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Geographical distribution of Adephaga and Polyphaga
(Coleoptera) in the Cantabrian Mountains (Spain):
Specific richness and analysis of the altitude factor
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Abstract

A detailed ecological analysis related to altitude is carried out by means of the study
of the distribution of 145 species and subspecies of aquatic coleoptera (Coleoptera,
Adephaga and Polyphaga), detected in 299 sampling stations disposed throughout the
Cantabrian Mountains. After defining the species richness at different altitudinal levels,
we point out the indicator species by establishing their ecological features profile in
terms of the reciprocal species-factor information.

Introduction

The geographical distribution of aquatic insecta is greatly conditioned by
the altitude factor, which directly influences the characteristics of aquatic set-
tings and, for that matter, has an influence on the variapility of its fauna.

This work intends to correlate the species distribution of aquatic coleop-
tera (Adephaga and Polyphaga) collected in the Cantabrian Mountains with
the altitude factor, and to achieve as well an ecological analysis to show the
species which are strongly conditioned by this factor.

The study area is confined to the Cantabrian mountain ranges (Spain),
which stretch through the northeast of the provinces of Leén, Palencia and
Burgos, the south of Cantabria and Asturias, the northeast of the Galician pro-
vinces of Orense and Lugo, and the southwest of the Basque Country.

The Cantabrian Mountains comprise the territory that basically consti-
tutes the phytogeographical “orocantabrian” province (Rivas et al. 1984). Its
southwestern limit is defined by the meridional spurs of the Sierras del Ce-
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ASTURIAS
CANTABRIA

Map 1. Situation of the Cantabrian Mountains (phytqgeographic “Orocantabrian” pro-
vince), Spain.

brero and the Caurel; northerly it borders on Asturian and Galician territories;
easterly its limit is the Alto Campdo, the Ebro dam and the region of Valderre-
dible; and southerly, the foot-of-the-mountain glacises in Ledn (Map 1).

The Orocantabrian province is characterized by especially been montane
and only in the northern versant of the Picos de Europa and the Navia and
Narcea basins there appears a sloping ground. The subalpine ground stretches
from Ancares to Mount Tres Mares, along massifs above 1,700 m; whereas the
alpine ground occupies just the massifs of Curavacas, Pefia Prieta and Picos
de Europa, where an altitude of 2,400 m can be reached.

In the researched area analogous studies about the taxonomic groups have
not been carried out, although we should make a reference to the research
achieved by VALLADAREs et al. (1990) on the altitudinal distribution of Hydro-
philoidea in the province of Ledn. There are other references to surveys on
longitudinal zonations in watercourses but restricted to genus Hydraena in
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Italy (BrnagHI 1958, 1959, 1960, 1961, 1965) and in the Pyrenees (BERTHELEMY
1966, TIBERGHIEN 1976).

Material and methods

The collection of basic material for this study was achieved between 1986 and 1988.
The specimens studied, belonging to 145 species, were collected at 299 sampling places
distributed throughout the Cantabrian Mountains. The great number of places visited
and their wide distribution have the basic objective of revealing as faithfully as possible
the faunistic composition of the families of aquatic Adephaga and Polyphaga in the dif-
ferent natural areas of the Cantabrian Mountains.

The collection procedure for these families of insects varies with the kind of
aquatic setting analyzed and the taxa intended to obtain. By means of usual collecting
techniques for aquatic entomofauna, both stagnant and running waters have been pros-
pected. Special care has been taken to collect species of lotic and lentic facies in running
waters.

A list of 145 catalogued species and subspecies, as well as a detailed description of
the places and sampling techniques can be found in Garrmo (1990).

The altitude factor for the capture of the 145 species and subspecies of Adephaga
and Polyphaga in the Cantabrian Mountains is very wide, ranging from 135 m/n.m. to
1,975 m/n.m. In order to offer and actual view of the insects altitudinal preferences the
number of sampling sites for the different altitude levels, in which every species is local-
ized, must be taken into consideration.

