
INTRODUCTION

Coastal lagoons constitute a common coastal envi-
ronment worldwide (Kjerfve 1994). Due to their special 
location at the end of a basin, their transitional charac-
ter (between continental and marine environments), and 
their interaction with the terrestrial ecosystem, coastal 
lagoons are high productivity areas (Kjerfve 1994, Bas-
set et al. 2006, Basset 2007, Esteves et al. 2008), but very 
unstable systems that tend to disappear due to the filling 
of the basin (Casado & Montes 1995, Soria & Sahuquillo 
2009). However, not until very recently have they become 
the focus of conservation interest (Barnes 1999, Abbiati 
& Basset 2001) with the declaration of Special Areas of 
Conservation (SAC) as a consequence of their listing as 
a priority habitat type (1150*) in Annex I of the European 
Union Habitats Directive (Council of the European Com-
munities 1992).

The conservation of these habitats depends largely 
on the assessment of their natural characteristics, espe-
cially biodiversity, which is one of the main criteria used 
when elaborating wetland protection policies (Ramsar 
Convention Bureau 2005). In this sense, the composi-
tion and abundance of benthic invertebrates is one of the 
most important criteria to be considered. These organisms 
include insects, which are one of the most common groups 
in these environments along with crustaceans. However, 
studies dealing with coastal lagoons often include data 
on brackish or marine taxa (e.g. crustaceans) and little is 
known of the communities of aquatic insects, especially 

when compared with freshwater ecosystems (Garrido & 
Munilla 2008). It is important to have basic data on all 
of the aquatic organisms inhabiting these ecosystems in 
order to have an idea of the biological processes occur-
ring.

In many cases, it is difficult to separate the effects of 
natural changes from human-made disturbances, so in 
bio-assessment studies it is essential to understand natural 
variability and heterogeneity, particularly in such unstable 
ecosystems as coastal lagoons. Investigation and quan-
tification of these changes is a necessary part of metric 
evaluation in the development of bio-assessment proto-
cols according to the Water Framework Directive (WFD) 
(Council of the European Communities 2000). Spatial and 
temporal changes in aquatic communities lead to varia-
tions in metrics and may obscure the effects caused by 
anthropogenic disturbance (Trigal et al. 2006). The use of 
community metrics (for example taxa richness, diversity 
indices or functional feeding groups) as strong biomoni-
toring tools is common in biodiversity and ecological 
studies in lentic ecosystems (e.g. Trigal et al. 2006, Boix 
et al. 2008), including the development of multimetric 
indices (Boix et al. 2005, Solimini et al. 2008, Trigal et 
al. 2009).

Coastal lagoons are well represented in the Autono-
mous Region of Galicia (Northwest Spain). Although this 
region probably has one of the most important and well-
conserved representations of sandbar-lagoon complexes 
in the Iberian Peninsula, most of the studies dealing with 
aquatic insects in this type of habitat have been developed 
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in the Spanish Mediterranean region (e.g. Ribera et al. 
1996, Boix et al. 2005, 2008, Martinoy et al. 2006). In 
view of the lack of information on aquatic insect assem-
blages in coastal lagoons in Northwest Spain, we carried 
out a study in seven coastal lagoons included in the Natu-
ra 2000 network.

The aim of the study was to analyze community varia-
tion in several coastal lagoons along spatial (among-
lagoons) and temporal (within-lagoons) gradients using 
aquatic insect communities and to provide new data on 
a group of organisms usually neglected in these ecosys-
tems. We also assessed the variability of different diver-
sity measures (metrics) potentially useful for bioindica-
tion purposes. The following questions were addressed: 
(1) Are there any differences between the studied lagoons 
regarding diversity measures? (2) Are these metrics use-
ful for assessing spatial and temporal changes in these 
assemblages in the context of biomonitoring? We tested 
23 potentially useful metrics to assess the ecological con-
dition of coastal lagoons, focusing particularly on spatial 
and temporal variations.

MATERIAL AND METHODS

Study area: The study area comprised seven coastal lagoons 
on the Atlantic coast of Galicia (northwestern Spain): Doniños, 
Traba, louro, Muro, vixán, Xuño & Bodeira (Fig. 1). All of 
them are located within SACs under the European Union Habi-
tats Directive (Council of the European Communities, 1992) 
and are Special Protection Areas (SPAs) under the Birds Direc-
tive (Council of the European Communities 1979), except the 
louro lagoon. vixán and Bodeira are also protected by the Ram-
sar Agreement (Ramsar sites no. 598 and 452, respectively). The 
climate in the study area is warm temperate, with dry summers 

and mild temperatures (Kottek et al. 2006). The landscape con-
sists of a mosaic of farmland, heathlands and forests near small 
villages located in very touristic areas.

According to the thermal classification of lakes proposed 
by lewis (1983), these lagoons are warm polymictic, without 
a stable thermal stratification. Doniños, Bodeira and Xuño are 
freshwater systems, and Traba, louro, Muro and vixán are con-
sidered oligohaline water bodies, being all of them less than 3 m 
deep (Ramil et al. 2007), except Doniños which is 11 m deep. 

