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ABSTRACT

Seasonal changes in benthic communities in a temporary stream of Ibiza (Balearic Islands)

Seasonal changes in benthic communities (diatoms and invertebrates) in a temporary stream of the Ibiza island (Balearic Is-
lands, Spain) were studied. The physico-chemical parameters, diatom quality indices and some invertebrate metrics were used
to describe and identify the observed temporal changes in benthic communities. A total of 43 diatom taxa and 51 invertebrate
taxa were identified. Only 4 diatom species appeared in all the samples: Achnanthidium minutissimum, Diploneis oblongella,
Navicula veneta and Nitzschia inconspicua. The invertebrate community was dominated by the orders Diptera, Oligochaeta
and Gastropoda along the sampling period. Changes in the physico-chemical parameters of the water and hydrological events
determined the structure of the benthic communities in this temporary stream.

Key words: Diatoms, Ibiza, invertebrates, Mediterranean island, temporary streams.

RESUMEN

Cambios estacionales de las comunidades bentónicas en un rı́o temporal de Ibiza (Islas Baleares)

Se han estudiado los cambios estacionales de las comunidades bentónicas (diatomeas e invertebrados) en un arroyo temporal
de la isla de Ibiza (Islas Baleares, España). Los parámetros fı́sico-quı́micos, ı́ndices diatomológicos de calidad y algunos
métricos de invertebrados se han utilizado para describir e identificar los cambios temporales que se observan en las comu-
nidades bentónicas. Se han identificado un total de 43 taxones de diatomeas y 51 taxones de invertebrados. Únicamente 4
especies aparecen en todas las muestras: Achnanthidium minutissimum, Diploneis oblongella, Navicula veneta y Nitzschia
inconspicua. La comunidad de invertebrados estuvo dominada por los órdenes Diptera, Oligochaeta y Gastropoda a lo largo
del perı́odo de muestreo. Los cambios en los parámetros fı́sico-quı́micos del agua y los eventos hidrológicos determinaron la
estructura de la comunidad bentónica en este rı́o temporal.

Palabras clave: Diatomeas, Ibiza, invertebrados, isla mediterránea, rı́os temporales.

INTRODUCTION

The Mediterranean climate of the Balearic Is-
lands is characterized by irregular precipitations
throughout the year. This includes heavy rains
that generally take place during the autumn and
spring months with the driest conditions prevai-
ling in the summer (Pardo & Álvarez, 2007),

when temperature and light intensity are higher.
In the Mediterranean streams as well as in other
temporary systems, the differences in rainfall in-
duce a periodically and predictable seasonal se-
quence of floods and droughts (Towns, 1985; Sa-
bater & Armengol, 1986; Resh et al., 1988; Poff,
1992; Flecker & Feifarek, 1994; Romanı́ & Sa-
bater, 1997; Gasith & Resh, 1999; Bonada et al.,
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2000; Lake, 2000; Bravo et al., 2001; Lake, 2003;
Morais et al., 2004). These involve changes in the
physico-chemical parameters and on the commu-
nity structure because of the disrupting processes
(Gasith & Resh, 1999; Lake, 2000).

The composition of benthic algal communi-
ties can be explained by the variations in the mi-
neral content of the water (Sabater & Sabater,
1988; Sabater, 1989) and in response to the an-
nual variation in the magnitude of temperature,
light and herbivorism (Álvarez & Pardo, 2006),
whereas invertebrate assemblages seem to be
mainly influenced by the temporal and spatial va-
riations in resources (Poff & Ward, 1989). Other
aspects, such as geomorphological factors (Stout,
1981, 1982), substratum size (Death, 1996) and
riparian vegetation could influence (Sabater et
al., 1998) on the benthic communities.

In the last twenty years, several studies de-
veloped in the Balearic Islands have related wa-
ter chemistry to algal communities (Moyà et
al., 1991; Moyà et al., 1993; Llobera & Fe-
rriol, 1994) and invertebrate assemblages (Garcı́a

Avilés, 1990). Even more integrative studies ha-
ve focused on the stream mentioned above (abio-
tic and biotic components) (Álvarez & Pardo,
2005; Álvarez & Pardo, 2006; Pardo & Álvarez,
2006) and carried out on the island of Majorca,
while the island of Ibiza has received much less
attention (Margalef, 1951).

The objective of this study was to analyse the
existing seasonal changes in the composition and
abundance of benthic diatoms and invertebrates
in a temporary stream of the Ibiza island, as well
as to identify the influence of environmental fac-
tors in such changes.

