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Summary 

The hydropsychids of two Mediterranean river basins in southern Spain (Guadaira and 

Guadalete) were investigated from January 1988 to January 1989. The distribution of 

hydropsychids along an environmental gradient related to altitude varied depending on 

species. Two distinct species assemblages were observed, one located in the lower altitude 

sites (the "downstream assemblage" comprising Hydropsyche pictetorum, Hydropsyche 

exocellata and Cheumatopsyche lepida) and the other in the upper-most areas (the "upstream 

assemblage" comprising Hydropsyche punica, Hydropsyche infernalis, Hydropsyche 

instabilis), which displayed a statistically significant preference for this type of habitat. 

Finally, H. pictetorum, selected the lowest sites. From a temporal point of view most species 

displayed a high variability in density dynamics between sites, suggesting a strong plasticity in 

life-cycle phenology. 
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INTRODUCTION 

 

Hydropsychid larvae are rheophilic net-spinning inhabitants of stream riffles where they filter 

suspended particulate matter (McElhone et al., 1987; Czachorowski, 1989). Due to their 

feeding habits, hydropsychid larvae play an important role in processing organic matter in 

river systems, and dominate many streams in terms of biomass and secondary production 

(Mackay and Wiggins, 1979; Georgian and Thorp, 1992). 

In Mediterranean streams Hydropsychidae, in addition to the Hydroptilidae, were 

considered the most important caddisfly families, both in terms of abundance and species 

richness (Giudicelli et al., 1985). In the Iberian Penninsula hydropsychids rank 5th in 

caddisfly richness with 22 species (González et al., 1987, 1992) and represents a significant 

fraction of the total macroinvertebrate biomass in Mediterranean streams (Prenda, 1993). 

Generally, larvae of hydropsychid species have similar ecological requirements, and 

therefore the interspecific competition within coexisting members of this family may be very 

significant. The coexistence of several species of this caddisfly family in the same river basin 

is facilitated by longitudinal replacement of species (Camargo, 1992; Voelz and Ward, 1992), 

by temporal segregation in their life cycle (Recasens and Puig, 1987) and/or by microhabitat 

partitioning (Czachorowski, 1989). Also, in streams found in a Mediterranean climate 

frequent hydrologic disturbances may facilitate the coexistence of closely related 

hydropsychid species (Bournaud et al., 1986; Resh et al., 1990). 

In previous studies, we have observed a strong environmental gradient between 

headwaters and lower altitude areas in two Mediterranean streams. This gradient affected 

invertebrate distribution, especially that of Mollusca (Gallardo et al., 1994), Plecoptera and 

Ephemeroptera (Prenda and Gallardo, unpublished data). The objectives of this study were: 1) 

to determine the distribution of the hydropsychid species along the altitudinal profile of two 

Mediterranean river basins (altitudinal replacement); 2) to examine the relationship between 

the observed species distribution and the environmental gradient; and 3) to explore the 

temporal hydropsychid species succession. 
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METHODS AND MATERIALS 

 

This study was carried out in two Mediterranean river basins: the Guadaira and Guadalete 

rivers (South Spain) (Fig. 1). The Guadaira river, as most streams in the basin, has a high 

natural salinity that diminishes downstream (Table 1). The basin relief is gentle and land use 

is almost totally agricultural (intensive unirrigated herbaceous crops and olive trees). The 

headwater of the Guadalete basin is a mountainous area, with natural forests and pastures, and 

some agriculture. Here in most streams, the water flows all year round and the salinity is much 

lower than that in the Guadaira basin (Table 1). 

Seven sites in the Guadaira basin (in this paper we will only refer to two sites at which 

any hydropsychids were collected) and four sites in the Guadalete were sampled, 

approximately six times each (January, March, May, August and October 1988, and January 

1989). On each sampling trip, several physico-chemical parameters of the water were 

measured (see Table 1). A sample of macroinvertebrates was taken using a combination of a 

triangular net (kick method) and a 0.25 m
2
 square box (mesh size 0.5 mm, in both cases). 

