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ABSTRACT.!-!The habitats preferred by the tench are characteristically sheltered and shallow with
abundant vegetation. Two typical habitats were selected: a river branch and a lake where this cyprinid
is abundant. With the aims to understand the relationship between tench food and the macroinvertebrate
community and to detect the possible feeding differences between the two populations studied through-
out the year, samplings were carried out seasonally and the physico-chemical characteristics of the
water and the abundance and biomass of the macroinvertebrates were analyzed. Tench were caught
by electro-fishing in order to examine gut contents. Chironomid larvae are the preferential prey in both
habitats. Also preferential are the gastropods in the river branch and small crustaceans in the lake. The
results obtained suggest that tench is a rather unselective, generalist predator on the invertebrate com-
munity.

RÉSUMÉ.!-!Écologie trophique de la tanche, Tinca tinca, dans deux habitats différents du nord-est de
l’Espagne.

Les habitats préférés par la tanche sont les eaux peu profondes avec une abondante végéta-
tion. Deux habitats typiques ont été sélectionnés: un bras mort d’une rivière et un étang naturel peuplé
de Cyprinidae. Les objectifs de cette étude étaient de comprendre la relation entre nourriture et proies
(macroinvertébrés présents dans le milieu), et d’estimer les possibles différences existant entre les deux
populations de tanches étudiées. L’échantillonnage a été saisonnier. Les caractéristiques physico-
chimiques de l’eau, l’abondance et la biomasse des macroinvertébrés on été analysées. Les tanches ont
été capturées par pêche électrique et les contenus stomacaux étudiés. Dans les deux lieux d’étude les
larves de Chironomidae constituent les proies préférentielles. Les groupes-proies suivant sont les Gas-
téropodes dans le bras mort et les micro-crustacés dans l’étang. Les résultats obtenus confirment que la
tanche est un poisson généraliste vis-à-vis des invertébrés colonisant ces milieux.

Key!words.!-!Cyprinidae -!Tinca tinca -!Spain -!Trophic ecology.

Tench, Tinca tinca (Linnaeus, 1758), is widely distributed in Europe and Asia, and
has been introduced into America, South Africa and Australia (Rosa, 1958). More specifi-
cally this species is appreciated from a sport-fishing viewpoint and has traditionally been
cultivated in Great Britain and Central Europe (Wright and Giles, 1991). Lozano (1935)
mentions the tradition in Spain, mainly in Salamanca and Extremadura, of cultivating i t
in ponds because of its excellent flesh. This has favoured its wide distribution by human
translocation (Velasco et al., 1997). Nevertheless, natural propagation of this species i s
difficult due to some environmental and biological limiting factors (Fernández San Juan,
1995).
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Fig.!1.!-!Situation of sampling sites. VR: Villarroañe, SL: Sentiz lake.

In spite of this and although it is nowadays quite common in Europe, Tinca tinca
is considered a species whose habitat must be preserved if we do not wish to run the risk of
having to artificially support its natural population (Lelek, 1987).

Few studies have dealt with tench biology and none in Spain, except when it has
been included in general ones (Granado Lorencio and García Novo, 1981, 1986) or in
experimental systems (Pérez Regadera et al., 1995).

The aim of this study is to contribute to a better knowledge of the trophic ecology
of the tench.

Two sites representative of typical tench habitats were chosen in the province of
León, the north-western limit of their distribution in Spain: a lake system and a river
branch. We have analysed the relationships between tench diet and the existing macro-
benthic community, and tried to detect differences in diet between tench populations in
these two habitats.

Description of the study site
The two sites chosen for this study are located in the province of León (NW

Spain). They are characteristic of those habitats considered ideal for Tinca tinca: sheltered
and shallow waters with abundant vegetation (Wright and Giles, 1991).