MATERIAL AND METHODS

Study area

The island of Ibiza is located in the western part
of the Mediterranean Sea (Fig. 1) having an area
of 570 km2. It is the warmest island of the Balea-
ric archipelago, with a semiarid climate. The ave-

Figure 1. The Cas Berris stream and location of the sampling site. Torrente de Cas Berris y localización de la estación de muestreo.
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rage temperature ranges between 16 to 19.6◦ C,
the humidity varies between 15-95% and the pre-
cipitation average is low, with a monthly annual
ranging from 3.4 to 116.6 mm during the study
year. Geologically, the island is calcareous (li-
mestone and conglomerates) and topographica-
lly has two small mountain ranges. These run in
a SE-NE direction where the highest mountain
is Sa Talasa Puig (486.7 m a.s.l.). The local geo-
morphology may play a major role in the hydro-
logy dynamics and the fluvial system in the Sant
Josep basin (SW of the island), which has several
temporary streams of reduced length.

One of the few temporary streams of the is-
land with a significant water length period, is the
Cas Berris stream (UTM 352342 4308124) lo-
cated close to the town of Sant Josep. Its wa-
tershed area is 18.4 km2 and the altitude is ap-
proximately 100 m a.s.l. Calcite-dolomite bedro-
ck covers most of the Cas Berris stream bed
which is dominated by accumulations of sand, li-
me, stones and boulders along the stream. Our
area is characterised by typical rural land use and
the vegetation is dominated by Pinus halepensis,
Arundo donax, tall herbs and shrubs.

Sampling, water chemistry and
hydromorphological characterisation

Samples were taken over the period of a water cy-
cle: November (22/11/2005), March (04/03/2006)
and May (14/05/2006). Sampling included a
collection of biotic communities (epilithic diatoms
and benthic invertebrates) and abiotic features
in each data sampling. Field data sheets were
completed with different aspects of the riparian
adjacent areas, landuses andhuman impacts.

We selected a 100 m stretch, where water flo-
wed over the sampling period for approximately
7 months. Rainfall data was registered from a
meteorological station (83730 (LEIB), Es Codo-
la) and accumulated for 15 days before the da-
te of every sampling. The values ranged between
73.10 mm in November to 36.10 mm in March
and 17.30 mm in May. The stream width was
0.7 m and the maximum depth was 15 cm du-
ring the studied period. Water samples for che-
mical analysis were collected from running water

and environmental factors such as temperature,
pH, dissolved oxygen, electric conductivity of the
water, and water flow were measured in situ with
portable instruments calibrated in the field. The
temperature and the oxygen were measured with
an oxymeter “WTW 197”, the water conductivity
was measured at 25◦ C with an Orion Model 115,
the pH with a Termo Orion 290+ and the water
flow was measured three times with a current me-
ter Probe in one transect of the stream. Standard
methods for chemical water analysis were ca-
rried out according to APHA protocols (APHA,
1989) and comprised the following nutrients and
ions: calcium (Ca2+), magnesium (Mg2+), potas-
sium (K+), sodium (Na+), nitrates (NO−

3 ), silica
(SiO2), phosphates (PO3−

4 ) and sulphates (SO2−
4 ).

Benthic samples of chlorophyll a (Chl a) were
taken from stones, stored on ice and frozen until
processed. In the laboratory, these samples were
filtered using the glass-fibber filters. Later, they
were ground in 90% acetone. Chlorophyll con-
centration was determined by extraction during
48 h at 4◦ C in the dark. After extraction, chlo-
rophyll a was measured spectrophotometrically
(Hitachi Model U-2001 UV/Visible Spectropho-
tometer) and corrected for degradation products
using the equations given by Lorenzen (1967).

