (S15): 31.vii.2014; Azlet Hlima
(S17): 11.vi.2015, 11.x.2015; Chaabet Bounab (S18):
27.1.2015; Boufrais (S19): 29.xi.2014, 25.xii.2014,
27.1.2015, 12.v.2015, 11.vi.2015, 13.xii.2015; Selaoua
(S20): 25.ix.2014, 25.xii.2014.

Comments: This cosmopolitan taxon (Fig. 5b), which in-
cludes several cryptic species (Rutschmann et al. 2017; Yano
et al. 2019), mainly thrives in stagnant residual pools.

Labiobaetis neglectus (Navas, 1913)

Localities: O. Krab (S9): 26.ix.2014; Dbabcha (S13):
23.viii.2014, 18.x.2019; Ain Makhlouf Bridge (S16):
27.x.2014; Medjez Amar (S21): 23.viii.2014, 25.xii.2014.

Comments: This species (Fig. 5a) is confined to a few
localities with a permanent flow.

Procloeon stagnicola Soldan & Thomas, 1983

Localities: Ben Mheni (S2): 25.xii.2014; Ain Arko (S4):
13.xi1.2015; O. Dahmane (S5): 11.v.2015; Sedrata Bridge II
(S7): 29.x1.2014; O. Krab (S9): 16.ix.2015; Krab Bridge
(S10): 11.v.2015; Dbabcha (S13): 30.vi.2018, 18.x.2019;
Medjez Amar (S21): 23.viii.2014, 26.ix.2014.

Comments: Originally described from and long considered
as endemic to Algeria, it has recently been recorded in Tunisia
(Zrelli et al. 2011).

Fig.5 Dorsal view of a Labiobaetis neglectus, and b Cloeon gr. dipterum
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Procloeon spA

Localities: Dbabcha (S13): 18.x.2019.

Comments: An undescribed species with a fairly limited
distribution.

Family Oligoneuriidae

Oligoneuriopsis skhounate Dakki & Guidicelli, 1980

Localities: Dbabcha (S13): 23.viii.2014, 25.ix.2014,
27.x.2014, 7.vi.2015, 22.viii.2015, 8.viii.2015, 14.xi.2015,
27.vi.2016, 16.vii.2016, 16.viii.2016, 28.ix.2016, 7.x.2016,
27.vi.2017, 18.x.2019, 21.vi.2020; Ain Makhlouf Bridge
(S16): 27.vi.2016, 7.x.2016, 27.vi. 2017; Medjez Amar
(S21): 10.v.2015, 8.viii.2015, 16.ix.2015, 16.viii.2016,
7.x.2016.

Comments: This Ibero-Maghrebian endemic was confined
to three localities (Bouhala et al. 2020a). In Morocco, this
thermophilic species may ascend to altitudes above 1400 m
a.s.l. when conditions (temperatures) are favorable (Dakki and
Giudicelli 1980).

Family Heptageniidae

Ecdyonurus rothschildi Navas, 1929

Localities: Ben Mhenni (S2): 19.11.2016; O. Dahmane (S5):
14.x1.2015; Dbabcha (S13): 25.ix.2014, 27.x.2014, 16.1.2015,
11.v.2015, 7.vi.2015, 22.vii.2015, 8.viii.2015, 14.xi.2015,
1.1.2016, 4.vi.2016, 16.vii.2016, 28.ix.2016, 7.x.2016,
12.x11.2016, 27.i.17, 25.iv.2017, 21.v.2017, 27.vi.2017,
18.x.2019, 30.i.2020, 25.v.2020, 21.vi.2020; O. Aar (S14):
7.vi.2015, 22.vii.2015, 16.ix.2015, 27.x.2015, 14.xi.2015,
13.x11.2015, 1.i.2016, 29.ii1.2016, 23.iv.2016, 19.v.2016,
4.vi.2016, 18.ix.2019; O. Cheniour (S15): 25.xi1.2014,
7.vi.2015, 22.vii.2015, 23.iv.2016, 22.iv.2019, 17.vi.2019;
Ain Makhlouf Bridge (S16):31.vii.2014, 25.ix.2014,
25.xii.2014, 7.1.2015, 22.vii.2015, 8.viii.2015, 16.ix.2015,
27.x.2015, 14.xi.2015, 1.1.2016, 29.iii.2016, 23.iv.2016,
4.vi.2016, 7.x.2016, 12.x11.2016, 17.i1.2017, 11.1ii.2017,
25.iv.2017, 21.v.2017, 27.vi.2017; Selaoua (S20):
12.x1i.2016; Medjez Amar (S21): 27.x.2014, 21.iv.2015,
10.v.2015, 22.vii.2015, 8.viii.2015, 16.ix.2015, 14.xi.2015,
13.xi1.2015, 19.i1.2016, 23.iv.2016, 4.vi.2016, 15.vii.2016,
16.viii.2016, 28.i1x.2016, 7.x.2016, 27.1.2017, 17.i1.2017,
11.ii.2017, 21.v.2017; O. Mellah (S23): 19.x.2018; Sebaa
Ayoun (S25): 24.v.2018, 30.vi.2018; Hammam N’Bails
(S28): 29.vii.2019; Magroun HNB (S29): 29.vii.2019;
Guelta Zerga (S30): 29.vii.2019.