Villarroañe: the chosen stretch is a branch of the river Esla, a tributary of the
Duero (Fig.!1) at the Villarroañe junction (M.T.U. coordinates 30T TN 9306, 796 !m
above sea level), which receives the waters from an irrigation channel. It is approxi-
mately 130!m long, 2 to 15!m wide, and on average 1.4!m deep. The substrate consists
in a large accumulation of mud and the dominant hydrophyte vegetation is composed of
Ceratophyllum demersum L. with Ranunculus penicillatus (Dumort.) only in areas with
some current. On the margins, vegetation is dominated by the helophytes Sparganium
erectum L. and, to a lesser extent, Typha latifolia L., Veronica anagallis-aquatica L., V .
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becabunga L., and the hydrophytes Lemna minor L. and Callitriche spp. Woody vegeta-
tion of the Salix genus exists on both banks.

The fish community consists of tench, pike, Esox lucius L., and gudgeon, Gobio
gobio (L.), which represent on average 46%, 26% and 28%, respectively, of the fish
assemblage. Carp, Cyprinus carpio L., is occasionally found.

Sentiz lake: this small lake, measuring approximately 5 hectares, is near Valde-
polo (M.T.U. 30T UN 1814) (Fig.!1). It is located on an easily erodible ground at a
height of 940!m a.s.l.. Fed by a spring it only dries up completely in years of very pro-
nounced drought, which is exceptional.

The dominant vegetation are hydrophytes, mainly Myriophyllum alterniflorum
DC. Scirpus lacustris L. subsp. lacustris is found to a lesser extent, especially in the wes-
tern area of the lake. It is surrounded by two plant belts; the outer one is composed of
Juncus sp., Agrostis stolonifera L. and Carex hirta L., as the most representative species;
the inner one are helophytes and they basically consists of Eleocharis palustris (L.) and
Antinoria agrostidea (DC.), with Glyceria fluitans (L.), Polygonum amphibium L.,
Ranunculus peltatus Schrank and Potamogeton natans L. occasionally being found
(Fernández Aláez, 1984).

The fish community consists only of tench and red roach, Rutilus arcasii (Stein-
dachner), that represent on average 63% and 37%, respectively, of the fish assemblage.

MATERIALS AND METHODS

Four sampling points were selected in the Sentiz lake and two in the Villarroañe
branch. These stations were sampled seasonally: winter, spring, beginning of summer,
end of summer and autumn.

Physico-chemical parameters
Water was collected from each sampling point for later analysis in the laboratory

using normalized methods (APHA-AWWA-WPCF, 1989). In addition, temperature, pH,
conductivity and oxygen were determined directly at each sampling point.

Macroinvertebrates
Samples were taken to study the macroinvertebrate fauna at the same points, and

also seasonally. The soft bottoms were sampled using a 500!cm3 volume, 226!cm2 attack
surface van Veen grab, with three replicates being collected at each sampling point. At
the same time, the macroinvertebrates associated with the submerges macrophytes were
collected by dragging three times each point with a plankton net.

Macroinvertebrates were separated in a 0.3!mm mesh sieve and using a binocular
magnifying lens. Determination was up to the taxonomic level that was estimated a priori
as sufficient to compare with the gut contents.

The Shannon index (Shannon and Weaver, 1949) was used to calculate diversity,
and the Pielou method (1966) for uniformity.

Ordination and classification of the taxa and sampling points at the different
times of the year was carried out using a two-way indicator species analysis -TWINSPAN-
(Hill, 1979) and a Canonical Correspondence Analysis -CCA- with the CANOCO pro-
gramme (Ter Braak, 1991). The abundance of the taxa collected with the grab and deter-
mined at the lowest level, including only those that appeared in more than one sample,
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was used for both analyses with a resulting total of 30 taxa and 9 samples. All the envi-
ronmental variable data obtained, except for pH, were transformed using log (x+1).

Macroinvertebrate biomass is expressed as ash free dry weight/m2. This was calcu-
lated according to the Mason et al. (1983) methodology.

The BMWP’ biotic index proposed by Alba Tercedor and Sánchez Ortega (1988)
was calculated.

Tench diet
The tench were caught by electro-fishing. Specimens with symptoms of food re-

gurgitation were rejected. The stomach contents were obtained using a stomach pump
based on a modification of the technique proposed by Petridis and O’Hara (1988). The
stomach contents of 104 individuals: 69 from Villarroañe and 35 from Sentiz lake, have
been examined.