Hydropsychid abundance is expressed as individuals per unit effort (i.p.u.e), with one unit 

effort equaling the sum of a net sample during 30 s plus 1 box sample. A complete description 

of the study area, sampling procedure and analytical techniques can be found in Prenda and 

Gallardo (1992), Gallardo (1993), and Gallardo and Prenda (1994). 

To examine the relationship between the physico-chemical conditions of the water and 

hydropsychid species, a Principal Component Analysis (PCA) of the matrix sites x variables 

was performed. Each variable represented the mean value of the 6 sampling dates of log-

transformed physico-chemical data. To test the environmental preferences of each species the 

frequency distribution of the first principal component (PC1) scores (expected frequencies) 

and the distribution of the sites in which each species was found (observed frequencies), were 

compared. A Chi-squared goodness of fit test was used to determine whether or not significant 

differences existed between the environmental conditions available and those selected by the 

hydropsychids. When the species are randomly distributed according to the physico-chemical 

conditions, the observed and expected frequency distributions should not be significantly 

different (for more details see Grossman and Freeman, 1987; Gallardo et al., 1994; Prenda et 

al., 1997). 

For each hydropsychid species an adjusted average temperature (AAT) was calculated. 

This was done by multiplying the frequency of individuals of each species caught in each 
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date/site (fi) by the temperature measured in this date/site (ti), and then summing up all of 

these values: 

 

AAT =  fi * ti 

 

This adjustment prevents the risk of bias towards the mean temperature of the sites in which 

one species was captured against those temperatures measured in sites with extreme 

temperatures but where a small fraction of individuals was caught. 

 

 

RESULTS 

 

Distribution patterns 

 

A total of six hydropsychid species were collected in the Guadaira and Guadalete river basins 

(Table 2). Although seven sites were sampled in the Guadaira basin, hydropsychids were 

found in only two. Only those sites in which any component of this caddisfly family was 

captured, will be discussed. 

The hydropsychid species in the Guadaira and Guadalete river basins can be grouped 

into two assemblages (Table 2): the "downstream assemblage" composed of Hydropsyche 

pictetorum Botosaneanu & Schmid, Hydropsyche exocellata Dufour, and Cheumatopsyche 

lepida (Pictet) and the "upstream assemblage", composed of Hydropsyche punica Malicky, 

Hydropsyche infernalis Schmid and Hydropsyche instabilis (Curtis). The three components of 

each assemblage coexisted only in three of the six sites sampled, the lowest (site 1), the upper 

(site 6) and in site 2 (at very low densities) (Table 2). In site 2 the highest salinity values were 

recorded, with a significant chloride and sulphate concentration (Table 1) and with a 

semipermanent flow regime (the water did not flow during the summer, when it was confined 

to small unconnected pools). The other three intermediate sites (3, 4 and 5) contained only one 

or two species. H. pictetorum was not found in Guadalete basin whereas the upstream 

assemblage was only in this basin. H. punica was the only hydropsychid species collected in 

site 4 (temporal flow regime, i. e. this stream had water only during the wet season and during 

the summer was completely dry) and site 5, which had the greatest density of any 

hydropsychid in the study area. Also, this species was the least abundant in site 6 (Table 2). 
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All these facts point to the opportunistic behaviour of H. punica, specially due to its capacity 

to colonize and thrive in temporal habitats. 

A negative correlation between species inhabiting sites 1 and 6 was not observed 

indicating no competitive exclusion (Kendall rank correlation test, P> 0.14 in all cases; n = 6 

for site 1 and n = 5 for site 6). 

The AAT indicates the average temperature corrected by the frequency of individuals of 

one species collected in each site, and it can be indicative of its thermal preferences. C. lepida 

and H. exocellata showed preference for warmer conditions (24.3 and 23.3 ºC of AAT, 

respectively). H. infernalis and H. instabilis were mostly found in cooler sampling sites (10.0 

and 11.5 ºC of AAT, respectively) (Table 2). 