The substrate of the lagoons is mostly composed of sand and 
mud. The structure of the aquatic vegetation differed between 
lagoons. In some of them, the bottom is covered by stands of 
submerged vegetation; in others, the vegetation is only pres-
ent on shores. Aquatic plants consist mostly of submerged and 
floating hydrophytes and helophytes (Table I). Traba, vixán and 
Muro presented a large reed bed (Phragmites australis (Cav.) 
Trin. ex Steud), while Doniños had the white waterlily nympha-
ea alba l. and Schoenoplectus lacustris (l.) Palla. In Bodeira 
we can find the species Polygonum amphibium l., Glyceria flu-
itans (l.) R. Br. and myriophyllum spp., and in Xuño the white 
waterlily, Hydrocotyle vulgaris l. and Veronica spp. Finally, 
louro presented a reed bed and the species eleocharis parvu-
la (Roem. & Schult.) link ex Bluff et al., which is considered 
endangered in Spain.

Sampling: The seven coastal lagoons were sampled in spring 
(April-May) of 2007 and 2008, once each year. Each sample was 
taken following a multi-habitat time-limited sampling (Biggs et 
al. 1998). The three-minute total sampling time for each lagoon 
was split equally between different mesohabitat types of the 
shore using an entomological net (500 µm mesh, 30 cm diameter 
and 60 cm deep). We considered a sample each lagoon in each 
year, so we had 14 samples in total. The material was identified 
to family level, with the exception of Coleoptera and Hemiptera, 

Fig. 1. – location of the seven 
coastal lagoons on the Atlantic 
coast of Galicia (NW Spain).
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identified to species level due to their high representativeness in 
the studied lagoons, in general over 50 % of identified taxa. 

metric selection: Spatial and temporal variations in macroin-
vertebrate assemblages were analyzed in terms of taxa richness 
and relative abundances. Due to the reduced number of stud-
ies focusing on macroinvertebrate communities as indicators 
of water quality in coastal lagoons, biotic metrics were chosen 
based on current bibliography (Barbour et al. 1995, lewis et al. 
2001, Blocksom et al. 2003, García-Criado et al. 2005, Trigal 
et al. 2006, 2009). In total, 23 metrics were selected (Table II). 
Numeric richness was the number of taxa in a sample. Rarefied 

richness was calculated for the most common number of indi-
viduals included in fixed count studies (ES200) (Somers et al. 
1998). This metric was calculated for a sample size of 200 indi-
viduals. Diversity measures were calculated using PRIMER-E 
version 6 software.

Functional feeding groups were assigned for each taxon fol-
lowing Tachet et al. (2002) and oscoz et al. (2011). Those taxa 
feeding on more than one food source were allocated according 
to their dominant type of food source.

Spatial and temporal variability for metrics: The coeffi-
cient of variation (Cv) was used to assess natural changes in 

Table I. – list of the seven lagoons with their respective coordinates (UTM), altitude, area dominant substrate, macrophyte cover and 
the dominant aquatic vegetation species.

Lagoon
Coordinates   

U.T.M.
Altitude  

(m. a.s.l.) 
Area 
(ha)

Dominant 
substrate

Macrophyte 
cover (%)

Dominant aquatic vegetation

Bodeira 29T5079664703605 11 0.8 sand/mud 40-50 Polygonum amphibium, Glyceria fluitans, 
Myriophyllum spp.

Doniños 29U5559904815850 0 25 sand 40 Nymphaea alba, Schoenoplectus lacustris

Louro 29T4921424734006 13 24.8 sand 60 Eleocharis parvula

Muro 29T4964924719237 11 12.5 sand 20 Phragmites australis 

Traba 29T4964944781705 2 3.8 sand/mud 15 Phragmites australis 

Vixán 29T4980254709875 7 11.2 sand/mud 60 Phragmites australis 

Xuño 29T4968184720144 14 2.3 sand/mud 95 Nymphaea alba, Hydrocotyle 
vulgaris,Veronica spp.

Table II. – list of the 23 calculated diversity metrics.

Metric Description

Total richness Total taxa (families)

ES(200) Rarefied richness (families) for 200 individuals

S Coleoptera Species richness of Coleoptera

S Hemiptera Species richness of Hemiptera

% S CH Percentage of the number of taxa in the orders Coleoptera and Hemiptera 

% S ETO Percentage of the number of taxa in the orders Ephemeroptera, Trichoptera and Odonata 

% S Predators Percentage of the number of taxa in the predator group

% S Collector-gatherers Percentage of the number of taxa in the collector-gatherer group

% S Shredders Percentage of the number of taxa in the shredder group

H’ Shannon-Wiener diversity index (log to base 2)

d Margalef index = (S-1)/Log(N)

J’ Pielou’s evenness = H’/Log(S) 

1-Lambda Simpson’s index = 1-SUM(Ni*(Ni-1)/(N*(N-1))

N Total Total number of individuals

N Coleoptera Total number of individuals of the order Coleoptera

N Hemiptera Total number of individuals of the order Hemiptera

% Chironomidae Percentage of Chironomidae larvae

% ETO Percentage of Ephemeroptera, Trichoptera and Odonata

% Dominant taxa Percentage of the dominant taxa

% CH Percentage of Coleoptera and Hemiptera

% Predators Percentage of the predator group

% Collector-gatherers Percentage of the collector-gatherer group

% Shredders Percentage of the shredder group
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the calculated metrics. This is an analysis reported by different 
authors to evaluate the effects of spatial and temporal variabil-
ity on several attributes (Johnson 1998, Kashian & Burton 2000, 
Trigal et al. 2006). Cv, expressed as a percentage, was used to 
quantify the effect of among-lagoon (7 x lagoon) and interan-
nual variability (2 x year) on the selected metrics. As a prelimi-
nary approach, metrics with a Cv lower than 50 % were consid-
ered potentially useful in the assessment of water quality in the 
lagoons (Kashian & Burton 2000).

