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ABSTRACT

Annual cycle of water quality and macroinvertebrate composition in Algerian wetlands: A case study of Lake Réghaïa 
(Algeria)

The Réghaïa wetland is a site of great ecological relevance and is included in the list of Ramsar wetlands of international impor-
tance. However, this wetland has always been subject to several risks, such as pollution, that threaten its terrestrial and aquatic 
biota. The water quality of the lake is classified as class 4 (highly polluted) according to Algerian standards. However, until now, 
there has been no study analysing the macroinvertebrate fauna of this important site. Therefore, in order to characterize the state 
of this wetland of international importance, which is highly affected by intense physical and chemical pollution of agricultural 
and anthropogenic origin, we studied its water quality (physical and chemical parameters) and its biological communities for 
one year to consider possible seasonal trends. According to our results, seasonal changes in the concentrations of physical and 
chemical elements were found, summer being the season with the highest level of nutrients and other pollutants concentration 
in the water. Although we observed these different environmental conditions throughout the year, we did not find evident differ-
ences in the communities of macroinvertebrates that showed small changes in composition and structure throughout the year.
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RESUMEN

Ciclo anual de la calidad del agua y la composición de los macroinvertebrados en los humedales de Argelia: Un estudio de 
caso del Lago Réghaïa (Argelia)

El humedal de Réghaïa es un sitio de gran relevancia ecológica, por lo que está incluido en la lista de humedales de importan-
cia internacional de Ramsar. Sin embargo, este sitio está sometido a varios riesgos como la contaminación que amenaza su 
biota terrestre y acuática. La calidad del agua del lago está clasificada como clase 4 (altamente contaminada) según los 
criterios argelinos. Para caracterizar el estado de este medio acuático afectado por una intensa contaminación física y quími-
ca de origen agrícola y antropogénico, se estudió la calidad del agua (parámetros físicos y químicos) y las características de 
las comunidades biológicas que viven en él. Para ello, nuestro trabajo analizó durante un año la calidad del agua y la compo-
sición y estructura de las comunidades de macroinvertebrados de este humedal. Según nuestros resultados, las características 
físicas del agua y las concentraciones de elementos químicos fueron distintos, acorde con las estaciones. El verano tuvo el nivel 
más alto de concentración de nutrientes y otros contaminantes en el agua. Aunque observamos estas distintas condiciones a lo 
largo de las estaciones del año, las comunidades de macroinvertebrados mostraron una baja respuesta a las distintas condi-
ciones físicas y químicas, mostrando muy pocos cambios en la composición y estructura a lo largo del año.

Palabras clave:  calidad del agua, comunidades de macroinvertebrados, sucesión estacional, contaminación, humedales 
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Limnetica, 40(2): 399-415 (2021). DOI: 10.23818/limn.40.27
© Asociación Ibérica de Limnología, Madrid. Spain. ISSN: 0213-8409

https://orcid.org/0000-0001-5468-2236
https://orcid.org/0000-0002-4755-855X
https://orcid.org/0000-0001-7337-4263
https://orcid.org/0000-0001-8666-346X
https://orcid.org/0000-0002-1227-8566
https://orcid.org/0000-0003-1951-9083
https://orcid.org/0000-0002-4070-1915


Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

400 401

402 403

404 405

406 407

408 409

410 411

412 413

414 415

Djitli et al.

Djitli et al.

Djitli et al.

Djitli et al.

Djitli et al.

Djitli et al.

Djitli et al.

Djitli et al.

des connaissances et perspectives de gestion. 
Synthèse (numéro spécial) 4: 1-90.

SAYOUD, M. S. 2017. Contribution à l’évalua-
tion de la qualité des eaux du Lac de Réghaïa 
par Indice Diatomique Générique – IDG. 
Master II Thesis. Université M’Hamed 
Bougara Boumerdes.

SERRANO, L., M. REINA, G. MARTÍN, I. 
REYES, A. ARECHEDERRA, D. LEÓN & J. 
TOJA. 2006. The aquatic systems of Doñana: 
watersheds and frontiers. Limnetica, 25: 
11–32.

SERRANO, L., M. REINA, X. D. QUINTANA, 
S. ROMO, C. OLMO, J. M. SORIA, S. 
BLANCO, C. FERNÁNDEZ-ALÁEZ, M. 
FERNÁNDEZ-ALÁEZ, M. C. CARIA, S. 
BAGELLA, T. KALETTKA & M. PÄTZIG. 
2017. A new tool for the assessment of severe 
anthropogenic eutrophication in small 
shallow water bodies. Ecological Indicators, 
76: 324-334. DOI: 10.1016/j.ecolind.2017.
01.034

SOY-MASSONI, E., J. LANGEMEYER, D. 
VARGA, M. SÁEZ & J. PINTÓ. 2016. The 
importance of ecosystem services in coastal 
agricultural landscapes: Case study from the 
Costa Brava, Catalonia. Ecosystem Services, 
17: 43-52. DOI: 10.1016/j.ecoser.2015.11.004

TACHET, H., M. BOURNAUD, P. RICHOUX 
& P. USSEGLIO-POLATERA. 2000. Inver-
tébrés des eaux douces: Systématique, Ecolo-
gie, Biologie. Editions du CNRS, Paris. 

TAGLIAPIETRA, D., G. PESSA, M. CORNEL-
LO, A. ZITELLI & P. MAGNI. 2016. Tempo-
ral distribution of intertidal macrozoobenthic 

assemblages in a Nanozostera noltii-domina-
ted area (Lagoon of Venice). Marine environ-
mental research, 114: 31-39. DOI: 10.1016/j.
marenvres.2015.11.009

THIBAULT, M. 2006. Plan De Gestion de la 
réserve Naturelle du Lac de Réghaia (ALGE-
RIE). Projet Maghreb Zones Humides. Protec-
tion et développement durable des zones 
humides en Afrique du Nord.

VERDONSCHOT, R. C., H. E. KEIZER-VLEK 
& P. F. VERDONSCHOT. 2012. Develop-
ment of a multimetric index based on 
macroinvertebrates for drainage ditch 
networks in agricultural areas. Ecological 
indicators, 13: 232-242. DOI: 10.1016/j.
ecolind.2011.06.007

VERHOEVEN, J. T., B. BELTMAN, R. BOB-
BINK & D. F. WHIGHAM (Eds.). 2006. 
Wetlands and natural resource management. 
Springer-Verlag, Berlin.

VIAROLI, P. & R. R. CHRISTIAN. 2003. 
Description of trophic status, hyperautotrophy 
and dystrophy of a coastal lagoon through a 
potential oxygen production and consumption 
index - TOSI: Trophic Oxygen Status Index. 
Ecological Indicators, 3: 237–250. DOI: 
10.1016/j.ecolind.2003.11.001

VICENTE, E. & M. R. MIRACLE. 1992. The 
coastal lagoon Albufera de Valencia: An 
ecosystem under stress. Limnetica, 8: 87-100.

ZOUATINE, M. 2019. Approche à l’étude d’une 
stratégie de développent durable des ressour-
ces hydriques cas du lac de Réghaïa. Master II 
Thesis. Univesity Mohamed Khider, Biskra, 
Algerie.

faunistique et l’écologie des macroinverté-
brés des cours d’eau de Kabylie. PhD. Thesis 
Université Mouloud Maameri de Tizi Ouzou, 
Algérie.

JASSBY, A. D. & C. R. GOLDMAN. 1974. A 
quantitative measure of succession rate and its 
application to the phytoplankton of lakes, 
American Naturalist, 108: 688-693.

JEPPESEN, E., J. P. JENSEN, M. SØNDER-
GAARD, T. LAURIDSEN & F. LANDKIL-
DEHUS. 2000. Trophic structure, species 
richness and biodiversity in Danish lakes: 
changes along a phosphorus gradient. Fresh-
water Biology, 45: 201–218.

KEDDY, P. A. 2000. Wetland ecology: princi-
ples and conservation. Cambridge University 
Press, Cambridge.

KHEDIMALLAH, R. & A. TADJINE. 2016. 
Contribution à la connaissance des macroin-
vertébrés de l'écosystème lacustre: Lac Tonga 
au Parc National d'El Kala. Bulletin de la 
Société Zoologique de France, 141: 121-140.

KJERFVE, BJÖRN. 1994. Coastal Lagoons 
Processes. Elsevier, Amsterdam.

LARID, M. 2008. La zone côtière Humide de 
Réghaïa dans le littoral Est Algérois 
(Algérie): Contribution méthodologique à son 
plan de gestión. Cybergeo: European Journal 
of Geography, Environment, Nature, Lands-
cape, document 425. DOI: 10.4000/cybergeo.
18852

LÓPEZ-FLORES, R., X. D. QUINTANA, A. M. 
ROMANÍ L. BAÑERAS, O. RUIZ-RUEDA, 
J. COMPTE, A. J. GREEN & J. J. 
EGOZCUE. 2014. A compositional analysis 
approach to phytoplankton composition in 
coastal Mediterranean wetlands: Influence of 
salinity and nutrient availability. Estuarine, 
Coastal and Shelf Science, 136:72-81. DOI: 
10.1016/j.ecss.2013.11.015

MCARDLE, B. H. & M. J. ANDERSON. 2001. 
Fitting multivariate models to community 
data: a comment on distance-based redundan-
cy analysis. Ecology, 82: 290– 297. DOI: 
10 .1890 /0012-9658(2001)082[0290 :
FMMTCD]2.0.CO;2

MELHAOUI, M. 2010. Echantillonnage et étude 
des macro-invertébrés de la Moulouya, Docu-
ment du stage de formation à la connaissance 

et la gestion de la biodiversité aquatique. 
Moulouya. Maroc.

MOISAN, J. 2010. Guide d’identification des 
principaux macroinvertébrés benthiques 
d’eau douce du Québec, surveillance volon-
taire des cours d’eau peu profonds. Direction 
du suivi de l’état de l’environnement, 
Ministère du Développement Durable, de 
l’Environnement et des Parcs, Québec.

NEBRA, A., N. CAIOLA & C. IBÁÑEZ. 2011. 
Community structure of benthic macroinver-
tebrates inhabiting a highly stratified Mediter-
ranean estuary. Scientia Marina, 75: 577-584. 
DOI: 10.3989/scimar.2011.75n3577

OKSANEN, J., F. G. BLANCHET, R. KINDT, 
P. LEGENDRE, P. R. MINCHIN, R. B. 
O’HARA, G. L. SIMPSON, P. SOLYMOS, 
M. H. H. STEVENS & H. WAGNER. 2014. 
Vegan: Paquet d'écologie communautaire. 
Version du package R 2.2-0.

