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ABSTRACT
Little is known about the hypogean fauna of Algeria, with studies mostly dating to the beginning of the twentieth century (Gurney 
1908; Racovitza 1912; Monod 1924; Pesce and Tetè 1978); moreover, the knowledge varies markedly among regions. In this study, 
we examined the composition and distribution of the invertebrate communities in the phreatic zone of the Tafna aquifer (N-W Al-
geria). Twelve wells close to the Tafna wadi, ranging between 120 and 1100 m a.s.l., were studied from May 2005 to March 2006. 
Many specimens belonging to 37 taxa were collected, the most frequent taxa being Typhlocirolana sp., a stygobitic Gammaridae 
species, Cyclopidae and Ostracoda. Other crustacean species were relatively scarce, with discontinuous distribution, being present 
only in a few wells. The taxonomic richness and abundance of stygobitic crustacean communities were relatively constant over time. 
The spatial distribution of stygobionts was mainly related to the exchanges with surface water.
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INTRODUCTION

Interest in groundwater habitats increased in the last 
century, particularly due to the attention given by bio-
speleologists and hydrobiologists. The overall image ob-
tained is that of an unseen “ocean” beneath our feet with 
spatial continuity (Danielopol et al 2000). Due to the size 
and diversity of habitats, groundwater hosts a very di-
verse assemblage of adapted taxa (stygobites sensu Bo-
tosaneanu 1986; Rouch and Danielopol 1987), with high 
rates of endemism and reduced dispersal capabilities 
(Gibert et al 1994). Studies and assessments show that, 
in spite of the severity of the underground environment 
(Danielopol 1997), stygobitic communities present an 
unexpected richness.

Stygobitic communities normally consist of a ma-
jority of crustacean taxa with a very restricted distribu-
tion (high endemicity). The species diversity is locally 
low but can be very high at the regional scale (Ferreira 
et al 2003; Dole-Olivier et al 2005). In North Africa, re-
search has been progressing in the last century (Monod 
1924; Henry and Magniez 1972; Pesce et al 1981), with 
recent studies in Tunisia (Ghlala et al 2009) and Moroc-
co (Boutin and Boulanouar 1983; Mathieu et al 1999; 
Berrady et al 2000; Boutin et al 2002). However, the 
groundwater domain in Algeria and its organisms are 
still largely unknown (Gurney 1908; Nourisson 1956; 
Pesce and Tete 1978; Henry and Magniez 1981; Gag-
neur and Chaoui-Boudghane 1991; Belaidi et al 2004). 
The Algerian stygofauna includes a small number of 
stygobitic species, which are only known through the 
description of a few specimens. A recent synopsis re-

vealed the presence of nearly 34 stygobitic species, six 
of which are listed for the north-western part of Algeria 
(Decu et al 2001), refl ecting a low sampling effort in the 
groundwater area.

This study makes up for this insuffi ciency by pro-
viding a fi rst database on the Algerian stygofauna col-
lected in the wells drilled in the alluvial aquifer of the 
Tafna wadi. Indeed, wells are the simplest way to access 
groundwater in the porous aquifer (Boutin 1984). The 
Tafna alluvial aquifer is a phreatic zone within a Plio-
Quaternary alluvial aquifer, characterized by a deposit 
of stone cemented by silt and clay. Therefore, this study, 
aims to (1) assess the diversity of the stygobitic fauna and 
(2) verify the spatial distribution of the populations that 
have colonized the Tafna aquifer.

METHODS

Study sites
The study area is the alluvial aquifer of the western 

and northern watershed of the Tafna wadi. The Tafna 
wadi (Fig. 1) is a stream approximately 170 km long, 
draining an area of 7425 km2 in north-western Alge-
ria. The difference in altitude between the source in the 
Tlemcen Mountains and the Mediterranean Sea is 1100 
m. The geology of the drainage basin includes dolomites 
and limestone upstream and a Tertiary basin downstream. 
The terraces and the valley fl oor are occupied by culti-
vated land, while the slopes are covered with scrubland 
and shrub vegetation. The water regime is infl uenced by 
the Mediterranean climate (with sub-humid to semi-arid 
tendencies), characterized by a cold rainy season from 
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November through April and a hot dry period from May 
through October. The Tafna wadi is ephemeral; it fl ows 
permanently only in winter from January to March, with 
discharge decreasing in the spring, and it is interrupted in 
the summer starting in May.