The 299 sampling sites were classified with respect to their corresponding height
above sea level, in such a way that all of them were distributed at 7 altitudinal levels.
With this aim 6 semi-open intervals were established (having the lower limit but not the
superior one) from 0 up to 1,800 m/n.m., with an amplitude of 300 m. Heights above
1,800 m were included in a single class, because these levels were very homogeneous and

faunistically poor (Fig. 1).
*
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Fig. 1. Relationship between number of sampling stations and altitudinal levels taken.
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Firstly the sampling quality has been assessed by comparing the maximum en-
tropy of the altitude factor and the one which results from the sampling achieved. En-
tropy linked to altitudinal gradient has been calculated from the expression that Dacet
et al. (1972) proposed:

SR, NR
HM) = L TR e Ry

where,

R(k) = Number of sampling stations at every altitudinal level;
NR Total number of sampling stations (299);

Nk = Number of altitudinal levels considered (7).

We arranged a species presence/absence table with respect to the 7 kinds of altitude.
Therefore, the table includes a profile of absolute frequencies for every species.

In order to avoid, on the one hand, the problem of lack of uniformity in the distri-
bution of sampling sites among the different kinds of altitude, and on the other hand,
the problem of deviations between the features of rare and frequent species, a calcula-
tion of the corrected frequency for every species in relation to altitude has been made.
Thus we used the expression of Dacer & Gopron (1982) which considers the median
frequency C (k) of the species in the sample lot:

Uk) U(E)
Ck)=——:—=
(k) R(k) NR
where,
U(k) = Number of sampling sites at every altitudinal level in which species E is pre-
sent;

U(E) = Total number of sampling stations in which species E is present.

The reciprocal information or quantity of information provided by a species in
terms of the altitude factor was estimated from the ecological features of presence and
absence, and was taken as a measure of the indicatorevalue of the species, in relation to
the describer. For a species E and an altitude L, such information is expressed as I (L;E)
and defined from the following expression (GoproN 1968):

MU®), Ul NR MVk  V(k) NR

ILE) = E R 2y * T Y ENR "R <V (E)

where, besides the above notations:
V(k) = Total number of sampling stations for every altitudinal level in which species
E is absent;
V(E) = Total number of sampling stations in which species E is absent.
Once the ecological features are prepared for every considered species, the informa-
tion given by every profile was resumed by means of the calculation of abscissa “g” of
the barycentre (DAGET 8 GODRON 1982), defined as follows:

Nk
¥ Ci 4
G
? C(k)
where,
C(k) = Index of frequencies corrected for every species and for every altitudinal level;

d(k)

Number of the corresponding class for the altitude factor.
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Results

The information linked to the altitudinal gradient gave a score of 2.23 bits,
while maximum entropy, which only depends on the number of altitudinal
levels considered, resulted to be: H (L) max. = log Nk = log 7 = 2.91 bits.

The quotient between those two scores, which determines the quality of
the sampling, was Q (L) = 0.80. Such relatively high score indicates that the al-
titude factor has been sufficiently sampled; however, a small piece of informa-
tion is lost because of the high frequency of sampling sites placed in between
the altitudes of 900 and 1,500 m (64.88 %) especially those sites within the
900-1,200 interval, which represent 38.79 %. This sampling characteristic,
presents an easy justification as between those altitudinal levels there is quite a
high percentage of the sampled surface.

Fig. 2 shows a histogram of frequencies which represent the variation of
specific richness at different altitudinal levels, and proves that areas with alti-
tudes between 900 and 1,200m are the ones with the greatest specific abun-
dance. There is an increase in the number of species with the altitude, max-
imum scores being reached between 900 and 1,500 m since above and below
these heights the richness of species decreases. Table 1 indicates the distribu-
tion of species within the studied families of Adephaga and Polyphaga, with
respect to the altitudinal levels considered.

The ecological profile of absolute and corrected frequencies for every
taxon is shown in Table 2.
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Fig. 2. Relationship between number of sampling stations and specific richness.
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Table 1. Values of specific richness for every family and every altitudinal level here dealt

with.
Families Altitudinal level
0-300 300-600 600-900 900-1200 1200-1500 500-1800 >1800

Haliplidae 3 2 3 9 5 4 2
Hygrobiidae 1 1 1
Gyrinidae 1 2 2 5 3 1 40
Dytiscidae 29 30 47 63 63 40 31
Hydraenidae 11 16 25 28 21 10 5
Elmidae 12 12 12 14 13 12 8
Total 48 32 89 119 105 67 48

In an overall regional survey like the one we are attempting in which sam-
pling stations are distributed over a very wide extension it is not interesting to
analyze the ecological features of all species, the basic reasons being two: first
of all, because it would not be expedient to analyze features of species not hav-
ing any “useful information” and secondly because it would be difficult to
handle such an increased level of features. Therefore it is of interest to attrib-
ute as great an indicator value to every ecological feature as high is the infor-
mation that it gives.