PÉREZ-RUZAFA, A., C. MARCOS & I. M. 
PÉREZ-RUZAFA. 2011. Mediterranean 
coastal lagoons in an ecosystem and aquatic 
resources management context. Physics and 
Chemistry of the Earth, 36: 160–166. DOI: 
10.1016/j.pce.2010.04.013 

PIELOU, E. C. 1969. An introduction to mathe-
matical ecology. Wiley, New York.

PILÓ D., F. PEREIRA A, A. CARRIÇO, J. 
CÚRDIA, P. PEREIRA, M. B. GASPAR & S. 
CARVALHO. 2015. Temporal variability of 
biodiversity patterns and trophic structure of 
estuarine macrobenthic assemblages along a 
gradient of metal contamination. Estuarine, 
Coastal and Shelf Science, 167: 286-299. 
DOI: 10.1016/j.ecss.2015.06.018

QUINTANA, X. D., R. MORENO-AMICH & F. 
A. COMÍN. 1998. Nutrient and plankton 
dynamics in a Mediterranean salt marsh domi-
nated by incidents of flooding. Part 1: Differ-
ential confinement of nutrients. Journal of 
Plankton Research, 20: 2109–2127. DOI: 
10.1093/plankt/20.11.2089

R DEVELOPMENT CORE TEAM. 2018. R: A 
Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation 
for Statistical Computing.

SAMRAOUI, B. & G. DE BELAIR. 1998. Les 
zones humides de la Numidie orientale: Bilan 

10.1016/j.ecss.2012.04.028
DALU, T., B. CLEGG & T. NHIWATIWA. 

2012. Macroinvertebrate communities associ-
ated with littoral zone habitats and the influ-
ence of environmental factors in Malilangwe 
Reservoir, Zimbabwe. Knowledge and Mana-
gement of Aquatic Ecosystems, 406: 2-15. 
DOI: 10.1051/kmae/2012023

DECLERCK, S., J. VANDEKERKHOVE, L. 
JOHANSSON, K. MUYLAERT, J. M CON-
DEPORCUNA, K. VAN DER GUCHT, C. 
PÉREZMARTÍNEZ, T. LAURIDSEN, K. 
SCHWENK, G. ZWART, W. ROMMENS, J. 
LÓPEZ-RAMOS, E. JEPPESEN, W. 
VYVERMAN, L. BRENDONCK & L. DE 
MEESTER. 2005. Multi-group biodiversity in 
shallow lakes along gradients of phosphorus 
and water plant cover. Ecology, 86: 
1905–1915. DOI: 10.1890/04-0373

DELLA BELLA, V. & L. MANCINI. 2009. 
Freshwater diatom and macroinvertebrate 
diversity of coastal permanent ponds along a 
gradient of human impact (site degradation) in 
a Mediterranean eco-region. Hydrobiologia, 
634: 25–41. DOI: 10.1007/978-90-481-9088-
1_16

DJAMAI S., F. MIMECHE, E. BENSACI & F. J. 
OLIVA-PATERNA. 2019. Diversity of 
macro-invertebrates in Lake Tonga (northeast 
Algeria). Biharean Biologist, 13: 8-11. 

DJITLI, Y., 2016. Contribution à l’étude des 
oiseaux d’eau du lac de Réghaïa. Engineering 
Thesis of agronomy. Dép. Zoologie agricole 
et forestière. ENSA- Algérie.

DUGDALE, R. C. & J. J. GOERING. 1967. 
Uptake of new and regenerated forms of nitro-
gen in primary productivity. Limnology and 
Oceanography, 12: 196-206. DOI: 10.4319/
lo.1967.12.2.0196

DURAND, J. R. & C. LÉVÊQUE. 1981. Flore et 
faune aquatiques de l'Afrique sahélo-souda-
nienne (Tome II), ORSTOM. Paris.

EL HAOUATI, H., 2009. Suivi de la caractéristi-
que physico-chimique et phytoplanctonique 
du lac de Réghaïa. Magister Thesis 
U.S.T.H.B Alger.

EVAGELOPOULOS, A., D. KOUTSOUBAS, 
A. BASSET, M. PINNA, C. DIMITRIADIS, 
F. SANGIORGIO, & C. DOUNAS. 2008. 

Spatial and seasonal variability of the 
macrobenthic fauna in Mediterranean solar 
saltworks ecosystems. Aquatic Conservation: 
Marine & Freshwater Ecosystems, 18: 
118-134. DOI: 10.1002/aqc.948

GAMITO, S., J. GILABERT, C. MARCOS & A. 
PEREZ-RUZAFA. 2005. Effects of changing 
environmental conditions on lagoon ecology. 
In: Coastal lagoons: ecosystem processes and 
modeling for sustainable use and develop-
ment. I.E. Gonenc & , J.P. Wolflin (eds.). 
193-229. CRC Press, Boca Raton, 

GASCÓN, S., D. BOIX, J. SALA & X. D. QUIN-
TANA, 2005. Variability of benthic assem-
blages in relation to the hydrological pattern 
in Mediterranean salt marshes (Empordà 
wetlands, NE Iberian Peninsula). Archiv fur 
Hydrobiologie, 163: 163–181. DOI: 10.1127/
0003-9136/2005/0163-0163

GASCÓN, S., X. LLOPART, A. RUIZ-NAVAR-
RO, J. COMPTE, D. VERDIELL-CUBEDO, 
D. BOIX, F. J. OLIVA-PATERNA, X. D. 
QUINTANA & M. TORRALVA. 2013. The 
effects of Aphanius iberus predation on an 
aquatic community: diel changes and the role 
of vegetation. Fundamental and Applied 
Limnology, 182: 75–87. DOI: 10.1127/
1863-9135/2013/0401

GLIBERT P. M., J. N. BOYER, C. A. HEIL, C. J. 
MADDEN, B. STURGIS & C. S. WAZNI-
AK. 2010. Blooms in Lagoons: Different 
from Those of River-Dominated Estuaries. In: 
Coastal Lagoons: Critical Habitats of Envi-
ronmental Change. M.J. Kennish & H.W. 
Paerl (eds.). 91-114. Taylor and Francis 
group, Boca Ratón.

GOLTERMAN, H. L. 2004. The Chemistry of 
Phosphate and Nitrogen Compounds in 
Sediment. Kluwer Academic Publishers, 
Dordrecht.

GOPAL, B. & W. J. JUNK. 2000. Biodiversity in 
wetlands: assessment, function and conserva-
tion. Backhuys Publishers, Leiden.

GUELORGET, O. & J. P. PERTHUISOT. 1983. 
Le domaine paralique. Expressions géologi-
ques, biologiques et économiques du confine-
ment. Travaux du laboratoire de Géologie, 16. 
Presse de l’Ecole Normale Supérieure, Paris.

HAOUCHINE S., 2011. Recherches sur la 

conditions. Estuarine,Coastal and Shelf 
Science, 216: 139147. DOI: 10.1016/j.ecss.
2018.01.018

AYDI, A. & F. BENAMARA. 2004. Contribu-
tion à l’étude du lac de Réghaïa, caractéristi-
que écologique et physico-chimique. Engi-
neering Thesis. U.S.T.B.H Alger

BADOSA, A., D. BOIX, S. BRUCET, R. 
LÓPEZ-FLORES & X. D. QUINTANA. 
2006. Nutrients and zooplankton composition 
and dynamics in relation to the hydrological 
pattern in a confined Mediterranean salt 
marsh (NE Iberian Peninsula). Estuarine, 
Coastal and Shelf Science, 66:513-522. DOI: 
10.1016/j.ecss.2005.10.006

BADOSA, A., D. BOIX, S. BRUCET, R. 
LÓPEZ-FLORES & X. D. QUINTANA. 
2008. Short-term variation in the ecological 
status of a Mediterranean coastal lagoon (NE 
IberianPeninsula) after a man-made change of 
hydrological regime. Aquatic Conservation:-
Marine and Freshwater Ecosystems, 18: 
1078-1090. DOI: 10.1002/aqc.898

BAKHOUCHE, B., T. GHOULEM, I. DJEMA-
DI, K. DRAIDI & D. ESCORIZA. 2019. 
Phenology and population structure of the 
Mediterranean stripe-necked terrapin Maure-
mys leprosa (Schweigger, 1812) in the 
Reghaïa Lake (northern Algeria). Basic and 
Applied Herpetology, 33: 43-51. DOI: 10.
11160/bah.170

BEKLIOGLU, M., S. ROMO, I. KAGALOU, X. 
D. QUINTANA & E. BÉCARES. 2007. State 
of the art in the functioning of shallow Medi-
terranean lakes: workshop conclusions. 
Hydrobiologia, 584: 317–326. DOI: 10.1007/
s10750-007-0577-x

BOIX, D., J. SALA, S. GASCÓN, M. MAR-
TINOY, J. GIFRE, S. BRUCET, A. 
BADOSA, R. LÓPEZ-FLORES & X. D. 
QUINTANA. 2008. Patterns of composition 
and species richness of crustaceans and aquat-
ic insects along environmental gradients in 
Mediterranean wetlands. Hydrobiologia, 597: 
53-69. DOI: 10.1007/978-90-481-9088-1

C. C. R. (CENTRE CYNEGETIQUE DE 
RÉGHAÏA). 2019. Plan de gestion du lac de 
Réghaïa, Algérie.

CLARKE K, & R. WARWICK. 1998. A taxo-

nomic distinctness index and its statistical 
properties. Journal of Applied Ecology, 35: 
523–531. DOI: 10.1046/j.1365-2664.1998.
3540523.x

CLARKE, K. R. & R. M. WARWICK. 2001. A 
further biodiversity index applicable to 
species lists: variation in taxonomic distinct-
ness. Marine Ecology Progress Series, 216: 
265–27. DOI: 10.3354/meps216265

CLARKE, K. R. & R. N. GORLEY. 2006. 
PRIMER v6: User Manual/Tutorial. PRIM-
ER-E. Plymouth.

