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ABSTRACT. — The co-occurrence of two anostracan species Branchinectella media and
Phallocryptus spinosus have been surveyed monthly in four saline lakes from the Aures region
(Chott Tinsilt, Garaa El-Tarf, Sebkha Djendli and Garaa O’Lembarek), in North-East Algeria,
between 2013 and 2014. Branchinectella media occurred during the winter at low water tem-
peratures ranging between 5 and 16 °C and a salinity between 2.24 and 44 ppt (g/L), while
P. spinosus preferred spring with a temperature range between 18 and 22 °C and a salinity from
12.08 to 48.6 ppt. The presence of both species overlapped only in March in the four sites.
Phallocryptus spinosus always occurred with higher monthly densities between 5.2 +0.99 and
27.7+3.81ind.L"! versus 1.65+0.64to 10.55+0.78 ind.L-! for B. media. Phallocryptus spinosus
was two times larger than B. media (F = 26.80, P < 0.001) and its females were two times more
fertile (r = 12.89, P < 0.0001) in the four sites. From the present study, we concluded that
B. media, which is considered as a rare species according to the literature, was sensitive to envi-
ronmental factors, mainly the temperature, and was dominated by P. spinosus, making it vulner-
able, especially to the effects of the predicted climate warming.

INTRODUCTION

Anostracan branchiopods live in general in ephemeral
water bodies. The majority of the species live in fresh
water and only a few taxa are known either from saline
or hypersaline waters, e.g. the genera Branchinecta,
Phallocryptus, Branchinectella, Artemia and Parartemia
(Rogers 2013). North Africa is rich in salt lakes which are
concentrated in semi-arid and arid regions. In the local
jargon, they are called Chotts, Sebkhas, Garaas or Dayas.
As shallow and very vast environments, they could cover
a surface of about hundreds or even thousands of square
kilometers for few centimeters deep. Their filling depends
on local climatic conditions and more precisely on the bal-
ance between precipitation and evaporation, which makes
them unstable environments. Indeed, they dry completely
for several months or even years, and their salinity var-
ies considerably, ranging from a few grams per liter to
more than 360 g/L (Amarouayache et al. 2009). Anost-
racans have adapted to these extreme conditions, thanks
to their short life cycle being closely linked to the hydro-
logical budget. They have an efficient osmoregulation
system (Bilton et al. 2001, Incagnone et al. 2015) and
their females produce resting eggs (Alonso 1985, Timms
2009). These are dispersed by wind and animals (endozo-
ochory) in new environments (Beladjal ef al. 2007, Frisch

et al. 2007, Beladjal & Mertens 2009), where they can
develop if conditions are adequate.

Large branchiopod fauna of Algeria has been well
studied in the early last century by Gauthier (1928). Sam-
raoui et al. (2006) provided a list of nineteen species,
mostly from saline lakes where anostracans are dominant.
Among them, Phallocryptus spinosus (Thamnocephali-
dae), which was long considered as Branchinella spinosa
(Milne-Edwards, 1840) until the taxonomic revision of
Rogers (2003, 2006), who used the Algerian population
of Boughezoul (Medea province) and that of Bechuana-
land (Botswana) for its classification in the genus Phal-
locryptus Biraben, 1951. This species has a primarily
Palearctic distribution, which extends from the Western
Mediterranean in Spain (Alonso 1985, Thiéry 1996) to
Ukraine (Keitmaier et al. 2008), Central Asia, Pakistan
(Brtek & Thiéry 1995), Kazakhstan (Belk & Brtek 1995),
Iran (Vakili & Sari 2012) and India (Padhye ef al. 2017)
in the Eastern Palearctic. It has been also recorded beyond
the Palearctic, in Oman (Thiéry 1996) and in Botswana
(Hulsmans et al. 2006). This species is reported in several
chotts and sebkhas in Algeria (De Los Rios & Amarouay-
ache 2016) and was the subject of recent studies on the
biology and ecology of some populations (Amarouay-
ache 2014). Iranian populations were studied in order to
check the possibilities of their use in aquaculture farming
(Atashbar 2012, Gharibi et al. 2016).
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The second species known from saline lakes,
Branchinectella media (Schmankewitsch, 1873), as
unique representative of the genus, is seen as less com-
mon (Alonso 1985). In the Mediterranean basin, it is
reported only in Iberian Peninsula (Alonso 1990, Garcia
et al. 1997, Pérez-Bote 2004) and Tunisia (Marrone et al.
2016), where it is rare, and in Algeria where it is relative-
ly widespread in chotts and sebkhas of the Steppic zone,
located between the two Atlas, the Tellian and the Saharan
(De Los Rios & Amarouayache 2016). It was recorded in
Low Lands of Aral, Caspian and Black seas, also between
Turkey and Russia (Belk & Brtek 1995), as well as in
Ukraine, where it is considered as rare and endangered
species (Alexandrov 1994). Branchinella media has been
recorded in several lakes of Siberia (Van Stappen et al.
2009), in Mongolia (Alonso 2010, Marrone et al. 2015)
and even in the Arctic, at Novaya Zemlaya in the Barents
Sea (Vekhoff 1997). However, data about biology and life
history of this species are scarce, except descriptive data
(Alonso 1985, Dumont & Negrea 2002).

