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RESUMEN

Se estudian los contenidos estomacales de 4.362 ejemplares de lucio (Esox lucius) capturados durante un periodo de seis aiios
en la cuenca del Esla (Noroeste de Espaiia). Se han calculado la frecuencia y el porcentaje numérico de cada taxon presa para
cada rio y mes separadamente.

El espectro de 1a dieta del lucio es muy amplio. Consumen presas pertenecientes a todos los grupos de invertebrados y ver-
tebrados acuéticos. Demuestra ser un depredador generalista y la elevada diversidad y uniformidad de la dieta sugieren una
escasa Seleccidn del alimento.

El andlisis de similaridad muestra que la composicidn de la dieta en los diferentes tramos de rio es muy elevada. Sin embar-
go hay peculiaridades para cada tramo, debido a la presencia de presas accidentales. Por otra parte el porcentaje de estdmagos
vacios fue elevado inmediatamente antes del periodo reproductor (84% en febrero) y desciende (12% en mayo) cuando la
reproduccién ha finalizado. Las variaciones temporales muestran diferencias significativas.

Palabras clave: alimentacién, lucio, Esox lucius, cuenca del rio Esla, Espaiia.

ABSTRACT

The stomach contents of 4,362 northern pike (Esox lucius) captured over six years in the Esla Basin (NW of Spain) were exa-
mined. Thefrequency of occurrence and the numeric percentage of each taxon-prey was calculated separatelyfor each river
and at monthly intervals.

The spectrum of the northern pike diet in the Esla Basin was very broad. They consume prey of all groups of aquatic inver-
tebrates and vertebrates available. They are generalist predators. The high diversity and uniformity values of their diet sug-
gests little,food selection.

The similarity shown in diet composition of pike in the different stretches is very high. However; diet in different stretches
may differ due to the presence of accidental prey. The percentage of pike with empty stomachs in samples was highest before
spawning (i.e. 84 % in February) but dropped to 12 % in May when reproduction had ended. Monthly variations in the per-
centage of pike with an empty stomach were statistically significant.

Keywords: feeding, northern pike, Esox lucius, Esla Basin, Spain.

INTRODUCTION (reservoirs, lakes and rivers) demonstrates the
extent of its success.

Pike was first detected in the Esla basin in 1964
in the Ricobayo reservoir (Pena, 1986). Between

450 and 500 km of water courses have been colo-

The colonisation of the Esla river basin has meant
a paradigm in the colonising conduct of the
species. The rapid occupation of a large number

of water courses and adaptation to different
hydrological regimes (regulated and natural
rivers) as well as those of a different nature

Limnetica 19:1-20 (2000)
© Asociacién Espafiola de Limnologia, Madrid. Spain

nized in 30 years. The spread up-river has been
recorded in other geographical areas by Snow
(1974), Vostradowsky (1977) and Kipling (1983).
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On following up colonisation it can be seen
that one part of the settled population goes to
higher reaches. A reduced number of breeding
adults colonises a new area causing a sub-popu-
lation structure displaced towards small sizes,
because of the recruitment effect. Large speci-
mens capable of defending the territory and of
forcing young ones to migrate, stay in the lowest
reaches of the river basin. Homogenisation of
sizes occurs when the population gets older. All
this leads to size segregation as we go up the river
courses of the basin. There is a tendency for sizes
to decrease in the upper reaches, above all in the
Porma and Orbigo rivers (Dominguez et al.,
1989; Dominguez, 1996).

The voracity of this species has caused rather a
lot of problems in the waters where it has been
introduced. The impact on stocks of cyprinids
and salmonids, as recorded by Arrignon (1966),
Vooren (1972), Rincén et al. (1990) has encou-
raged measures from banning their introduction
(Le Louarn & Bagliniere, 1985) to population
control (Larsen, 1966; Mann, 1985).

The trout character of most Esla basin rivers
confers an added dimension to the introduction of
this species. Pike control campaigns were carried
out allowing us to obtain important information
about the feeding habits of the colonising pike.

MATERIALAND METHODS

Study Sites

The study area covers the south of the province
of Ledén and the north of the Zamora province.
The hydrographic network from which samples
were taken consists of the Esla, Porma, Moro,
Orbigo, Tuerto, Jamuz, Eria, Cea and Tera rivers
and the streams of La Almucera, El Castrdn,
Retuerta, Regato and Bonul. Only the streams
and the Cea, Eria and Moro rivers are not regu-
lated. The main river in the basin, the Esla, has
since been regulated (i.e. from 1988) from its
headwaters by the 664 hm? Riaiio reservoir, and
by the Ricobayo reservoir (1184 hm?3) in its
lower reaches. Figure 1 shows the sampling
point locations.
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Figure 1. Location of the study area and sampling sites: a: Hipor-
hithron of the Esla river; O: hiporhithron of the Orbigo river; A:
hiporhithron of the Tera river and @: epipotamon zone. Localizacion
del urea de estudio y estaciones de muestreo. B: Hiporitron del rio
Esla, O: Hiporitron del rio Orbigo, Az Hiporitron del rio Teray ®:
Zona de epipotamon.