COELHO, S., A. PEREZ-RUZAFA. & S. 
GAMITO. 2015. Effects of organic pollution 
and physical stress on benthic macroinverte-
brate communities from two intermittently 
closed and open coastal lagoons (ICOLLs). 
Estuarine, Coastal and Shelf Science, 167: 
276-285. DOI: 10.1016/j.ecss.2015.08.013

COGNETTI, G. & F. MALTAGLIATI. 2000. 
Biodiversity and Adaptive Mechanisms in 
Brackish Water Fauna. Marine Pollution 
Bulletin, 40: 7-14. DOI: 10.1016/S0025-326X
(99)00173-3

COMPTE, J., S. GASCÓN, X. D. QUINTANA 
& D. BOIX. 2012. The effects of small fish 
presence on a species-poor community domi-
nated by omnivores: Example of a size-based 
trophic cascade. Journal of Experimental 
Marine Biology and Ecology, 418-419: 1-11. 
DOI: 10.1016/j.jembe.2012.03.004

COOPER, M. J., D. G. UZARSKI & T. M. 
BURTON. 2007. Macroinvertebrate Commu-
nity Composition In Relation To Anthropo-
genic Disturbance, Vegetation, And Organic 
Sediment Depth In Four Lake Michigan 
Drowned River-Mouth Wetlands. Wetlands, 
27: 894–903. DOI: 10.1672/0277-5212(2007)
27[894:MCCIRT]2.0.CO;2

CORREIA, M. J., J. L. COSTA, P. CHAINHO, 
P. M. FELIX, M. L. CHAVES, J. P. MEDEI-
ROS, G. SILVA, C. AZEDA, P. TAVARES, 
A. COSTAS, A. M. COSTA, J. BERNARDO, 
H. N. CABRAL, M. J. COSTA & L. CANCE-
LA DA FONSECA. 2012. Inter-Annual varia-
tions of macrobenthic communities over three 
decades in a land-locked coastal lagoon 
(Santo Andre, SWPortugal). Estuarine, Coas-
tal and Shelf Science, 110: 168-175. DOI: 

linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.

REFERENCES

AKLI, S. 1988. Etude de la structure verticale de 
la communauté zoo planctonique du lac de 

Réghaïa. Biology graduate thesis 
(U.S.T.H.B.), Algerie.

ANDERSON, M. J. 2001. A new method for 
non-parametric multivariate analysis of 
variance. Austral Ecology, 26: 32– 46. DOI: 
10.1111/j.1442-9993.2001.01070.pp.x

ANTHONY A., J. ATWOOD, P. AUGUST, C. 
BYRON, S. COBB, C. FOSTER, C. FRY, A. 
GOLD, K. HAGOS, L. HEFFNER, D. Q. 
KELLOGG, K. LELLIS-DIBBLE, J. J. 
OPALUCH, C. OVIATT, A. PFEIFFER-
HERBERT, N. ROHR, L. SMITH, T. 
SMYTHE, J. SWIFT & N. VINHATEIRO. 
2009. Coastal Lagoons and Climate Change: 
Ecological and social ramifications in U.S. 
Atlantic and Gulf Coast Ecosystems. Ecology 
and Society, 14: 8.

ANTON-PARDO, M., & X. ARMENGOL. 
2014. Aquatic invertebrate assemblages in 
ponds from coastal Mediterranean wetlands. 
Annales de Limnologie-International Journal 
of Limnology, 50: 217-230. DOI: 10.1051/
limn/2014089

ARAB, A., S. LEK, A. LOUNACI & Y. PARK. 
2004. Spatial and temporal patterns of benthic 
invertebrate communities in an intermittent 
river (North Africa). Annales de Limnolo-
gie-International Journal of Limnology, 40: 
317-327. DOI: 10.1007/s12517-018-4164-4

ARAB, S. & A. ARAB. 2017. Bioévaluation de 
la qualité des eaux d’un écosystème lacustre 
le cas du barrage de Boukourdane wilaya de 
TIPASA. Ph.D. Thesis, University of science 
and technology Houari Boumedien.

ARÉVALO, E., J. S. P IBÁNHEZ, S. PAPASPY-
ROU & A. NICOLAIDOU. 2013. The use of 
benthic metabolic processes as indicators for 
environmental quality assessment in coastal 
lagoons. Advances in Oceanography and 
Limnology, 4: 194–211. DOI: 10.1080/
19475721.2013.844728

ARMSTRONG, R. 1969. Phytoplankton commu-
nity structure in Castle Lake. California. 
Ph.D. Thesis, University of California, Davis, 
California.

ÀVILA, N., R. LÓPEZ-FLORES & X. D. QUIN-
TANA. 2019. Composition of pelagic micro-
bial communities in Mediterranean coastal 
aquatic ecosystems under extreme drought 

(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 1.  Geographical location and «Google Earth» satellite image of the Reghaia Lake (36° 46.363' N; 3° 20.129' E). Ubicación 
geográfica e imagen de satélite de «Google Earth» del Lago Reghaia (36° 46.363' N; 3° 20.129' E).
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ABSTRACT

Annual cycle of water quality and macroinvertebrate composition in Algerian wetlands: A case study of Lake Réghaïa 
(Algeria)

The Réghaïa wetland is a site of great ecological relevance and is included in the list of Ramsar wetlands of international impor-
tance. However, this wetland has always been subject to several risks, such as pollution, that threaten its terrestrial and aquatic 
biota. The water quality of the lake is classified as class 4 (highly polluted) according to Algerian standards. However, until now, 
there has been no study analysing the macroinvertebrate fauna of this important site. Therefore, in order to characterize the state 
of this wetland of international importance, which is highly affected by intense physical and chemical pollution of agricultural 
and anthropogenic origin, we studied its water quality (physical and chemical parameters) and its biological communities for 
one year to consider possible seasonal trends. According to our results, seasonal changes in the concentrations of physical and 
chemical elements were found, summer being the season with the highest level of nutrients and other pollutants concentration 
in the water. Although we observed these different environmental conditions throughout the year, we did not find evident differ-
ences in the communities of macroinvertebrates that showed small changes in composition and structure throughout the year.

Key words: water quality, macroinvertebrate communities, seasonal succession, pollution, Mediterranean wetlands

RESUMEN

Ciclo anual de la calidad del agua y la composición de los macroinvertebrados en los humedales de Argelia: Un estudio de 
caso del Lago Réghaïa (Argelia)

El humedal de Réghaïa es un sitio de gran relevancia ecológica, por lo que está incluido en la lista de humedales de importan-
cia internacional de Ramsar. Sin embargo, este sitio está sometido a varios riesgos como la contaminación que amenaza su 
biota terrestre y acuática. La calidad del agua del lago está clasificada como clase 4 (altamente contaminada) según los 
criterios argelinos. Para caracterizar el estado de este medio acuático afectado por una intensa contaminación física y quími-
ca de origen agrícola y antropogénico, se estudió la calidad del agua (parámetros físicos y químicos) y las características de 
las comunidades biológicas que viven en él. Para ello, nuestro trabajo analizó durante un año la calidad del agua y la compo-
sición y estructura de las comunidades de macroinvertebrados de este humedal. Según nuestros resultados, las características 
físicas del agua y las concentraciones de elementos químicos fueron distintos, acorde con las estaciones. El verano tuvo el nivel 
más alto de concentración de nutrientes y otros contaminantes en el agua. Aunque observamos estas distintas condiciones a lo 
largo de las estaciones del año, las comunidades de macroinvertebrados mostraron una baja respuesta a las distintas condi-
ciones físicas y químicas, mostrando muy pocos cambios en la composición y estructura a lo largo del año.

Palabras clave:  calidad del agua, comunidades de macroinvertebrados, sucesión estacional, contaminación, humedales 
mediterráneos
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 2.  Ombrothermic diagram from Réghaïa station using 
data from a 10-year period (2009-2018). Input data: NASA 
Langley Research Center (LaRC) POWER Project funded 
through the NASA Earth Science/Applied Science Program. 
Diagrama ombrotérmico de la estación de Réghaïa usando 
datos de un período de 10 años (2009-2018). Fuente de los 
datos: el proyecto POWER del Centro de Investigación Langley 
de la NASA (LaRC), financiado por el Programa de Ciencias de 
la Tierra y Ciencias Aplicadas de la NASA.
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ABSTRACT

Annual cycle of water quality and macroinvertebrate composition in Algerian wetlands: A case study of Lake Réghaïa 
(Algeria)

The Réghaïa wetland is a site of great ecological relevance and is included in the list of Ramsar wetlands of international impor-
tance. However, this wetland has always been subject to several risks, such as pollution, that threaten its terrestrial and aquatic 
biota. The water quality of the lake is classified as class 4 (highly polluted) according to Algerian standards. However, until now, 
there has been no study analysing the macroinvertebrate fauna of this important site. Therefore, in order to characterize the state 
of this wetland of international importance, which is highly affected by intense physical and chemical pollution of agricultural 
and anthropogenic origin, we studied its water quality (physical and chemical parameters) and its biological communities for 
one year to consider possible seasonal trends. According to our results, seasonal changes in the concentrations of physical and 
chemical elements were found, summer being the season with the highest level of nutrients and other pollutants concentration 
in the water. Although we observed these different environmental conditions throughout the year, we did not find evident differ-
ences in the communities of macroinvertebrates that showed small changes in composition and structure throughout the year.
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RESUMEN

Ciclo anual de la calidad del agua y la composición de los macroinvertebrados en los humedales de Argelia: Un estudio de 
caso del Lago Réghaïa (Argelia)

El humedal de Réghaïa es un sitio de gran relevancia ecológica, por lo que está incluido en la lista de humedales de importan-
cia internacional de Ramsar. Sin embargo, este sitio está sometido a varios riesgos como la contaminación que amenaza su 
biota terrestre y acuática. La calidad del agua del lago está clasificada como clase 4 (altamente contaminada) según los 
criterios argelinos. Para caracterizar el estado de este medio acuático afectado por una intensa contaminación física y quími-
ca de origen agrícola y antropogénico, se estudió la calidad del agua (parámetros físicos y químicos) y las características de 
las comunidades biológicas que viven en él. Para ello, nuestro trabajo analizó durante un año la calidad del agua y la compo-
sición y estructura de las comunidades de macroinvertebrados de este humedal. Según nuestros resultados, las características 
físicas del agua y las concentraciones de elementos químicos fueron distintos, acorde con las estaciones. El verano tuvo el nivel 
más alto de concentración de nutrientes y otros contaminantes en el agua. Aunque observamos estas distintas condiciones a lo 
largo de las estaciones del año, las comunidades de macroinvertebrados mostraron una baja respuesta a las distintas condi-
ciones físicas y químicas, mostrando muy pocos cambios en la composición y estructura a lo largo del año.