Co-occurrence between two or more large branchiopod
species is quite a common phenomenon (Thiéry 1991,
Padhye & Dahanukar 2015, Stoch et al. 2016, Alfonso

2017). However, when species co-occur, they share the
environment in opposite regions and/or develop during
different periods of the year (Amat 1983, Mura 1993),
characterized by abiotic and biotic conditions to which
some species are more adapted than others (Chunco et
al.2012). Thus, the problems primarily related to trophic
competition are solved (Beladjal et al. 1997). The local
climatic conditions are a constraint as well, because of the
reduction of the hydroperiod and the increase in the tem-
perature and evaporation in the arid regions with saline
waterbodies (Ripley et al. 2004). The fact that Algeria
undergoes high hydric stress resulting from the low rain-
fall rate and increase in the temperature in last decades
(Meddi 2003) is to have dramatic consequences on wet-
land biodiversity in general in the near future.

The co-occurrence between P. spinosus and B. media
has been recorded in Spain (Garcia et al. 1997, Baltdnos
& Alcorlo 2004), in Tunisia (Marrone et al. 2016, Stoch et
al.2016) and in Algeria since the extensive works of Gau-
thier, at the beginning of the last century (Gauthier 1928).
The aim of this study is to survey, during a humid cycle,
the dynamics of these two species co-occurring together
in 4 saline lakes of the Aures region, renowned for its
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Fig. 1. — Precipitation, evaporation (in mm) and temperature (°C) in 3 provinces of Aures region registered between 2003-2013
(National Meteorological Office). A: Oum El-Bouaghi; B: Khenchela; C: Batna.
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richness in chotts and sebkhas of international importance
(Anonymous 2004). The objective is to better understand
the mechanisms of the co-occurrence between these two
species as well as their phenology.

MATERIALS AND METHODS

Study sites: The area of Aures is situated in the North-East
of Algeria in the High Plateaus (1000 a.s.l). It includes 3 prov-
inces, Batna, Khenchela and Oum El Bouaghi, covering an area
of about 28,771 km?. It is rich in saline waterbodies, especially
chotts and sebkhas. The climate of the region is semi-arid with a
cold winter and several days of snowfall, as well as a hot and dry
summer (Fig. 1A, B, C). High fluctuations of temperature char-
acterize the climate of that region. January is the coldest month
with the lowest mean temperature of 0.9 °C recorded over ten
years in Batna. The hottest month is July with a maximum mean
temperature of 34.9 °C recorded over ten years in Khenchela.
The average annual precipitation recorded over 10 years is
366.68,486.46 and 517.3 mm for Batna, Oum El Bouaghi and
Khenchela provinces, respectively. Evaporation rates are very
high and reach more than 1600 mm per year. Strong winds blow
on the region, sometimes exceeding 70 km/h (ONM, National
office of meteorology).

ZDDODIO somlo 32000:)

Four saline lakes were considered in this study (Fig. 2).

1) Garaa El-Tarf (35°41°11”N, 07°08°00”E, 834 m a.s.l.),
situated in Oum El Bouaghi, is the largest one, covering an area
of about 33,460 ha.

2) Chott Tinsilt (35°53°51”N, 6°30°00”E, 792 m a.s.1.), also
situated in Oum EI Bouaghi, covers an area of 2,154 ha. These
two sites have been classified as protected sites in Ramsar con-
vention since February 2004.

3) Sebkha Djendli (35°42°00”N, 6°31°55”E, 833 m a.s.l.),
situated in Batna, is of 3,800 ha area.

4) Sebkha O’Lembarek (Tazouguert II) (35°23°57”N,
7°19°52”E, 1069 m a.s.l.), situated in Khenchela, is the smallest
with 950 ha area. It is also the saltiest and water can be saturated
in salt. The pH there is neutral, but is lightly alkaline in the three
other sites (7.5-8).

The maximum depth in the four sites never exceeds 1 m.