In this way we have been able to identify the indicator species, which are
those strongly linked to altitude. Taxa with highest I (L;E) scores are most sen-
sitive to this factor (Table 2). The highest the number of sensitive species, the
most important the role of this ecological parameter in the biotope.

From the species whose reciprocal species-altitude information exceeds the
score 0.04, those having more significant featufles from the corrected frequen-
cies and comprising the variability spectrum of the parameter in the biotope,
have been selected for being representative. As to their altitudinal preferences,
the 24 represented species can be distributed in 3 groups: a) species present
along the whole altitudinal gradient (ubiquitous in terms of altitude); b) those
species present at high altitudes, and c) those present at low altitudes (Figs. 3, 4
and 5).

To represent a series of species characteristic of intermediate heights and
on a local basis (Fig. 6) scores of reciprocal information below 0.04 had to be
considered. We selected some of them, which are evidently less linked to the
studied parameter (altitude factor).

1. Species present along the whole altitudinal gradient

Most of the species of Elmidae are included. Half of the 16 species of Elmi-
dae studied have a profile of corrected frequencies which places them as ubig-
uitous species. The profile of 3 of them has been represented, as well as 4 of
Dytiscidae and one of Hydraenidae (Fig. 3 a—h).
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Fig. 3. a—h. Ecological features of corrected frequencies for the wide-distribution spe-
cles providing a major mutual information in terms of altitude.

Hydroporus (Hydroporus) nigrita (Fasricius, 1792) (Fig. 3 a). It can be taken
as a subalpine species, collected in hillside areas and low mountain where it oc-
cupies very quiet, nearly stagnant, water streams. Also in pools with slimy
bottom and abundant vegetation, irrigation canals and river banks. More
abundant above 1,200m but also present at lower altitude levels. Less abun-
dant at intermediate heights and again highly present at lowe heights.

Hydroporus (Hydroporus) tessellatus Drapiez, 1819 (Fig. 3b). It is typical of
subalpine levels, like the above species, with which it appears at numerous
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aquatic settings. It has a wide ecological valence, as it has been located in nearly
all biotopes, either in lotic (streams and rivers) or lentic media (pools, tarns,
lakes, irrigation canals), temporal or permanently; in every kind of substrata
(gravel, sand, sludge) and in a great variety of vegetation: algae, mosses, macro-
phytes, etc. It has been recorded from 150 m to 1,975 m, at altitudes lower than
300m being relatively abundant, and increasing considerably its occurrence
above 1,200 m up to 1,800 m.

Oreodytes septentrionalis (GyLLENHAL, 1827) (Fig. 3 ¢). It shows a wide pro-
file with a strong occurrence above 1,800m reaching its highest level at
1,834 m in a subalpine pond, as well as below 300 m. Most of the captures were
made in the east side of the studied territory, precisely in the area of the Picos
de Europa with a substratum predominantly of gravel and sand. FranciscoLo
(1979) defines this species as less orophylic than Oreodytes rivalis.

Agabus (Ganrodytes) bipustulatus (LINNAEUS, 1767) (Fig. 3d). It is a ubiqui-
tous species likely to be found in very different aquatic media (RiBERA et al.
1988) either lotic or lentic (FocariLe 1960, ANGELINI 1973). It has been cap-
tured in nearly all the sampled biotopes: muddy-bottom stagnant waters, crys-
tal-clear mountain waters, banks of rivers and streams, well basins, and moun-
tain lakes and tarns. Its highest altitude places at 1,975 m and the minimum at
325m.

Hydraena (Haenydra) gracilis GERMAR, 1823 (Fig. 3e). Its profile classifies
it as an abundant species at altitudes below 900 m, although remains widely
distributed. As VALLADAREs (1989) points out, it is one of Haenydra species
with a major longitudinal amplitude, as it is the only species which can be
captured from river sources to the potamon area. It has been collected from
as high as 1,890m at a river source, down to 135m (minimum sampled
height). BerTHELEMY & WHYTON DA TERRA (1977) labelled this species as toler-
ant and euritherm when captured it along the different water courses or in
large stretches.