Hydromorphological features (taken, in the
field, along the stretch and 500 meters upstream)
were registered in the CARAVAGGIO softwa-
re in May 2006. This software is a version of
the River Habitat Survey (RHS) used to evalua-
te the hydromorphological quality (Buffagni et
al., 2002, 2004) being also able to derive in-
formation on its local and hydrologic character.
According to the results, our stream is compo-
sed by diverse habitats (Habitat Quality Assess-
ment, HQA = 37), the water flow is slow and
varies with riffles and pools (Lentic-lotic River
Descriptor, LRD = 45) and the whole reach is
gently modified by the anthropogenic effect (Ha-
bitat Modification Score, HMS = 26). The ripa-
rian vegetation cover is mainly due to the exis-
tence of reeds, shrubs, grasses (50%) and co-
nifers (20%) occupying the upper part of the
basin. Harvest, due to cleaning activities, is
performed every year in the banks to prevent
debris dam accumulation along the stream.
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Community assemblage

Epilithic diatoms were collected from natural
substrates (stones) following the European norms
(Kelly et al., 1998; European Committee for
Standardization, 2004; AFNOR, 2003). The sam-
ples were preserved with formaldehyde solu-
tion (4%) immediately after collection. After-
wards, samples were treated to obtain a sus-
pension with the clean frustules. Organic mat-
ter was eliminated with hydrogen peroxide and
diluted HCl was added to remove the calcium
carbonate (Renberg, 1990). Finally, after disti-
lled water rinsing, permanent slides were moun-
ted with Naphrax R©. Diatoms were identified to
species level using light microscopes Olympus
BX40; at least 400 valves were identified and
counted from each slide (Prygiel & Coste, 1993).
The diatoms were identified at the lowest ta-
xonomical level according to the following aut-
hors: Coste (1982); Krammer & Lange-Bertalot
(1985, 1986, 1988, 1991a, 1991b, 2000); Kram-
mer (1997a, 1997b, 2002); Lange-Bertalot (1993,
1999, 2001); Lange-Bertalot & Krammer (1989);
Lange-Bertalot & Moser (1994).

Diatom abundance data were introduced in
the Omnidia v.4.2 software (Lecointe et al.,
1993) that calculates different indices, in order to
analyse seasonal changes in water quality. Each
index differs in the number of used species and
the sensitivity values of the taxa that have been
judged after compiling available literature infor-
mation (Prygiel & Coste, 1993; Van Dam et al.,
1994). We studied four indices: Specific Pollu-
tion Sensitivity Index: IPS (Coste, 1982); Biolo-
gic Diatom Index: IBD (Lenoir & Coste, 1996);
Trophic Diatom Index: TDI (Kelly & Witton,
1995) and European Index: CEE (Descy & Coste,
1989). We selected these indices due to their wi-
despread use in Spain, Portugal and other Euro-
pean countries. Final values of these indices we-
re transformed in water, quality estimates ranging
between 1 (worse quality) and 20 (best quality).
After adjustment by linear relation, five quality
categories, established by the WFD (European
Union, 2000), can be defined by the values of the-
se indices: high (> 17), good (13-17), moderate
(9-13), poor (5-9) and bad (< 5). The Shannon-

Wiener Diversity Index was calculated as the sum
over all the species in a sample.

Invertebrates were collected following a
multi-habitat procedure (adapted from EPA, Bar-
bour et al., 1999) in which, 20 sampling units
(with a kicknet of 500 μm), that correspond to
an area of 2.5 m2, were sampled. Samples we-
re preserved in plastic bags in the field with et-
hanol (70%), carried to the laboratory and sto-
red until their treatment. Then, samples were wa-
shed under tap water in three different fractions
(5 mm, 0.5mm and 0.1 mm) and specimens were
counted and identified under 40X magnification
(Olympus U-TV1X) up to the lowest possible
identification level (except for some Diptera, Oli-
gochaeta and Hydrachnidia). Sub-sampling was
made, when necessary, to obtain a representa-
tive fraction of the total community (Wrona et
al., 1982). Assignment of taxa to functional fee-
ding groups followed the classification of Cum-
mins and Merrit (1996) and Álvarez (2004). The
composition and abundance data of the inver-
tebrate community were introduced in the AS-
TERICS program (software v.3.01) to calcula-
te several indices (i.e. richness, Shannon-Wiener
Index, EPT taxa) which were used to examine
changes in invertebrate community structure.

Table 1. Seasonal values of the physico-chemical parame-
ters measured in Cas Berris stream. Valores estacionales de los
parámetros fı́sico-quı́micos medidos en el torrente de Cas Be-
rris.