Among-lagoon variability (Cvl) was calculated as the Cv 
among the seven lagoons. This coefficient was calculated for 
each set of temporal data (2007, 2008 and “years” which is 
the mean value of metrics between 2007 and 2008). Interan-
nual variability (Cvi) was the Cv among the two years (2007 
and 2008). The Cvi was estimated for each set of spatial data 
(each lagoon and “lagoons” which is the mean value of metrics 
between the seven lagoons).

RESULTS

Fauna composition

In total, more than 19,000 individuals from six orders 
were recorded. We identified 48 families of the orders 

Diptera, Hemiptera, Coleoptera, odonata, Ephemeroptera 
and Trichoptera, as well as 62 species of Coleoptera and 
14 species of Hemiptera (Appendix 1). 

All of the lagoons presented more than 20 insect fam-
ilies, reaching 33 taxa recorded in Bodeira. The lagoon 
with fewer families was louro, with 22 (Fig. 2). Regard-
ing Coleoptera and Hemiptera species, marked differ-
ences among lagoons were found. Five lagoons presented 
more than 30 species and the richest lagoon was Xuño (40 
species). on the other hand, Doniños presented the lowest 
number of species with 14 (Fig. 3).

Diptera and Coleoptera were the dominant groups, 
followed by Hemiptera and odonata (Fig. 4). Flies were 
clearly dominant in 2007 (more than 50 % abundance). 
However, in 2008 it was not the highly dominant group. 
In this year, beetles were the most abundant, followed by 
flies and bugs. Chironomidae were highly represented in 
almost all lagoons. This family was the dominant group 
in seven samples followed by Hydraenidae, which was 
dominant in four samples, and Corixidae, dominant in 
only two.

Fig. 2. – Family richness of the 
aquatic insects collected in the 
seven lagoons during 2007 and 
2008.

Fig. 3. – Species richness of 
Coleoptera and Hemiptera in the 
seven lagoons studied during 
2007 and 2008.
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Fig. 4. – Relative abundance of the aquatic insect orders captured in the seven lagoons during 2007 and 2008.
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Among-lagoon variability for metrics

Among-lagoon variability was similar in the two years. 
The Cvl was below 50 % for most of the taxonomic met-
rics, particularly low in total richness, rarefied richness, 
% S CH and % S predators (Table III). low variations 
were also observed for all diversity metrics, most of them 
being below 30 %. on the other hand, among-lagoon 
variability in the relative abundance metrics was high and 
coefficients of variation exceeded 100 % on most occa-
sions, with important increases in the relative abundance 
of Hemiptera, Coleoptera and % ETo. As for trophic met-
rics, Cvl were high for collectors-gatherers and shred-
ders, but low and stable for predators.

Interannual variability for metrics

In general, interannual variability was higher than 
among-lagoon variability. However, metrics that present-
ed a low Cvl also had a low Cvi. In some lagoons the 
Cvi was lower than in others. For example, in Traba Cvi 
was below 50% in almost all metrics. on the other hand, 

the Cvi in Bodeira was higher than 50 % in more than 
half of the metrics (Table III).

In general, Cvi was below 50 % for most of the taxo-
nomic and diversity metrics. The greatest decrease was 
observed in % S CH and % S predators, at below 18 in 
all lagoons. Cvi was high for most of the relative abun-
dance metrics, especially for % ETo, being greater than 
50 % in all lagoons. In general, trophic metrics had a high 
interannual variability, especially for collectors-gatherers 
and shredders. But, as noted in among-lagoon variability, 
Cvi was low for predators (below 50 %) in all lagoons, in 
some cases almost zero.

DISCUSSION

The studied coastal lagoons presented high diver-
sity values, confirming the importance of aquatic insect 
assemblages in these ecosystems. This result agrees with 
other studies carried out in coastal lagoons of the Iberian 
Peninsula, like Martinoy et al. (2006) in Spain or Can-
cela da Fonseca et al. (1999) in Portugal, in which aquatic 

Table III. – values of the among-lagoons and interannual coefficients of variation of the selected metrics in the seven lagoons and the 
two years of study (2007 and 2008).