Comments: This thermophilous species is relatively com-
mon and can be found throughout the year (Bouhala et al.
2020b).

Statistical analysis
The PCA revealed that the first four components represented
75.8% of the total inertia. The first axis (39.7.0% of the total

variance) separated permanent sites with coarse substrate from
intermittent sites with fine substrate (Fig. 6a, b).The former
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harboured taxa like Ecdyonurus rothschildi, Oligoneuriopsis
skhounate and Choroterpes atlas whereas the latter hosted
Cloeon gr. dipterum (Fig. 6¢). In addition, species richness
was positively correlated with permanent flow and coarse
substrate and negatively correlated with altitude.

The second axis (16.0% of total inertia) contrasted S15 (O.
Cheniour), characterised by a high frequency of Baetis gr.
rhodani and the presence of Alainites sadati from the rest of
localities. The third axis (11.7% of total inertia) indicated an
altitudinal gradient and separated localities like S12, S13, and
S19 from the remaining localities. The fourth axis (8.5% of
total inertia) separated the high altitude sites based on the
differential presence of Baetis gr. alpinus and Habrophlebia
sp. which are confined to a few sites (S12 and S19) (Fig. 6d).

Discussion

This study recorded 18 species of Ephemeroptera representing
eight families. This total includes two new taxa, still waiting to
be described. To put these results into perspective, investiga-
tions of the mayflies of Algeria in the late 20th century indi-
cated a depauperate fauna with only 20 species reported by
Soldéan and Thomas (1983a, b) from the Mediterranean region
of the country. This number was increased to 50 taxa by
Thomas (1988), but some taxa were probably incorrectly iden-
tified by previous workers. Thus, an updated check-list of the
Ephemeroptera of Algeria has yet to be produced.

Generally, the species richness of the Seybouse River com-
pares favorably with that of other Algerian wadi: Oued Abdi
in the Aures: 10 spp (Bebba et al. 2015), Tafna River, in
western Algeria: 12 species (Benhadji et al. 2019), Oued
Sébaou, in the Djurdjura: 22 species (Lounaci et al. 2000).
Similarly, The Seybouse River includes two thirds of the
impoverished Ephemeroptera fauna of Tunisia which totals
25 species (Zrelli et al. 2016). It is important to note that
comparing faunas sampled at different periods is fraught with
difficulties. Indeed, the Tatha River seems to have lost several
species as 15 species (non-Baetidae) were previously recorded
by Gagneur and Thomas (1988). It is likely that the macroin-
vertebrates of many other Algerian rivers may have suffered
the same fate.

In contrast, the Seybouse River harbours less species than
the major Moroccan rivers: 24 species in the Moulouya River
(Mabrouki et al. 2017) and 30 species in Oued Laou (EI Alami
and Dakki 1998). The low altitudes exhibited by the Seybouse
River may exclude alticolous species such as Rhithrogena spp
or Epeorus sylvicola (Pictet, 1865). Other apparently missing
species from the Seybouse watershed include Oligoneuriella
skoura Dakki & Giudicelli, 1980, Serratella ignita (Poda,
1761), Sparbarus kabyliensis (Soldan, 1986), Euthraulus
lindrothi (Peters, 1980), Paraptophlebia cincta (Retzius,
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1783), Habrophlebia hassainae, Prosopistoma alaini
Bojkova & Soldan, 2015, Acentrella sinaica Bogoescu,
1931, Cloeon peregrinator Gattolliat & Sartori, 2008, and
Nigrobaetis rhithralis (Soldan & Thomas, 1983). A high per-
centage (72 %) of the recorded species is widely distributed in
the Maghreb, ranging from Tunisia to Morocco. However,
this value is likely to drop in the future as the taxonomic status
of some species complexes will be investigated.

Species richness at the Seybouse River varied considerably
between sites and was positively correlated with permanent
flow and coarse substrate. The richest site (S21), located at the
confluence of two major tributaries, harboured 11 species, if

sampling outside the study period is included. The importance
of permanent streams and rivers in arid North Africa cannot be
overstated. A permanent site would accommodate univoltine
summer species like O. skhounate (Bouhala et al. 2020a) or
semivoltine species like the gomphid Gomphus lucasii Selys,
1849 (Samraoui et al. 2019). In addition, a perennial stream
would allow multivoltine species like Ecdyonurus rothschildi
(Fig. 4) to complete several continuous generations (Bouhala
et al. 2020D).