Elmis mangetii mangetii LATREILLE, 1978 (Fig. 3{). Its profile covers all the
altitudinal gradient, with a greater abundance at altitudes below 300 m. From
this height up, its occurrence decreases, but increases above 1,200 m. Most of
the captures belong to places from the west side of the territory, which pre-
sents a strong altitudinal slope, from high-altitude mountains to areas of river
mouths.

Elmis rioloides (KuwerT, 1890) (Fig. 3g). This is a species with a profile
similar to the one before as it shows preference for lower heights, generally be-
low 900 m.

Limnius opacus MULLER, 1806 (Fig. 3 h). This species has an analogous pro-
file to the two previous species, although as it is shown in the figure it presents
important preference peaks. It is well represented in the lower areas below
900 m, and above 1,800 m, its occurrence being very scarce in montane areas.
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Fig. 4. a—g. Ecological features of corrected frequencies for highland species providing a
major mutual information in terms of altitude.

2. Species of high altitudes

They are species of the Dytiscidae family, typical of subalpine tarns and
ponds, and high mountain watercourses.

Haliplus (Haliplinus) beydeni WeHNCKE, 1875 (Fig. 4a). It is clearly a high-
land species as it is found occupying montane and subalpine ground. All col-
lections were carried out above 1,050 m, and permanently from high moun-
tain ponds, tarns and streams, with a substratum of slime, sand and gravel.
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These new captures lead us to reassert the theory that their geonemy is con-
fined to the northern half of the Peninsula, having a tendency to be located in
regions with a major Atlantic influence, although its occurrence in Portugal is
not known.

Hydroporus (FHydroporus) vespertinus (FEry & HeNpricH, 1988) (Fig. 4b).
This species occupies both lentic and lotic biotopes. Most of the specimens
where collected at high altitude, reaching the subalpine ground at 1,975 m.
Collections belong to two mountain streams with well-oxygenated fast-flow-
ing waters and abundant vegetation. The lowest altitude was detected in a
pond at 910 m.

Graptodytes fractus (Suare, 1880-82) (Fig. 4 ¢). This species preference for
the highest areas is perfectly defined by its growing profile. It is frequent along
the banks of high-mountain watercourses. It was collected in 4 settings, 3 of
them in subalpine ground (1,340 m—1,975 m) with a sand- and gravel substra-
tum and aquatic vegetation-bryophytes and mosses. The fourth setting is
placed at 1,648 m and belongs to a peat bog swamping.

Agabus (Gaurodytes) nebulosus (FOrsTER, 1771) (Fig. 4d). It has been cap-
tured in two kinds of biotopes, one lentic (pond and irrigation canal) and the
other lotic (river and high mountain streams); although some authors (Foca-
RILE 1960, BiLarDO 1969 and ANGELINI 1978) label it as typical of slow current
media. It reached its highest altitude at 1,835m in a high mountain pond,
which is indicative of a subalpine species although it was located in a setting
with abundant vegetation and a great quantity of vegetal remains.

Agabus (Gaurodytes) chalconotus (PaNzer, 1976) (Fig. 4e). In spite of being
a species with a great ecological valence, present along the whole altitudinal
gradient, it has been classified as a high-altitude species for having a minimal
frequency, almost uniform, at low altitude levels and because from 1,800 m up-
wards it becomes more abundant. It has been collected in all kinds of media,
both lotic and lentic, especially in small stony-bottom puddles along the banks
of rivers and streams, as well as in well basins, pools, irrigation canals, moun-
tain lakes and tarns, with muddy and gravelly bottoms, occasionally with
scarce water but very rich in organic matter.

Agabus (Gaurodytes) albarracinensis FErry, 1986 (Fig. 4f). It has been col-
lected in a subalpine pond in the company of A. neglectus, A. nebulosus and A.
bipustulatus, and in a stream with a stony bottom of sand and gravel, with sedi-
ments of vegetal remains, surrounded by abundant riverside vegetation.