Sampling methods: Water temperature and salinity have been
measured during each sampling using a field multiparameter
(Hanna, HI 829). The samples of anostracans Phallocryptus
spinosus and Branchinectella media were collected monthly
during the wet period from December 2013 to April 2014 in two
different sides for each site. According to water column thick-
ness as well as density of the individuals, a water volume, rang-
ing between 1 L and 10 L, was filtered through a sieve of 400 um
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Fig. 2. — Map of the study region
Aures (Oum El Bouaghi,
Khenchela, Batna).
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Table I. — Salinity (S) and water temperature (T) during the sampling hydroperiod 2013-2014.
GET: Garaa El-Tarf, SD: Sebkha Djendli, CT: Chott Tinsilt, SOL: Sebkha O’Lembarek.

ity between 8.54 and 48.6 ppt
(g/L). The 3 other sites have

Months December January February March April almost identical salinity range

Sites T°C S(pt) T°C Sppt) T°C SpEpt) TC S(ppt) TC S(ppt) (2-27 ppt). Water temperature
GET 50 230 82 224 143 830 18 1208 22 272 in the 4 sites varied during
SD 127 216 80 401 139 11.04 19 2310 20 240 sampling between 5 °C and
cT 140 233 127 254 117 830 20 2550 22 164 22°C. _ ,
soL 50 854 85 235 165 4210 20 4400 21 486 Branchinectella media

Table II. — Total length (Lt + standard deviation, n = 30) of males () and females (¢), sex-ratio
(SR) and mean fecundity (F, n = 20)) of Phallocryptus spinosus and Branchinectella media in
the four studied sites. GET: Garaa El-Tarf, SD: Sebkha Djendli, CT: Chott Tinsilt, SOL : Seb-

kha O’Lembarek.

developed in the 4 sites
between December and Feb-
ruary-March. The monthly
densities of adults and sub-
adults of this species evolved
between 1.65 = 0.64 and

Species Parameter GET SD CT SOL 10.55 + 0.78 ind.L-'. Phal-
o Lo (mm) 14.55+0.71 13.87+0.09 16.34+0.64 14.26+0.68 locryptus spinosus developed
S
g 2 | Lo (mm) 15.00+1.16 1450+ 0.74 14.75+0.42 1521 +0.44 between March and Aprll in

%)
S8 |Ltle+9) 14.74+090 13.99+0.90 15.78+0.95 14.66 +0.57 the 4 sites with monthly den-
g F |sr 4.00 2.80 0.66 3.00 sities which varied between
F (offspring/brood) ~ 27.50 £ 7.50 355+ 6.45 50.5+856 30+ 5.32 5.2+0.99 and 27.7 + 3.81
) .
& |uo 7024029 758074 7194037  7.17+034 md-Ll (Fig. 3A-D). Plears‘;l“
8 & |Lte 817+029 838043 846035  8.48+0.19 correlation test revealed the
g 3 existence of a pOSlthC Ccor-
£8 [LtE+9 748+041 7.85+046 7.73+0.54  7.78+0.52 .
S E relation either between water
o SR 0.75 1.50 1.80 0.70 temperature and density of
@ F (offspring/brood) ~ 17.00+4.87 16.5+6.46 19.00 +5.87 16.50 + 3.89 individuals (Pearson r = 0.75

of mesh size. Collected animals were fixed in 4 % formalin. The
identification of both species has been carried out according to
Alonso (1996) identification keys. To assess monthly density,
expressed by the number of individuals per liter, only identifi-
able adults and subadults have been taken into account for each
species. The counting of the individuals was realized using
Dollfus cell placed under stereomicroscope. Sex-ratio (SR) was
determined by the number of males per number of females. The
body length of males and females (tip of the head to the anus)
(Amat 1980) of both species was measured under optical micro-
scope (Optika) equipped with an ocular micrometer. Females
fecundity of both species was monthly determined after ovisac
dissection and offspring counting.

Statistical analysis: Pearson correlation coefficient was deter-
mined between the physicochemical factors (salinity and tem-
perature) and individual density of each species and between
the densities of the two species. Total lengths of adults were
compared between the different sites by analysis of variance
(ANOVA). Fecundity of the two species was compared using
Student-t test (Minitab 16 software).

RESULTS

Data about water salinity and temperature throughout
the sampling period are listed in table I. The most saline
site during the study period was O’Lembarek with salin-

p <0.01) or between salin-

ity and density of individuals
(Pearson r=0.45,p <0.04) for P. spinosus. In the case of
B. media, a negative correlation was observed between
water temperature and density of individuals (Pear-
sont =-0.41,p <0.05). No significant association was
observed between the densities of the two species (Pear-
sonr=-0.42,p =0.06).