 

Water physico-chemical preferences 

 

The sites sampled in Guadaira and Guadalete river basins could be ranked according to 

a gradient in water physico-chemical conditions based on altitude. The water velocity in the 

higher altitude sites was greater whereas the organic matter content, suspended solids, salinity, 

temperature and chlorophyll "a" concentration were lower than those in the sites sampled at 

lower altitudes (Fig. 2a). The distribution of hydropsychids along this environmental gradient 

varied depending on species (Fig. 2b). H. infernalis, H. instabilis and H. punica preferred the 

higher altitude habitat conditions (chi-squared= 49.5, 49.5 and 21.5 respectively, 2 d.f., 

P<0.0001 in all cases). The distribution of H. exocellata and C. lepida missmatch with the 

expected distribution of sites (chi-squared=4, 2 d.f., P= 0.14, in both cases). Thus, these 

species did not seem to prefer any specific environmental condition, from those available at 

the study area. Finally, H. pictetorum, selected the lower altitude sites (chi-squared= 6.3, 2 

d.f., P= 0.043) (Fig. 2b). 
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Temporal succession 

 

Comparing the temporal succession of species at sites 1 and 6 (in which the two 

hydropsychid assemblages defined in the study area were complete), two very different 

patterns emerged (Fig. 3). In the lower site (site 1) the maximum hydropsychid abundance was 

recorded during August. On the other hand, in the upper-most site (site 6), August was the 

month with the fewest hydropsychids. 

Comparison of the frequency distribution of species abundance between sites led us to 

examine the potential phenotypic plasticity in the life cycle phenology at a regional scale. 

Thus, C. lepida reached its maximum density in August at sites 1 and 2, and in March at site 3 

(Fig. 4). H. exocellata displayed three different maxima, in March, in May and in August, for 

sites 3, 2, and 1, respectively. H. punica presented three different patterns of frequency 

distribution (Fig. 4). At the temporal site (site 4) the species reached its maximum density in 

May, before the stream dried up. In site 5, where it was the only hydropsychid species 

collected, it reached two maxima, one in August and other one in winter (January). At site 6, 

where H. punica coexisted with two other species (Fig. 3), the species reached its maximum 

density in October, when the other two sympatric species were at lower densities. 

 

 

DISCUSSION 

 

The longitudinal succession of hydropsychid species may be a consequence of different 

feeding habits (Voelz and Ward, 1992), metabolic needs (Roux et al., 1992), or differential 

competitive abilities of the various species along the watercourse (Mackay and Wiggins, 

1979; Tachet et al., 1992). In the study area, factors such as specific environmental tolerances 

to certain physico-chemical variables cannot be discarded as a limiting factor to the 

distribution of hydropsychids (Camargo, 1992). For instance, the strong changes in salinity or 

suspended matter between the headwaters and the lower altitude areas may affect the species 

distribution. Also, the different thermal regime of each sampling site (at least between the 

higher and lower sites) (Prenda, 1993) may favor some hydropsychid species instead of others. 

According to De Moor (1993) caddisfly richness and species diversity are negatively 

correlated with chloride concentration and suspended solids. In the study area salinity did not 

affect species richness but it may have influenced species composition. In the Guadaira and 
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Guadalete basins the "upstream assemblage" was composed of three selective species that 

preferred headwater conditions and probably their tolerance to the physico-chemical 

conditions were not as broad as the rest of the species collected in the study area. On the other 

hand, two of the three hydropsychid species that made up the "downstream assemblage" (H. 

exocellata and C. lepida) did not show any preference with respect to the physico-chemical 

variables studied. They could be considered generalists (Prenda and Gallardo, 1996). These 

species are considered by several authors as salinity tolerant (Millet and Prat, 1984; González 

del Tánago and García de Jalón, 1987; Gallardo, 1994). Lenat (1984) observed that an 

increase in suspended solids due to agriculture practices favored the dominance of 

Cheumatopsyche sp. The preference of H. pictetorum for the most downstream habitat 

conditions is remarkable. This species was considered halophilic by Gallardo (1994). 