Palabras clave:  calidad del agua, comunidades de macroinvertebrados, sucesión estacional, contaminación, humedales 
mediterráneos
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Table 1.  The average, maximum and minimum values of water physico-chemical and macroinvertebrate community parametres from 
the lake. Los valores medios, máximos y mínimos de los parámetros físico-químicos del agua y los parámetros de la comunidad de 
macroinvertebrados del lago.

Average Min. Max.

W
at

er
 p

ar
am

et
er

s  

pH 7.11 6.9 7.5
T (°C) 19.214 10 33.9
BOD (mg/L) 50.650 49.1 52
NH4+ (mg/L) 0.432 0 0.8
NO3-(mg/L) 3.933 2.9 5.01
NO2-(mg/L) 0.958 0.098 1.24
PO4 3-(mg/L) 0.231 0.01 0.41
Fe+ (mg/L) 0.403 0.29 0.5
O.P. (mg/L) 10.905 8 14.2

C
om

m
un

ity
 p

ar
am

et
er

s  

Abundance 
(ind/month) 239.54 124 387 
Taxonomic richness  
(number of families) 19.31 16 22 
Shannon-Wiener 
diversity index  2.72 2.20 3.26

Evenness 0.64 0.53 0.74
ATD 56.61 54.28 58.01
TD 1080.84  890 1260
VTD 485.35 408.5 542.5
Armstrong SR 0.0016498 9.6303E-06 1.90E-03

Jassby-Goldman SR 0.03109508 0.00672733 3.33E-02
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 3.  Temporal pattern variation of the physical and chemical parameters of water during the studied period. Upper plots (from 
left to right) correspond to: pH; variation in average monthly temperatures of water; BOD, variation in the concentration of biological 
oxygen demand. Bottom plot: variation in the water concentration of chemical elements: Fe+; PO43-; NO3-; NH4+ (right Y-axis) and 
Organochlorine pesticides (O. P.) residues (left Y- axis). Variación del patrón temporal de los parámetros físicos y químicos del agua 
durante el período estudiado. Los gráficos superiores (de izquierda a derecha) corresponden a: variación de los valores de pH; 
variación de las temperaturas medias mensuales del agua; DBO, variación de la concentración de la demanda biológica de oxígeno. 
Gráfica inferior: variación de la concentración en el agua de elementos químicos Fe+; PO43-; NO3-; NH4+ (eje Y derecho) y residuos 
de Pesticidas organoclorados (O. P.) (eje Y izquierdo).



Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

Limnetica, 40(2): 399-415 (2021) Limnetica, 40(2): 399-415 (2021)

400 401

402 403

404 405

406 407

408 409

410 411

412 413

414 415

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

Water quality and macroinvertebrates in Réghaïa wetland (Algeria)

des connaissances et perspectives de gestion. 
Synthèse (numéro spécial) 4: 1-90.

SAYOUD, M. S. 2017. Contribution à l’évalua-
tion de la qualité des eaux du Lac de Réghaïa 
par Indice Diatomique Générique – IDG. 
Master II Thesis. Université M’Hamed 
Bougara Boumerdes.

SERRANO, L., M. REINA, G. MARTÍN, I. 
REYES, A. ARECHEDERRA, D. LEÓN & J. 
TOJA. 2006. The aquatic systems of Doñana: 
watersheds and frontiers. Limnetica, 25: 
11–32.

SERRANO, L., M. REINA, X. D. QUINTANA, 
S. ROMO, C. OLMO, J. M. SORIA, S. 
BLANCO, C. FERNÁNDEZ-ALÁEZ, M. 
FERNÁNDEZ-ALÁEZ, M. C. CARIA, S. 
BAGELLA, T. KALETTKA & M. PÄTZIG. 
2017. A new tool for the assessment of severe 
anthropogenic eutrophication in small 
shallow water bodies. Ecological Indicators, 
76: 324-334. DOI: 10.1016/j.ecolind.2017.
01.034

SOY-MASSONI, E., J. LANGEMEYER, D. 
VARGA, M. SÁEZ & J. PINTÓ. 2016. The 
importance of ecosystem services in coastal 
agricultural landscapes: Case study from the 
Costa Brava, Catalonia. Ecosystem Services, 
17: 43-52. DOI: 10.1016/j.ecoser.2015.11.004

TACHET, H., M. BOURNAUD, P. RICHOUX 
& P. USSEGLIO-POLATERA. 2000. Inver-
tébrés des eaux douces: Systématique, Ecolo-
gie, Biologie. Editions du CNRS, Paris. 

TAGLIAPIETRA, D., G. PESSA, M. CORNEL-
LO, A. ZITELLI & P. MAGNI. 2016. Tempo-
ral distribution of intertidal macrozoobenthic 

assemblages in a Nanozostera noltii-domina-
ted area (Lagoon of Venice). Marine environ-
mental research, 114: 31-39. DOI: 10.1016/j.
marenvres.2015.11.009

THIBAULT, M. 2006. Plan De Gestion de la 
réserve Naturelle du Lac de Réghaia (ALGE-
RIE). Projet Maghreb Zones Humides. Protec-
tion et développement durable des zones 
humides en Afrique du Nord.

VERDONSCHOT, R. C., H. E. KEIZER-VLEK 
& P. F. VERDONSCHOT. 2012. Develop-
ment of a multimetric index based on 
macroinvertebrates for drainage ditch 
networks in agricultural areas. Ecological 
indicators, 13: 232-242. DOI: 10.1016/j.
ecolind.2011.06.007

VERHOEVEN, J. T., B. BELTMAN, R. BOB-
BINK & D. F. WHIGHAM (Eds.). 2006. 
Wetlands and natural resource management. 
Springer-Verlag, Berlin.

VIAROLI, P. & R. R. CHRISTIAN. 2003. 
Description of trophic status, hyperautotrophy 
and dystrophy of a coastal lagoon through a 
potential oxygen production and consumption 
index - TOSI: Trophic Oxygen Status Index. 
Ecological Indicators, 3: 237–250. DOI: 
10.1016/j.ecolind.2003.11.001

VICENTE, E. & M. R. MIRACLE. 1992. The 
coastal lagoon Albufera de Valencia: An 
ecosystem under stress. Limnetica, 8: 87-100.

ZOUATINE, M. 2019. Approche à l’étude d’une 
stratégie de développent durable des ressour-
ces hydriques cas du lac de Réghaïa. Master II 
Thesis. Univesity Mohamed Khider, Biskra, 
Algerie.

faunistique et l’écologie des macroinverté-
brés des cours d’eau de Kabylie. PhD. Thesis 
Université Mouloud Maameri de Tizi Ouzou, 
Algérie.

JASSBY, A. D. & C. R. GOLDMAN. 1974. A 
quantitative measure of succession rate and its 
application to the phytoplankton of lakes, 
American Naturalist, 108: 688-693.

JEPPESEN, E., J. P. JENSEN, M. SØNDER-
GAARD, T. LAURIDSEN & F. LANDKIL-
DEHUS. 2000. Trophic structure, species 
richness and biodiversity in Danish lakes: 
changes along a phosphorus gradient. Fresh-
water Biology, 45: 201–218.

KEDDY, P. A. 2000. Wetland ecology: princi-
ples and conservation. Cambridge University 
Press, Cambridge.

KHEDIMALLAH, R. & A. TADJINE. 2016. 
Contribution à la connaissance des macroin-
vertébrés de l'écosystème lacustre: Lac Tonga 
au Parc National d'El Kala. Bulletin de la 
Société Zoologique de France, 141: 121-140.

KJERFVE, BJÖRN. 1994. Coastal Lagoons 
Processes. Elsevier, Amsterdam.

LARID, M. 2008. La zone côtière Humide de 
Réghaïa dans le littoral Est Algérois 
(Algérie): Contribution méthodologique à son 
plan de gestión. Cybergeo: European Journal 
of Geography, Environment, Nature, Lands-
cape, document 425. DOI: 10.4000/cybergeo.
18852

LÓPEZ-FLORES, R., X. D. QUINTANA, A. M. 
ROMANÍ L. BAÑERAS, O. RUIZ-RUEDA, 
J. COMPTE, A. J. GREEN & J. J. 
EGOZCUE. 2014. A compositional analysis 
approach to phytoplankton composition in 
coastal Mediterranean wetlands: Influence of 
salinity and nutrient availability. Estuarine, 
Coastal and Shelf Science, 136:72-81. DOI: 
10.1016/j.ecss.2013.11.015

MCARDLE, B. H. & M. J. ANDERSON. 2001. 
Fitting multivariate models to community 
data: a comment on distance-based redundan-
cy analysis. Ecology, 82: 290– 297. DOI: 
10 .1890 /0012-9658(2001)082[0290 :
FMMTCD]2.0.CO;2

MELHAOUI, M. 2010. Echantillonnage et étude 
des macro-invertébrés de la Moulouya, Docu-
ment du stage de formation à la connaissance 

et la gestion de la biodiversité aquatique. 
Moulouya. Maroc.

MOISAN, J. 2010. Guide d’identification des 
principaux macroinvertébrés benthiques 
d’eau douce du Québec, surveillance volon-
taire des cours d’eau peu profonds. Direction 
du suivi de l’état de l’environnement, 
Ministère du Développement Durable, de 
l’Environnement et des Parcs, Québec.

NEBRA, A., N. CAIOLA & C. IBÁÑEZ. 2011. 
Community structure of benthic macroinver-
tebrates inhabiting a highly stratified Mediter-
ranean estuary. Scientia Marina, 75: 577-584. 
DOI: 10.3989/scimar.2011.75n3577

OKSANEN, J., F. G. BLANCHET, R. KINDT, 
P. LEGENDRE, P. R. MINCHIN, R. B. 
O’HARA, G. L. SIMPSON, P. SOLYMOS, 
M. H. H. STEVENS & H. WAGNER. 2014. 
Vegan: Paquet d'écologie communautaire. 
Version du package R 2.2-0.

PÉREZ-RUZAFA, A., C. MARCOS & I. M. 
PÉREZ-RUZAFA. 2011. Mediterranean 
coastal lagoons in an ecosystem and aquatic 
resources management context. Physics and 
Chemistry of the Earth, 36: 160–166. DOI: 
10.1016/j.pce.2010.04.013 

PIELOU, E. C. 1969. An introduction to mathe-
matical ecology. Wiley, New York.