The total length values of males and females and both
sexes, the sex-ratio and fecundity of the 4 populations of
both species are listed in Table II. For P. spinosus, total
lengths of adults were between 13.87 £ 0.09 and 16.34 +
0.66 mm in Sebkha Djendli and Chott Tinsilt, respectively.
For B. media, the extreme values of total lengths of adults
were between 7.02 +0.29 and 8.48 £0.19 mm in Garaa El-
Tarf and Sebkha O’Lembarek, respectively. According to
ANOVA, P. spinosus is significantly larger than B. media
(F=26.80,p <0.001). The sex-ratio is generally in favor
of males in both species. For P. spinosus, it ranges between
0.66 and 4 in Chott Tinsilt and Garaa El-Tarf, respectively.
For B. media, sex-ratio values are between 0.7 and 1.8 in
Sebkha Djendli and Chott Tinsilt, respectively.

For fecundity (Table II), extreme values were between
27.5 £7.50 and 50.5 + 8.58 offspring/brood in Garaa
El-Tarf and Chott Tinsilt, respectively, for P. spinosus
and between 16.5 + 3.89 and 19 + 5.87 offspring/brood
in the Sebkha Djendli and Chott Tinsilt, respectively, for
B. media. Student-t test showed very highly significant
difference between fecundity of both species (t = 12.89,
p <0.00001).

Vie Milieu, 2018, 68 (2-3)
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Fig 3. — Density (ind.L™") of Phallocryptus spinosus and Branchinectella media in the four sampled sites, (A) Garda El Tarf, (B) Seb-
kha Djendli, (C) Chott Tinsilt, (D) Sebkha O’Lembarek during the wet period 2013-2014.

DISCUSSION

Chotts and sebkhas of North Africa are known for their
richness in large branchiopods (Samraoui et al. 2006).
They are considered as the flagship of invertebrates
(Belk 1998), meanwhile, they constitute a food web for
migratory water birds. They are often used to evaluate the
quality of temporary freshwater ecosystems (Brendonck
et al. 2008). In the studied sites, Phallocryptus spinosus
and Branchinectella media co-occur together and devel-
op simultaneously in winter/spring. These 2 species are
typical of environments with moderate salinity, which dry
up in summer and autumn in the Mediterranean region
(Alonso 1990, Garcia et al. 1997, Baltanas & Alcorlo
2004, Pérez-Bote 2004). Great variations of the abiotic
factors, especially temperature and salinity, are observed
there and depend on the hydrological budget and local
climatic conditions. In Algeria, these two species were
found to often co-occur in at least 7 sites (De Los Rios

& Amarouayache 2016), but P. spinosus is more fre-
quent and recorded alone in several sites (R.L. pers obs).
Among studied sites, Sebkha O’Lembarek is the saltiest;
salinity can reach saturation (more than 340 ppt), but no
cysts or active stages of the brine shrimp Artemia Leach,
1819 was found there with the two considered species
(R.L. pers obs). The monthly survey of the co-occurrence
of both species revealed that B. media prefers to live at
low temperatures (5 to 16 °C), whereas P. spinosus devel-
ops at relatively high temperatures (18 to 22 °C). The co-
occurrence of these two species overlapped during March
in the 4 sites, with close densities. At this period, the sites
were at their maximum of filling. Similar studies pointed
out that the co-occurrence of different species of branchi-
opods in the same ecological niche in temporary ponds
seems to be accomplished thanks to various strategies
which make it possible for the species to split resources
simultaneously in space and time (Amat 1983, Thiéry
1987, Moscatello et al. 2002, Wang et al. 2012). Beside

Vie Milieu,2018, 68 (2-3)
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environmental variables, the competition mechanism
between species for the same ecological niche requires
differences in body size and shape (Timms & Sanders
2002). Thus, according to their size, their feeding mode
differs from each other. The majority of anostracan spe-
cies are non-selective filter feeders; the size of the filtered
particles differs according to the species (Beladjal et al.
1997). Only large specimens of P. spinosus feed on clado-
cerans, copepods or even other anostracan larvae (Alonso
1985, Defaye et al. 1998, Sarma & Nandini 2002).

Phallocryptus spinosus is two to three times more
fertile than B. media in the 4 sites, with values ranging
between 27 to 50 offspring/brood and 16 to 19 offspring/
brood, respectively. Moreover, B. media is endowed of
a globulous ovisac, while P. spinosus has an elongated
one, which confers to its females a better introduction
into the ground, and thus, the spawning of resting-eggs
is carried out with a few millimeters below the sediment
surface (A.M. pers obs). Differences in term of fecundity
and ovisac shape have direct impact on the final densi-
ties in the ground (banks of resting-eggs). Indeed, several
authors reported that the persistence of the population of
a given species depends on its resting-egg bank (Timms
& Sanders 2002, Ripley et al. 2004, Rogers 2014). On the
other hand, the strong winds blowing on the region favor
the dispersion of the new laid restring-eggs of B. media in
new environments, but also limit their stock in the site of
origin.