The contents were preserved in individual jars in 4% formol until analysis in the
laboratory. They were filtered and diluted in distilled water for their examination in suc-
cessive samples under the binocular magnifying lens, determining the lowest possible
taxonomic level.

The method of frequency of occurrence (Hyslop, 1980) was used for diet analysis.
Because of the difficulty in quantifying the number of specimens of determined

taxa (especially gastropods and bivalves because they are usually triturated) (Mann,
1973), we have decided to use the rank method (Hynes, 1950) to determine relative abun-
dance and to make comparison with the results obtained in the analysis of macroinverte-
brate community.

The ranks used were: Rank 1, less than 5 specimens counted, considered very
scarce. Rank 2, between 5 and 10 specimens, considered scarce. Rank 3, between 11 and
25 specimens, considered abundant. Rank 4, between 26 and 100 specimens, considered
very abundant. Rank 5, more than 100 specimens.

The Spearman correlation coefficients were calculated between taxa found in the
environment and taxa found in guts, for each habitat and season. The relative abundance
distributed by ranks were used in both cases.

RESULTS

Physico-chemical parameters
The physico-chemical characteristics of the water in the Villarroañe branch and

Sentiz lake are shown in table!I. The variables that best define the two study sites are pH,
COD (Chemical Oxygen Demand), chlorides and TKN (Total Kjeldahl Nitrogen).

Macroinvertebrate communities
Table!II shows the macroinvertebrates found in Villarroañe and Sentiz lake.
Figures!2 and 3 show the results of the TWINSPAN analysis. The five samplings

taken from Villarroañe are clearly separated from the four samplings from Sentiz lake;
Sphaeriidae, a family only appearing in Villarroañe and at a relatively high densities
besides, is the indicator taxon. In addition to this taxon those grouped in VR1 and VR2
are significant for this site (Fig.!2). Group VR2 that agglutinates three Trichoptera spe-
cies, Calopteryx and Atrichops as well as the Glossiphoniidae, stands out especially; all
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of them are considered typically lotic and most of them are characteristic of clean waters.
In Sentiz lake (SL) the most significant species of the benthic macroinvertebrate commu-
nity are lentic and they can stand in higher contamination levels.

The larvae of Chironomidae and Oligochaeta constitute more than 80% of total
specimens captured at certain times of the year. They stand out at both sites in terms of
relative density (Table!III). In contrast, the taxa in decreasing numerical importance are
different. In Villarroañe the bivalves (Sphaeriidae) reach a maximum of 24%. The follow-
ing stand out seasonally: Hydra at the beginning of summer, Hirudinea and Simuliidae
larvae at the end of summer, Planorbiidae and Zygoptera and Ephemeroptera nymphs in

Table!II.!-!Macroinvertebrates found in Sentiz and Villarroañe. *: Taxa only present in Villarroañe;
#: Taxa only present in Sentiz.
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Fig.!2.!-!TWINSPAN classification of taxa,
showing the most significative taxa of Villar-
roañe (VR1 and VR2) and Sentiz lake (SL),
grouped by the symbols o n and ° l respec-
tively; black symbols indicate more affinity.

Fig. 3.!-!TWINSPAN classification of samples, with the indicative species of each division. Villarroañe
(VR) and Sentiz lake. (SL). a: Autumn; s: Summer; s': Late summer; sp: Spring; w: Winter.

autumn. In Sentiz, the high frequency taxa, besides those already mentioned, are Cope-
poda and Gastropoda (especially Lymnaea 3-8%) in the summer months, Cladocera in
autumn and Planorbiidae in winter.
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Table!III.!-!Relative densities of macroinvertebrates in both localities studied following the seasons.
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Table!IV.!-!Relative biomass of macroinvertebrates in both localities studied following the seasons.
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Fig.!4.!-!Representation of samples and environmental variables on the planes defined by canonical
axes I and II. Abbreviations: Villarroañe (VR) and Sentiz lake (SL); a: Autumn; s: Summer; s’: Late
summer; sp: Spring; w: Winter; O2: Oxygen content; TSS: Total suspended solids; COD: Chemical
demand of oxygen; CL-: Chlorides; NO3

-: Nitrates; TKN: Kjeldahl Total nitrogen; PT: Total phosphorus.