The sampling points have been grouped
according to the classification of Illies &
Botosaneau (1963). Based on this classification,
areas of the Esla (including the Esla itself and
the Porma and Moro tributaries), the Orbigo
(including the Orbigo and the Tuerto), the Tera
and its tributary Castrén and Almucera streams
are identified as hiporhithron zones. In the
epipotamon area we have included: the Esla
below Valencia de Don Juan, the Orbigo below
La Baiieza until itjoins the Esla, the Jamuz close
to where it joins the Orbigo and the same areas
of the Eria and the Tera below Mozar until the
junction with the Esla.
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Sampling techniques

The sampling period was from January 1982 to
September 1987. Sampling was at least monthly,
except for the Tera transition stretch which was
sampled in February, March and April (the pre-
reproduction period). Specimens were captured
using various methods: electric fishing, breeding
traps and nets. To capture most speciments elec-
trofishing was used at between 220 and 250 V
and about 1.8 A, depending on conductivity. The
traps (Pena et al., 1991) were placed in streams
and accesses to lagoons and still backwaters dur-
ing the spawning period (between February and
May), i.e. in La Almucera and El Castrén
streams, the rivers Orbigo in Hospital, Porma in
Marne and Villafruela, Moro in Puente
Villarente and Jamuz in La Nora. When the
excessive depth of the river course did not allow
electrofishing, nets (3 cm mesh size) were put in
place from a boat.

Stomach content analysis

A total of 4362 of the specimens caught were
used for diet analyses. Specimens showing signs
of regurgitation were rejected, in agreement with
Treasurer (1988). These were minimal as elec-
trofishing avoids regurgitation (Windel &
Bowen, 1978).

Stomach extraction was immediately after cap-
ture to avoid continued digestion of the prey
(Windell & BoweN, 1978). The preserving agent
was 8% formaline. This causes the tissue of the
stomach wall to harden, facilitating identification
(Sorbe, 1972).

Although prey determination was carried out
at the lowest taxonomic level possible (species
or genus), the results are expressed by grouping
them in higher taxa as this makes them easier to
compare (Bowen, 1984). Feeding intensity is
measured as a percentage of stomachs contain-
ing food. The importance of each prey was
assessed in relation to its presence percentage in
the diet (frequency of occurrence shown as %F).
The result is expressed as a percentage of the
total number of specimens containing some type
of prey (Windell & Bowen, 1978) and its nume-
rical representation based on the total prey

caught. The resulting values are expressed as a
percentage of the total number of prey captured
(% abundance) and is shown as %N. Prey classi-
fication is as proposed by Sorbe (1972). In order
to evaluate the significance of each prey in the
pike diet, using the two descriptors (frequency of
occurrence and abundance) together, the graph
method proposed by Costello (1990) has been
used. That of Tokeshi (1991) has been used to
interpret the feeding strategy on the basis of
graphic analysis.

Diet diversity was calculated using the
Shannon expression (Shannon & Weaver, 1949).
Uniformity (Pielou, 1966) and heterogeneity
(Margalef, 1972) were estimated from the diver-
sity value.

The diet affinity between the different stretches
studied was estimated using the Sorensen (1948)
index. The affinity dendogramme was drawn with
the results of this index according to the UPGMA
method (Sneath & Sokal, 1973).

The relationship between diets of pike in the
different stretches and months was quantitatively
evaluated using the Pearson correlation coeffi-
cient (Sokal & Rohif, 1981). Normality was tes-
ted using the David et al. (1954) rapid test.

Dependence or correspondence among the
stretches studied and the prey ingested was stu-
died by a factorial analysis of correspondences
(FAC) (Dervin, 1988; Weber, 1991). The axes
of the figure obtained with this statistical analy-
sis explain part of the variance, measured as an
“inertia percentage”. Participation of the data in
the inertia of each axis is given by the contribu-
tion of each (Deselle, 1990). The FAC was done
using the BIOMECO statistics programme
designed at the Montpellier CNRS by J. D.
Lebreton, M. Roux, G. Banco & A. M. Bancou.

To estimate the differences in temporal and
spatial evolution of stomachs with contents and
diet composition in the different stretches the 2
statistic was used (Steel & Torrie, 1985). To
evaluate the differences in size distribution of
the specimens captured, an analysis of variance
was carried out. The Duncan test was then done
to discover terms were mainly responible for
significance.
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Table 1. Frequency of occurrence (7cF) and abundance (7cN) of each item prey in the and areas studied (CC = number of stomach with con-
tents; VA = number of empty guts). Frecuencia de aparicidn (%F)y abundancia (%N) de cada presa en los tramos estudiados (CC = niime-
ro de estdmagos con contenido; A = niimero de estdmagos vacios).