Variability of sex-ratio is marked especially in P. spino-
sus populations, where one can count 4 males for one
female, in comparison with B. media where the sex ratio
varies between 0.70 and 1.80. Several studies showed
genetic and environmental effect on sex-ratio variation
in anostracans (O’Neill et al. 1997, Browne & Wanigas-
ekera 2000, Beladjal et al. 2002). A high survival rate of
males in comparison with females was observed in high
water temperature and salinity in some anostracan spe-
cies (Beladjal ef al. 2003, Dumont & Negrea 2002). The
male dominance favors the mixing of genes, thus limit-
ing consanguinity in new generations; consequently, this
fact would contribute to species persistence (Lievens et
al.2016).

Although developing time of B. media is longer (3 to
4 months) than that of P. spinosus (2 months), the com-
parison between the two species in terms of density, size
and fecundity revealed a clear dominance of P. spinosus
in the 4 sites. This species is larger, more fertile and more
abundant than B. media. Positive correlation between
water temperature and density of P. spinosus suggests
that this environmental factor favors the multiplication of
the individuals, probably by the increase of resting egg
hatching rate. Indeed, Atashbar et al. (2012) obtained
high hatching rates at temperatures ranging between 19
and 25 °C for the same species and concluded its prefer-
ences for high water temperature (Atashbar et al. 2014,
Gharibi et al. 2016). The development of B. media during

winter months shows its preference for low temperatures.
According to Vekhoff (1997), this species is regarded as
the most tolerant to temperature variations and can stand
cold waters of the Arctic, since it was recorded in Nova-
ya Zemlya (Coulson et al. 2014). Since the rhythm and
the extent of the climate change quicken, the effect on
the species distribution becomes alarming. As examples,
Alexandrov (1994) reported that B. media was rare and in
danger of extinction in Ukraine, and no more recorded in
Turkey (Mura et al. 2005). Additionally to its presence in
some Siberian and Arctic waterbodies, where the genetic
identity of the species should be checked, the distribution
of B. media is limited to few sites in the Mediterranean
basin either in Spain, Tunisia, or Algeria.

According to our results B. media is a species which
prefers low temperatures of chotts and sebkhas from East-
ern High Plateaus. Because of climate warming, which is
particularly marked in these semi-arid areas (Nichane &
Khelil 2015), and the dominance by P. spinosus, the exis-
tence of B. media in Algeria, as well as in other localities,
is threatened. Conservation measures should be taken to
protect this species. In addition, due to the possible exis-
tence of two or more closely related taxa among Palearctic
populations lumped under the same binomen of B. media,
both morphological and molecular taxonomic studies are
needed in order to detect cryptic species within the genus
Branchinectella.

ACKNOWLEDGEMENT. — The authors are grateful to the anony-
mous reviewers for the improvement of the manuscript.

REFERENCES

Alexandrov B 1994. Red Data book of Ukraine. Ukrajinska
enciklopediya Publ: 34 p.

Alfonso G 2017. Diversity and distribution of large branchio-
pods (Branchiopoda: Anostraca, Notostraca, Spinicaudata)
in Apulian ponds (SE Italy). Eur Zool J 84: 172-185.

Alonso M 1985. A survey of the Spanish Euphyllopoda. Misc
(Zoo) 9: 179-208.

Alonso M 1990. Anostraca, Cladocera and Copepoda of Span-
ish saline lakes. Hydrobiologia 197: 221-231.

Alonso M 1996. Crustacea, Branchiopoda. Fauna Iberica. Vol 7.
Madrid: Museo Nacional de Ciencias Naturales, Consejo
Superior de Investigaciones Cientificas.

Alonso M 2010. Branchiopoda and Copepoda (Crustacea) in
Mongolian saline lakes. Mongolian J Biol Sci 8: 9-16.

Alonso M, Ventura M 2013. A new fairy shrimp Phallocryptus
tserensodnomi (Branchiopoda: Anostraca) from Mongolia.
Zootaxa 3670: 349-361.

Amarouayache M, Derbal F, Kara MH 2009. Biological data on
Artemia salina (Branchiopoda, Anostraca) from Chott Mar-
ouane (northeast Algeria). Crustaceana 82: 997-1005.

Amarouayache M 2014. Observations on Phallocryptus spinosa
(Branchiopoda, Anostraca) populations from the high pla-
teaus of Northeastern Algeria. Sustainability Agric Food
Environ Res 2(4): 22-31.