In relation to the wide physico-chemical tolerances of the "downstream assemblage", 

these species, despite their rheophilic character, were able to colonize (and two of them to 

reach their maximum densities) sites almost without flow (0.06 m s-1, maximum water flow 

measured in August in the Guadaira basin). Also, the thermal tolerance of some of the 

members of this assemblage has been stressed in previous papers, especially that of H. 

exocellata (Bournaud et al., 1987; Dolédec and Tachet, 1989; De Soto et al., 1994). However, 

C. lepida was considered by Bournaud et al. (1987) as a coldwater species. Generally, these 

thermal preferences were in close agreement with those found by Perrin and Roux (1978), 

who observed a blooming of hydropsychids in summer. 

There are several examples of hydropsychid altitudinal succession in the Iberian 

penninsula, similar to that found in the study area (Table 3). 

Coexisting hydropsychid species in the Guadaira and Guadalete river basins did not 

display any negative correlation in their densities. Apparently, from a numerical point of view, 

the potential competitive interaction between these species did not affect their relative 

abundances. This result is similar to that obtained by Czachorowski (1989) who did not find 

any significant negative correlation between the densities of Hydropsyche siltalai, H. 

angustipennis and H. pellucidula. 

Coexisting species could further reduce competition by several alternative mechanisms, 

such as: 1) the use of different microhabitats or specific positions within the substrate 

(Czachorowski, 1989; Englund, 1991); 2) body size differences [Sweeney and Vannote (1981) 

observed that closely related mayfly species were ecologically segregated, and therefore 

reduced potential competition]; or 3) different feeding habits based in different net mesh sizes 
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(Voelz and Ward, 1992). Mechanisms 2) and 3) can be related due to the different mesh size 

made by larvae in a different developmental stage. Hildrew and Edington (1979) found that H. 

pellucidula and H. siltalai coexisted in the same microhabitat, but in a different larval stage 

due to the differences in the net size made by each species. 

Czachorowski (1989) observed that C. lepida and H. siltalai overlapped in their life 

cycles, but they coexisted via colonization of different microhabitats. McElhone et al. (1987) 

support the microhabitat partitioning between H. exocellata and C. lepida. These authors 

found that Cheumatopsyche sp. was tolerant of lower water velocities, whereas Hydropsyche 

spp. were strongly dependent on high water velocities in a Canadian stream. On the contrary, 

Dolédec and Tachet (1989) considered H. exocellata as less rheophilic than C. lepida. Thus, a 

probable explanation for hydropsychid coexistence at sites 1 and 3 was a microhabitat 

segregation between H. exocellata and C. lepida and a probable temporal (size) segregation 

between these species and H. pictetorum (see Fig. 3). In a study by Dolédec and Tachet 

(1989), the lag in development of H. exocellata and C. lepida populations, besides distinct 

microhabitat preferences, was hypothesized as a mechanism contributing to their temporal 

coexistence. 

At site 2, hydropsychid density was very low. This could prevent any competitive 

interaction between the three sympatric species inhabiting this site. However, C. lepida and H. 

exocellata displayed a clear temporal segregation (see Fig. 4). Sites 4 and 5 were inhabited by 

one species only. Finally, in order to explain the sympatry of the three coexisting species at 

site 6, a probable life cycle asynchrony, along with a different life cycle length could be 

speculated based on their different temporal dynamics. The lack of knowledge on microhabitat 

preferences of any of site 6 species does not exclude the possibility that microhabitat 

partitioning could be a significant mechanism facilitating the coexistence of these species. 

 

ACKNOWLEDGEMENTS 

 

The authors are very grateful to Dr. Diego García de Jalón for his invaluable contribution to 

the species identification. Dr. M. Ferreras Romero and two anonimous referees made useful 

comments and suggestions to an earlier version of the manuscript. 



 
10 

REFERENCES 

 

BOURNAUD, M., H. TACHET and A. L. ROUX (1987): The effects of seasonal and 

hydrological influences on the macroinvertebrates of the Rhône river, France. II. 

Ecological aspects. - Arch. Hydrobiol. 76: 25-51. 

