INFLUENCE OF ALTITUDE IN THE DISTRIBUTION OF THE AQUATIC
HYDROPHILOIDEA (COLEOPTERA) IN THE PROVINCE OF LEON (NW

SPAIN)

L.F. valladares, M.C. Ferndndez Aldez? and M. Fernandez Aldez?

1. Departamento de Cienciasy Tecnologia Agrarias. E. U. Politécnica Agraria. Universidad de Vdladolid. 34071

Pdencia. Spain.

2. Areade Ecologia. Facultad de Biologia. Universidad de Ledn. Spain.

Keywords. Hydrophiloidea, dtitudina factor, distribution, NW Spain.

ABSTRACT

An andyssd theinfluence d altitude is camed out by

meansd an andyssd the distributiond 101 species

and subspecies reported from 278 sampling zones disposed throughout the province of Ledn. After defining the

species nchnessin the different atitudinal levelswe point out the indicator species
features in terms d the reciproca information species-factor. Affinity relationships

also andyzed.

INTRODUCTION

In many cases the altitude may determine the
distribution of aquaticinsectssince thisfactor sets
the gradient which influences several characteris-
tics of the aguatic environment and therefore the
associated fauna. Our aim here is to show the con-
nexion between the distribution of the species of
Hydrophiloidea (Hydraenidae and Hydrophilidae
s.1.) collected in the province of Lebn and the al-
titudinal factor by showing which species are
strongly influenced by this factor.

Although no overall studies of this kind on this
group have yet been carried out in other geogra-
phic areas, we may consider as a partial reference,
the works on longitudinal zonation in fluvia cour-
ses of the species of genus Hydraena carried out
by BinacHi (1958, 1959, 1960, 1961 and 1965)
in Italy and above all BERTHELEMY (1966) and Ti-
BERGHIEN (1976) in the Pyrennes.
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establishing their ecologica
een atitudina levels are

MATERIAL AND METHODS

The area studied is within the limits of the pro-
vince of Ledn, in the nortwest of the Iberian Pe-
ninsula (fig. 1). Most of theland consists of aran-
ge of different environment from the southern slo-
pes of the Cantabrian mountains in the north to
the Castilian Meseta in the south. It is also worth
mentionin the mountainous zones in the west
known as the Montes de Ledn and the Cabrera
mountains, as well as the lowland area known as
the Bierzo.

The samples on which this work is based were
collected mainly from 1983 to 1985 in 278 sam-
pling zones ranging from different aquatic areas
in Ledn. These zones are widely distributed in the
province and thus show as closaly as possible the
fauna composition of the different natural areas.
The altitude ranges from 490 to 1,650 m.

The collection method varied according to the
biotope analyzed and the taxa required. Prospec-
tions through visual techniquesof collecting aqua-



tic entomo-fauna have been carried out both in
stagnant and running waters. In the latter, specia
care has been taken in collecting the speciesfrom
lotic and lentic waters, and those attached to moss
and semi-emerged stones. The list of the 101 spe-
cies and subspecies catalogued so far, as well as a
detailed description of the sites and the sampling
techniques can be found in VALLADARES (1988).

These 278 sampling zones have been classified
according to their height above sealevel, asshown
in fig. 2A; 100 m gaps are given between 600 m
and 1,650 m, including in the extreme types the
values below 600 and over 1,650 m. So, the num-
ber of intervalsfor the altitude factor is 11.

The quality of the sampling has been measured
by means of a comparison o the highest entropy
(H[L/max] = log, NK) with that resulting from
the sarnpling actualy carried out. The entropy link-
ed with the altitudinal gradient has been calcu-
lated using the formula given by DAGeT et al.
(1972):

Nk R(k) NR
HL = 2 R & peo
where R(k) = number of sampling zonesfor each
dtitudinal level, NR = total number of sampling
zones, N(k) = number of dtitudinal levels dealt
with.