Metrics

Among-lagoons 

variability
 Interannual variability

CV 
2007

CV 
2008

CV 
years

 
CV 

Bodeira
CV 

Doniños
CV 

Louro
CV 

Muro
CV 

Traba
CV 

Vixán
CV  

Xuño
CV 

lagoons

Total richness 18 22 17 33 12 5 20 6 12 0 10

ES(200) 22 18 20 16 8 26 3 29 15 7 15

S Coleoptera 37 31 34 53 7 31 17 0 34 3 21

S Hemiptera 29 52 44 28 71 20 47 35 28 16 32

% S CH 9 13 11 4 13 4 3 0 18 6 7

% S ETO 52 37 43 45 39 33 42 35 24 16 24

% S Predators 17 18 16 12 8 5 2 7 2 18 5

% S Collectors-
gatherers 51 44 42 74 62 5 21 6 9 13 18

% S Shredders 26 33 9 3 96 15 1 20 11 24 9

H’ 37 22 29 52 3 17 28 23 29 15 24

d 22 22 22 21 18 18 7 10 8 6 13

J’ 32 18 25 43 1 16 20 21 26 15 20

1-Lambda 35 19 27 53 3 6 25 11 30 9 20

N Total 76 57 65 81 34 84 98 26 3 46 53

% Chironomidae 51 108 59 116 17 102 98 92 9 49 52

% ETO 116 114 92 106 102 134 61 63 67 60 51

% Dominant taxa 44 38 35 62 17 6 45 28 9 59 18

% CH 59 61 60 87 76 24 60 33 16 6 41

% Predators 32 35 33 43 3 0 8 21 5 29 14

% Collectors-gatherers 167 104 136 125 73 56 19 34 119 117 66

% Shredders 78 84 82 88 97 3 5 47 76 53 41

N Hemiptera 161 101 126 134 20 54 123 23 25 64 88

N Coleoptera 103 105 105  114 105 71 116 0 41 11 72
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insects played an important role in the composition of 
the community. lagoons reached similar values of abun-
dance, family richness and diversity; thus, the difference 
between them is probably due to the replacement of some 
species by others and variations in the abundances of sev-
eral taxa, for example Pleidae more abundant in Bodei-
ra, Coenagrionidae much more abundant in Doniños, or 
Corixidae dominating in louro. We want to highlight the 
dominance of the family Hydraenidae in four samples 
in 2008 because this group of aquatic beetles is typical 
of running waters. This dominance could be due to high 
number of individuals of the species ochthebius viridis 
fallaciosus collected this year, confirming the preference 
of this species for coastal lagoons (Garrido & Munilla 
2008). 

In general, in our study among-lagoon variability 
was lower than interannual variability. This means that 
one lagoon was more different between years than all 
the lagoons between each other. This could be due to 
the instability of these ecosystems, which are subjected 
to strong environmental gradients (Basset 2007). Tem-
poral variability may be responsible for marked changes 
in macroinvertebrate assemblages among years (Guerold 
2000, Tangen et al. 2003, White & Irvine 2003, Jackson 
& Füreder 2006). In this study, we observed important 
differences between lagoons regarding community mea-
sures. For invertebrate communities, within-system vari-
ability is expected to be large in complex ecosystems, 
where there is a wide range of niches (Heino 2000, Harri-
son & Hildrew 2001). According to the Cv values, Traba 
& vixán were the most stable lagoons, while Bodeira was 
the most unstable. Coastal lagoons are exposed to large 
variations in environmental variables and climatic events 
(storms, drought, etc.), which affect water physical and 
chemical characteristics (salinity, nutrients, hydroperiod, 
etc.) and therefore determine the structure of biological 
assemblages (Kjerfve 1994). These climatic events dif-
fer from one year to another. For example, drought is not 
unusual in the Bodeira lagoon, the most unstable one, in 
very dry summers (Ramil et al. 2007).

The low spatial variation could also be influenced by 
the sampling methodology, since all the samplings were 
carried out in the vegetated lagoon shores. It is well 
known the positive relationship between aquatic veg-
etation and macroinvertebrate assemblages (Rodríguez-
Gallego et al. 2010). Part of the low variation could be 
due to the different species that formed aquatic vegetation 
assemblages.

Feeding traits depend largely on habitat characteris-
tics, because in stress conditions unstable food dynamics 
can result in an imbalance in feeding functional groups 
(Barbour et al. 1999). In this work, the percentage of rich-
ness and abundance of predators showed low spatial and 
temporal variation, and can be considered a good met-
ric. Kashian & Burton (2000) proposed that the percent-
age of predators is likely to be a good quality indicator, 

based on lower values found in degraded wetlands rather 
than unpolluted sites. The influence of habitat on mac-
roinvertebrate feeding traits is also related to their food-
collecting strategies and to the distribution of their food 
sources among different habitats (Heino 2000, lamoroux 
et al. 2004). In this sense, active predators (e.g. hemipter-
ans and coleopterans) occurred in vegetated zones where 
predation pressure by fish was lower (Bennet & Streams 
1986, Hornung & Foote 2006). 

Richness and diversity indices presented lower spatial 
and temporal variation than those based on abundance 
values, and were better indices for assessing the ecologi-
cal status of the lagoons (Johnson 1998, García-Criado 
et al. 2005, Trigal et al. 2006). The relative abundance 
of different groups can vary considerably depending on 
different factors such as phenological differences across 
groups, predation pressures and between-year differences 
in meteorological conditions (Diehl & Kornijów 1998, 
Batzer et al. 2000). on the contrary, taxonomic compo-
sition is expected to be maintained (Kornijów 1989). In 
this study, taxa richness, rarefied richness (ES200), spe-
cies richness of Coleoptera and Hemiptera (% S CH), the 
Margalef diversity index (d), and richness and abundance 
of predators could be the most useful metrics. The poten-
tial use of % S CH for biomonitoring shows that beetles 
and bugs are good biological and ecological indicators 
(Abellán et al. 2005, Garrido & Munilla 2008, Gutiérrez-
Cánovas et al. 2008). 

In the studied lagoons it was observed that temporal 
variability was greater than spatial variability. on the other 
hand, aquatic insects richness and diversity indices can be 
considered good indices to assess the ecological status of 
these habitats. Future goals in Atlantic coastal lagoons in 
Spain should deal with the priority of identifying indica-
tor species, not only insects, and also with assessing how 
changes in environmental factors due to the instability of 
coastal lagoons itself and to man-made changes can affect 
assemblages inhabiting these ecosystems. 

Acknowledgements – This study was supported by the 
Galician Government (Project PGIDIT06RFo31001oR). We 
want to thank Dr Á vázquez for helping us with the identifica-
tion of Hemiptera species, and the two referees for their valu-
able comments.

REFERENCES

Abbiati M, Basset A 2001. Ecological research and conservation 
of coastal ecosystems. aquat Conserv: mar freshw ecosyst 
11: 233-234.