BOURNAUD, M., H. TACHET and D. CHESSEL (1986): Distribution temporelle de six 

espèces d'Hydropsyche sympatriques (Trichoptères) dans le Rhône. - Actes Cool. 

Nat. CNRS "Biologie des populations", Lyon: 600-608. 

CAMARGO, J. A. (1992): Changes in a hydropsychid guild downstream from a eutrophic 

impoundment. - Hydrobiologia 239: 25-32. 

CZACHOROWSKI, S. (1989): Differentiation of the habitats of Hydropsychidae larvae 

(Insecta: Trichoptera) in the Pasleka river as a result of avoidance of trophic 

competition. - Pol. Arch. Hydrobiol. 36: 123-132. 

DE MOOR, F. C. (1993): Factors influencing the distribution of Trichoptera in South Africa. - 

in OTTO, C. (ed.), Proc. of the 7th Int. Symp. on Trichoptera. Backhuys Pub.: 51-

58. 

DE SOTO, J., M. FERNANDEZ ALAEZ, E. LUIS CALABUIG and C. FERNANDEZ 

ALAEZ (1994): Spatial and temporal distribution of the caddisfly communities of 

the Sil basin. - Verh. Internat. Verein. Limnol. 25: 1716-1722. 

DOLÉDEC, S. and H. TACHET (1989): Ecological observations and life histories of five net-

spinning caddisflies (Trichoptera) of the lower Ardèche River. - Aquatic Insects 

11: 89-99. 

ENGLUND, G. (1991): Asymmetric resource competition in a filter-feeding stream insect 

(Hydropsyche siltalai; Trichoptera). - Freshwater Biology 26: 425-432. 

GALLARDO, A. (1993): Macroinvertebrate associations in two basins of SW Spain. - Arch. 

Hydrobiol. 127: 473-483. 

GALLARDO, A. (1994): Freshwater macroinvertebrate distribution in two basins with 

different salinity gradients (Guadalete and Guadaira river basins, southwestern 

Spain). - Internat. J. Salt Lake Res. 3: 75-91. 



 
11 

GALLARDO, A. and J. PRENDA (1994): Influence of some environmental factors on the 

freshwater macroinvertebrates distribution in two adjacent river basins under 

Mediterranean climate. I Dipteran larvae (excepting chironomids and simulids) as 

ecological indicators. - Arch. Hydrobiol. 131: 435-447. 

GALLARDO, A., J. PRENDA and A. PUJANTE (1994): Influence of some environmental 

factors on the freshwater macroinvertebrates distribution in two adjacent river 

basins under Mediterranean climate. II Molluscs. - Arch. Hydrobiol. 131: 449-

463. 

GARCIA DE JALON, D. and M. GONZALEZ DEL TANAGO (1986): Efemerópteros, 

plecópteros y tricópteros de los principales ríos de Málaga. - Act. II Simp. "El 

Agua en Andalucía" 1: 331-346. 

GEORGIAN, T. and J. H. THORP (1992): Effects of microhabitat selection on feeding rates 

of net-spinning caddisfly larvae. - Ecology 73: 229-240. 

GIUDICELLI, J. M., M. DAKKI and A. DIA (1985): Caracteristiques abiotiques et 

hydrobiologiques des eaux courantes mediterranéennes. - Verh. Internat. Verein. 

Limnol. 22: 2094-2101. 

GONZALEZ DEL TANAGO, M. and D. GARCIA DE JALON (1987): Clasificación de los 

ríos de Málaga según las comunidades del macrobentos. - in TOJA, J. (ed.), Actas 

IV Cong. Asoc. Esp. Limnol. Pub. Asoc. Esp. Limnol.: 251-259. 

GONZALEZ, G., X. MILLET, N. PRAT and M. A. PUIG (1985): Patterns of 

macroinvertebrate distribution in the Llobregat river basin (NE spain). - Verh. 

Internat. Verein. Limnol. 22: 2081-2086. 