Vie Milieu, 2018, 68 (2-3)



CO-OCCURING ANESTRACANS IN ALGERIA 173

Amat F 1980. Differentiation in Artemia strains from Spain. In
Personne G. Sorgeloos P, Roels O, Jaspers E Eds, The Brine
Shrimp Artemia Vol 1, Morphology, Genetic, Radiobiology,
Toxicology. Universa Press, Wetteren, Belgium: 19-39.

Amat F 1983. Zygogenetic and parthenogentic Artemia in Cadiz
sea-side salterns. Mar Ecol Prog Ser 13: 291-293.

Anonymous 2004. Atlas des zones humides algériennes. DGF:
102 p.

Atashbar B, Agh N, Beladjal L, Jalili R, Mertens J 2012. Effect
of temperature on survival, growth, reproductive and life
span characteristics of Branchinecta orientalis G. O. Sars,
1901 (Branchiopoda: Anostraca) from Iran. Crustaceana
85(9): 1099-1114.

Atashbar B, Agh N, Van Stappen G, Beladjal L 2014. Diversity
and distribution patterns of large Branchiopods (Crustacea:
Branchiopoda) in temporary pools (Iran). J Arid Environ 111:
27-34.

Baltanos A, Alcorlo P 2004. Distribucién de Candelacypris ara-
gonica 'y otros Crustdceas acudticos de interés en Las Saladas
De Monegros. Universidad Autonoma De Madrid: 1-17

Beladjal L, Dierckens K, Mertens J 2007. Dispersal of fairy
shrimp Chirocephalus diaphanus (Branchiopoda: Anostraca)
by the trout (Salmo trutta). J Crustacean Biol 27: 71-73.

Beladjal L, Khattabi EM, Mertens J 2003. Life history of Tany-
mastigites perrieri (Anostraca) in relation to temperature.
Crustaceana 76: 135-147.

Beladjal L, Mertens J 2009. Diaspore dispersal of Anostraca by
flying insects. J Crustacean Biol 29: 266-268.

Beladjal L, Peiren N, Dierckens KR, Mertens J 1997. Feeding
strategy of two sympatric anostracan species (Crustacea).
Hydrobiologia 359: 207-212.

Beladjal L, Vandekerckhove T, Muyssen B, Heyrman J, de
Caesemaeker J, Mertens J, 2002. B-chromosomes and male-
biased sex ratio with paternal inheritance in the fairy shrimp
Branchipus schaefferi (Crustacea, Anostraca). Heredity 88:
356-60.

Belk L 1998. Global status and trends in ephemeral pool inver-
tebrate conservation: implications for Californian fairy
shrimp. /n: Witham CW, Bauder ET, BelkD, Ferren WR Jr.,
Ornduff R Eds., Ecology, Conservation, and Management of
Vernal Pool Ecosystems. California Native Plant Society ed.,
Sacramento, CA, USA.: 147-150.

Belk L, Brtek J 1995. Checklist of the Anostraca. Hydrobiologia
208:241-243.

Bilton DT, Freeland JR, Okamura B 2001. Dispersal in freshwa-
ter invertebrates. Ann Rev Ecol Syst 32: 159-181.

Brendonck L, Rogers DC, Olesen J, Weeks S, Hoeh WR 2008.
Global diversity of large branchiopods (Crustacea: Branchio-
poda) in freshwater. Hydrobiologia 595: 167-176.

Browne RA, Wanigasekera G 2000. Combined effects of salini-
ty and temperature on survival and reproduction of five spe-
cies of Artemia. J Exp Mar Biol Ecol 244: 29-44.

Brtek J, Thiéry A 1995. The geographic distribution of the Euro-
pean branchiopods (Anostraca, Notostraca, Spinicaudata,
Laevicaudata). Hydrobiologia 298: 263- 280.

Chunco AJ, Jobe T, Pferring KS 2012. Why do species co-
occur? A test of alternative hypotheses describing abiotic dif-
ferences in sympatry versus allopatry using spadefoot toads.
PloS ONE 7(3): 1-10.

Cottarelli V 1968. Su Branchipus alpinus Colosi (Euphyllopo-
da, Anostraca). Arch Zool Ital 53: 353-365.

Cottarelli V, Mura G 1983. Anostraci, Notostraci, Concostraci
(Crustacea: Anostraca, Notostraca, Conchostraca). Guide per
il Riconoscimento delle Specie Animali delle Acque Interne
Italiane: 71 p.