PILÓ D., F. PEREIRA A, A. CARRIÇO, J. 
CÚRDIA, P. PEREIRA, M. B. GASPAR & S. 
CARVALHO. 2015. Temporal variability of 
biodiversity patterns and trophic structure of 
estuarine macrobenthic assemblages along a 
gradient of metal contamination. Estuarine, 
Coastal and Shelf Science, 167: 286-299. 
DOI: 10.1016/j.ecss.2015.06.018

QUINTANA, X. D., R. MORENO-AMICH & F. 
A. COMÍN. 1998. Nutrient and plankton 
dynamics in a Mediterranean salt marsh domi-
nated by incidents of flooding. Part 1: Differ-
ential confinement of nutrients. Journal of 
Plankton Research, 20: 2109–2127. DOI: 
10.1093/plankt/20.11.2089

R DEVELOPMENT CORE TEAM. 2018. R: A 
Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation 
for Statistical Computing.

SAMRAOUI, B. & G. DE BELAIR. 1998. Les 
zones humides de la Numidie orientale: Bilan 

10.1016/j.ecss.2012.04.028
DALU, T., B. CLEGG & T. NHIWATIWA. 

2012. Macroinvertebrate communities associ-
ated with littoral zone habitats and the influ-
ence of environmental factors in Malilangwe 
Reservoir, Zimbabwe. Knowledge and Mana-
gement of Aquatic Ecosystems, 406: 2-15. 
DOI: 10.1051/kmae/2012023

DECLERCK, S., J. VANDEKERKHOVE, L. 
JOHANSSON, K. MUYLAERT, J. M CON-
DEPORCUNA, K. VAN DER GUCHT, C. 
PÉREZMARTÍNEZ, T. LAURIDSEN, K. 
SCHWENK, G. ZWART, W. ROMMENS, J. 
LÓPEZ-RAMOS, E. JEPPESEN, W. 
VYVERMAN, L. BRENDONCK & L. DE 
MEESTER. 2005. Multi-group biodiversity in 
shallow lakes along gradients of phosphorus 
and water plant cover. Ecology, 86: 
1905–1915. DOI: 10.1890/04-0373

DELLA BELLA, V. & L. MANCINI. 2009. 
Freshwater diatom and macroinvertebrate 
diversity of coastal permanent ponds along a 
gradient of human impact (site degradation) in 
a Mediterranean eco-region. Hydrobiologia, 
634: 25–41. DOI: 10.1007/978-90-481-9088-
1_16

DJAMAI S., F. MIMECHE, E. BENSACI & F. J. 
OLIVA-PATERNA. 2019. Diversity of 
macro-invertebrates in Lake Tonga (northeast 
Algeria). Biharean Biologist, 13: 8-11. 

DJITLI, Y., 2016. Contribution à l’étude des 
oiseaux d’eau du lac de Réghaïa. Engineering 
Thesis of agronomy. Dép. Zoologie agricole 
et forestière. ENSA- Algérie.

DUGDALE, R. C. & J. J. GOERING. 1967. 
Uptake of new and regenerated forms of nitro-
gen in primary productivity. Limnology and 
Oceanography, 12: 196-206. DOI: 10.4319/
lo.1967.12.2.0196

DURAND, J. R. & C. LÉVÊQUE. 1981. Flore et 
faune aquatiques de l'Afrique sahélo-souda-
nienne (Tome II), ORSTOM. Paris.

EL HAOUATI, H., 2009. Suivi de la caractéristi-
que physico-chimique et phytoplanctonique 
du lac de Réghaïa. Magister Thesis 
U.S.T.H.B Alger.

EVAGELOPOULOS, A., D. KOUTSOUBAS, 
A. BASSET, M. PINNA, C. DIMITRIADIS, 
F. SANGIORGIO, & C. DOUNAS. 2008. 

Spatial and seasonal variability of the 
macrobenthic fauna in Mediterranean solar 
saltworks ecosystems. Aquatic Conservation: 
Marine & Freshwater Ecosystems, 18: 
118-134. DOI: 10.1002/aqc.948

GAMITO, S., J. GILABERT, C. MARCOS & A. 
PEREZ-RUZAFA. 2005. Effects of changing 
environmental conditions on lagoon ecology. 
In: Coastal lagoons: ecosystem processes and 
modeling for sustainable use and develop-
ment. I.E. Gonenc & , J.P. Wolflin (eds.). 
193-229. CRC Press, Boca Raton, 

GASCÓN, S., D. BOIX, J. SALA & X. D. QUIN-
TANA, 2005. Variability of benthic assem-
blages in relation to the hydrological pattern 
in Mediterranean salt marshes (Empordà 
wetlands, NE Iberian Peninsula). Archiv fur 
Hydrobiologie, 163: 163–181. DOI: 10.1127/
0003-9136/2005/0163-0163

GASCÓN, S., X. LLOPART, A. RUIZ-NAVAR-
RO, J. COMPTE, D. VERDIELL-CUBEDO, 
D. BOIX, F. J. OLIVA-PATERNA, X. D. 
QUINTANA & M. TORRALVA. 2013. The 
effects of Aphanius iberus predation on an 
aquatic community: diel changes and the role 
of vegetation. Fundamental and Applied 
Limnology, 182: 75–87. DOI: 10.1127/
1863-9135/2013/0401

GLIBERT P. M., J. N. BOYER, C. A. HEIL, C. J. 
MADDEN, B. STURGIS & C. S. WAZNI-
AK. 2010. Blooms in Lagoons: Different 
from Those of River-Dominated Estuaries. In: 
Coastal Lagoons: Critical Habitats of Envi-
ronmental Change. M.J. Kennish & H.W. 
Paerl (eds.). 91-114. Taylor and Francis 
group, Boca Ratón.

GOLTERMAN, H. L. 2004. The Chemistry of 
Phosphate and Nitrogen Compounds in 
Sediment. Kluwer Academic Publishers, 
Dordrecht.

GOPAL, B. & W. J. JUNK. 2000. Biodiversity in 
wetlands: assessment, function and conserva-
tion. Backhuys Publishers, Leiden.

GUELORGET, O. & J. P. PERTHUISOT. 1983. 
Le domaine paralique. Expressions géologi-
ques, biologiques et économiques du confine-
ment. Travaux du laboratoire de Géologie, 16. 
Presse de l’Ecole Normale Supérieure, Paris.

HAOUCHINE S., 2011. Recherches sur la 

conditions. Estuarine,Coastal and Shelf 
Science, 216: 139147. DOI: 10.1016/j.ecss.
2018.01.018

AYDI, A. & F. BENAMARA. 2004. Contribu-
tion à l’étude du lac de Réghaïa, caractéristi-
que écologique et physico-chimique. Engi-
neering Thesis. U.S.T.B.H Alger

BADOSA, A., D. BOIX, S. BRUCET, R. 
LÓPEZ-FLORES & X. D. QUINTANA. 
2006. Nutrients and zooplankton composition 
and dynamics in relation to the hydrological 
pattern in a confined Mediterranean salt 
marsh (NE Iberian Peninsula). Estuarine, 
Coastal and Shelf Science, 66:513-522. DOI: 
10.1016/j.ecss.2005.10.006

BADOSA, A., D. BOIX, S. BRUCET, R. 
LÓPEZ-FLORES & X. D. QUINTANA. 
2008. Short-term variation in the ecological 
status of a Mediterranean coastal lagoon (NE 
IberianPeninsula) after a man-made change of 
hydrological regime. Aquatic Conservation:-
Marine and Freshwater Ecosystems, 18: 
1078-1090. DOI: 10.1002/aqc.898

BAKHOUCHE, B., T. GHOULEM, I. DJEMA-
DI, K. DRAIDI & D. ESCORIZA. 2019. 
Phenology and population structure of the 
Mediterranean stripe-necked terrapin Maure-
mys leprosa (Schweigger, 1812) in the 
Reghaïa Lake (northern Algeria). Basic and 
Applied Herpetology, 33: 43-51. DOI: 10.
11160/bah.170

BEKLIOGLU, M., S. ROMO, I. KAGALOU, X. 
D. QUINTANA & E. BÉCARES. 2007. State 
of the art in the functioning of shallow Medi-
terranean lakes: workshop conclusions. 
Hydrobiologia, 584: 317–326. DOI: 10.1007/
s10750-007-0577-x

BOIX, D., J. SALA, S. GASCÓN, M. MAR-
TINOY, J. GIFRE, S. BRUCET, A. 
BADOSA, R. LÓPEZ-FLORES & X. D. 
QUINTANA. 2008. Patterns of composition 
and species richness of crustaceans and aquat-
ic insects along environmental gradients in 
Mediterranean wetlands. Hydrobiologia, 597: 
53-69. DOI: 10.1007/978-90-481-9088-1

C. C. R. (CENTRE CYNEGETIQUE DE 
RÉGHAÏA). 2019. Plan de gestion du lac de 
Réghaïa, Algérie.

CLARKE K, & R. WARWICK. 1998. A taxo-

nomic distinctness index and its statistical 
properties. Journal of Applied Ecology, 35: 
523–531. DOI: 10.1046/j.1365-2664.1998.
3540523.x

CLARKE, K. R. & R. M. WARWICK. 2001. A 
further biodiversity index applicable to 
species lists: variation in taxonomic distinct-
ness. Marine Ecology Progress Series, 216: 
265–27. DOI: 10.3354/meps216265

CLARKE, K. R. & R. N. GORLEY. 2006. 
PRIMER v6: User Manual/Tutorial. PRIM-
ER-E. Plymouth.