Most of the 12 study wells are used for agricultural or 
domestic purposes, and are located on the right (P1, P2, 
P3, P4, P5, P6) and left (P7, P8, P9, P10, P11, P12) banks 
of a 100-Km stretch of the stream starting from the Ghar 
Boumaza Cave. Four wells are located in the headwaters 
(P1, P2, P3, P4) and eight of them in the lowland (P5, 
P6, P7, P8, P9, P10, P11, P12). The characteristics of the 
wells are summarized in Table 2.

The water table fl ows in Jurassic limestone in the up-
per course of the stream and in Quaternary calcareous 
marl in the lower course, and it is subject to marked os-

cillations. The piezometric level in the study area was 
around 4.20 m below the ground, and it was deeper in the 
low plain wells with a maximum of 16.5 m.

Sampling methods
Temperature, pH, conductivity and dissolved oxy-

gen were measured in situ with a WTW multi-parameter 
probe. The piezometric level (water level below the soil) 
was measured at each sampling date to monitor the quan-
tity of groundwater resources. We used a sound sensor to 
measure the water depth in the wells. Fauna was collected 
in each well six times from May 2005 to March 2006 with 
two types of sampling equipment: a phreatobiological net 
sampler (Cvetkov 1968; Bou 1974) 20 cm in diameter 
at the opening, composed of a cone fi lter with a 150 μm 
mesh, drawn up 10 times in each well through the entire 

Fig. 1 - Hydrographic map of the Tafna wadi and location of the study wells.



23Stygobionts in the Tafna aquifer

water column, which was of different depths in the various 
wells; a nasse-type baited trap developed by Boutin and 
Boulanouar (1983). The traps were set in contact with the 
bottom for 24 hours. The same number of traps was placed 
in each well throughout the sampling period, with the same 
time of immersion. The samples were fi xed in 5% formalin 
in the fi eld. After the sorting, individuals were preserved in 
the fi eld in 70% ethanol before being identifi ed.

All animals were identifi ed to the lowest taxonomi-
cal level possible using published and informal keys, and 
the numbers of individuals of each taxon were recorded. 
Identifi cation sometimes required dissection and exami-
nation under a compound microscope. All Ostracoda 
were identifi ed by P. Marmonier, Isopoda by C. Boutin 
and Amphipoda Salentinellidae by M. Messouli. The Co-
pepoda were not identifi ed beyond the listed taxonomic 
level because of the unavailability of a specialist.

Statistical methods
Abundances were calculated for each type of sampler 

at each well and are expressed in number of individuals 
per volume (ind/m3) and number of individuals per trap 
(ind/trap). One-way analysis of variance (ANOVA 1) 
was used to compare spatial and temporal variations of 
the piezometric level, i.e. between the two hydrological 
periods of winter (high water period) and summer (low 
water period) (factor: season) in each well, and between 
the twelve wells (factor: well). ANOVA 1 was also used 
to compare spatial and temporal variations of the different 
physico-chemical variables. The abundance and richness 
of taxa were compared between wells and between peri-
ods (ANOVA 1). To obtain a normal data distribution, the 
abundance of each taxon was expressed logarithmically 
(Logx+1). The ADE 4 program of Thioulouse et al (1997) 
was used for the statistical analysis. The distribution of all 
crustaceans in the wells was assessed by Correspondence 

Analysis (CA) of the log-transformed data. Two separate 
analyses were performed from a table (two matrixes) with 
72 rows (each representing one well on one sampling date) 
and 8 columns (i.e. variables) representing the density of 
the taxa chosen for analysis (ind/m3 and ind/traps). The 
spatial community distribution was determined with a Be-
tween Analysis. An inter-class discriminant analysis, with 
the variable well, was used to compare the density ranking 
among the twelve wells. All crustacean species, including 
the rare ones, were taken into account in the analysis.