Physico-chemical
parameters 22/11/2005 04/03/2006 14/05/2006

Water Temperature (◦ C) 15.9 15.9 19.6

Dissolved oxygen (mg L−1) 9.2 9.2 8.4
pH 7.9 7.6 7.9

Conductivity (μS cm−1) 2375.0 1875.0 2179.0

Water flow (L s−1) 1.1 18.6 1.17

Chl a (mg cm2 L−1) 0.16 5.30 2.21

Ca2+ (mg L−1) 199.40 117.10 118.40

K+ (mg L−1) 5.17 5.19 3.28

Mg2+ (mg L−1) 84.79 39.33 43.43

Na+ (mg L−1) 301.60 159.90 160.90

SO2−
4 (mg L−1) 185.52 133.95 130.33

PO3−
4 (mg L−1) 0.32 0.04 0.12

NO−3 (mg L−1) 16.33 19.33 25.77

S (mg L−1) 6.19 24.77 41.93

SiO2 (mg L−1) 4.30 6.91 6.85
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Table 2. List and abundance percentage of diatoms taxa identified in the Cas Berris stream during the sampling period. One asterisk:
new taxa for Ibiza island and two asterisk new taxa for Balearic diatom flora. Listado y porcentaje de abundancia de las diatomeas
identificadas en el torrente de Cas Berris durante el periodo de muestreo. Un asterisco: las nuevas aportaciones a la flora de la isla
de Ibiza y dos asteriscos las nuevas aportaciones a la flora de las Islas Baleares.

Code Taxa 22/11/2005 04/03/2006 14/05/2006

ATHE **Achnanthidium thermale Rabenhorst 0.00 9.63 12.72
ADMI Achnanthidium minutissimum (Kützing) Czarnecki 15.67 72.25 55.22
ASP1 Achnanthidium sp. 0.00 1.83 1.53
AMMO **Amphora montana Krasske 0.00 0.00 0.25
ANOR *Amphora normanii Rabenhorst 2.21 0.00 0.00
APED Amphora pediculus (Kützing) Grunow 0.22 0.00 0.25
AMPS Amphora species 0.00 0.00 0.25
BVIT *Brachysira vitrea (Grunow) Ross in Hartley 0.00 0.00 1.53
CPUL Caloneis pulchraMessikommer 0.22 0.00 0.00
CALS Caloneis species 0.44 0.00 0.00
CMIC Cymbella microcephala Grunow 0.00 0.69 4.83
DKUE **Denticula kuetzingii Grunow var. küetzingii 0.44 0.00 0.00
DSUB **Denticula subtilis Grunow 0.66 0.00 0.00
DTEN Denticula tenuis Kützing 0.00 0.00 0.00
DOBL Diploneis oblonguella (Naegelii) Cleve-Euler 1.99 1.15 2.29
DOVA Diploneis ovalis (Hilse) Cleve 0.22 0.00 0.51
FCRP **Fragilaria capucina Desm. var. rumpens 0.22 0.00 0.51
FRAS Fragilaria species 0.00 0.00 1.78
FUAC Fragilaria ulna var. acus (Kützing) Lange-Bertalot 0.00 0.00 0.25
GCLA **Gomphonema clavatum Ehrenberg 0.00 1.61 0.00
GOMP **Gomphonema dichotomum Kützing 0.00 2.52 13.23
GGRA *Gomphonema gracile Ehrenberg 0.22 0.00 0.00
GPUM **Gomphonema pumilum (Grunow) Reichar. & Lange-Bert. 1.10 0.23 0.00
GROS *Gomphonema rosenstockianum Lange-Bert. & Reicha. 0.00 0.46 0.00
NSIT *Grunowia tabellaria (Grunow) Rabenhorst 0.00 0.23 0.00
LMTP **Luticola muticopsis (Van Heurck) D.G. Mann 0.22 0.00 0.00
NCIN *Navicula cincta (Ehrenberg) Ralfs in Pritchard 9.93 0.23 0.00
NCTO **Navicula cryptotenelloides Lange-Bertalot 0.00 0.00 1.02
NCRY Navicula crytocephala Kützing 0.44 0.00 0.00
NAVI NAVICULA J.B.M. Bory de Sant Vincent 0.22 0.00 0.51
NLAN Navicula lanceolata (Agardh) Ehrenberg 0.00 0.00 0.25
NVEN **Navicula veneta Kützing 16.11 0.23 1.78
NIFR **Nitzschia frustulum (Kützing) Grunow var. frustulum 1.99 0.23 0.00
NINC **Nitzschia inconspicua Grunow 41.06 7.80 0.51
NREC **Nitzschia recta Hantzsch in Rabenhorst 0.44 0.00 0.00
NIVI *Nitzschia vitrea Norman 1.77 0.00 0.00
PSCA **Pinnularia subcapitata Gregory 0.22 0.00 0.00
PLFR **Planothidium frequent Lange-Bert.) Round & Bukh. 0.00 0.46 0.00
SSTM **Sellaphora stroemii (Hustedt) Mann 0.00 0.00 0.76
SOVI Surirella ovalis Brébisson 0.22 0.00 0.00
TAPI Tryblionella apiculata Gregory 0.22 0.00 0.00
TDEB **Tryblionella debilis Arnott ex O’Meara 3.53 0.00 0.00
UBIC *Ulnaria biceps (F.T. Kützing) Compère 0.00 0.46 9.41