In the matrix of data defined by the frequency
with which the 101 speciesare present in all 11 al-
titudinal levels, the corrected frequency of abso-
lute values has been calculated by using the Da-
GET & Gobron (1982) formula:

U(k U(E
cw- YW UB
where U(E) = total number o zones in which
species E is present, and U(k) = number o sam-
pling zones for eath atitudinal level in which spe-
cies E is present.

«Mutual information» between a species and a
describer has been used asan indicator of the spe-
cies rather than the altitude. For a species E and
a describer L, { stands for (L; E) and is defined
as follows (Gobron, 1968):
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Figure 1.- Province of Leon: situation and natural areas.
Provinciade Ledn: situacion y areas naturales.

where, besides the notation above, V(k) = total
number of sarnpling zones for each altitudinal level
in which species E is not present; V(E) = tota
number o sampling zones in which species E is
not present.

RESULTS

The value obtained from the information linked
with the altitudinal gradient was 3.04 bits. On the
other hand, the highest entropy in the sampling,
regarding only the number of altitudinal levels,
was 3.46 bits, which lead to a sampling quality of
0.88. Therefore, altitude isan efficientfactor. The
small loss of information is easily accounted for
simply by taking into account the high frequency of
sampling zones situated between 800 and 1,000 m
(57.55 %), specialy those present in the intervals
800-900, 26.62 % of the total (fig. 2A). A high
percentage of the area of the province is within
this range. So, athough a distribution of the
variousdtitudinal levelsin percentagesis not avail-
able, we know that 47.31 % o the whole area is be-
tween 600 and 1,000 m. In figure 2B the distribu-
tion of the richness between the different altitu-
dinal levelsis represented. The zones which are rich-
est in species are those between 700 and 1,100 m.
This distribution provides a high number of
zones prospected in the different dtitudinal levels
(fig. 2), from which we can assume that the most
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Figure 2.- Relationship between the sampling zones (A) and
the nchness (B) for each of the altitudinal levels here dealt
with.

Relacion entre el nimero de estaciones de muestreo (A) y la
riqueza especifica (B) para cada uno de los niveles altitudina-
les considerados.

intensively sampled levels are richest in species.
Nevertheless, although between 800-900 m the
number of samplings yields a high percentage,
such disproportion does not come out in the dis-
tribution of richness values, since the number of
speciesin all three levels between 800 and 1,100 m
are similar to each other.

Indicative speciesin relation to altitude

We estimated the information provided by each
of the 101 species by calculating the values re-
lating to f (L; E). In thisway, the indicator species
have been identified and classified according to a
scale of values. Only those whose mutual infor-
mation species-factor was higher than 0.05 have
been recorded in table 1.

Infig. 3 the ecological features of corrected fre-
quencies for those species whose indicative value
is higher than 0.1 or very close to that are shown.
By using corrected rather than absolute fre-
guencies we try to solve, on the one hand, the
problemsaf lack of information in the distribution
of study areas among the different types of des-
criber, and, on the other hand, the problem of
deviations between features of abundant and non-
abundant species.

The 17 species represented can be divided into
groups according to their ecologica features: (a)
species with a wide altitudinal range, (b) those of
upper reaches and (c) those of middle and lower
reaches.
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a) Species With awide atitudinal range

A commentary of the ecological features for
each of the 10 speciesincluded in this group is as
follows:

Hydraena (Hydraena) brachymera D’Orchy-
mont, 1936 (fig. 3A): Thisis a typica mountain
species, since it is not found below 700 m, and is
more abundant over 900 m. Nevertheless, its op-
timal altitude level is just down stream from the
source, although it is also present in this zone.

Hydraena (Haenydra) emarginata Rey, 1855
(fig. 3B): Thisspecies hasawide atitudina range
but it has been reported mainly in higher reaches.
It is abundant over 1,100 m and it does not de-
crease in higher levels (1,600 m). It is not present
in middle levels, and appears again in the lowest
levels, basicaly in the Bierzo zone, rich in run-
ning waters.