RESULTS

Physico-chemical variables
The temporal variation of the physico-chemical data 

was low (Fig. 2). The temperature followed a normal 
seasonal cycle with the minimum in winter (15 °C re-
corded in P4) and maximum in summer (26 °C in P7). 
The mean temperatures recorded in the wells varied from 
16 °C to 22 °C, with a gradual and signifi cant increase 
from upstream to downstream (p<0.05). Mean conduc-
tivity values were high (3900 μS/cm) and increased sig-
nifi cantly from P1 to P12 (p<0.05). Conductivity varied 
from 540 to 1143 μS/cm in the upper part of the reach 
and from 2610 to 7810 μS/cm in the lower part. The pH 
ranged from 7.3 to 11.27, with the lowest mean value 
(7.3) measured in well P5.

Groundwater was generally under-saturated with dis-
solved oxygen, the DO concentrations ranging from 2 
mg/l at P9 to 9 mg/l at P2; the highest values occurred in 
the upstream wells (more than 70% saturation) (Fig. 2).

Piezometric level
The depth of groundwater in the wells generally 

ranged from a mean of -3.77 m in P5 to -16.25 m in P9. 

Wells
Mean water 
level below 
the soil (m)

Distance/
wadi
(m)

Mean water 
column

(m)

Diameter
(m)

Protection 
wells

Altitude
(m a.s.l.)

P1 -4.64 100 2 1.25 Partial 1010
P2 -7.33 250 2 1.5 - 920
P3 -7.31 1000 2.5 1.2 Partial 922
P4 -9.68 1500 2.5 1.25 Partial 940 
P5 -3.77 50 3 1.60 - 308
P6 -3.87 50 3 1.40 + 305
P7 -8.74 150 2.5 1.25 + 194
P8 -6.24 100 1.5 1.25 + 189
P9 -16.25 800 2.5 1.25 + 192
P10 -12.58 500 9 1.20 + 180
P11 -8.50 150 2 1.30 - 179
P12 -15 1000 3 1.25 Partial 180

Table 1 - Characteristics of the twelve wells.
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It was scarcely infl uenced by climatic variations due to 
low rainfall during the study period. Overall, water levels 
were highest in March in relation to the high aquifer re-
charge during the rainy period (January-March) and low-
est in August. Seasonal water variations in the wells had 
an amplitude of 3 to 4.5 m in the upper reach (p <0.05) 
and became progressively less pronounced in the lower 
course of the river, where they did not exceed 2-3 m, in 
particular at wells P8, P11 and P12. Signifi cant variations 
(p<0.05) recorded in other wells in the lower course were 
mainly related to their use for irrigation (Fig. 3).

The piezometric levels generally differed most be-
tween two types of wells: wells located near the river-
bank (P1, P5, P6, P8), where the water levels reached 
their maximum, and wells far from the riverbank (P4, P9, 
P10, P12) (Fig. 3).

In the upper reach, the mean water level in the wells 
increased from P1 (-4.65 m below the ground surface) to 
P4 (-9.70 m). Downstream, it increased from P6 (-1.36 
m) to P9 (-16.25 m) (p<0.05).

Faunal data
We collected 8309 individuals belonging to 37 taxa 

and 31 families (Table 2). Eight taxa were frequent (pre-
sent in more than 50% of the samples) and 21 were rare 
(present in less than 20% of the samples); the remaining 
taxa were moderately frequent.

Crustaceans represented 93% of the total fauna, 72% 
of which were Isopoda Cirolanidae. Insects represented 
only 5% of the total fauna and were dominated by larvae 
of Diptera Culicidae. Other taxa (Mollusca, Oligochaeta, 
Nematoda and Hydracarina) made up 2% of the total 
(Fig. 4).

The invertebrate fauna collected in the wells consist-
ed of a combination of epigean and hypogean taxa, the 
latter represented mainly by crustaceans. Among the nine 

Fig. 2 - Mean value of the main groundwater physico-chemical variables in the Tafna aquifer. (Bars represent standard deviations).