Acilius (Acilius) sulcatus (LinNaEUs, 1758) (Fig. 4g). Collected at the highest
sampled altitudes and almost exclusively in lentic media, pons and tarns, get-
ting to occupy the subalpine ground. It shows an altitudinal range between
1,040m and 1,975m. All of the settings presented a sandy and gravelly bot-
tom, or hard rock with slimy sediments. A lonely local capture in a lotic me-
dium at 1,250 m is to be indicated.
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Fig. 5. a—h. Ecological features of corrected frequencies for lowland species providing a
major mutual information in relation to altitude.

3. Low altitude species

The species assigned to this group live in stagnat water media or in the cre-
non or potamon of rivers or torrents of the Cantabrian Mountains valleys.

Orectochillus (Orectochillus) villosus MULLER, 1776 (Fig. 5a). As it can be
seen from.the values of corrected frequencies, its occurrence increases greatly
by the lower altitude levels, reaching a very high value in class 1 (0-300m).
Most of this species specimens have been collected in running watercourses,
mountain streams and rivers flowing through very stony riverbeds with
plenty of trees, which makes it possible for the waters to be shady.
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This kind of biotope seems to be characteristic of this species (ANGELINI
1978) because unlike other gyrinids, they present nocturnal habits (FocariLe
1960, LaGar 1967, ReciL 1982, 1983; HoLMEN 1987) whereas its activity during
the day decreases, this species taking refuge under submerged stones or among
vegetal remains, always in scarcely or partly illuminated areas.

Bidessus minutissimus (GERMAR, 1824) (Fig. 5b). Most of the specimens
were collected in irrigation canals, quiet puddles of torrents and river banks,
with little current and scarcely deep; such conditions are similar to those ob-
served by GuieNor (1931-1933) and Franciscoro (1979), and the species were
located within the masses of abundant green filamentous algae; the association
with algae seems a relatively frequent fact and AnceLint (1978) indicates this
situation too. Its altitudinal level is very low as most captures were made at
135m and at 150 m in rivers. The highest altitude belongs to a local capture at
1,340 m in a montane pond.

Stictonectes epiplenricus (SEmpLITZ, 1887) (Fig. 5¢). It was collected at many
different places, but most of them were picked up in lotic-type biotopes. Most
of the collection places are situated at very low altitude, 150 m, and the highest
altitude recorded, almost sporadic, reaches 1,525 m in a mountain stream. The
different biotopes, both temporal and permanent, had in common a stony sub-
stratum of sand and gravel, on which there is an abundant vegetation com-
posed of aquatic riverside macrophytes and occasionally green filamentous al-
gae with plentiful vegetal organic remains.

Stictotarsus duodecimpustulatus (Fasricius, 1792) (Fig. 5d). The major oc-
currence of specimens belongs to lotic settings, particularly rivers deeply in-
cised by great mountains and at very low altitude, with abundant water flow,
clear waters and swift current, as well as a hard substratum of pebbles and
stones. It is also important to mention a local capture at 1,525 m in a stream,
and another one as well at 1,100m, in a very eutrophicated and temporal
pond.

Hydraena (Phothydraena) testacea Curtis, 1830 (Fig. 5e). As other authors
have already pointed out, it lives in scarcely flowing or stagnant waters, at
times invaded by algae (DERENNE 1952) or strongly eutrophicated (PirisiNu
1981). Its dispersion seems to be affected by the existence of characteristic bio-
topes, preferably placed at low altitude; therefore its profile is typical of low-
lands and its occurrence diminishes considerably above 900 m.

Ochthebius (Enicocerus) exsculptus GERMAR, 1824 (Fig. 5f). It lives at places
with flowing water, locating preferably on stones which keep directly in con-
tact with the water surface. Not only does it occupy the air-water interface but
in many occasions it was collected totally on the outside, on top of rocks occu-
pying small holes, most of the times in the company of O. legionensis. Its altitu-
dinal range is quite wide, having the highest altitude at 1,330 m and the lowest
at 135m.