Hydraena (Haenydra) exasperata D’Orchy-
mont, 1935 (fig. 3C): Like all species of Haeny-
dra it showsa preference for the higher levels, al-
though less than Hydraena emarginata, since it is
rare over 1,300 m but it is abundant around the
1,000 m level. Its feature is quite parallel to that
of H. emarginata. This Iberian endemism is locat-
ed in the intermediate ecologica position of H.
(Haenydra) saga D’Orchymont in the Pyrenees
between H. emarginata and H. gracilis (BERTHE-
LEMY, 1966).

Hydraena (Haenydra) gracilis Germar, 1823
(fig. 3D): This Haenydra is absent in the Bierzo
and is reported only in the Duero basin, but can
also be detected in dightly higher levels (1,000 m),
and decreases at higher levels. Its absence in the
Bierzo zone meansthat captures under 700 m have
not been reported.

Hydraena (Haenydra) truncata Rey, 1885 (fig.
3E): Basically it shares features with other Haeny-
dra such as H. emarginata or H. exasperata, and
isfound preferentially between levelswhere these
two species mostly appeared. These data coincide
with those aready compiled from the Pyreneesfor
this species (BERTHELEMY op. Cit.). Thisspeciesis
very frequently reported at the bottom of Picosde
Europa valleys.

Limnebius (Limnebius) truncatellus (Thunberg,
1794) (fig. 3F): It can be found in a wide range of
levels from higher than 1,000 m to lower than
700 m, mainly in mountain reaches, where it
occupies the lentic waters of river banks. Aswith



Table 1.- Species whose value for mutual information species-factor is higher than 0.05. The agterisk indicates values higher

than 0.1.

Especies cuya informacién mitua especie-factor superael valor 0,05. El asterisco indica valores superioresa 0,1.

Especies Factor 1 Especies Factor I
*Hydraena affusa 0.121 *Helophorus brevipalpis 0.138
*H. brachymera 0.118 H. maritimus 0.091
H. corrugis 0.158 H. glacialis 0.082
H. inapicipalpis 0.052 H. minutus 0.071
H. stussineri 0.082 *H. discrepans 0.110
H. minutissima 0.060 *H. griseus 0.124
*H. emarginata 0.277 *H. flavipes 0.140
*H. exasperara 0.127 H. seidlitzii 0.063
*H. gracilis 0.116 Anacaena globulus 0.079
H. truncata 0.090 *Berosus affinis 0.173
Ochthebius exsculptus 0.064 *Helochares lividus 0.144
0 . legionensis 0.078 Hydrophilus pistaceus 0.098
Limnebius lusitanus 0.053 Laccobius sinuatus 0.080
L. maurus 0.064 L. striatulus 0.053
L. truncatellus 0.092 L. obscuratus 0.080
*Helophorus alternans 0.145 L. atrocephalus ytenensis 0.052
L. atratus 0.069

Hydraena this gradient is due to the situation of
the aquatic sites in which this speciesis found.

Helophorus (Trichelophorus) alternans Gené,
1836 (fig. 3G): It spans the whole dtitudinal gradi-
ent, except for the lowest levels. Although it is
present in the higher levels, it can sometimes be
found in areas of Transition and Meseta and isan
abundant species between 700 and 1,000 m.

Helophorus (Atracthelophorus) brevipalpis Be-
del, 1811 (fig. 3H): It is notably present in the
lower levelsdf the province, rare in higher levels
and not reported above 1,400 m. It shows a pref-
ference for hills and plains between 700 and 1,000 m.

Helophorus (Helophorus) flavipes Fabricius,
1972 (fig. 31): This species has a wide dltitudinal
gradient and a low presence in the 700-900 m in-
terval because it is widely spread throughout the
province, and absent from the Meseta zone. It
usualy lives on the banks of fast flowing rivers,
its presence being stronger in altitudes above
1,200 m or under 600 m.