Abellán P, Sánchez-Fernández D, velasco J, Millán A 2005. 
Conservation of freshwater biodiversity: a comparison of 
different area selection methods. Biodiversity Conserv 14: 
3457-3474.



152 A. PÉREZ-BIlBAo, C. J. BENETTI, J. GARRIDo 

Vie milieu, 2013, 63 (3/4)

Barbour MT, Gerritsen J, Snyder BD, Stribling JB 1999. Rapid 
Bioassessment Protocols for Use in Wadeable Streams and 
Rivers: Periphyton, Benthic Invertebrates and Fish. Second 
Edition EPA 841B99002. US Environmental Protection 
Agency, office of Water, Washington, DC: 197 p + appendi-
ces.

Barbour MT, Stribling JB, Karr JR 1995. Multimetric approach 
for establishing biocriteria and measuring biological condi-
tion. in Davis WS, Simon TP Eds, Biological Assessment 
and Criteria: Tools for Water Resource Planning and Deci-
sion Making. lewis Publishers, Boca Raton, Florida: 63-77.

Barnes RSK 1999. The conservation of brackish-water systems: 
priorities for the 21st century. aquat Conserv: mar freshw 
ecosyst 9: 523-527.

 Basset A 2007. Ecosystems and Society: do they really need to 
be bridged? aquat Conserv: mar freshw ecosyst 17: 551-
553.

Basset A, Sabetta l, Carrada GC 2006. Conservation of transi-
tional water ecosystems in the Mediterranean area: bridging 
basic ecological research and theories with requirements of 
application. aquat Conserv: mar freshw ecosyst 16: 439-
440.

Batzer DP, Pusateri CR, vetter R 2000. Impacts of fish predation 
on marsh invertebrates: direct and indirect effects. Wetlands 
20: 307-312.

Bennet Dv, Streams FA 1986. Effects of vegetation on notonec-
ta (Hemiptera) distribution in ponds with and without fish. 
oikos 46: 62-69.

Biggs J, Fox G, Nicolet P, Walker D, Whitfield M, Williams P 
1998. A Guide to the Methods of the National Pond Survey. 
Pond Action, oxford: 22 p.

Blocksom KA, Kurtenbach JP, Klemm DJ, Fulk FA, Cormier 
SM 2003. Development and evaluation of the lake macroin-
vertebrate integrity index (lMII) for New Jersey lakes and 
reservoirs. environ monit assess 77: 311-333.

Boix D, Gascón S, Sala J, Martinoy M, Gifre J, quintana XD 
2005. A new index of water quality assessment in Mediterra-
nean wetlands based on crustacean and insect assemblages: 
the case of Catalunya (NE Iberian Peninsula). aquat Con-
serv: mar freshw ecosyst 15: 635-651.

Boix D, Gascón S, Sala J, Badosa A, Brucet S, lópez-Flores R, 
Martinoy M, Gifre J, quintana XD 2008. Patterns of compo-
sition and species richness of crustaceans and aquatic insects 
along environmental gradients in Mediterranean water bod-
ies. Hydrobiologia 597: 53-69.

Cancela da Fonseca l, Costa AM, Magalhães F, Cristo M 1999. 
The benthic macroinvertebrate community of lagoa Da San-
cha: a coastal lagoon in SW Portugal. limnetica 16: 39-48.

Casado S, Montes C 1995. Guía de los lagos y humedales de 
España. JM Reyero, Madrid: 256 p.

Council of the European Communities 1979. Directive 79/409/
EEC on the conservation of wild birds. official Journal of 
the European Communities l 103, Brussels: 41 p.

Council of the European Communities 1992. Directive 92/43/
EEC on the conservation of natural habitats and of wild fauna 
and flora. official Journal of the European Communities l 
206, Brussels: 66 p.

Council of the European Communities 2000. Directive 2000/60/
EC of the European Parliament and of the Council of 23 
october 2000 establishing a framework for community 
action in the field of water policy. official Journal of the 
European Communities l3 27 (43), Brussels: 73 p.

Diehl S, Kornijów R 1998. Influence of submerged macrophytes 
on trophic interactions among fish and macroinvertebrates. 
in Jeppesen E, Sondergaard M, Sondergaard M, Christoffer-
sen K Eds, Structuring Role of Submerged Macrophytes in 
lakes. Springer-verlag, New york: 24-46.

Esteves FA, Caliman A, Santangelo JM, Guariento RD, Farjalla 
vF, Bozelli Rl 2008. Neotropical coastal lagoons: An 
appraisal of their biodiversity, functioning, threats and con-
servation management. Braz J Biol 68: 967-981.

García-Criado F, Bécares E, Fernández-Álaez C, Fernández-
Álaez M 2005. Plant-associated invertebrates and ecological 
quality in some Mediterranean shallow lakes: implications 
for the application of the EC Water Framework Directive. 
aquat Conserv: mar freshw ecosyst 15: 31-50.

Garrido J, Munilla I 2008. Aquatic Coleoptera and Hemiptera 
assemblages in three coastal lagoons of the NW Iberian 
Peninsula: assessment of conservation value and response to 
environmental factors. aquat Conserv: mar freshw ecosyst 
18: 557-569.

Guerold F 2000. Influence of taxonomic determination level on 
several community indices. Water res 34: 487-492. 

Gutiérrez-Cánovas C, velasco J, Millán A 2008. Salindex: A 
macroinvertebrate index for assessing the ecological status 
of saline “ramblas” from SE of the Iberian Peninsula. lim-
netica 27: 299-316.