Coulson SJ, convey P, Aakra K, Aarvik L, Avila-Jiménez ML,
Babenko A, Biersma E, Bostrom S, Brittain JE, Carlsson A,
Christoffersen KS, De Smet WH, Ekrem T, Fjellberg A,
Fiireder L, Gustafsson D, Gwiazdowicz DJ, Hansen LO,
Hulle M, Kaczmarek L, Kolicka M, Kuklin V, Lakka HK,
Lebedeva N, Makarova O, Maraldo K, Melekhina E, @dega-
ard F, Pilskog HE, Simon JC, Sohlenius B, Solhgy T, S¢li G,
Stur E, Tanasevitch A, Taskaeva A, Velle G, Zawierucha K,
Zmudczynska-Skarbek K 2014. The terrestrial and freshwa-
ter invertebrate biodiversity of the archipelagoes of the Bar-
ents Sea, Svalbard, Franz Josef Land and Novaya Zemlya.
Soil Biol Biochem 68: 440-470.

Defaye D, Rabet N, Thiéry, A. 1998. Atlas et bibliographie des
crustacés branchiopodes (Anostraca, Notostraca, Spinicau-
data). MNHN, Paris: 62 p.

De Los Rios P, Amarouayache M 2016. Crustacean zooplankton
assemblages in Algerian saline lakes: a comparison with their
Chilean Altiplano counterparts. Crustaceana 89(13): 1485-
1500.

Dumont HJ, Negrea SV 2002. Introduction to the Class Bran-
chiopoda. Backhuys Publishing, Leiden: 398 p.

Frisch D, Green AJ, Figuerola J 2007. High dispersal capacity
of a broad spectrum of aquatic invertebrates via waterbirds.
Aquat Sci 69: 568-574.

Garcia CM, Garcia-Ruiz R, Rendon M, Niell FX, Lucena J
1997. Hydrobiological cycle and interannual variability of
the aquatic community in a temporary saline lake (Fuente de
Piedra, Southern Spain). Hydrobiologia 345: 131-141

Gharibi MR, Nematollahi MA, Agh N, Atashbar B 2016. Life
cycle of the fairy shrimp, Phallocryptus spinosa Milne
Edwards, 1840 (Crustacea: Anostraca) at different tempera-
tures. J Agric Sci Tech 18: 171-177.

Gauthier H 1928. Nouvelles Recherches sur la Faune des Eaux
continentales de 1’Algérie et de la Tunisie. Imp Minerva,
Algiers: 419 p.

Hulsmans A, Bracke S, Moreau K, Riddoch BJ, De Meester L,
Brendonck L 2006. Dormant egg bank characteristics and
hatching patterns of the Phallocryptus spinosa (Anostraca)
population in the Makgadikgadi Pans (Botswana). Hydrobio-
logia 271: 123-132.

Incagnone G, Marrone F, Barone R, Robba L 2015. How do
freshwater organisms cross the ““dry ocean’’? A review on
passive dispersal and colonization processes with a special
focus on temporary ponds. Hydrobiologia 750: 103-123.

Keitmaier V, Pirollo D, De Matthaeis E, Tiedemann R, Mura G
2008. Large scale mitochondrial phylogeography in the halo-
philic fairy shrimp Phallocryptus spinosa (Milne-Edwards,
1840) (Branchiopoda: Anostraca). Aquat Sci 70: 65-76.

Lievens EJP, Henriques GJB, Michalakis Y, Lenormand T 2016.
Maladaptive sex ratio adjustment in the invasive brine shrimp
Artemia franciscana. Curr Biol 26: 1463-1467.

Marrone F, Alonso M, Pieri V, Augugliaro C, Stoch F 2015. The
crustacean fauna of Bayan Onjuul area (T6v Province, Mon-
golia) (Crustacea: Branchiopoda, Copepoda, Ostracoda). NW
J Zool 11: 288-295.

Marrone F, Korn M, Stoch F, Turki S 2016. Updated checklist
and distribution of large branchiopods (Branchiopoda: Anos-
traca) in Tunisia. Biogeogr J Integrat Biogeogr 31: 27-53.

Vie Milieu,2018, 68 (2-3)



174 L. RAIS, M. AMAROUAYACHE

Meddi M 2003. Impact de la modification du régime pluviomé-
trique sur les ressources en eau. Hydrobiology of the Medi-
terranean and Semi arid Regions (Proceedings of an interna-
tional symposium held in Montpellier) 278: 229-235.

Moscatello S, Belmonte G, Mura G 2002. The co-occurrence of
Artemia parthenogenetica and Branchinella spinosa (Bran-
chiopoda: Anostraca) in a saline pond of south eastern Italy.
Hydrobiologia 486: 201-206.

Mura G 1993. Seasonal distribution of Artemia salina and
Branchinella spinosa in a saline astatic pond in south west
Sardinia Italy (Anostraca). Crustaceana 64(2): 172-191.

Mura G, Oskutuk S, Tantmis M 2005. Contribution to the
knowledge of the Anostraca fauna of Turkey. Crustaceana
78(4): 487-494.