Helochares lividus (Forster, 1771) (fig. 3J): Its
wide altitudinal gradient equals that o its dis-
tribution in the province. On the other hand, it is
more frequent in lower levels, in general below
1,100 m, and especialy in this characteristic habi-
tat: stagnant waters.

b) Highland species

This group comprises three species which are
typica of mountain reaches. The first is clearly
rheophilic, and the other two live in the lenitic
waters of the rivers, the latter being a typica
glacial relic.

Hydraena (Hydraena) affusa D’Orchymont,
1936 (fig. 3K): It livesin the lotic waters of the
crenon and rhithron of the Cantabrian coursesin
the Duero basin: it is not, therefore, present in
levels lower than 600 or 700 m, whereas other
speciesof Hydraena are. This specieslives mainly
in 1,100 and 1,400 m. Possible discontinuities in
its features are due to the sampling.

Helophorus (Helophorus) discrepans Rey, 1885
(fig. 3L): This species is significantly more fre-
quent in highlands, increasing from 800 mto more
than 1,500 m. It is afrequent element in the river
banks of high mountain reaches.

Helophorus (Atracthelophorus) glacialis Villa,
1833 (fig. 3M): This is a borealpine species, relic
from a glacia age in some European massifs (An-
Gus, 1973, 1987). Thisisthe reason why it isonly
found in the upper reaches of mountain passes.
The corrected frequencies for the two upper alti-
tudinal levelsin which this speciesis present are
very high, their values being 0.94 for 1,000 m,



14.44 for 1,300 m and 7.94 for levels higher than
1,500 m. For this reason the ends have been
darkened in the figure.

¢) Lower and midland species

All four species of this group live in stagnant
waters.

Helophorus (Helophorus) griseus Herbst, 1793
(fig. 3N): Although it can be found in high land,
this species shows a preference for 700 and 1,100 m
levels. The flat lands in which it lives are situated
in thisinterval.

Berosus affinis Brullé, 1835 (fig. 30): Itsfeatu-
res are similar to those o the former species. It
livesin stagnant waters, mainly pools and ponds,
and is particularly abundant in 800 m levels.
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a) Hydraena brachymera 0,118

b) Hydraena ernarginata 0,277
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e) Hydraena truncata 0,090 f) Limnebius truncatelius 0,092

h) Helophorus brevipalpis 0,138

g) Helophorusalternans 0,145

83

Helophorus (Meghelophorus) maritimus Rey,
1885 (fig. 3P): This is a typica flatland species,
only present in levels between 700 and 1,000 m,
increasing its presence towards the lowland.

Hydrophilus pistaceus (Casterlnau, 1840) (fig.
3Q): It can be found in rather deep puddies rich
in vegetation, being rare in mountainous areas of
the province. It is characteristic of lowland areas.

d) Faunistic affinity between altitudinal levels

Findly the affinity relationship between the vari-
ous dtitudinal levels has been studied using the
Mortyka et al. (1950) coefficient:

S = W 100
A+B
& 5 © o © o o 8 8 8
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i) Helophorus flavipes 0,140 i) Helochares lividus 0,144
-3
k) Hydraena affusa 0,121 1) Helophorusdiscrepans 0,110
L
m) Helophorus glacialis 0,082 n) Helophorus griseus 0,124
ofl Lme

p) Helophorus maritimus

a5 LT

a) Hydrophylus pistaceus 0,098

Figure 3.- Ecological features of corrected frequencies for those species that provide the most mutual information in relation to

the altitudinal factor.

Perfiles ecol 6gicos de frecuencias corregidasde las especies que aportan mayor informacion matua con respecto al factor altitud.



where A = the sum of quantitative values of all
species in altitudinal level A, B = the sum of
guantitative values of all species in altitudinal
level B, and W = the sum of minimal quantitative
values shared by the different altitudinal levels.

Two separate large groups of atitudina levels
can be seen in the affinity dendrograme (fig. 4).
On the one hand levels between 700 and 1,300 m
are differentiated, and on the other hand, ex-
treme levels.