In contrast, intermittent sites seem to favor some species
like Cloeon gr. dipterum which seem to thrive in residual
pools found in drying streams and rivers. Sites with a short
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hydroperiod limited to winter months are occupied by species
whose nymphal development is limited to winter and early
spring or those with special adaptations allowing them to
bridge the dry summer months. Thus, in northeastern
Algeria some odonates (Chalcolestes viridis (Vander
Linden, 1825), Lestes barbarus (Fabricius, 1798), Lestes
numidicus Samraoui, Weekers & Dumont, 2003, Aeshna
mixta Latreille, 1805, Sympetrum meridionale (Selys, 1841),
and Sympetrum striolatum (Charpentier, 1840)) and the
limnephilid Mesophylax aspersus (Rambur, 1842) are able
to postpone their sexual maturation and aestivate at high alti-
tudes or in cool shady habitats until autumn (Samraoui et al.
1998a, 2020; Samraoui 2009).

Another important environmental factor influencing may-
fly assemblages in the Seybouse River was the substrate. A
coarse substrate ranging from gravel to boulders would offer
various microhabitats and refuges from fish which are omni-
present within the Seybouse River. A few species
(Choroterpes atlas, Oligoneuriopsis skhounate and
Ecdyonurus rothschildi) were recorded to cling to stones and
their presence seems to depend closely on this microhabitat.

In contrast to the hydroperiod and the substrate, altitude
was negatively associated with species richness. High altitude
sites were generally intermittent streams with sandy substrate.
It is important to note that the limited altitudinal gradient of the
Seybouse River may constrain the presence of alticolous spe-
cies like Baetis gr. alpinus. Other unmeasured factors may
also be important: S3 which had a high salinity (3.6 %)
(Cherairia et al. 2014) was devoid of any mayfly while S15
which hosted seven species, including the rare Alainites
sadati, was characterized by a high frequency of B. gr.
rhodani. This stream was surrounded by marly deposits and
its water may possess distinct chemical properties which re-
flect the dominant geological nature of the stream’s watershed
(Leland and Porter 2000).

In contrast to stenotypic species like Habrophlebia sp. and
Alainites sadati, some species exhibited a broad ecological
valence. One eurytopic species, Caenis luctuosa, often cited
as common (Gagneur and Thomas 1988), was present in 15
localities. Its congener, Caenis pusilla, displayed a narrower
ecological valence and appeared to have declined in recent
times. Both Baetids Baetis gr. pavidus and Cloeon gr.
dipterum were the second most widespread species at the
Seybouse River, present in 14 localities. As found in
Morocco, the dominance of B. gr. pavidus may be explained
by the relatively low altitudes and warm temperatures (Dakki
and El Agbani 1983) characterizing the sampled localities of
the Seybouse River. In one high altitude locality (S12), B. gr.
pavidus was replaced by B. gr. alpinus, a typical species of
high altitudes for northeastern Algeria. C. gr. dipterum, typi-
cally, was found in residual pools, frequent once intermittent
streams dry out. Another species, Ecdyonurus rothschildi, was

@ Springer

recorded in eight localities. The distribution of this multivol-
tine heptageniid was only possible because of its large ecolog-
ical valence and the persistent flow in several localities of the
Seybouse River.

Similarly to what was found in several freshwater
groups, the Algerian mayfly fauna is believed to have
a strong Palearctic affinity, with a western or circum-
Mediterranean distribution (Dakki 1987; Samraoui and
Menai 1999; Annani et al. 2012; Chaib et al. 2013a,
b; Cherairia et al. 2014). However, the Maghreb may
also be a centre of endemicity (Yasri-Cheboubi et al.
2016) and a hotspot of biodiversity (Mittermeier et al.
2004). Only one Afrotropical element (Oligoneuriopsis
skhounate) was recorded despite the proximity of the
Seybouse River to Numidia where an Afrotropical relict
freshwater fauna exists (Samraoui et al. 1993, 1998b).

Thus, the mayfly composition and distribution of the
Seybouse River are markedly influenced by seasonal
variations of temperature, substrate, salinity and water
flow due to the semi-arid Mediterranean climate where
this river originates (Bouhala et al. 2020a). Indeed, the
analysis suggests that many species respond to flow
duration, substrate type and an upstream-downstream
gradient, but the evaluation of the autoecological pref-
erences of most species remains to be investigated
(Bouhala et al. 2020a, b). It is likely that the recorded
changes in natural factors will be exacerbated in the
future by anthropogenic activities like water abstraction
and pollution with predictable adverse consequences for
the Maghrebian freshwater biodiversity.
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