Fig. 3 - The piezometric level in the study area: main depth 
of the water surface of the aquifer. (Means and standard de-
viations).
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Taxa 

P1 P2 P3 P4 P5 P6

ind. tot
ind
/m3

ind/
trap ind. tot

ind/
m3

ind/
trap ind. tot

ind/
m3

ind/
trap ind. tot

ind/
m3

ind/
trap

ind. 
Tot

ind/
m3

ind/
trap ind. tot

ind/
m3

ind/
trap

Nematoda       18 0.92  1 0.16     
Oligochaeta          
Tubifi cidae          
Limnodrilus sp.       23 0.6   

Lumbriculidae          
Trichodrilus sp.     11 0.53  1 0.08    

Gastropoda          
Bythinellidae         1 0.03
Physidae     9 1.43  1 0.16 53 2.71 1 3 0.08 0.33
Planorbidae       1 0.16   7 0.32
Hydrobiidae          
Copepoda          
Cyclopidae 55 0.984 6.86 2 0.29 4 0.21  158 2.65 15.14 414 6 52.83 115 3.7 9.83
Isopoda          
Cirolanidae          
**Typhlocirolana sp.       6 0.86 6 1  2592 0.08 432
Asellidae          
**Proasellus sp.     47 2.47  1 0.08   1 0.17
Microparasellidae       2 0.16    
**Microcharon sp.          

Amphipoda          
Gammaridae          
Gammarus sp. 274 3.012 35.86 1 0.08  2 0.16  17 0.89  72 4 4.17
**g. sp.       2 0.16  12 1.9
Salentinellidae          
**Salentinella cf. 
angelieri       6 0.47   

Ostracoda          
Cyprididae          
Heterocypris sp. 3 0.221    239 13.28  19 1.15    

Herpetocypris sp.       282 11.05 1.67  

Hydracarina   2 0.24  2 0.32  2 0.156 1 0.17   
Collembola   2 0.13    1 0.08    
Heteroptera          
Mesovellidae   2 0.28 1 0.08  1 0.08    
Corixidae       3 0.5 4 0.66
Naucoridae       6 0.08 0.83  
Pleidae       1 0.16 2 0.33  
Diptera          
Culicidae   60 4.7  1 0.06  18 1.42 20 1.1  25 2.58
Ptychopteridae       1 0.08   
Ceratopogonidae 5 0.793  1 0.13       
Chironomidae   3 0.24  2 0.29  14 1.1 2 1.08   
Dixidae          
Coleoptera          
Limnebiidae   8 0.42       
Elmidae 1 0.158  1 0.08  1 0.05     
Dytiscidae       7 1.17 36 6
Hydraenidae         1 0.03
Haliplidae         7 0.08 1
Curculionidae         1 0.03
Hydrophilidae          
Trichoptera          
Ecnomidae   1 0.05       
Glossosomatidae    1 0.05              
Total Taxonomic 
Richness 5 12 12 12 16 14

Table 2 - Faunal list of the taxa in the twelve wells in the Tafna alluvial aquifer (**: Stygobiont)
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Taxa 

P7 P8 P9 P10 P11 P12

ind. tot ind/ m3
ind/
trap ind. tot ind/m3

ind/
trap ind. tot ind/ m3

ind/
trap ind. tot ind/m3

ind/
trap ind. tot ind/m3

ind/
trap ind. tot ind/m3

ind/
trap

Nematoda        

Oligochaeta        

Tubifi cidae        

Limnodrilus sp.        

Lumbriculidae        

Trichodrilus sp.        