Harrison SC, Hildrew AG 2001. Epilithic communities and hab-
itat heterogeneity in a lake littoral. J anim ecol 70: 692-707.

Heino J 2000. lentic macroinvertebrate assemblage structure 
along gradients in spatial heterogeneity, habitat size and 
water chemistry. Hydrobiologia 418: 229-242.

Hornung JP, Foote Al 2006. Aquatic invertebrate responses to 
fish presence and vegetation complexity in western boreal 
wetlands, with implications for waterbird productivity. Wet-
lands 26: 1-12.

Jackson JK, Füreder l 2006. long-term studies of fresh water 
macroinvertebrates: are view of the frequency, duration and 
ecological significance. freshw Biol 51: 591-603.

Johnson RK 1998. Spatiotemporal variability of temperate lake 
macroinvertebrate communities: detection of impact. ecol 
appl 8: 61-70.

Kashian DR, Burton TM 2000. A comparison of macroinverte-
brates of two Great lakes coastal wetlands: testing potential 
metrics for an index of ecological integrity. J Great lakes 
res 26: 460-481.

Kjerfve B 1994. Coastal lagoons. in Kjerfve B Ed, Coastal 
lagoon Processes. Elsevier Science Publishers, Amsterdam: 
1-8. 

Kornijów R 1989. Seasonal changes in the macrofauna living on 
submerged plants in two lakes of different trophy. arch Hyd-
robiol 117: 49-60.

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F 2006. World 
map of the Köppen-Geiger climate classification updated. 
meteorol z 15: 259-263.

lamouroux N, Dolédec S, Sebastien G 2004. Biological traits of 
stream macroinvertebrate communities: effects of microhab-
itat, reach, and basin filters. J n am Benthol Soc 23: 449-
466.

lewis WM Jr 1983. A revised classification of lakes based on 
mixing. Can J fish aquat Sci 40: 1779-1787.

lewis PA, Klemm DJ, Thoeny WT 2001. Perspectives on use of 
a multimetric lake bioassessment integrity index using ben-
thic macroinvertebrates. northeast nat 8: 233-246.



 CoMMUNITy vARIATIoN IN CoASTAl lAGooNS 153

Vie milieu, 2013, 63 (3/4)

Martinoy M, Boix D, Sala J, Gascón S, Gifre J, Argerich A, de 
la Barrera R, Brucet S, Badosa A, lópez-Flores R, Méndez 
M, Utgé JM, quintana XD 2006. Crustacean and aquatic 
insect assemblages in the Mediterranean coastal ecosystems 
of Empordà wetlands (NE Iberian Peninsula). limnetica 25: 
665-682.

oscoz J, Galicia D, Miranda R 2011. Identification Guide of 
Freshwater Macroinvertebrates of Spain. Springer, Nether-
lands: 153 p.

Ramil P, Cillero C, García N, Codesido D, Rubinos M, Ferreiro 
J 2007. Evaluación del estado de conservación de las lagunas 
costeras de Galicia: Propuestas de conservación y uso soste-
nible. Instituto de Biodiversidade Agraria e Desenvolvemen-
to Rural (IBADER), Spain: 189 p.

Ramsar Convention Bureau 2005. Strategic framework and 
guidelines for the future development of the list of Wetlands 
of International Importance of the Convention on Wetlands 
(Ramsar, Iran, 1971). http://www. ramsar.org/key_guide_
list2006_e.htm. Accessed 15 May 2011.

Ribera I, Bilton DT, Aguilera P, Foster GN 1996. A north Afri-
can-European transition fauna: water beetles (Coleoptera) 
from the Ebro Delta and other Mediterranean coastal wet-
lands in the Iberian Peninsula. aquat Conserv: mar freshw 
ecosyst 6: 121-140.

Rodríguez-Gallego l, Meerhoff E, Clemente JM, Conde D 
2010. Can ephemeral proliferations of submerged macro-
phytes influence zoobenthos and water quality in coastal 
lagoons? Hydrobiologia 646: 253-269.

Solimini AG, Bazzanti M, Ruggiero A, Carchini G 2008. Devel-
oping a multimetric index of ecological integrity based on 
macroinvertebrates of mountain ponds in central Italy. Hyd-
robiologia 597: 109-123.

Somers KM, Reid RA, David SM 1998. Rapid ecological 
assessment: how many animals are enough? J n am Benthol 
Soc 17: 348-358.

Soria JM, Sahuquillo M 2009. 1150 lagunas costeras (*). in 
Bases Ecológicas preliminares para la Conservación de los 
Tipos de Hábitats de Interés comunitario en España. Ministe-
rio de Medio Ambiente y Medio Rural y Marino, Madrid: 
303 p.

Tachet H, Richoux P, Bournaud M, Usseglio-Polatera P 2002. 
Invertébrés d’eau douce. Systématique, Biologie, Écologie. 
CNRS Editions, Paris: 587 p.

Tangen B., Butler MG, Ell MJ 2003. Weak correspondence 
between macroinvertebrate assemblages and land use in prai-
rie pothole region wetlands, USA. Wetlands 23: 104-115.

Trigal C, García-Criado F, Fernández-Aláez C 2006. Among-
habitat and temporal variability of selected macroinverte-
brate based metrics in a Mediterranean shallow lake (NW 
Spain). Hydrobiologia 563: 371-384.

Trigal C, García-Criado F, Fernández-Aláez C 2009. Towards a 
multimetric index for ecological assessment of Mediterrane-
an flatland ponds: the use of macroinvertebrates as bioindi-
cators. Hydrobiologia 618: 109-123.