A hierarchical clustering and an ordination by
non-metric multidimensional scaling (MDS) was
made with the abundance data from both bio-
tic communities. These analyses were carried out
with the software PRIMER 6, previous log (x+1)
transformation of the abundances.

RESULTS

Physico-chemical and hydromorphological

The water chemistry and hydromorphological
characteristics of the stream channel were as-
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Table 3. Quality and diversity indices of benthic diatom com-
munity of Cas Berris stream in each sample. Índices de calidad
y diversidad de la comunidad de diatomeas bentónicas del to-
rrente de Cas Berris en cada muestra.

Diatom Indices 22/11/2005 04/03/2006 14/05/2006

IPS 9.2 17.3 15.3

IBD 6.9 14.2 14.3

TDI 8.0 16.6 15.4

CEE 9.2 15.6 16.6

Shannon-Weaver Diversity 2.8 01.6 02.6

sessed during the three different seasons used
to characterise the Cas Berris torrent (Table 1).
Water temperature ranged annually between
15.95-19.60◦ C, indicating little variation during
the year, with the highest value in May. Oxygen
concentration did not vary too much between sea-
sons (8.37-9.24 mg L−1). The pH ranged between
7.62 and 7.99 during the study period. Water con-
ductivity was considered as a representative va-
riable of the total ionic strength; it was high in all
seasons but it had the highest value in November
(2 375 μS cm−1). Nitrate values were also high
between 16.33-25.77 mg L−1, which is related to
the groundwater input of the nutrients probably
from agricultural adjacent areas. Ca2+ is domi-
nant in Balearic running waters because of the
dissolution of the calcareous substrata and it ran-
ged between 117.1-199.4 mg L−1. The chl a and
the silica had the lowest values in November.

Diatoms

A total of 43 taxa belonging to 19 genera, we-
re identified over the year (Table 2). Of these ta-
xa, 26 were first cited in the island of Ibiza and
18 of them in the Balearic Islands, after revision
of the latest literature updated by Aboal et al.
(2003). Only four species appeared in all seasons:
Achnanthidium minutissimum, with percentages
over 15% in all samples, Diploneis oblongella,
Navicula veneta and Nitzschia inconspicua. The
diatom community in Cas Berris stream was do-
minated in November by Nitzschia inconspicua
(41.06%) together with Achnanthidium minutis-
simum (15.67%) and Navicula veneta (16.11%).
Taxa as Amphora normanii (2.21%), Navicula

cincta (9.93%) and Tryblionella debilis (3.53%)
also characterised the community in this season,
but in lower percentages. In March, Achnanthi-
dium minutissimum was the most abundant spe-
cies (72.25%) with a strong decrease of Nitzs-
chia inconspicua (7.8%) and the apparition of
Achnanthidium thermale (9.63%), and of Gom-
phonema dichotomum (2.52%). The percentages
of Achnanthidium thermale (12.72%), Gompho-
nema dichotomum (13.23%) and Ulnaria biceps
(9.41%) increased towards May, slightly redu-
cing the relative Achnanthidium minutissimum
abundance (55.22%).

Diatom quality indices

The values of the diatom indices: IPS, IBD, CEE,
TDI and the Shannon-Wiener diversity index cal-
culated with the software Omnidia v.4.2 showed
that the values of the different quality indices
greatly varied between the three sampling pe-
riods, with values ranging from 6.9 to 17.3.

We observed that the values of all indices are
lowest in November (Table 3), but in contrast, the
diversity is the highest, with a value of 2.77. In
March, the IPS and TDI had the highest values
but the diversity was the lowest (Table 3).

Invertebrates

A total of 51 invertebrate taxa were recorded
in the Cas Berris torrent, although those that
contributed less than 1% to the total abundance
were eliminated, resulting in a total of 21 taxa
(Table4). The invertebrate community in the stream
over the sampling periodwas dominated byDiptera
(69.8% from the total, distributed between 5 taxa),
Gastropoda (9.74%distributed between 4 taxa) and
Oligochaeta (8.6%).The rest of the communitywas
composed by Ephemeroptera, Ostracoda, Acari,
Odonata, andTrichoptera taxa.