24 Archiv f. Hydrobiologie, Bd. 131
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Limnius wolckmari (Panzer, 1793) (Fig. 5g). Our collections match the
observations by IrLies (1953) who labels it as a species of streams and rivers in
lowlands and valleys, as well as those by (BErTHELEMY 1979) who points out its
association with stones, shingle, and sometimes mosses. It can be seen asso-
ciated with Elmis maugetii and cohabiting in the rhithron and the potamon
with Limnius opacus, L. intermedius and L. perrisi. It has been collected in be-
tween altitudes of 135m and 1,650 m, but judging from its profile it clearly
prefers low altitude areas.

Oulimnius troglodytes (GYLLENHAL, 1827) (Fig. 5h). A eurytherm and eu-
ryoic species, with muscicolous preferences (BEYER 1932), able to live even in
the mud. It is typical of median and inferior watercourses, and also of the
breaking part of lakes and tarns (HeBauer 1980). This coincides with the cap-
tures carried out, nearly all of them in the rhithron and the potamon of rivers.
It was collected in media of a temporal nature, having a highest altitude at
1,650m, but as it may be seen from its profile it shows preference for low-
lands.

4. Species of intermediate altitude

Scarodytes halensis halensis (Fasricius, 1787) (Fig. 6a). It has been isolated
as much in lotic as in lentic media, clearly being a montane-ground species. Its
capture range has been from 325 m up to 1,250 m although most of the speci-
mens belonging both to the type form and the var. fuscitarsis and ibericus, were
collected in a stream at 1,100 m. It has been captured as well in ponds, usually
temporal with sandy and slimy bottom, the great majority of collections be-
longing to var. somocencis.

Agabus (Agabinectes) didymus (OLvIER, 1795) (Fig. 6b). A montane species
in terms of its altitudinal level since it is distributed from 645 m in height up to
1,295 m. Its greatest affinity is shown for an altitude between 900 and 1,200 m,
where it is more abundant. It is located either in lotic or in lentic media
(mainly in the latter ones), since although considered as rheophilic, proper of
clear and well oxygenated waters, it may as well occupy other media with
more or less stagnant waters (GuicNoT 1947, MaLaporA & FranciscoLo 1976,
FranciscoLo 1979, ANGeuiNt 1978) especially during winter and spring,
whereas with the arrival of temperature rises it deserts these media (BiLarpo
1965). In general it was collected in ponds receiving a weak current, although
its occurrence was not rare in the periphery of more or less stagnant and
lightly muddy areas.

Hydyaena (Hydraena) affusa D’ORcHYMONT, 1936 (Fig. 6c). It lives in the
lotic facies of the crenon and rhithron of Cantabrian watercourses, therefore it
does not appear at altitudes below 600 m. It is clearly a highland species as it is
strongly represented between the altitudes of 1,200 and 1,500 m. Our collec-
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Fig. 6. a—i. Ecological features of corrected frequencies for species of intermediate and
punctual heights providing a major mutual information in terms of altitude.
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tions belong to little-flow high-mountain torrents and streams with clear run-
ning waters. The substratum was stony with sand and gravel, and mosses on
the banks.

Hydraena (Hydraena) barrosi D’OrcHYMONT, 1936 (Fig. 6 d). It lives almost
exclusively in the lotic facies of running water courses of mountain streams
and torrents. It has been captured from the riverhead zone at 1,425 m high, to
purely potamic areas at 385 m. The substratum was in general slate and sili-
ceous materials, what tallies with this species preferences for acid waters, as

BaLrour-BrowNE (1978) points out.
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Hydraena (Hydraena) cordata ScHauruss, 1833 (Fig. 6 e). This species lives
in mountain streams and rivers having little current and a stony substratum
with rocks and gravel. These settings lie at altitudes between 685 and 1,100 m.
This habitat does not differ much from that one pointed out by Herranz &
Tanaco (1985) with respect to the river Tagus or from the collection of Var-
LADARES (1989) in the province of Ledn.

Hydyraena (Hydraena) corinna D’OrcHymoNT, 1936 (Fig. 6f).

All the captures were achieved in mountain rivers and rivulets with clear
waters, a weak current and usually a slate substratum. They have been col-
lected especially in running sites, associated with submerged mosses. Its alti-
tudinal level ranges from 385 m up to 1,400 m.