White J, Irvine K 2003. The use of littoral mesohabitats and 
their macroinvertebrate assemblages in the ecological assess-
ment of lakes. aquat Conserv: mar freshw ecosyst 13: 331-
351.

received on June 10, 2013 
accepted on february 7, 2014 

associate editor: J Boissier



154 A. PÉREZ-BIlBAo, C. J. BENETTI, J. GARRIDo 

Vie milieu, 2013, 63 (3/4)

A
pp

en
di

x 
1

 
 

 
B

o
d

ei
ra

D
o

ni
ño

s
Lo

ur
o

M
ur

o
Tr

ab
a

V
ix

án
X

uñ
o

 
 

 
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08

D
ip

te
ra

A
nt

ho
m

yi
d

ae
1

A
th

er
ic

id
ae

1

C
er

at
op

og
on

id
ae

6
10

10
13

2
17

22
0

7
3

1
4

C
hi

ro
no

m
id

ae
60

2
22

1
32

5
41

7
10

06
41

17
8

17
8

29
6

43
18

00
16

50
94

38
2

C
ul

ic
id

ae
22

5
11

1
1

1
56

25

D
ix

id
ae

1
1

3
13

7
3

1
54

D
ol

ic
ho

p
od

id
ae

1
3

E
m

p
id

id
ae

1
2

2

E
p

hy
d

rid
ae

2
1

5

Li
m

on
iid

ae
1

31
1

1

P
sy

ch
od

id
ae

1
6

R
ha

gi
on

id
ae

1
1

S
ca

th
op

ha
gi

d
ae

1

S
ci

om
yz

id
ae

5
3

Ta
b

an
id

ae
1

1
7

2
1

Th
au

m
al

ei
d

ae
1

Ti
p

ul
id

ae
3

O
d

on
at

a

A
es

hn
id

ae
3

4
6

7
7

14
2

2
30

56
6

37

C
oe

na
gr

io
ni

d
ae

24
32

8
1

3
11

30
26

80
78

C
or

d
ul

eg
as

tr
id

ae
1

C
or

d
ul

lid
ae

2
11

1
2

4
4

4

Le
st

id
ae

3
2

4
36

1
4

4
15

6

Li
b

el
lu

lid
ae

6
1

5
23

4
47

18
12

E
p

he
m

er
op

te
ra

B
ae

tid
ae

1
29

16
58

2
99

16
5

1

E
p

he
m

er
el

lid
ae

1

Tr
ic

ho
p

te
ra

Le
p

id
os

to
m

at
id

ae
1

Li
m

ne
p

hi
lid

ae
33

1
1

6

H
em

ip
te

ra

H
eb

rid
ae



 CoMMUNITy vARIATIoN IN CoASTAl lAGooNS 155

Vie milieu, 2013, 63 (3/4)

 
 

 
B

o
d

ei
ra

D
o

ni
ño

s
Lo

ur
o

M
ur

o
Tr

ab
a

V
ix

án
X

uñ
o

 
 

 
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08

H
eb

ru
s 

p
us

ill
us

1

C
or

ix
id

ae
60

24
9

1
72

61
1

23
6

H
es

p
er

oc
or

ix
a 

lin
na

ei
1

3
1

73

C
or

ix
a 

p
an

ze
ri

2
74

12
99

4

S
ig

ar
a 

st
ag

na
lis

11
84

32
6

14

G
er

rid
ae

G
er

ris
 s

p
.

1
1

1

G
er

ris
 g

ib
b

ife
r

1

H
yd

ro
m

et
rid

ae

H
yd

ro
m

et
ra

 s
ta

gn
or

um
12

1
1

N
au

co
rid

ae

N
au

co
ris

 m
ac

ul
at

us
10

36
6

10
4

1
20

N
ep

id
ae

N
ep

a 
ci

ne
re

a
1

R
an

at
ra

 li
ne

ar
is

1
1

N
ot

on
ec

tid
ae

A
ni

so
p

s 
sa

rd
eu

s
8

1
1

N
ot

on
ec

ta
 s

p
.

19
23

9
5

55
3

94
53

58
1

83

N
ot

on
ec

ta
 m

er
id

io
na

lis
2

2

N
ot

on
ec

ta
 v

iri
d

is
 v

iri
d

is
1

1
1

P
le

id
ae

P
le

a 
m

in
ut

is
si

m
a

28
56

2
7

27
0

10
3

6
20

10
9

10
7

11
12

2
18

1
4

Ve
lli

d
ae

14
2

8

M
ic

ro
ve

lia
 p

yg
m

ae
a

13
2

7

C
ol

eo
p

te
ra

D
ry

op
id

ae

D
ry

op
s 

al
gi

ric
us

2
78

2
6

D
ry

op
s 

lu
rid

us
19

3
1

7
2

6

D
yt

is
ci

d
ae

H
yp

hy
d

ru
s 

au
b

ei
6

2
8

1

H
yd

ro
va

tu
s 

cl
yp

ea
lis

5
12

4
1

16

G
ra

p
to

d
yt

es
 v

ar
iu

s
1

11

B
id

es
su

s 
go

ud
ot

i
10

20
4

76
36

51

S
tic

to
ne

ct
es

 e
p

ip
le

ur
ic

us
1



156 A. PÉREZ-BIlBAo, C. J. BENETTI, J. GARRIDo 

Vie milieu, 2013, 63 (3/4)

 
 