GONZALEZ, M. A., D. GARCIA DE JALON and L. W. DA TERRA (1987): Faunistic 

studies on Iberian Trichoptera: A historical survey and present state of knowledge. 

- in BOURNAUD, M. and H. TACHET (ed.), Proc. of the 5th Int. Symp. on 

Trichoptera. Dr. W. Junk Publishers, Dordrecht: 85-90. 

GONZALEZ, M. A., L. W. DA TERRA, D. GARCIA DE JALON and F. COBO (1992): 

Lista faunística y bibliográfica de los tricópteros (Trichoptera) de la península 

Ibérica e Islas Baleares. - Asoc. Esp. Limnol., Publ. nº 11. 

GROSSMAN G. D. and M. C. FREEMAN (1987): Microhabitat use in a stream fish 

assemblage. - J. Zool. 122: 151-176. 



 
12 

HERRANZ, J. M. and D. GARCIA DE JALON (1984): Distribución de las especies del 

género Hydropsyche (O. Trichoptera, Hydropsychidae) en la cuenca del Alto Tajo 

(Guadalajara). - Limnética 1: 203-206. 

HILDREW, A. G. and J. M. EDINGTON (1979): Factors facilitating the coexistence of 

Hydropsychid caddis larvae (Trichoptera) in the same river system. - J. Anim. 

Ecol. 48: 557-576. 

LENAT, D. R. (1984): Agriculture and stream water quality: a biological evaluation of 

erosion control practices. - Environ. Management 8: 333-344. 

MACKAY, R. J. and G. B. WIGGINS (1979): Ecological diversity in Trichoptera. - Ann. 

Rev. Entomol. 24: 185-208. 

McELHONE, M. J., R. W. DAVIES and J. M. CULP (1987): Factors influencing the 

abundance of Trichoptera in Hartley Creek, a brownwater stream in northeastern 

Alberta, Canada. - Arch. Hydrobiol. 109: 279-285. 

MILLET, X. and N. PRAT (1984): Las comunidades de macroinvertebrados a lo largo del río 

Llobregat. - Limnética 1: 222-233. 

PERRIN, J. F. and A. L. ROUX (1978): Structure et fonctionnement des écosystèmes du 

Haut-Rhône français. 6. La macrofaune benthique du fleuve. - Verh. Internat. 

Verein. Limnol. 20: 1494-1502. 

PRENDA, J. (1993): Uso del hábitat en algunas poblaciones de animales acuáticos de un río 

del sur de España. Influencia de las interacciones bióticas. - Ph. D. Dissertation, 

University of Seville. 

PRENDA, J. and A. GALLARDO (1992): The influence of environmental factors and 

microhabitat availability on the distribution of an aquatic Oligochaete assemblage 

in a Mediterranean river basin. - Int. Revue Ges. Hydrobiol. 77: 421-434. 

PRENDA, J. and A. GALLARDO (1996): Self-purification, temporal variability and the 

macroinvertebrate community in small lowland Mediterranean streams receiving 

crude domestic sewage effluents. - Arch. Hydrobiol. 136: 159-170. 

PRENDA, J., P. D. ARMITAGE and A. GRAYSTON. (1997). Habitat use by the fish 

assemblages of two chalk streams. - J. Fish Biol. 51: 64-79. 

RECASENS, L. and M. A. PUIG (1987): Life cycles and growth patterns of Trichoptera in the 

Matarraña, a karstic river. - in BOURNAUD, M. and H. TACHET (ed.), Proc. of 

the 5th Int. Symp. on Trichoptera. Dr. W. Junk Publishers, Dordrecht: 247-251. 



 
13 

RESH, V. H., J. K. JACKSON and E. P. McELRAVY (1990): Disturbance, annual 

variability, and lotic benthos: examples from a California stream influenced by a 

Mediterranean climate. - Mem. Ist. Ital. Idrobiol. 47: 309-329. 

ROUX, C., H. TACHET, M. BOURNAUD and B. CELLOT (1992): Stream continuum and 

metabolic rate in the larvae of five species of Hydropsyche (Trichoptera). - 

Ecography 15: 70-76. 