COELHO, S., A. PEREZ-RUZAFA. & S. 
GAMITO. 2015. Effects of organic pollution 
and physical stress on benthic macroinverte-
brate communities from two intermittently 
closed and open coastal lagoons (ICOLLs). 
Estuarine, Coastal and Shelf Science, 167: 
276-285. DOI: 10.1016/j.ecss.2015.08.013

COGNETTI, G. & F. MALTAGLIATI. 2000. 
Biodiversity and Adaptive Mechanisms in 
Brackish Water Fauna. Marine Pollution 
Bulletin, 40: 7-14. DOI: 10.1016/S0025-326X
(99)00173-3

COMPTE, J., S. GASCÓN, X. D. QUINTANA 
& D. BOIX. 2012. The effects of small fish 
presence on a species-poor community domi-
nated by omnivores: Example of a size-based 
trophic cascade. Journal of Experimental 
Marine Biology and Ecology, 418-419: 1-11. 
DOI: 10.1016/j.jembe.2012.03.004

COOPER, M. J., D. G. UZARSKI & T. M. 
BURTON. 2007. Macroinvertebrate Commu-
nity Composition In Relation To Anthropo-
genic Disturbance, Vegetation, And Organic 
Sediment Depth In Four Lake Michigan 
Drowned River-Mouth Wetlands. Wetlands, 
27: 894–903. DOI: 10.1672/0277-5212(2007)
27[894:MCCIRT]2.0.CO;2

CORREIA, M. J., J. L. COSTA, P. CHAINHO, 
P. M. FELIX, M. L. CHAVES, J. P. MEDEI-
ROS, G. SILVA, C. AZEDA, P. TAVARES, 
A. COSTAS, A. M. COSTA, J. BERNARDO, 
H. N. CABRAL, M. J. COSTA & L. CANCE-
LA DA FONSECA. 2012. Inter-Annual varia-
tions of macrobenthic communities over three 
decades in a land-locked coastal lagoon 
(Santo Andre, SWPortugal). Estuarine, Coas-
tal and Shelf Science, 110: 168-175. DOI: 

linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 4.  PCA plot showing the position of samplings in relation to the physical and chemical characteristics of water. The ellipses 
correspond to seasons. Resultado del PCA que muestra la posición de los muestreos en relación con las características físicas y 
químicas del agua. Las elipses corresponden a las estaciones.
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 5.  Macroinvertebrate composition in each sampled month. A) Proportion of Diptera abundance in relation to the total macroin-
vertebrate abundance. B) Abundance proportion of Diptera families. C) Abundances proportion of non-Diptera families. Composición 
de macroinvertebrados en los meses muestreados. A) Proporción de la abundancia de Diptera en relación con la abundancia total de 
macroinvertebrados. B) Proporción de la abundancia de las familias de dípteros. C) Proporción de abundancia de las familias que no 
son dípteros.
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 6.  Temporal pattern of community variables during the studied months: A) total abundance (left Y-axis) and taxonomic 
richness (right Y-axis). B) Shannon-Wiener diversity (left Y-axis) and evenness (right Y-axis). C) taxonomic distinctness (TD) and 
variation in taxonomic distincness (VTD) (left Y- axis), and average taxonomic distinctness (ATD) (right Y-axis). D) Jassby-Goldman 
SR (left Y-axis) and Armstrong SR (right Y-axis). Patrón temporal de las variables de la comunidad durante los meses de estudio: A) 
abundancia total (eje Y izquierdo) y riqueza taxonómica (eje Y derecho). B) diversidad de Shannon-Wiener (eje Y izquierdo) y equita-
bilidad (eje Y derecho). C) diferencia taxonómica (TD) y variación de la diferencia taxonómica (VTD) (eje Y izquierdo), y diferencia 
taxonómica media (ATD) (eje Y derecho). D) Jassby-Goldman SR (eje Y izquierdo) y Armstrong SR (eje Y derecho).
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 

Figure 7.  NMDS plot showing the similarities among taxa and their relation to environmental parameters. Environmental factors 
(temperature, pH, biological oxygen demand, NH4+, NO3-, NO2-, PO43-, Fe+, organochlorine pesticides) are represented by arrows. 
The bold arrows indicate the environmental variables with a significant effect (NH4+; p = 0.029) (NO2-; p = 0.028). Resultado del 
análisis NMDS que muestra la semejanza entre taxones y su relación con los parámetros ambientales. Los factores ambientales 
(temperatura, pH, demanda biológica de oxígeno, NH4+, NO3-, NO2-, PO43-, Fe+, pesticidas organoclorados) están representados 
por flechas. Las flechas en negrita indican las variables ambientales con un efecto significativo (NH4+; p = 0.029) (NO2-; p = 0.028). 
Abbreviations: BAET: Baetidae; BOD: biological oxygen demand; CERA: Ceratopogonidae; CHIR: Chironomidae; COEN: Coena-
grionidae; CULI: Culicidae; CURC: Curculionidae; DYTI: Dytiscidae; EPHY: Ephydridae; GAMM: Gammaridae; HALI: Haliplidae; 
HYDROB: Hydrobiidae; HYDROP: Hydrophilidae; LEPT: Leptophlebiidae; LEST: Lestidae; LIMO: Limoniidae; O.P: Organochlo-
rines pesticides; PHYS: Physidae; PSYC: Psychodidae; STRA: Stratiomyidae; SYRP: Syrphidae; T: temperature; TABA: Tabanidae; 
TIPU: Tipulidae; TUBI: Tubificidae.

Table 2.  Results of the statistical comparison between seasons 
for the different parameters of the community. All parameters 
were analysed by means of an ANOVA, except the one marked 
by an asterisk, that was analysed by means of Welch one-way 
F-test due to its lack of variance homogeneity. Resultados de los 
análisis estadísticos entre estaciones para los diferentes 
parámetros de la comunidad. Todos los parámetros fueron 
analizados mediante una ANOVA, excepto el marcado con un 
asterisco, que fue analizado con la prueba F univariante de 
Welch debido a su falta de homogeneidad de varianza.

Df  F P- value 

Abundance 3; 9 2.21 2.2103 
Taxonomic richness 3; 9 0.63 0.6165  
Evenness* 3; 4.7 4.66 0.0704 
Shannon-Wiener diversity index 3; 4.39 5.08 0.0667 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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bles also showed a pattern characterized by more 
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(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
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ant species (Cognetti & Maltagliati, 2000; 
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degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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linked to the main seasonal differences of the 
physical and chemical conditions of the lake. The 
present work showed that ammonium and nitrite 
were significantly associated with differences in 
the macroinvertebrate assemblage, so these com-
ponents affected community composition. More-
over, other studies in Lake Réghaïa have revealed 
that the low levels of nitrite in hot periods are 
mainly due to the low levels of dissolved oxygen, 
which causes high amounts of ammonium. These 
low levels of dissolved oxygen are the result of 
the high organic loads from wastewaters. The 
concentrations of nitrogen reported in this study 
and in others, performed in the same wetland, 
were very high (El Haouati et al., 2009). The 
danger of high concentrations of chemical 
elements is always present, some authors (Mel-
haoui, 2010) have stated that nitrates are declared 
toxic when their level exceeds 50 mg/l, and 
nitrites are toxic for poikilothermic animals (fish, 
molluscs, crustaceans and aquatic insects). How-
ever, the effect of ammonium, nitrite or nitrate on 
wetland macroinvertebrates is not clearly 
stablished, since low effects or no effects have 
been reported (e.g., Cooper et al., 2007; Dalu et 
al., 2012;), and it is barely studied in Algeria and 
especially in Lake Réghaïa. Overall, this wetland 
is an area affected by intense pollution, and the 
waters of the lake are classified as very poor in 
quality due to various factors. The macroinverte-
brate community was characterized by a low 
richness, by a composition dominated, in both 
richness and abundance, by dipterans (i.e., toler-
ant taxa), and exhibited no changes in structure 
during the year. These characteristics altogether 
could indicate that the present physical and chem-
ical conditions in the lake imply a poor but very 
resilient macroinvertebrate community. In 
conclusion, the present study constitutes a first 
step for future research on the environmental and 
spatio-temporal impact of water quality on aquat-
ic fauna in Réghaïa wetland, for which urgent 
management decisions are needed to preserve its 
biodiversity value.
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(Correia et al., 2012; Pérez-Bilbao et al., 2013). 
Diptera was also the richest order, including ten 
families, followed by Coleoptera with four fami-
lies and, finally, Ephemeroptera and Odonata with 
two families each, whereas non-insect macroin-
vertebrate groups were only represented by a few 
families (2 Mollusca families, 1 family of Anneli-
da, and 1 of Crustacea). This composition, domi-
nated by insects and mainly by Diptera and 
Coleoptera, is commonly observed in oligohaline 
coastal wetlands (e.g., Della Bella & Mancini, 
2009; Pérez-Bilbao et al., 2013), contrasting with 
lower richness of insects in more saline ones 
(Anton-Pardo & Armengol, 2014; Coelho et al., 
2015). It is known that lower richness of insects is 
normally found in brackish waters (Cognetti & 
Maltagliati, 2000; Nebra et al., 2011). Throughout 
this study, absence of some groups (i.e., Hemip-
tera families) and the low number of observed 
families contrasted with richness values reported 
for other coastal wetlands (e.g., Boix et al., 2008; 
Pérez-Bilbao et al., 2013). However, these unde-
tected taxa, such as Notonectidae and Corixidae, 
have been previously reported in the gut contents 
of the freshwater turtle Mauremys leprosa from 
the same lake (Bakhouche et al., 2019). Finally, 
the abundance of non-insect groups (oligochae-
tes, crustaceans and gastropods) only represented 
6 % of the total individuals captured, although 
these groups are usually more relevant in terms of 
abundance in other coastal wetlands (e.g., Correia 
et al., 2012; Coelho et al., 2015; Khedimallah & 
Tadjine, 2016).

Our results showed that both the composition 
and structure of the community were very homo-
geneous throughout the study period, with a small 
abundance increase in summer, while the lowest 
abundance was recorded in April. In temporal 
terms, summer was the most successful season 
compared to the other seasons (Khedimallah & 
Tadjine, 2016) with the highest macroinverte-
brate abundances during the period of eutrophic 
conditions. However, and although water varia-
bles also showed a pattern characterized by more 
eutrophic conditions during the warmer period 
(higher nutrient concentrations), we were not able 
to detect significant changes in community struc-
ture. Communities of coastal wetlands (such as 
estuaries, lagoons or salt-marshes) are character-

ized by a great proportion of euryhaline and toler-
ant species (Cognetti & Maltagliati, 2000; 
Gascón et al., 2005). Clearly, temporal changes 
that are commonly described in macroinverte-
brate communities of other aquatic habitats (such 
as inland or temporary wetlands Boix et al., 2008) 
are not expected to be so evident in coastal 
wetlands. However, less significant temporal 
changes in the structure of the macroinvertebrate 
community did not imply an absence of them. In 
fact, it has been described that community com-
position of coastal oligohaline wetlands com-
monly differs according to hydrology, salinity 
and trophic state (e.g., Nebra et al., 2011; 
Pérez-Bilbao et al., 2013). However, these factors 
are not the only ones responsible for the changes 
of macroinvertebrate communities and their 
stability in coastal wetlands, the presence / abun-
dance of fish and vegetation, involves both a 
refuge and a trophic resource (e.g., Compte et al., 
2012; Gascón et al., 2013; Tagliapietra et al., 
2016). In this sense, it is important to note that the 
surface of the bottom of the studied lake is domi-
nated by bare sediments (El Haouati et al., 2009) 
and, although fish are present (i.e. Gambusia 
holbrooki, and Anguilla anguilla), seasonal 
changes in its composition or abundance are still 
unknown, as recent existing information is poor 
or has not been updated (Thibault, 2006; 
Bakhouche et al., 2019). However, abiotic varia-
bles in seasonal patterns were found also to be 
crucial in determining the macrobenthic commu-
nity structure in coastal waters (Evagelopoulos et 
al., 2008; Anton-Pardo & Armengol, 2014). Our 
results in Réghaïa wetland contrast with the 
changes in community structure commonly 
reported from other Mediterranean wetlands, 
since neither abundance peaks nor significant 
compositional changes were observed during the 
studied period.