Nichane M, Khelil MA 2015. Changements climatiques et res-
sources en eau en Algérie. Vulnérabilité, impact et stratégie
d’adaptation. Larhyss J 21: 15-23.

O’Neill SL, Hoffmann AA, Werren JH 1997. Influential Passen-
gers. New York: Oxford University Press.

Padhye SM, Dahanukar N 2015. Distribution and assemblages
of large branchiopods (Crustacea: Branchiopoda) of northern
Western Ghats, India. J Limnol 74: 371-380.

Padhye SM, Kulkarni MR, Dumont HJ 2017. Diversity and zoo-
geography of the fairy shrimp (Branchiopoda: Anostraca) on
the Indian subcontinent. Hydrobiologia 801: 117-128.

Pérez-Bote JL 2004. New records of large branchiopods (Bran-
chiopoda, Anostraca, Notostraca, and Spinicaudata) from
Extremadura (Southwestern Iberian Peninsula). Crustaceana
77(7): 871-877.

Ripley BJ, Holtz J, Simovich MA 2004. Cyst bank life-history
model for a fairy shrimp from ephemeral ponds. Freshw Biol
49:221-231.

Rogers C 2003. Revision of the Thamnocephalidae genus Phal-
locryptus (Crustacea: Branchiopoda: Anostraca). Zootaxa
257: 1-14.

Rogers C 2006. A genus level revision of the Thamnocephalidae
(Crustacea: Branchiopoda: Anostraca). Zootaxa 1260: 1-25.

Rogers C 2013. Anostraca catalogus (Crustacea: Branchiopo-
da). Raffles B Zool 62(2): 525-546

Rogers C 2014. A new species of Streptocephalus (Crustacea:
Anostraca: Streptocephalidae) from the Western Ghats, India,
with a key to the Asian species. Zootaxa 3802(1): 075-084

Samraoui B, Chakri K, Samraoui F 2006. Large branchiopods
(Branchiopoda: Anostraca, Notostraca and Spinicaudata)
from the salt lakes of Algeria. J Limnol 65(2): 83-88.

Sarma SS, Nandini S 2002. Studies on functional response and
prey selection using zooplankton in the anostracan Chiro-
cephalus diaphanus Prevost, 1803. Hydrobiologia 486: 169-
174.

Stoch F, Korn M, Turki S, Naselli-Flores L, Marrone F 2016.
The role of spatial environmental factors as determinants of
large branchiopod distribution in Tunisian temporary ponds.
Hydrobiologia 782: 37-51.

Thiéry A 1987. Les Crustacés branchiopodes Anostraca, Notos-
traca and Conchostraca des milieux limniques temporaires
(Dayas) au Maroc. Taxonomie, biogéographie, écologie. PhD
Thesis, Université de Droit, d’Economie et des Sciences
d’Aix-Marseille, Marseille: 405 p.

Thiéry A 1991. Multispecies coexistence of branchiopods
(Anostraca, Notostraca & Spinidaudata) in temporary ponds
of Chaouia plain (western Morocco): sympatry or syntopy
between usually allopatric species. Hydrobiologia 212: 117-
136

Thiéry A 1996. Large branchiopods (Crustacea: Anostraca,
Notostraca, Spinicaudata, Laevicaudata) from temporary
inland waters of the Arabian Peninsula. Fauna Saudi Arabia
15:37-98.

Timms B 2009. Biodiversity of large branchiopods of Australian
saline lakes. Curr Sci 96(1): 74-80.

Timms B, Sanders PR 2002. Biogeography and ecology of
Anostraca (Crustacea) in middle Paroo catchment of Austra-
lian arid-zone. Hydrobiologia 286: 225-238.

Vakili B, Sari A 2012. The halophilic fairy shrimp Phallocryptus
spinosa (Milne-Edward, 1840) (Crustacea: Branchiopoda:
Anostraca) from Southeast Iran. Iran J Anim Biosystem §:
183-189.

Van Stappen G, Litvinenko LI, Litvininko AI, Grigorevno
Boyko E, Marden B, Sergeloos P 2009. A survey of Artemia
Resources of Southwest Siberia (Russian Federation). Rev
Fish Sci 17(1): 117-148.

Vekhoff NV 1997. Large branchiopod Crustacea (Anostraca,
Notostraca, Spinicaudata) of the Barents region of Russia.
Hydrobiologia 359(1): 69-74.

Wang CC, Huang SL, Huang WP, Chou LS 2012. Spatial niche
differentiation of sympatric Branchiopoda in a highly unpre-
dictable ephemeral pool. J Crustacean Biol 32: 39-47.

Received on November 11,2017
Accepted on May 18,2018
Associate editor: G Tita

Vie Milieu, 2018, 68 (2-3)