5. Species of punctual heights

In this group species occurring at a single height, either low, median or high,
have been joined together; the features of three of them have been studied.
Hydroporus (Hydroporus) palustris (Linnarus, 1761) (Fig. 6 g). According to
Franciscoro (1979) it lives in limpid preferably stagnant waters, occasionally
in torrents (in that case, in drought periods) usually collectable at high altitu-
des reaching the alpine ground. These observations fully coincide with our
captures, as all the specimens were obtained at 1,874 m in a subalpine perma-
nent tarn in the Picos de Europa (Fuente Dé). The substratum was sand, gravel
and slime, with plentiful macrophytic vegetation. This fact is indicated by
GuieNoT (1931 -33) who also captured this species in the same place.
Potamonectes (Potamonectes) sansi (Aust, 1836) (Fig. 6 h). This species lives
in the most calm places of streams, where vedetation is more abundant and
thick. The collecting site corresponds to a temporal mountain pond at 1,250 m
with a stony substratum and sludge accumulation in some areas; the vegeta-
tion, composed of aquatic macrophytes and green algae, is very abundant.
Ochthebius (Aulacochthebius) exaratus MuLsant, 1834 (Fig. 61). Its profile is
restricted to a single low altitude placed in ariver at 265 m in a small inlet with rich
vegetation (algae and mosses) on the banks, and a substratum of gravel and sand.

Discussion

The ecological importance of the altitude factor in the distribution of
aquatic coleoptera has been clearly demonstrated by means of the identifica-
tion of a set of indicator species. This result was in a way predictable since Var-
LADARES et al. (1990) in a similar ecological study, although applied to a more
restricted geographical area, made evident the existence of species with a high
indicator value.

The information provided by the species ecological features was summed
up in the calculation of the barycentre. Table 2 shows the barycentre abscissa



values of ecological features for the 145 studied species, highlighting those
that provide more information in relation to altitude [I(L,E) >0.04]. In this
way an order structure could be established in the set of species based on the
increasing G values (Figs. 7 a—d) what is equivalent to classifying species
along an altitudinal gradient. We have chosen to consider in this ordination
all the recorded species in order to reveal the ecological preferences of the dif-
ferent families of aquatic coleoptera. Nevertheless, the only consideration of
indicator species, highlighted with an asterisk in Figures 7 a—d, shows with
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major significance the configuration of the species gradient in terms of alti-
tude.

Species having similar barycentres are expected to possess ecological reac-
tions alike, and the abscissa of the profile barycentre can be taken as a measure
of its ecological optimum (Dajoz 1971). However, the ecological amplitude of
the frequency profile, shown in Figures 7 a—d for 145 species, also needs to be
taken into account. Considering only the 24 indicator species, we observe that
the species having a low barycentre abscissa are of scarce regional ecological
amplitude, and it is even lower when the barycentre is high. On the contrary,
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species whose profile shows an average barycentre, have greater amplitude.
This phenomenon is often very significant and has been revealed in similar
ecological surveys (DaGer & Gobpron 1982).

For indicator species, variation of median ecological amplitude among the
classes of ecological preference was considered by grouping those less frequent
classes (1-2 and 4-5). We deduced a curvilinear relationship (Fig. 8) which re-
flects how ecological amplitude of species having a G value smaller than 3 does
not exceed value 6, and when G is higher than 6, amplitude is not above 4.
This has led us to adopt such values as limits for the discrimination of species
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in ecological groups in terms of altitude, considering the average 4.5 between

both extremes. In this way 4groups are established: lowland species (G <3),
lowland-midland species (3 <G <4.5), midland-highland species (4.5<G <6),
and highland species (G > 6).

Biotope-indicator species located at lower altitudes belong to different fa-
milies, of which Stictonectes epiplenricus and Ochthebius exsculptus stand out.
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Fig. 7. a—d. Species ordination according to their ecological preference for the altitude
factor, indicating regional ecological amplitude.
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Fig. 8. Variation of average ecological amplitude for the ecological preference classes in-
dicated in Fig. 7 a-b.

Their preferences for lower altitudes is explained by the fact that they live in
Cantabrian watercourse valleys.

Species with a G value between 3 and 6 have a high ecological amplitude,
which is why they were designated in the previous paragraph as present in all
of the altitudinal gradient. Most of Elmidae possess a wide ecological profile
(Table 2), and the most significant ones are Elmis maugetii and Elmis rioloides
(Fig. 3). Both species share very similar ecological behaviours and although
they are ubiquitous, they preferably have a liking for greas classified into low-
mid altitude. Hydroporus tessellatus and Hydroporus nigrita, belonging to Dy-
tiscidae, also have similar ecological spectra. They are found along the whole
altitudinal gradient but prefer mid-high altitudes (Fig. 3).