As in other regions or habitats (Verdonschot 
et al., 2012), no biological indicators explicitly 
exist for Algerian wetlands. In these situations, 
the use of general community parameters has 
been proposed as adequate candidates to assess 
the ecological status of these habitats (Della Bella 
& Mancini, 2009; Pérez-Bilbao et al., 2013; Piló 
et al., 2015). However, we did not find any differ-
ence among the parameters studied that could be 

As the Réghaïa wetland is characterized by a 
Mediterranean climate (Larid, 2008), the dry 
season from May to October has several effects 
on the lake ecosystem (Arab & Arab, 2017). 
During this time, the marshy banks dry out due to 
higher temperatures, indicating the beginning of 
the wetland confinement phase (sensu Guelorget 
& Perthuisot, 1983). Moreover, water level 
fluctuations are characteristic of wetlands in the 
Mediterranean region (Beklioglu et al., 2007) and 
several Mediterranean water bodies show an 
increase in water level in winter, coinciding with 
freshwater inputs, and a gradual decrease during 
summer periods, coinciding with the maximum 
degree of confinement (Quintana et al., 1998). 
Due to the lack of inputs and the intense evapora-
tion, during confinement water tends to concen-
trate in terms of salinity, nutrients and organic 
matter, so that internal loading processes become 
more important than external inputs (Dugdale & 
Goering, 1967; Gamito et al., 2005; Glibert et al., 
2010). Thus, an increase in organic matter and 
nutrient contents might be the consequence of a 
natural concentration caused by the sharp reduc-
tion in water volume during confinement, rather 
than by external pollution. In this sense, high 
concentrations of nutrients or organic matter have 
been found in natural and in less polluted 
wetlands (Quintana et al., 1998; Badosa et al., 
2006; Serrano et al., 2006). Confinement 
processes, however, mainly concentrate organic 
forms of nutrients, inorganic forms being indica-
tive of external inputs (Àvila et al., 2019). In the 
case of phosphorus, natural well-preserved 
sediments actively absorb inorganic phosphate 
reducing its proportion in water (Golterman, 
2004), and the ratio of inorganic vs organic phos-
phorus has been proposed as a measure of severe 
anthropogenic eutrophication (Serrano et al., 
2017). Inorganic nitrogen forms are especially 
scarce during confinement due to high losses via 
denitrification (López-Flores et al., 2014), 
leading to a strong nitrogen limitation of primary 
producers (Quintana et al., 1998; López-Flores et 
al., 2014; Àvila et al., 2019). Confinement level 
is not easy to stablish in Réghaïa wetland, since 
water fluxes to the lake are poorly estimated (Thi-
bault, 2006). However, our results show that 
inorganic nutrient concentrations are very high 

when compared with other Mediterranean coastal 
lagoons, indicating that they are caused by nutri-
ent inputs from the catchment area and eliminat-
ing the possibility of accumulations due to natural 
confinement (Quintana et al., 1998; Evagelopou-
los et al., 2008;).

Knowledge of macroinvertebrate fauna in 
Algerian coastal wetlands is very scarce. The few 
studies carried out have generally been fragmen-
tary and have mostly concentrated on certain 
families or species. According to Haouchine 
(2011), after the 1980s, hydrobiological 
programmes were launched by the laboratories of 
the universities of Algiers, Tizi Ouzou, Tlemcen 
and Guelma, improving knowledge of aquatic 
macroinvertebrates. In Réghaïa wetland, faunal 
research has been focused on turtles, birds, mam-
mals and terrestrial insects (e.g., Djitli, 2016; 
Bakhouche et al., 2019), but no studies have been 
carried out on aquatic macroinvertebrates. Twen-
ty-two macroinvertebrate families belonging to 
seven orders were sampled during the 13 months 
of study at Lake Réghaïa, insects being the best 
represented group with 18 families. Similar 
figures for family richness have been reported in 
neighbouring coastal wetlands of Lake Tonga 
(Djamai et al., 2019), but according to other 
studies this richness is clearly underestimated 
(Khedimallah & Tadjine, 2016). Moreover, the 
observed richness is slightly low or lower than 
published levels in other oligohaline coastal 
wetlands in the Mediterranean basin or at other 
latitudes (e.g., Boix et al., 2008; Pérez-Bilbao et 
al., 2013). Therefore, we have to consider the 
reported richness for Réghaïa wetland in the 
present study as a low value.

However, the above-mentioned studies also 
agree in that, in these environments, insects were 
the best represented group. Accordingly, insects 
were the most abundant group in our study, repre-
senting 94 % of the sampled specimens. The 
dominance of the community abundance by 
insects has been reported in other Algerian coast-
al wetlands (such as Lake Tonga, but with lower 
values (52.7 %); Khedimallah & Tadjine, 2016). 
Diptera was the most abundant insect order, 
accounting for 45 % of the abundance, with 
Chironomidae the most abundant family, similar 
to results reported from other coastal wetlands 

heavily impacted ecosystems on Earth (Kjerfve, 
1994; Arévalo et al., 2013). Among human 
impacts, agriculture has been described to be one 
of the most relevant (e.g., Aydi & Benamara, 
2004), causing changes in water turnover and 
nutrient dynamics (Badosa et al., 2008), as well as 
in pesticide loadings (López-Flores et al., 2014). 
In fact, according to Zouatine (2019), 68 % of 
inhabitants of areas close to Réghaïa wetland are 
farmers and use fertilizers and other products for 
favourable yield, ignoring the severity of sanitary 
discharges to the water table and the lake ecosys-
tem. The observed high values of organic pollu-
tion (high values of BOD), iron and pesticides 
found in the present study are consistent with 
these observations.

Community composition and environmental 
parameters

When examining the relationships between com-
munity composition and water characteristics, the 
NMDS showed that only nitrite (p = 0.028) and 
ammonium (p = 0.029) were significantly related. 
Lestidae and Tipulidae seemed to be strongly 
related to ammonium, while Curculionidae and 
Leptophlebiidae were highly associated with 
nitrite. Baetidae and Coenagrionidae were placed 
very distant to the other taxa, and in an opposite 
relationship with the vector of the significant 
water characteristics, which indicated that their 
abundances increased when low concentrations of 
both ammonium and nitrite were present (Fig. 7).
 
DISCUSSION

The water quality of the lake Réghaïa is consid-
ered as ‘very poor’ (class 4) according to Algerian 

standards. Already in the 1980s, there were 
concerns about the water quality of the lake, as it 
was noted that eutrophication was accelerated by 
organic pollution (Akli, 1988). Since then, sever-
al studies have recorded the low quality of the 
water of the lake (El Haouati et al., 2009; Zoua-
tine, 2019). This state is due to exogenous contri-
bution from the industrial zone, agricultural land 
leaching and discharges of untreated urban water 
from the surrounding area. These contributions 
provide high nitrogen concentrations (Zouatine, 
2019), a fact that is consistent with our results, 
which showed nitrogen to be highly represented 
in its different forms. The combination of several 
human pressures and pollutant discharges as a 
consequence of land transformations in the catch-
ment basins is common in other coastal lagoons 
(e.g., Vicente & Miracle, 1992; Viaroli & Chris-
tian, 2003; Pérez-Ruzafa et al., 2011), since most 
coastal lagoons are surrounded by densely popu-
lated areas, and this makes them among the most 

ing to 22 families of macroinvertebrates, were 
collected, varying between 16 to 22 taxa per 
month (Fig. 5), mostly insects (18 taxa). Diptera 
was the faunal group with the highest taxa 
richness, with 10 families (45 %); followed by 
Coleoptera with 4 families (18 %); Ephemerop-
tera, Odonata and Gastropoda, each with 2 fami-
lies (9 % each); and Oligochaeta and Crustacea 
with 1 family (5 % each). When analysing the 
changes in community abundance we noted that 
the maximum value was reached in September 
and December, being Diptera always the best-rep-
resented faunal group in every month (Fig. 5A), 
with a maximum of 363 individuals recorded in 
September. Within Diptera, Chironomidae was 
the best-represented family with 52 % of the total 

abundance; Culicidae and Psychodidae accounted 
for 15 % and 14 %, respectively, whereas the rest 
of the families were represented by lower abun-
dances (between 1 and 5 %) (Fig. 5C). None of the 
six community parameters (S, H’, J, TD, ATD, 
and VTD), nor either succession rates (Armstrong 
and Jassby-Goldman SR) showed significant 
differences linked to season, being more or less 
constant over the year (Table 1 and Fig. 6). How-
ever, some of them (i.e., H’ and J) had marginal 
significance, with values from the hot period 
(summer and autumn) slightly lower than the 
values from the rest of the year (Table 2). In the 
case of the community composition analysed by 
PERMANOVA, only marginal significance was 
also obtained (Pseudo-F3 = 1.606; p = 0.098).

rine pesticides) experienced two distinct periods 
of increase: one coinciding with the dry period, 
with high temperatures, and a second one in 
spring (Fig. 3).

The first two axes of PCA were used to evalu-
ate eventual changes in environmental parameters 
during the study period, explaining 48.1 % of the 
variance (Fig. 4). The first axis (PC1) explained 
30 % of the variance, and the second axis (PC2) 
explained 18.1 % of the variance. The variables 
with the highest contribution to PC1 were nitrate 
(NO3-), biological oxygen demand (BOD), 
temperature (T) and phosphate (PO43-), while 
pH, nitrite (NO2-) and organochlorine pesticides 

were the main variables contributing to PC2. The 
dry period (i.e., summer) was characterized by 
having greater values in relation to all physical 
and chemical characteristics of nitrate, BOD, 
temperature and phosphate. On the other hand, 
greater pH and nitrite were associated with the 
spring period. In summary, we can distinguish 
four periods according to the four seasons, but the 
main differences were observed between summer 
and the rest of the year (Fig. 4).