Gastropoda        

Bythinellidae  0.4       

Physidae 3 7 2 0.21 9 0.63 0.17 2 0.064  17 0.84 0.17

Planorbidae      1 0.052  

Hydrobiidae  1 0.11      

Copepoda        

Cyclopidae 4 0.05 0.5   8 0.022 1.17 4 0.47 9 0.212 0.67

Isopoda        

Cirolanidae        

**Typhlocirolana sp. 468 78 2598 433   332 55.33   

Asellidae        

**Proasellus sp.        

Microparasellidae        

**Microcharon sp.        

Amphipoda        

Gammaridae        

Gammarus sp.  3 0.29      

**g. sp. 3 0.16 4 0.08 0.5 1 0.05  4 0.42   

Salentinellidae        
**Salentinella cf. 
angelieri  1 0.08      

Ostracoda        

Cyprididae        

Heterocypris sp. 5 0.55 0.17  4 0.31 2 0.064    

Herpetocypris sp.      3 0.105 0.17

Hydracarina        

Collembola        

Heteroptera        

Mesovellidae        

Corixidae        

Naucoridae        

Pleidae        

Diptera        

Culicidae 1 0.16 17 1.79 7 0.47 10 0.25 41 4.24 15 0.86 0.17

Ptychopteridae        

Ceratopogonidae   1 0.04  1 0.105 1 0.04  

Chironomidae   2 0.08 0.17 2 0.05 5 0.42 8 0.38 0.17

Dixidae    1 0.012    

Coleoptera        

Limnebiidae        

Elmidae        

Dytiscidae        

Hydraenidae        

Haliplidae        

Curculionidae        

Hydrophilidae    1 0.012    

Trichoptera        

Ecnomidae        

Glossosomatidae                   
Total Taxonomic 
Richness 6 7 6 7 6 7
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crustacean taxa, fi ve were stygobiont. The most diverse 
groups were Isopoda (3 taxa) and Amphipoda (3 taxa), 
followed by Ostracoda (2 taxa) and Copepoda Cyclopi-
dae. The last taxon might be a stygobitic species.

Larval stages of winged insects belonged to 18 fami-
lies; the most diverse order was Coleoptera (7 families) 
followed by Diptera (5 families), Heteroptera (4 fami-
lies) and Trichoptera (2 families).

The mean taxonomic richness recorded in all the wells 
was 10 taxa. Stygobionts were represented by 5 taxa: Isop-
oda Cirolanidae (Typhlocirolana sp.), Microparasellidae 
(Microcharon sp.) and Asellidae (Proasellus sp.), Amphi-
poda Salentinellidae (Salentinella cf. angelieri) and Gam-
maridae (stygobitic Gammaridae sp.). Specimens of all 
these Amphipoda were without eyes and pigment.

The mean density of invertebrates varied signifi -
cantly among wells (p<0.05), being lowest in P9 (0.26± 
0.56 ind/m3; 0.4 ± 0.51 ind/trap) and highest in the P6 
(2.14±1.71 ind/m3; 452±247 ind/trap). These differences 
among wells were primarily due to crustaceans, among 
which only the Isopoda Cirolanidae showed strong vari-
ations in abundance. The difference in Cirolanidae abun-
dance among wells was signifi cant (ANOVA 1, p<0.05). 
Isopods were most abundant in P6 and P8, with a mean 
density of 452±232 ind/trap and 433±247 ind/trap re-
spectively (Fig. 5). In contrast, the mean density of in-
sects was low and varied among wells, albeit without 
signifi cant differences.

The structure of the invertebrate fauna varied among 
wells. Although the mean taxonomic richness was simi-
lar among wells (Table 1), the total number of taxa 
showed signifi cant differences (p<0.05) (Fig. 6). Well P5 
was most taxa-rich (16 taxa) and P1 least taxa-rich (only 
5 taxa). This difference in richness is explained mainly 
by the presence of insect families: 6 and 8 families were 
present in P4 and P5 respectively. The richness of wells 
P4 and P5 can also be explained by the presence of 3 and 
5 stygobiont species respectively.

A strong dominance of a few taxa was generally ob-
served, with one dominant taxon per well, often represent-
ing over 70% of the total fauna. This was particularly true 
for Cyclopidae in P4 (70%), for the Ostracoda Hetero-
cypris sp. in P3 (71%), for the Gammaridae Gammarus 
sp. in P1 (81%) and for Diptera Culicidae in P2 (70%). In 
well P5, Cyclopidae represented 49% of the total fauna 
and the Ostracoda Herpetocypris sp. 33.37%. Similarly, 
stygobitic crustaceans were dominated by the single spe-
cies Typhlocirolana sp. which represented 86-98% of the 
total abundance in wells P6, P7, P8 and P11. In P9 and 
P12, the invertebrate community was dominated by two 
epigean taxa: Physidae (Mollusca, Gastropoda) and Cu-
licidae (Arthropoda, Insecta). The remaining taxa were 
only present in 1 to 3 wells with very low abundance 
(<3%), except for Chironomidae (Arthropoda, Insecta) 
which were present in most wells with low abundance.

In general, the taxonomic richness and total abun-
dance did not vary signifi cantly over time (p>0.05). For 

Fig. 4 - Relative abundance of invertebrates: total (epigean + 
stygobitic), epigean (insects) and stygobionts (crustaceans).
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most wells, there was only a temporal change in compo-
sition. For example, among the stygobiont crustaceans, 
Typhlocirolana and the stygobitic undetermined Gam-
maridae species were present throughout the entire sam-
pling period, while Microcharon sp., Proasellus sp. and 
Salentinella cf. angelieri were present only from March, 
in relation to the aquifer recharge.