The invertebrate composition changed sea-
sonally; Oligochaeta and Gastropoda were well
represented during November, when the lowest
benthic abundance occurred (Table 5). In March
and May, the community was dominated by Dip-
tera, mostly Chironomidae and species such as
Cloeon dipterum, Hydroptila sp. and Oxyethira
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Table 4. List and percentage of total abundance of benthic invertebrates identified in the Cas Berris stream during the sampling
period. The table only includes those taxa with a percentage higher than 1% of the total abundance. Listado y porcentaje de la
abundancia total de los invertebrados bentónicos identificados en el torrente de Cas Berris durante el periodo de muestreo. La tabla
sólo incluye aquellos taxones que presentaron un porcentaje superior al 1% de la abundancia total.

ORDER TAXANAME Shortcode 22/11/2005 04/03/2006 14/05/2006

ACARI Hydrachnidia Gen. sp. HYDRGESP 0.00 0.00 3.07
COLEOPTERA Dryops sp.Lv. DRYOPSSP 0.09 1.18 0.05
DIPTERA Ceratopogoninae Gen. sp. CENAGEN 0.09 4.42 0.00

Muscidae Gen. sp. MUSCGEN 0.00 0.00 1.49
Orthocladiinae Gen. sp. ORTINAEG 4.76 15.60 6.71
Simulium sp.Lv. SIMULISP 0.00 19.03 0.19
Tanypodinae Gen. sp. TANNAEGE 1.43 4.73 9.48
Tanytarsini Gen. sp. TANINIGE 0.00 20.31 59.00

EPHEMEROPTERA Caenis luctuosa CAENLUCT 1.28 0.91 2.05
Cloeon dipterum CLOEDIPT 0.00 0.00 3.55

GASTROPODA Gyraulus laevis GYRALAEV 6.90 0.59 0.00
Gyraulus sp. GYRASP 0.00 0.00 1.49
Lymnaea (Galba) truncatula GALBTRUN 5.56 14.71 0.00
Physella acuta PHYSACUT 2.23 4.42 0.88
Pseudamnicola spirata PSEUSP 1.90 0.00 0.00

NEMATODA Nematoda Gen. sp. NEMATOGE 1.90 0.00 0.74
ODONATA Libellulidae Gen. sp. LIBEGEN 0.00 0.00 1.20
OLIGOCHAETA Enchytraeidae Gen. sp. ENCHYGEN 68.75 11.24 0.74
OSTRACODA Ostracoda Gen. sp. OSTRGEN 1.90 1.18 3.77
TRICHOPTERA Hydroptila sp. HYTILASP 0.00 0.00 1.07

Oxyethira sp. OXYESP 0.00 0.00 1.95

sp., which only appeared in May (Table 5). Cae-
nis luctuosa was more abundant during May, in
parallel with the highest values of EPT index. Ta-
xa richness increased from November (22 taxa)
to March (25 taxa) and May (31 taxa). Higher di-
versity (H′) was observed in March, although it
was similar between seasons (Table 5).

Total collectors were the most important tro-
phic group over the studied period, although the
proportions changed between seasons (Table 5).
Collector-gatherers were best represented in No-
vember while collector-filterers in March and
May. Predators increased towards summer and
scrapers were more important in other sea-
sons. Shredders had the smallest representation
(3.08%) in the community.

The ordination analyses showed the distribu-
tion of the benthic species along the year. In
the plot we can differentiate three groups of
species with a 60% of similarity in their ta-
xa composition (Fig. 2), representing the seaso-
nal changes identified with the succession of the
benthic communities (diatoms and invertebrates)
from November to March and May.

DISCUSSION

Although the data analysed in this study was
limited to one small temporary stream, the in-
formation supplied in this article adds to the
current knowledge on the aquatic communities
of the Balearic Islands, the hydromorphologi-
cal and physico-chemical factors, and the ben-
thic communities of the Ibiza Island.

Table 5. Seasonal values of some metrics calculated for the
benthic invertebrate community of Cas Berris stream in each
sample. Valores estacionales de algunos métricos calculados
para la comunidad de invertebrados bentónicos del torrente de
Cas Berris en cada muestra.