SWEENEY, B. W. and R. L. VANNOTE (1981): Ephemerella mayflies of White Clay Creek: 

bioenergetic and ecological relationships among six coexisting species. - Ecology 

62: 1353-1369. 

TACHET, H., J. P. PIERROT, C. ROUX and M. BOURNAUD (1992): Net-building 

behaviour of six Hydropsyche species (Trichoptera) in relation to current velocity 

and distribution along the Rhône River.- J. N. Am. Benthol. Soc. 11: 350-365. 

TERRA, L. S. W. and M. C. MOLLES (1987): Analysis of trichopteran faunal similarities in 

Northern Portugal. - in BOURNAUD, M. and H. TACHET (ed.), Proc. of the 5th 

Int. Symp. on Trichoptera. Dr. W. Junk Publishers, Dordrecht: 91-95. 

VOELZ, N. A. and J. V. WARD (1992): Feeding habits and food resources of filter-feeding 

Trichoptera in a regulated mountain stream. - Hydrobiologia 231: 187-196. 



 
14 

Table 1. Mean values (± 1 S.E.) of selected physico-chemical variables at the six localities of the Guadaira and Guadalete river basins from 

January 1988 to January 1989. The  stream type (P: permanent, S: semipermanent and T: temporal) of each site are also indicated. N: number 

of times each site was sampled. 

 

 

 

 GUADAIRA GUADALETE 

sampling site 1 2 3 4 5 6 
 

        

altitude 180 240 240 360 380 660 

temporality P S P T P P 

temperature (ºC) 15.5 ± 2.8 17.5 ± 3.20 18.0 ± 2.30 15.3 ± 2.90 14.0 ± 2.3 13.2 ± 1.40 

water current (m s-1) 0.36 ± 0.08 0.25 ± 0.08 0.74 ± 0.20 0.17 ± 0.06 0.28 ± 0.05 0.34 ± 0.08 

suspended solids (mg l-1) 163.3 ± 32.3 111.7 ± 28.2 16.7 ± 2.20 16.7 ± 3.30 2.5 ± 0.8 10.0 ± 3.20 

permanganate value (mg O2 l-1) 3.52 ± 0.70 5.87 ± 1.18 3.66 ± 0.55 5.00 ± 2.30 2.68 ± 0.23 2.16 ± 0.56 

conductivity (mS cm-1) 3.40 ± 0.28 6.77 ± 0.94 1.12 ± 0.09 0.37 ± 0.09 0.67 ± 0.07 0.46 ± 0.10 

chloride (meq l-1) 18.85 ± 0.72 70.06 ± 14.6 5.06 ± 0.74 1.03 ± 0.17 0.88 ± 0.09 1.02 ± 0.27 

sulphate (meq l-1) 6.20 ± 1.38 9.42 ± 1.99 4.54 ± 1.87 0.73 ± 0.12 3.97 ± 1.04 0.98 ± 0.30 

alkalinity (meq l-1) 5.12 ± 0.15 4.87 ± 0.31 4.36 ± 0.33 5.17 ± 0.03 4.30 ± 0.07 5.36 ± 0.24 

silicate (µM l-1) 191.5 ± 35.7 181.7 ± 38.7 137.6 ± 14.3 133.9 ± 39.3 95.6 ± 11.2 80.6 ± 14.4 

phosphate (µM l-1) 0.77 ± 0.48 0.40 ± 0.27 3.30 ± 0.94 0.00 ± 0.00 5.88 ± 2.70 0.16 ± 0.16 

nitrate (µM l-1) 102.86 ± 28.3 13.08 ± 3.22 50.84 ± 5.35 22.27 ± 19.0 32.75 ± 1.20 28.84 ± 12.5 

nitrite (µM l-1) 1.57 ± 0.46 0.60 ± 0.29 2.14 ± 0.63 0.17 ± 0.03 0.35 ± 0.13 0.36 ± 0.31 

ammonium (µM l-1) 10.76 ± 7.51 24.62 ± 16.8 23.94 ± 12.9 3.40 ± 1.80 29.92 ± 17.44 12.13 ± 8.00 

chlorophyll "a" (µg l-1) 2.30 ± 0.79 2.65 ± 0.51 1.28 ± 0.43 1.77 ± 1.77 1.50 ± 0.36 0.48 ± 0.13 