Comparative use of two sampling methods
The phreatobiological net sampler allowed us to col-

lect 35 taxa and 1393 individuals belonging to 4 higher 
stygofaunal taxonomic groups, primarily Crustacea Sal-
entinellidae (S. cf. angelieri), Isopoda (Microcharon), 
Asellidae (Proasellus) and Ostracoda (Fig. 6). The nasse 
trap yielded only 17 taxa and 6916 individuals, consist-
ing mainly of Cirolanidae (Typhlocirolana), Gammaridae 
(Gammarus) and Cyclopidae (Fig. 7). All taxa of other 
groups were collected with the net sampler, especially 
Culicidae, Ceratopogonidae, Trichoptera, Oligochaeta 
and nematodes which were absent in the trap (Fig. 7)

Comparison of the two techniques by ANOVA1 re-
vealed a signifi cant difference in taxonomic richness 
and abundance (p<0.05).The phreatobiological net 
had higher total richness but lower total abundance, 
whereas the trap had lower total richness but higher 
total abundance (Table 2).

Spatial distribution of crustaceans
Copepoda, Ostracoda and the isopod Typhlocirolana 

sp. were widely distributed along the longitudinal transect, 
with a maximum number of 2500 individuals per well. The 
total abundance was signifi cantly different among wells 
(p<0.01), being much higher in the wells near the riverbank 
(P1, P5, P6, P8). However, the correlation (Pearson) of crus-
tacean total abundance and the distance to the river was not 
signifi cant (P=0.11). Stygobitic Gammaridae coexisted with 
Cyclopidae, Ostracoda and Typhlocirolana sp., but Gam-
maridae were less abundant and frequent. Collections of Mi-
crocharon, Salentinella and Proasellus were rare (Fig. 8).

The results of the Correspondence Analysis (Fig. 9) 
show the spatial distribution of various crustacean spe-
cies on the longitudinal transect of the Tafna alluvial aq-
uifer for both sampling techniques:

Phreatobiological net sampling
The byplot explains 55% of the variability of the data 

matrix, with 30% of the variance explained by the fi rst 
axis. The F1 axis is mainly related to four crustacean taxa 
(Proasellus, Cyclopidae, Salentinella and Ostracoda) lo-
cated near the ends of the axis (Fig. 9 A). An inter-well 
discriminant analysis was performed to understand the 
contribution of the wells to the variability. Four wells 
were discriminated mainly by the F1 axis and are divided 
into two groups according to the distance that separates 
them from the bed of the wadi. The fi rst group is nega-
tively correlated to the axis and is associated with Proa-
sellus and Microcharon. It is formed by wells P3 and P4, 
farthest from the stream. In contrast, the second group 
(wells P1, P6 and P8, all located near the stream bed) is 
associated mainly with Cyclopidae, S. cf. angelieri and 
stygobitic Gammaridae. The F2 axis isolates P5 and P12, 
characterized by the ostracod Herpetocypris.

Trap sampling
The byplot explains 70% of the variability of the data 

matrix, with 38% of the variance explained by the fi rst 

Fig. 5 - Mean density of total taxa (epigean + stygobitic) col-
lected in the wells with the two sampling techniques.

Fig. 6 - Total number of taxa (epigean + stygobitic) and of sty-
gobitic taxa collected in the wells.

Fig. 7 - Relative abundance of crustaceans (epigean + stygob-
itic) collected with the two sampling techniques.
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in Morocco, e.g. by Boutin and Dias (1987) at Marrakech (a 
mean of 12 species in 11 wells), by Boulal (1988) in Tiznit 
region in the northern Anti-atlas (a mean of 14 species in 10 
wells) and by Boutin and Idbennacer (1989) in the southern 
Anti-atlas (a mean of 10.8 species in 7 wells). Moreover, the 
subterranean aquatic fauna collected in this study is char-
acterized by relatively low taxonomic richness: 11 and 18 
stygobitic species were reported in previous studies of wells 
in Morocco (Boulal 1988; Boulanouar 1986).