Indices 22/11/2005 04/03/2006 14/05/2006

Abundance 3363 21760 34388
Richness 22 25 31
Diversity (S-W Index) 1.36 2.14 1.72
EPT (%) 5.33 8.91 20.69
% Collectors (undetermined) 1.94 1.18 3.80
% Collector-Filterers 0.00 39.65 59.64
% Collector-Gatherers 77.11 28.10 13.44
% Predators 2.64 9.56 16.58
% Scrapers 17.98 19.73 5.58
% Shredders 0.33 1.78 0.97
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Figure 2. Multidimensional scaling of the biotic abundances (diatoms and invertebrates) represented in the Cas Berris stream.Es-
calamiento multidimensional de las abundancias de la biota (diatomeas e invertebrados) representadas en el torrente de Cas Berris.

There were major changes in the diatom compo-
sition in the Cas Berris stream along the year, re-
lated to small variations in the physico-chemical
conditions and temporal succession. In Novem-
ber, the water chemistry was characterised with
the highest values of Ca2+, Na+, Mg2+, SO2−

4 ,
and PO3−

4 and the diatom community was cha-
racterised by a high abundance of Nitzschia in-
conspicua, that appeared together with Achnan-
thidium minutissimum, Navicula veneta, Navicu-
la cincta, and Tryblionella debilis. Nitzschia in-
conspicua is abundant in waters of medium to
high electrolytic conditions and tolerates a high
organic loading. This species is tolerant to the
pollution (Gomà, 2004), which confers low va-
lues to the quality indices in November, defined
between the poor and moderate classes.

The values of some nutrients were reduced in
March possibly due to the strong increase of dis-
charge that could induce a high development of
Achnanthidium minutissimum sensu lato which
was the dominant taxa. This species is one of
the most frequent diatoms occurring in freshwa-

ter benthic samples (Krammer & Lange-Bertalot,
1991), being considered an ubiquitous species
(Van Dam et al., 1994) and a cosmopolitan pio-
neer in disturbed environments (Passy & Bode,
2004). This species dominated the community in
March together with the presence of Nitzschia in-
conspicua and Achnanthidium thermale, influen-
cing the lowest values of diversity.

The species Achnanthidium thermale and its
varieties is particularly abundant in the North of
Africa. In Europe it is a frequent inhabitant of mi-
neral and thermal sources (Hustedt, 1930, 1959;
Lange-Bertalot & Krammer, 1989; Krammer &
Lange-Bertalot, 1991) and alkaline waters with
high conductivity and rich in Ca2+, Na+, K+ and
SO2−

4 (Krammer & Lange-Bertalot, 1991; Coste
& Ector, 2000). The presence of this species in
Cas Berris stream is uncommon because it did
not appear in the other Balearic Islands (Pardo
et al., 2007), but it is possible that the high va-
lues of water temperature, conductivity, Na+ and
Ca2+ that exist in Cas Berris stream favoured its
presence. Its abundance increased in May toge-
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ther with Ulnaria biceps and Gomphonema di-
chotomum; this season was characterised by ha-
ving the highest NO−

3 levels and water temperatu-
res, due to the high temperatures. The abundance
of A. minutissimum was reduced in May possi-
bly because the community was in the process to
stabilising, increasing the number of species and
the diversity. The values of the indices IPS, TDI
and CEE had similar values in March and May.
Their values ranged between 15.3 and 17.3; only
CEE had values lower than 15, but according to
them, the status of the water quality in Cas Berris
stream was between good and high.

Particularly interesting are the 26 new diatom
records found for the Ibiza flora and the 18 for
the Balearic Islands; this great amount of new
cited taxa can be explained by the lack of im-
portant taxonomical studies in the island. Seve-
ral common taxa in the European flora have not
be previously cited in Ibiza due to a lack of stu-
dies or because some of them are taxa recently
described or separated from older complex spe-
cies such as Brachysira vitrea,Grunowia tabella-
ria, Sellaphora stroemii and Tryblionella debilis.
In the future, we expect to explore the existence
of other new species after revision with electro-
nic microscope, because, some species as Diplo-
neis oblongella may vary towards: D. fontane-
lla or D. separanda (Werum & Lange-Bertalot,
2004) or in the case of Cymbella microcephala,
can be different species of the genus Encyonopsis
as: E. microcephala, E. minuta, E. krammerii or
E. subminuta (Krammer, 1997b).