 
B

o
d

ei
ra

D
o

ni
ño

s
Lo

ur
o

M
ur

o
Tr

ab
a

V
ix

án
X

uñ
o

 
 

 
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08

S
tic

to
ne

ct
es

 le
p

id
us

1

H
yg

ro
tu

s 
in

ae
q

ua
lis

1
40

7
1

12
4

26
1

1
6

2
4

H
yg

ro
tu

s 
la

ga
ri

1
1

2

H
yd

ro
gl

yp
hu

s 
ge

m
in

us
3

H
yd

ro
p

or
us

 p
la

nu
s

1

H
yd

ro
p

or
us

 v
ag

ep
ic

tu
s

1

S
tic

to
ta

rs
us

 d
uo

d
ec

im
op

us
tu

la
tu

s
1

1

Li
op

te
ru

s 
ha

em
or

rh
oi

d
al

is
1

La
cc

op
hi

lu
s 

m
in

ut
us

2
1

58
1

1
51

15

R
ha

nt
us

 h
is

p
an

ic
us

1
1

R
ha

nt
us

 s
ut

ur
al

is
2

1
4

8
1

A
ga

b
us

 b
ip

us
tu

la
tu

s
1

1
6

2

A
ga

b
us

 c
on

sp
er

su
s

3
5

A
ga

b
us

 n
eb

ul
os

us
5

1

C
ol

ym
b

et
es

 fu
sc

us
1

3

C
yb

is
te

r 
la

te
ra

lim
ar

gi
na

lis
2

E
lm

id
ae

O
ul

im
ni

us
 r

iv
ul

ar
is

12
1

G
yr

in
id

ae

G
yr

in
us

 c
as

p
iu

s
6

7
1

2
2

2
7

G
yr

in
us

 u
rin

at
or

1

H
al

ip
lid

ae

H
al

ip
lu

s 
gu

tt
at

us
2

H
al

ip
lu

s 
he

yd
en

i
1

2
2

H
al

ip
lu

s 
lin

ea
to

co
lli

s
1

1

P
el

to
d

yt
es

 c
ae

su
s

2
2

1
12

P
el

to
d

yt
es

 r
ot

un
d

at
us

2
11

3
3

H
el

op
ho

rid
ae

H
el

op
ho

ru
s 

al
te

rn
an

s
1

16
6

2

H
el

op
ho

ru
s 

fla
vi

p
es

11

H
el

op
ho

ru
s 

m
in

ut
us

1
1

2
1

1
2

H
yd

ra
en

id
ae

H
yd

ra
en

a 
af

fu
sa

1

H
yd

ra
en

a 
te

st
ac

ea
1

5
4

13
1



 CoMMUNITy vARIATIoN IN CoASTAl lAGooNS 157

Vie milieu, 2013, 63 (3/4)

 
 

 
B

o
d

ei
ra

D
o

ni
ño

s
Lo

ur
o

M
ur

o
Tr

ab
a

V
ix

án
X

uñ
o

 
 

 
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08
20

07
20

08

Li
m

ne
b

iu
s 

fu
rc

at
us

25
2

3
4

12
2

85
97

O
ch

th
eb

iu
s 

d
ila

ta
tu

s
1

O
ch

th
eb

iu
s 

vi
rid

is
 fa

lla
ci

os
us

84
2

83
18

4
49

5
88

10
98

83
8

H
yd

ro
ch

id
ae

H
yd

ro
ch

us
 a

ng
us

ta
tu

s
1

8
25

1

H
yd

ro
ch

us
 fl

av
ip

en
ni

s
6

H
yd

ro
ch

us
 n

iti
d

ic
ol

lis
1

1

H
yd

ro
p

hi
lid

ae

B
er

os
us

 a
ffi

ni
s

13
6

B
er

os
us

 h
is

p
an

ic
us

1
25

5

B
er

os
us

 s
ig

na
tic

ol
lis

4
2

4
9

A
na

ca
en

a 
b

ip
us

tu
la

ta
2

7
8

A
na

ca
en

a 
gl

ob
ul

us
2

A
na

ca
en

a 
lu

te
sc

en
s

13
14

1
3

3
8

10
35

9

P
ar

ac
ym

us
 s

cu
te

lla
ris

1
6

C
oe

lo
st

om
a 

or
b

ic
ul

ar
e

1
6

H
el

oc
ha

re
s 

p
un

ct
at

us
9

13
5

5
6

6
30

49

E
no

ch
ru

s 
fu

sc
ip

en
ni

s
1

2
13

18
25

36
4

2
3

3
17

9

C
ym

b
io

d
yt

a 
m

ar
gi

ne
lla

1
8

8
5

1
26

La
cc

ob
iu

s 
at

ra
tu

s
1

La
cc

ob
iu

s 
si

nu
at

us
1

Li
m

no
xe

nu
s 

ni
ge

r
2

25
5

4
14

49
7

13
4

13
10

29

H
yd

ro
b

iu
s 

co
nv

ex
us

1

H
yd

ro
b

iu
s 

fu
sc

ip
es

4
1

N
ot

er
id

ae

N
ot

er
us

 la
ev

is
1

21
66

39
28

54
23

25
1

7
67

49

P
ae

lo
b

iid
ae

H
yg

ro
b

ia
 h

er
m

an
ni

3
1

1
22

1
3

S
ci

rt
id

ae

C
yp

ho
n 

sp
.

11
1

1

 
 

H
yd

ro
cy

p
ho

n 
sp

.
 

15
 

 
 

1
 

 
 

1
 

1
 

 