In terms of relative biomass (Table!IV), Chironomidae larvae are more than 20%
of the total in almost all the samples, reaching 47% in Sentiz in autumn. In this lake the
Oligochaeta, Gastropoda (Lymnaeidae and Planorbiidae) and Ephemeroptera nymphs are
the next most important taxa.

In Villarroañe the biomass percentages are more divided among the different taxa.
Besides the already mentioned Chironomidae larvae, Sialis larvae and Hirudinea are im-
portant. On the other hand a higher total biomass in Villarroañe than in Sentiz lake has to
be highlighted (Table!V).

The comparison of the structural parameters in both communities shows no great
differences (Table!V). Total richness is higher in Villarroañe and heterogeneity is low in
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both (0.24 in Sentiz and 0.12 in Villarroañe), given the great relative abundance of Chi-
ronomidae larvae and Oligochaeta.

The BMWP’ biotic index obtains the highest values in Villarroañe in summer and
autumn, and the lowest in Sentiz lake, particularly in autumn.

The canonical correspondence analysis allows taxa and environmental variables
in the different samplings to be related (Figs!4,!5). In order to avoid multicolinearity
situations temperature, conductivity, sulphates, ammonia and hardness data were not
taken into account in this analysis.

The first two axes explain 57.1% of the total variance and their autovalues are
0.283 and 0.197. The first axis is related to TKN, Cl- and pH in the positive side. The
second axis is related to COD in a negative one (Table!VI).

The samplings carried out in Sentiz lake and Villarroañe branch are clearly sepa-
rated (Fig.!4). The samples from Villarroañe and the taxa (Fig.!5) indicated as representa-
tive of this area in the dendrogram of figure!2 are grouped together in the second and third
quadrants. The samples collected from Sentiz lake during summer and autumn, and the
corresponding taxa are in the fourth quadrant. Lastly, the sample corresponding to Sentiz
in winter is situated close to the coordinate origin and those taxa present in both loca-
tions for most of the year are in that position in figure!5.

F o o d
The percentage of empty guts reached 28.9% for Villarroañe and 8.6% for Sentiz

lake. Diet is richer in Villarroañe than Sentiz lake (Table!VII). The Chironomidae larvae
are preferential preys (f!>!50%) in both environments and throughout the year. The
Gastropoda are also preferential preys in Villarroañe, where they constitute an important
part of the diet in spring, summer and late summer. Among the habitual prey
(25!<!f!<!50%) Coleoptera are consumed throughout the year whilst Copepoda show a
decrease in ingestion frequency from winter to autumn. Cladocera, Trichoptera and
Ephemeroptera nymphs are similarly recorded, although the maximum stands out in sum-
mer. Other habitual preys are Corixidae, Bivalvia, more important in summer, and the
group formed by the other Diptera.

In Sentiz lake the preferential preys, apart from the already mentioned Chiro-
nomidae, are Copepoda and Cladocera. The most frequently occurring habitual preys
(25!<!f!<!50%) are Ostracoda, which indicates a clear inclination of tench towards small
crustaceans. The Gastropoda and Ephemeroptera nymphs are also important preys taxa in
this lake, especially in autumn.

Table!V.!-!Data of macroinvertebrates communities in both localities studied following the seasons.
AFDW: Ash free dry weight.
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Fig.!5.!-!Representation of taxa on the planes defined by canonical axes I and II.

A great abundance of vegetation is present in the diet throughout the year and at
both sites.
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Table!VI.!-!Correlation between environmental variables
and axes I and II. *!=!p!<!0.05; **!=!p!<!0.001. Abbrevia-
tions as in table!I.

Table!VII.!-!Frequency of occurrence of preys in gut contents for both localities and following the
seasons.
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DISCUSSION

Habitat
The ordination of the environmental variables in the CCA (Fig.!4), the macroin-

vertebrates found, and the calculation of the BMWP’ biotic index indicate that Villarroañe
is more oligotrophic than Sentiz lake, especially in summer and autumn. In winter the
lake has a lower degree of eutrophication and in summer the organic material contribu-
tions increase. This can be explained by the type of terrain, the hydrological regime and
the different uses to which they are subjected.