Fig. 8 - Spatial distributions of the fi ve stygobiont taxa in the 
twelve wells.

axis. Three wells were discriminated mainly by the F1 
axis. P7 is positively correlated to the axis and is associ-
ated with a low density of Typhlocirolana. In contrast, 
P6 and P8 are associated with a high abundance of this 
isopod. The F2 axis isolated P1, characterized by the 
dominance of Gammarus, and P12, associated with the 
ostracod Herpetocypris (Fig. 9 B).

DISCUSSION

The fauna of the wells in the Tafna alluvial aquifer is 
dominated by epigean taxa (86% of all taxa). The mean tax-
onomic richness in the 12 wells is lower than that observed 

Fig. 9 - Between-group Correspondence Analysis of crusta-
ceans sampled in the wells with the (A) phreatobiological net 
sampler and (B) trap sampler.
Position of the crustaceans and wells in the F1-F2 ordination 
graph. Position of taxa in the F1-F2 ordination graph indicated 
by small squares, position of wells by large circles.
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Of the 34 species of stygobitic crustaceans identifi ed 
in Algeria, 5 were already recorded and identifi ed in the 
Tlemcen area: 4 Harpacticoida and 1 Asellidae (Decu et 
al 2001). Five taxa were recorded in the study wells. Mi-
crocharon sp. (Isopoda Microparasellidae) was recorded 
only in well P4. Two species of this genus have been 
cited for Algeria (Decu et al 2001): Microcharon zibani 
Pesce and Tetè 1978 and M. karamani Pesce and Tetè 
1978, collected respectively in wells of Biskra and Di-
rah in eastern Algeria. Proasellus sp. (Isopoda Asellidae) 
was recorded in wells P3, P4 and P6. It should be noted 
that Proasellus notenboomi Henry and Magniez, 1981 
was recorded in the study area in a karst spring between 
900 and 1100 m altitude in Sebdou (Tlemcen) (Decu et 
al 2001; Henry and Magniez 2001). Eight species of this 
genus have been cited for Algeria, but only three of them 
are depigmented and anophthalmic, namely P. notenboo-
mi in Tlemcen, P. delhezi in Kabily and P. bragadicus 
(Decu et al 2001; Henry and Magniez 2001). However, 
no Stenasellidae were recorded in the study wells, even 
though two species of this group have been cited for Al-
geria; Johannella purpurea Monod recorded in Msila 
and Metastenasellus leysi Magniez in Ain Sefra.

Typhlocirolana sp. (Isopoda Cirolanidae) was record-
ed in wells P4, P5, P6, P7, P8 and P11. Three species 
of Typhlocirolana were previously described for Algeria 
(Racovitza 1912), two in the north-west (T. buxtoni and 
T. gurney) and one in the south-east (T. fontis). Salenti-
nella cf. angelieri (Amphipoda Salentinellidae) was re-
corded in wells P5 and P8 and stygobitic Gammaridae 
sp. (Amphipoda Gammaridae), depigmented and anoph-
thalmic, was recorded in wells P5, P6, P7, P8, P9 and 
P11. One species of stygobitic Gammaridae had already 
been identifi ed in Algeria, namely Echinogammarus ta-
capensis collected from a spring near Guelma in east-
ern Algeria (Stock 1986). However, no Melitidae and 
no Bogidiellidae were recorded in the study wells. Two 
stygobitic species of Pseudoniphargus were previously 
cited for Algeria, P. africanus Chevreux in Annaba and 
P. macrotelsonis Chevreux et Gauthier in Guelma, while 
two stygobitic species of Bogidiella were known for east-
ern Algeria, B. africana Karaman et Pesce in Biskra and 
B. chapuis Ruffo.

No specimens of the depigmented and anophthal-
mic Syncarida Parabathynellidae were collected in our 
samples, although this taxon was previously recorded 
in the hyporheic habitat of the Tafna wadi by Gagneur 
and Chaoui-Boudghane (1991) and Belaidi et al (2004); 
hence, it can be considered the sixth stygobitic taxon 
from the Tafna alluvial aquifer. It should be noted that 
Cteniobathynella essameuri Dumont Syncarida Para-
bathynellidae is a stygobitic species recorded in the cen-
tral Sahara of Algeria (Decu et al 2001).