 

N 6 6 5 3 6 5 
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Table 2. Mean relative densities (i.p.u.e ± 1 S.E.) and percentage of total abundance (below in parenthesis) of the six hydropsychid species 

collected at the six localities of the Guadaira and Guadalete river basins from January 1988 to January 1989. AAT: adjusted average 

temperature (see Methods); N: total number of individuals collected. 

 

 

 

 GUADAIRA GUADALETE 

sampling site 1 2 3 4 5 6 

       AAT N 

        

Hydropsyche pictetorum 0.96 ± 0.40 0.06 ± 0.06 0 0 0 0 18.9 17 

 (94.5) (5.5) (0) (0) (0) (0) 

Cheumatopsyche lepida  5.58 ± 5.24 0.17 ± 0.17 2.10 ± 2.10 0 0 0 24.3 101 

 (74.4) (2.2) (23.3) (0) (0) (0) 

Hydropsyche exocellata 6.75 ± 6.08 0.83 ± 0.65 5.13 ± 3.83 0 0 0 23.3 171 

 (56.9) (7.0) (36.1) (0) (0) (0) 

Hydropsyche punica  0 0 0 1.50 ± 1.04 12.36 ± 4.64 3.06 ± 1.43 15.1 237 

 (0) (0) (0) (4.8) (78.9) (16.3) 

Hydropsyche infernalis 0 0 0 0 0 5.66 ± 3.60 10.0 119 

 (0) (0) (0) (0) (0) (100) 

Hydropsyche instabilis 0 0 0 0 0 7.02 ± 3.04 11.5 129 

 (0) (0) (0) (0) (0) (100) 
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Table 3. Altitudinal distribution of hydropsychid species in the Iberian penninsula, 

according to different authors. 

 

 

 

species altitudinal geographical reference 

 distribution location 

 

H. instabilis upstream Central Spain (1) 

      "     " Northeastern Spain (2) (3)  

      "     " Northwestern Spain (4) 

H. punica upstream South Spain (5) 

 

H. pictetorum downstream Central Spain (1) 

       "     " Northwestern Spain (4) 

H. exocellata downstream Northeastern Spain (3) 

      "     " Northwestern Spain (4) 

      "     " Portugal (6) 

C. lepida downstream Portugal (6) 

 

 

(1) HERRANZ and GARCIA DE JALON (1984), (2) MILLET and PRAT (1984), (3) 

GONZALEZ et al. (1985), (4) DE SOTO et al. (1994), (5) GARCIA DE JALON and 

GONZALEZ DEL TANAGO (1986), (6) TERRA and MOLLES (1987) 
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FIGURE CAPTIONS 

 

 

 

Fig. 1. Map of the study area showing the sites sampled (filled circles and triangles). Non-

filled triangles are sampled sites without caddisflies. Towns are represented by hatched 

polygons. 
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Fig. 2. a) Frequency distribution of first principal component (PC1) scores for water 

physico-chemical conditions availability in Guadaira and Guadalete river basins. The 

variables significantly correlated with the component are listed below the histogram 

(positively correlated variables in the right side and negatively correlated in the left side). * 

P<0.05, ** P<0.01, *** P<0.001. In parenthesis is the percentage of variance accounted for 

PC1. b) Frequency distribution of species use data. Hatched bars represent use data 

significantly different (chi-squared goodness of fit test) from physico-chemical conditions 

(for details see Methods). 

 

 



 
19 

 

Fig. 3. Temporal changes in the relative frequency of hydropsychid species abundance at 

sites 1 and 6 in Guadaira and Guadalete basins. 

 

Fig. 4. Temporal changes in the relative frequency of some hydropsychid species 

abundance at three sites in Guadaira and Guadalete basins. 

 