Asfor theformer group, thereisaclear distinc-
tion between provincia zones in the 700-900 m
gap (corresponding to the Transition and Meseta
species) and those in the 900-1,300 m gap, typical
of higher mountain areas. In the second group,
which includes very different levels, two sub-
groups are clearly differentiated which, on the one
hand, include heights below 700 m, and on the
other hand, heights above 1,300 m.

DISCUSSION

Thestudy of theinfluence of aititude on the dis-
tribution of aguatic palpicorns, based on inten-
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sive sampling over fairly wide surface area, makes
it possible to establish the existence of indicator
species which have been divided into three grups.
Of the 10 speciesincluded in the group character-
ized by a large height amplitude, 5 are Hydrae-
nidae typical of mountain water flows. They are
present in low level areas, such as the Bierzo or
the bottom of the Picos de Europa valleys, which
have un abrupt relief with similar characteristics
to high level mountain areas. This is the case of
Hydraena emarginata, H. exasperata or H. truncata.

The rest of the species live in the lentic phase
both in current and stagnant waters, and they are
well distributed throughout the province, and lo-
calized on all altitudinal gradients. Species with
this kind of distribution are Limnebius truncate-
llus, Helophorus flavipes or Helochares lividus.
This last species has a clear tendency to live in
lower areas. In all three cases they are species of
high ecological variability under environmental
factors which make up lentic habitats.

The scarce indicator species which are distribu-
ted in higher areas commonly tend to live in run-
ning waters, whether in rheophilic habitats, e.g.
Hydraena affusa, or in the lentic waters in these
mountain environments, e.g. Helophorus discre-

260%
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Figure 4.- Dendrogramme showing the affinity between the atitudinal levels here dealt with and graphic representation of the ma-

trix of similitude.

Dendrograma de afinidad entre los niveles altitudinales considerados y representacion gréafica de la matriz de similitud.



pans or H. glacialis, this last one being a typical
glacid relic.

With regard to the indicator species at low
level areas, the fact that they are characteristic
elements of stagnant waters, such as pools and
ponds situated at heights lower than 1,000 m above
sea level, stands out. Helophorus maritimus or
Hydrophilus pistaceus show a typical feature of a
species at low altitudes, with their presence de-
creasing above 900 m. The distribution of these
species is associated with the environmental cha-
racteristics of the lentic ecosystemsin the flatland
with an obvious mediterraneam influence which
impedes their presence in stagnant waters in
mountainous areas.

With relation to the study of the faunistic af-
finity between different altitudinal levels, the for-
mation of a group defined in a similarity level
somewhat higher than 40 % and comprising very dif-
ferent altitudinal levelsstands out. Thisgroup may

RESUMEN

have formed because of the presence of running
water species found in extreme altitudinal levels.
An overall view of the results obtained shows
the distinct influence of the height factor on the
distribution of the species depending on whether
they occupy lotic or lentic environments. In this
way, in the rheophilic species, altitude does not
seem to be a decisive factor, and in the majority
of them, such as the representatives of the
Hydraena genus, variables such as slope, grade
size or riverbed and the nature of substratum, may
have a greater influence. On the other hand, in
the species of lentic environments, altitude in-
creases its importance as a determining factor.
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INFLUENCIA DE LA ALTITUD EN LA DISTRIBUCION DE LOS HYDROPHILOIDEA
(COLEOPTEROS) ACUATICOS EN LA PROVINCIA DE LEON (NW ESPANA)

En base a la distribucién de presencias de las 101 especies y subespecies de papicornios (Coleoptera Hydro-
philoidea) detectadasen 278 estacionesde muestreo repartidas por todala provinciade Ledn, se efectlia un andlisis
de lainfluencia del factor altitud. Después de definir d comportamiento de la riqueza especificaen los distintos
niveles altitudinales se sefialan las especies indicadoras, estableciendo sus perfiles ecolégicos en funcion delain-
formacién mitua especie-factor. Se andizan igualmentelas relaciones de afinidad entre niveles altitudinales.
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