We have observed an increase in invertebrate
taxa richness and a temporal replacement of species
in the Cas Berris stream along the year, although in
temporary systems, sudden increases or decreases
in the flow can break the benthic succession
and, consequently, may imply changes in benthic
communities (Lake, 2003). The time elapsed after
the resumption of water played an important role
in the colonisation of invertebrates, as well as the
permanence of the water in temporary systems
(Álvarez & Pardo, 2007) increasing the complexity
in the richness of the community.

Aquatic invertebrates have adapted their life
cycles in response to environmental factors such
as temperature, food, habitat, photoperiod (Perán

et al., 1999), and discharge (Flecker & Feifa-
rek, 1994; Lake, 2003). The invertebrate com-
munity in the studied stream changed seasonal-
ly. As expected after the autumn rainfall, the
lowest abundance occurred in November. Pos-
terior increases in periphyton biomass (measu-
red as chlorophyll a) may have promoted the
colonisation by scrapers (molluscs). The availa-
bility of food may determine the existence of
the invertebrates along the water period. In this
stream, dominant functional feeding groups are
collectors indicating a dominance of fine orga-
nic matter along the year, followed in representa-
tion by scrapers revealing the importance of pe-
riphyton as an alternative food source in autumn
and spring for these systems.

Oligochaeta and Diptera are characteristic ta-
xa in spring habitats of Majorca (Álvarez, 2004)
and they appear in high percentages in our
stream; this may be due to their capacity to re-
sist and recover from extreme conditions (La-
ke, 2003). Cloeon dipterum is a common spe-
cies in this study and in other temporary streams
of the Balearic Islands (Pardo et al., 2007) be-
cause its preference to inhabit in pools and
streams close to being dry (Belfiore, 1983, Stu-
demann et al., 1992). We also note the pre-
sence of other common inhabitants of tempo-
rary streams, like Caenis luctuosa with flexi-
ble life cycles and highly tolerant to changing
conditions (Perán et al., 1999).

We observed, for example, that some Gas-
tropoda (Physella acuta and Lymnaea (Galba)
truncatula) had a negative relation with dischar-
ge (Table 1), indicating that their abundance is
reduced in May. Both species are cosmopolitan
and well-represented in Ibiza and in other tem-
porary streams of the Balearic Islands (Pardo et
al., 2007). Other taxa such as Libellulidae sp.,
Cloeon dipterum, Hydroptila sp. and Oxyethi-
ra sp have an opposite response, appearing only
at the beginning of the dry period and increa-
sing as a consequence the EPT index. In March
and May the community was dominated by op-
portunistic taxa, mostly Chironomidae which
are species well adapted with a short life cy-
cle, and resistant to changes in water conditions
(Williams, 1996, Langton & Casas, 1999).
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In general, temporary streams are systems with
unique characteristic. In these systems the im-
portant and predictable flow changes are the
main disturbance determining biotic communi-
ties, where sudden changes in water chemis-
try and water flow may determine the biotic
community; although there are several abiotic
factors that can influence diatom communities
(Leira & Sabater, 2005) and invertebrate com-
munities (Perán et al., 1999; Lake, 2003). It
seems that the succession of the diatom commu-
nity is driven by flow thus influencing physico-
chemical local changes and nutrient contents.
Meanwhile, the invertebrate community seems
to be more influenced by the seasonal cons-
traints in water availability and related length
of the water period influencing life cycles com-
pletion as well as other environmental factors
such as temperature and food resources.

ACKNOWLEDGEMENTS

This paper complements some of the results
obtained in the project relating to the appli-
cation of the Water Framework Directive in
the Balearic Islands. The financial support for
this study has been facilitated by the Balear
Government (Spain) and this also included the
support of the University of Vigo (Spain). We
are grateful to Mar Dominguez for the help in
the chemical analysis of the water.

REFERENCES
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eaux du bassin Artois-Picardie: bilan et perspecti-
ves. Annals of Limnology, 29(3-4): 255-267.

RENBERG, I. 1990. A procedure for preparing large
sets of diatom slides from sediment cores. J. Pa-
leolimnol., 4: 87-90.

RESH, V. H., A.V. BROWN, A. P. COVICH, M. E.
GURTZ, H. W. LI, G. W.MINSHALL, S. R.
REICE, A. L. SHELDON, J. B. WALLACE & R.
WISSMAR. 1988. The role of disturbance in stream
ecology. J. North Am. Benthol. Soc., 7: 433-455.
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