Copepoda Cyclopidae were collected in most of the 
study wells. This group is represented in Algeria by one 
stygobitic species, Megacyclops donnaldsoni algericus 
Kiefer recorded in Ain Sefra (Decu et al 2001). How-

ever, no Copepoda Harpacticoida were collected in the 
wells during the study period, despite the presence of fi ve 
stygobitic species in Algeria identifi ed by Rouch (1986). 
Four of them were recorded in Tlemcen: Parapseudolep-
tomesochra minoricae (Chapuis et Rouch), Elaphoidella 
algeriensis, Parastenocaris numidiensis Rouch and Par-
apseudoleptomesochra sp. The fi fth species, Nitocrellop-
sis petkovskii Rouch, was recorded in Bechar. Moreover, 
Copepoda Harpacticoida were previously recorded in a 
hyporheic zone of the study area (Belaidi et al 2004).

The fauna collected in the study wells is mainly 
represented by the genus Typhlocirolana (Cirolanidae), 
which coexists in the wells with the undetermined sty-
gobitic Gammaridae species collected with the same 
frequency but with lower abundance. The coexistence of 
these two species is related to the particle size of the sedi-
ment, which provides favourable conditions for the es-
tablishment of a large fauna; in fact, according to Boutin 
(1984), Typhlocirolana occurs where the sediment spaces 
are large enough to allow free space for the animal.

Among the rare taxa, Salentinella cf. angelieri (Am-
phipoda, Salentinellidae) was collected in only two 
wells, with low abundance and very low frequency. This 
confi rms its preference for deep aquifers (Marmonier 
and Dole 1986). The Microparasellidae Microcharon 
sp. (Isopoda) is very abundant in the hyporheic zone of 
Tafna wadi (Gagneur and Chaoui-Boudghane 1991; Be-
laidi et al 2004) and was accidentally collected in one of 
the study wells. This is probably related to the sampling 
methods. A third taxon collected with low abundance and 
intermediate frequency in three of the wells is the isopod 
Proasellus sp. (Asellidae). The rarity of this taxon is re-
lated to water withdrawal from the wells for irrigation: in 
fact, its density increased during the entire study period 
when water was not pumped.

In general, the distribution of the stygofauna in the 
Tafna alluvial aquifer was very heterogeneous. The spa-
tial distribution of species in the groundwater indicates 
that they are preferentially located in areas infl uenced by 
the river water. In fact, the species diversity and abun-
dance were higher in wells located near the riverbed 
than those further away along the bank. This distribution 
may refl ect environmental conditions in the groundwater 
which correspond to the species’ requirements. Almost all 
of the oxygen and organic matter required by the stygo-
fauna comes from surface water (Ward and Palmer 1994); 
hence, there is an attraction effect of surface water on sty-
gobitic fauna (Maridet et al 1992). Indeed, mixing with 
the stream surface water was higher near the bed. It should 
be noted that during low water fl ow the river was fed by 
dam release water (Taleb et al 2004). These results con-
fi rm the crucial role of connectivity between groundwater 
and surface water identifi ed by Dole-Olivier (1998), and 
particularly in the wadi system by Gagneur and Chaoui-
Boudghane (1991), Belaidi et al (2004) and Taleb et al 
(2008) (the term “wadi” generally used in North Africa to 
name watercourses refers to the great variations in fl ow).
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We did not detect a differential distribution of the 
stygobitic taxa along a longitudinal gradient, despite the 
north-south gradient of increasing conductivity recorded 
in the wells. Indeed, an extremely high gradient of wa-
ter salinity is tolerated by cirolanids, which live in water 
with salinity ranging from perfectly fresh water to almost 
sea water (Botosaneanu 1986). This would explain the 
wide distribution of this species in the Tafna alluvial aq-
uifer and, similarly, the wide distribution recorded for 
Salentinella sp., which belongs to a genus that may live 
in saline waters (Notenboom 1991).

CONCLUSION

At present, we are still far from knowing the actual 
groundwater biodiversity in the Tafna watershed. In Al-
geria, data on the stygofauna are still very fragmentary 
and rare due to the few sampling campaigns conducted in 
the past. Signifi cant efforts are still required to increase 
our knowledge about the presence and distribution of sty-
gobitic fauna, and it is likely that many taxa have yet to 
be discovered.
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