The highland species have a greater ecological amplitude than lowland in-
dicators. They are almost exclusively Agabus chalconotus, Hydroporus vesperti-
nus and Agabus nebulosus (Fig. 4).

Summary

A detailed ecological analysis related to altitude is carried out by menas of the study
of the distribution of 145 species and subspecies of aquatic coleoptera (Coleoptera,
Adephaga and Polyphaga), detected in 299 sampling stations disposed throughout the
Cantabrian Mountains.

The 299 sampling sites were classified with respect to their corresponding height
above sea level, in such a way that all of them were distributed at 7 altitudinal levels
(Fig. 1). The variation of specific richness at different altitudinal levels shows that areas
with altitudes between 900 and 1,200 m are the ones with the greatest specific abun-
dance (Fig. 2). Table 1 indicates the distribution of species within the studied families of
Adephaga and Polyphaga, with respect to the altitudinal levels considered.



378 Josefina Garrido Gonzélez et al.

Ecological profiles of absolute and corrected frequencies for every taxon were car-
ried out, and an indicator value to ecological feature was attributed (Table 2). The eco-
logical importance of the altitude factor in the distribution of aquatic coleoptera has
been clearly demonstrated by means of the identification of a set of indicator species.
These species were distributed in 3 groups: a) species present along the whole altitudinal
gradient (ubiquitous in terms of altitude) (Fig. 3); b) those species present at high alti-
tudes (Fig. 4); c) those present at low altitudes (Fig. 5). With lower indicator value were
recognized species present at intermediate heights and on a local basis (Fig. 6).

The information provided by the species ecological features was summed up in the
calculation of the baricentre (G) (Table 2). In this way an order structure could be estab-
lished in the set of species based on the increasing G values (Fig. 7 a—d) what is equiva-
lent to classifying species along an altitudinal gradient. For indicator species, the rela-
tionship between the median ecological amplitude and the barycentre class was curvi-
linear (Fig. 8).

Résumé

En utilisant la distribution des fréquences de 145 espéces et subespéces de coléopte-
res aquatiques collectées dans 299 points d’echantillonage répartis pour la Cordillére
Cantabrique (Carte 1) nous avons realisé une analyse écologique du facteur altitude.

Nous avons classifié les 299 point d’echantillonage dans 7 niveaux d’altitude (Fig.
1). La variation de la richesse spécifique dans les differents niveaux indique que les
régions situées entre 900 et 1200m d’altitude ont la plus grande abondance spécifique
(Fig. 2). Dans le tableau 1 nous montrons pour chaque niveau d’altitude le nombre
d’espéces des differents familles des ordres Adephaga et Poliphaga étudiées.

Nous avons fait pour chaque taxon les profils écologiques des fréquences absolues
et des fréquences corrigeés et on a attaché 4 chaque profil écologique une valeur indica-
trice d’autant plus grande que son pouvoir informatif est élevé. L’importance du facteur
altitude dans la distribution des coléoptéres aquatiques on a été mise en évidence au mi-
lieu de la reconnaissance d'un ensemble d’espéces indicatrices. Cettes espéces ont été
réparties en trois groupes: a) especes ubiquistes par rafaport 3 le facteur altitude (Fig. 3);
b) espéces caracteristiques d’altitude élevée (Fig. 4); et c) espéces caracteristiques d’alti-
tude baisse. Avec moindre valeur indicatrice, nous avons identifié des espéces ponctuel-
les et espéces situés dans altitudes moyennes (Fig. 6).

L’information apportée par les profils écologiques est resumé dans le calcul du bary-
centre (G) (Tableau 2). De cette maniére il se peut établir une structure d’ordre dans I’en-
semble des espéces selon les valeurs croissantes de G (Fig. 7 a—d), ce qui revient a les classer
dans un gradiente d’altitude. En considérant les expéces indicatrices, le relation entre
’amplitude écologique moyenne et la preferénce écologique est curvilinéaire (Fig. 8).
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