Community composition and structure

During the study, over 3144 individuals, belong-

taxonomic richness (S), evenness (J) and Shan-
non-Wiener diversity index (H’) (Pielou, 1969). 
Additionally, three taxonomic distinctness 
indices were calculated: taxonomic distinctness 
(TD), average taxonomic distinctness (ATD), 
and variation in taxonomic distinctness (VTD) 
(Clarke & Gorley, 2006). The first index, TD, is 
the average path length between any two 
randomly chosen individuals, conditional on 
them being from different species (in our case, 
families) (Clarke & Warwick, 1998). The second 
index, ATD is the mean path length through the 
taxonomic tree connecting every pair of families 
(Clarke & Warwick, 2001). Finally, the VTD is 
simply the variance of these pairwise path 
lengths and reflects the unevenness of the taxo-
nomic tree. It can be used to compare samples 
with similar ATD but different taxonomic tree 
structure. We also calculated Armstrong (1969) 
and Jassby-Goldman (1974) succession rates 
(SR) to analyse changes in community composi-
tion between 2 successive months. To carry out 
all these analyses we used PRIMER- E v.6. 
(Clarke & Gorley, 2006).

Data analyses

A principal component analysis (PCA) was 
conducted to determine which water physical and 
chemical characteristics best explained the varia-
bility among seasons. The variables were normal-
ized prior to performing the PCA. The PCA was 
carried out with R ver. 3.1.2 using the ‘prcomp’ 
function from the package “stats”. We analyzed 
the temporal patterns of the community by means 
of multivariate (permutational multivariate analy-
sis of variance; PERMANOVA) and univariate 
(analysis of variance; ANOVA) procedures. PER-
MANOVA was used to test for significant differ-
ences in taxonomic composition among seasons. 
A resemblance matrix was built using the 
Bray–Curtis coefficient on taxa log-transformed 
abundances. A one-way layout was selected, with 
season as fixed factors. PERMANOVA uses 
permutations (in our case 999 per test) to obtain 
P-values (Anderson, 2001; McArdle & Ander-
son, 2001). Moreover, the community structure 
analyses were performed by means of one-way 
ANOVA to check the effect of season on each 

community parameter. Each community parame-
ter (total abundance, taxonomic richness, Shan-
non-Wiener diversity index and evenness) was 
grouped by season in order to have a clear idea 
about seasonal change affecting macroinverte-
brate communities. PERMANOVAs were 
performed using the PRIMER v6 statistical pack-
age (Clarke & Gorley, 2006), whereas ANOVAs 
were performed in R program ver. 3.2.1 (R 
Development Core Team, 2018). Finally, a 
NMDS analysis was used to visualize the similar-
ity between the monthly distributions of the fami-
lies of macroinvertebrates in the presence of the 
physicochemical elements during the study 
period. This analysis was performed with month-
ly abundances (total individuals per sample) and 
using the Bray-Curtis similarity index. The abun-
dance data were square-root transformed before-
hand. Then, vectors of environmental variables 
(T, pH, BOD, NH4+, NO3-, NO2-, PO43-, Fe+, 
organochlorine pesticides) were fitted into the 
ordination space (NMDS) to detect the possible 
association between the patterns of community 
composition and environmental variables using 
the ‘envfit’ function of the ‘vegan’ package in R 
(Oksanen et al., 2014).

RESULTS

Environmental description

Our results showed a remarkable variability of 
the majority of the water variables during the year 
(Table 1) and an increase in temperature in 
contrast to the decrease in pH values during the 
dry period of the year (from June to October 
2017, Fig. 3). The pattern observed for biological 
oxygen demand (BOD) was similar to the one 
obtained for water temperature, with the excep-
tion of a second peak between February and April 
that coincided with a pH increase. The rainy 
period (from December to April 2018) was char-
acterized by a drop in temperature contemporane-
ous with an increase in pH. Regarding nutrient 
and pesticide concentrations, with the exception 
of the ammonium concentration (NH4+), that 
exhibited low and constant values throughout the 
year (less than 1 mg/l), the other analysed 
elements (NO3-, NO2-, PO43-, Fe+, organochlo-

Sampling procedure and sample processing 

Sampling points were selected in riverbanks 
based on accessibility (accessible all year round), 
depth (less than one meter), and stream flow 
(relatively low) with a frequency of only one 
sample per month. Water and macroinvertebrates 
were sampled in these points monthly from April 
2017 to April 2018. Macroinvertebrates were 
captured using a dip-net with a diameter of 22 cm 
and a mesh size of 250 µm, creating an artificial 
counter flow, and fixed in 70 % ethanol. Collect-
ed material was transported to the laboratory, 
sorted and identified to family level using a 
binocular magnifying glass, a stereomicroscope 
and reference books (Durand & Lévêque, 1981; 
Tachet et al., 2000; Moisan, 2010). Water 

samples were transported to the laboratory to 
analyse pollutant concentrations on the same day. 
We measured concentration of seven parameters 
(biological oxygen demand (BOD), ammonium 
(NH4+), nitrate (NO3-), nitrite (NO2-), phosphate 
(PO43-), iron (Fe+), and organochlorine pesti-
cides) in a quality control laboratory with the 
appropriate instruments for each parameter. 
Water temperature (T) and pH were measured in 
situ using a pH-meter that contains a built-in 
thermometer, simultaneously and at the same 
point as macroinvertebrate sampling. 

Community parameters

The following parameters were calculated to 
analyse community structure: total abundance, 

quality must be studied in order to conserve and 
protect this ecosystem, but not considering only 
the physical and chemical changes in water char-
acteristics. To achieve this, ecosystem communi-
ty structure and its temporal patterns can also 
provide information about its water quality, as 
community parameters such as diversity or 
species richness are sensitive to certain environ-
mental alterations. These community parameters 
can be used as preliminary biological indicators 
for water quality (Jeppesen et al., 2000; Declerck 
et al., 2005), since appropriate biological indica-
tors have not yet been developed for this region. 
In Algeria, although aquatic macroinvertebrates 
are seriously affected by different forms of 
disturbance, they have been poorly studied. In 
fact, Algerian wetlands have been poorly studied 
even though they constitute true sanctuaries for 
faunal and floral species (Samraoui & De Belair, 
1998). Many studies have focused on temporary 
ponds but very few on lakes (Khedimallah & 
Tadjine, 2016). The first works on hydrosystems 
in northern Algeria were mainly devoted to 
species descriptions, but only a few of them have 
focused on their ecology or biogeography (Arab 
et al., 2004). 

The maintenance of areas of international 
importance requires scientific monitoring to 
determine the evolution and ecology of animal 
and plant species and the possible impact of 
pollution of lakes on their aquatic invertebrates. 
This way, the aim of this study was to analyse 
seasonal trends in the physical and chemical 
conditions of Lake Réghaïa and its effect on 
benthic fauna. To do so, we studied the relation-
ships between water physical and chemical char-
acteristics and macroinvertebrate community 
parameters (i.e., spatial and temporal distribution, 
abundance, diversity and taxonomic relatedness). 
Such perspective is of high importance because 
until now, no benthic macrofauna study has been 
carried out on Réghaïa wetland (Thibault, 2006). 
Considering the scarcity of studies on aquatic 
macroinvertebrate communities living in perma-
nent lentic systems in Algeria, this study provides 
a case study in a scenario of a polluted wetland. 
Nevertheless, there is still a need to further study 
unpolluted wetlands in order to construct reliable 
biological indices for Algeria. 

MATERIALS AND METHODS

Study site

Réghaïa wetland is currently the only wetland 
that remains in the Algiers biogeographical 
region. It is located at 36° 46’ N, 3° 20’ E (Fig. 1), 
and it is a lacustrine and marshy environment, 
surrounded by a wooded belt and set back from a 
sandy coastal shelf that opens onto small sea 
beds (Larid, 2008). The water body surface area 
is 75 ha, located at 4 m a.s.l, and its depth varies 
from a few cm to 6 m. The immediate river-
banks have slopes between 0-3 %. The annual 
precipitation ranges from 2 to 714 mm, with an 
average value of 560 mm. The rains are concen-
trated (82 %) from October to April (Fig. 2). The 
average annual temperature is approximately 
16.6 °C, the minimum average temperature vary-
ing from 4 °C to 12 °C during the winter period 
and from 21 °C to 30 °C during the summer 
period (Fig. 2). The conductivity of the lagoon is 
on average 2.40 mS/cm. The water inputs are 
three wadis (or ephemeral riverbeds): wadi 
Réghaïa, wadi El Biar and wadi Boureah. The 
water input includes runoff and domestic, agricul-
tural and industrial discharges. 

INTRODUCTION

Wetlands are important sites for the balance of 
ecosystems, because they serve as biotopes for 
many faunal and floral communities. Their roles 
are important with respect to the landscape in 
terms of flood control, renewal of groundwater, 
retention of toxic products, and the recycling of 
nutrients (Keddy, 2000; Verhoeven et al., 2006). 
They also provide various resources and ecosys-
tem services to the human population, including 
water availability and storage for grazing and 
agriculture, as well as tourism (Anthony et al., 
2009; Soy-Massoni et al., 2016). Last but not 
least, they host many rare and endangered taxa, 
even supporting species and communities that are 
not found in other water bodies (Gopal & Junk, 
2000). However, wetlands are fragile ecosystems, 
so they must be conserved, protected and main-
tained (Pérez-Ruzafa et al., 2011).

The Réghaïa wetland is classified as a 
RAMSAR site of international importance, 
because it is the last remnant of the wetlands of 
the ancient alluvial plain of Mitidja. All this 

region has been transformed to a large agricultur-
al and urban area, and the wetland, currently used 
for water retention, constitutes the last major 
water body that exists near the capital Algiers. 
Nevertheless, the Réghaïa wetland is not only a 
water reservoir but also a reservoir of remarkable 
biodiversity; it holds valuable heritage of fauna 
and flora including 233 species of plants, more 
than 230 species of sedentary birds, more than 
170 species of invertebrates (20 of them protect-
ed by Algerian regulations) (C.C.R., 2010). How-
ever, in recent years, this RAMSAR site has 
faced a major threat due to the increase in pollu-
tion that may affect its genetic potential and its 
ecological importance. Previous studies have 
reported that the concentrations of pollutants that 
were discharged in the wetland (of industrial, 
urban and agricultural origin) have exceeded 
internationally accepted standards. According to 
Aydi & Benamara (2004) and Sayoud (2017), the 
surface waters of the lake are of very poor quali-
ty, due to discharge of domestic water from the 
surrounding urbanisation areas, and can only be 
used after specific treatment. Therefore, water 
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