Sentiz lake depends on rainfall and the large livestock burden in summer, in addi-
tion to low water, causes an increase in organic material. This is reflected in higher am-
monium and TKN values during autumn. Moreover gradual salinization of the lake was
registered throughout the study period.

In contrast, in Villarroañe a more oligotrophic condition exists with periods of
mineralization in winter and spring; it receives water either from the river or the irriga-
tion channel throughout the year and keeps it for a short time.

Food and available preys
The tench food in both habitats studied is roughly similar to literature data (see

Perrow, 1996). The percentage of empty guts was lower than previously recorded
(O’Maoileidigh and Bracken, 1989; Brönmark, 1994). The presence of plant material i s
considered an accidental ingestion when catching preys as already stated (Weatherley,
1959; Kennedy and Fitzmaurice, 1970).

The preferential prey items are Chironomidae larvae at both sites, which concurs
with Perrow’s results (1996) for tench in an English lake. The second most important
prey taxon in the river branch is gastropods, although this does not mean that tench can
be considered a specialized forager of molluscs, as stated by Brönmark (1994).

The preference for small crustaceans in the Sentiz lake compared to Villarroañe i s
probably due to difference in age of tench. In Sentiz the oldest tench are 5 year-old (with
an average length of 162 ± 26!mm) whilst in Villarroañe they are 11 year-old (with an
average length of 269 ± 75!mm). This value coincides with what was stated by Weather-
ley (1959) in Tasmania, O’Maoileidigh and Bracken (1989) in Ireland and Copp and Mann
(1993) in France and England.

The diet generally reflects the seasonal distribution of macroinvertebrates in the
environment. Weatherley (1959), O’Maoileidigh and Bracken (1989), Copp and Mann
(1993) and Giles et al. (1990) have already pointed out that the diet of tench coincides
with the availability of environmental food, although only the last mentioned have quan-
tified the available taxa.

This is supported by the calculated correlation coefficients (Table!VIII), all of
them significant, although not with the same probability, except for that corresponding

Table!VIII.!-!Correlation coefficients between diet and available preys for both localities studied
following the seasons. ***!=!p!<!0.001; **!=!p!<!0.01; *!=!p!<!0.05.
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to late summer in Sentiz. Perhaps this is not very trustworthy due to the reduced number of
gut contents that have been analysed for this site and season.

The fact that two groups, Ostracoda and Plecoptera, were not caught in Villarroañe
environment but appear in the diet should be pointed out. The presence of the former i s
residual. In the case of Plecoptera we have to consider that the sampling techniques were
not suitable for detecting them.

The opposite occurred with Oligochaeta and Hydra. The former were not detected in
the diet but are very abundant in the environment. Weatherley (1959) records the appear-
ance of Oligochaeta remains in the gut contents of one of the populations he studied,
though not in another. Petridis (1990) stated that the presence of chaetae remains was
only detected by electron microscope analysis of detritus present in gut contents. This
means that tench could consume Oligochaeta when they are available in the environment,
although they were not detected in gut contents according to Giles et al. (1990). The
absence of Hydra in gut contents is not strange, despite their abundance in the environ-
ment at some times of the year in Villarroañe as well as in Sentiz, due to the lack of any
skeletal structure. This could also explain the habitual presence of Hirudinea in the envi-
ronment and its very sporadic detection in the digestive tracts studied. In fact it does not
appear as a prey of tench in any of the papers consulted. It should not be forgotten that
cyprinids possess a pharyngeal apparatus that triturates food rapidly. The softest compo-
nents in the diet (e.g., Oligochaeta and Hydra) are digested fast in contrast to others that
can remain in the gut for a long time (e.g., mollusc shells).

Considering our results and previous observations (Weatherley, 1959; Kennedy
and Fitzmaurice, 1970; O’Maoileidigh and Bracken, 1989), it can be concluded that tench
is a poor selective predator of prey.
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