Epipotamon Esla Orbigo Tera
CcC 204 719 819 268
VA 187 339 357 14690

YF %N JF %N %F %N %F %N
Bivalvia 0.14 0.05 0.12 0.04 0.37 0.46
Gastropoda 0.98 0.92 1.95 0.49 2.69 181 0.37 0.11
Oligochaeta 1.47 0.55 1.67 0.49 1.59 0.70 0.37 0.11
Hirudinea 1.96 0.73 7.10 2.50 8.30 5.99 14.18 8.12
Cladocera 3.43 3.67 8.50 1100 1.10 1.06 0.37 0.11
Ostracoda 0.56 0.22
Amphipoda 11.76 11.19 3.20 143 7.69 18.15 1.12 2.17
Decapoda 1.47 0.55
Isopoda 9.70 14.07
Arachnida 0.49 0.18 0.70 0.14
Ephemeroptera 6.37 11.19 21.87 12.37 1111 1291 6.72 5.26
Zygoptera 13.73 15.60 36.91 36.01 6.35 5.64 8.96 4.92
Anisoptera 10.78 4.22 7.66 2.36 1.34 0.48 6.72 3.32
Plecoptera 0.49 0.18 1.67 0.41 0.24 0.18 9.70 481
Heteroptera 5.88 12.29 292 2.31 1.59 0.70 10.82 10.41
Homoptera 0.14 0.03
Megaloptera 0.49 0.18 4.60 2.72 1.59 2.07 3.73 4.46
Coleoptera 9.31 6.61 12.53 5.80 2.56 1.50 7.84 5.95
Lepidoptera 0.14 0.03
Trichoptera 1.47 0.55 2.92 1.02 2.20 1.37 6.34 2.75
Diptera 1.47 2.57 6.96 3.46 2.08 2.86 2.61 0.92
Oncorhynchus mykiss 0.75 0.23
Salmo trutta 0.49 0.18 1.25 0.25 2.08 075 0.75 0.23
Esox lucius 0.98 0.37 2.92 0.58 0.49 0.18 10.07 3.09
Barbus bocagei 9.80 4.04 2.65 0.52 3.30 1.23 10.45 6.18
Cyprinus carpio 1.47 0.55 0.14 0.03
Chondrostomapolylepis 22.55 9.91 4.60 1.24 10.01 4.32 11.94 7.44
Gobio gobio 7.84 385 5.15 1.46 11.60 5.20 24.25 9.61
Leuciscus carolitertii 1.96 0.73 0.97 0.36 1.95 0.79 0.37 0.11
Rutilus arcasii 8.33 4.40 20.47 10.23 39.44 19.43 5.22 2.63
Tinca tinca 0.56 0.11 0.12 0.04 0.75 0.34
Cobitis calderoni 0.49 0.18 3.62 1.10 14.29 10.31
Gambusia holbrooki 0.24 0.09 0.37 0.11
Micropterus salmoides 2.94 1.10 0.28 0.05
Unidentified fish 5.39 2.02 2.79 0.58 1.95 0.88 3.73 1.26
Amphibia 2.23 0.49 244 1.32 1.87 0.57
Reptilia 0.49 0.18 0.14 0.03
Aves 0.49 0.73
Mammalia 147 0.55 0.84 0.16 0.75 0.23
RESULTS the pre-established areas or stretches of the Esla,

Orbigo, Tera and epipotamon. Shown are the fre-

Spatial variability quency of occurrence and numerical percentages,
Table 1 shows the results obtained when consid- respectively, for each taxon considered. 67.96%

ering the origin of captured specimens as regards of the stomachs contained some food of the 1058
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Figure 2. Percentage representation of each size range in the areas
studied. Representacion porcentual de cada rango de talla en las
zonas consideradas.

specimens examined from the stretch named
Esla. In the same zone of the Orbigo, 1176 were
captured and 69.64% of guts contained food,
whilst only 15.43% of the 1737 specimens from

the Tera and 52.17% of the 391 from the epipota-
mon zone did. It has to be pointed out that those
from the Tera stretch only belong to the repro-
ductive period, which could explain their low
ingestion level whilst specimens from the rest of
the studied stretches correspond to captures made
during the whole year.

The diet is widely distributed among the dif-
ferent prey-taxa in all cases with no marked pre-
ferences appearing. No prey can be included in
the preferential category and a reduced number of
taxa makes up the secondary one so the rest of
prey would be taken randomy, according to the
classification used. However, food use shows
some peculiarities in diet richness as well as its
composition in the different study areas.
Richness, considered as the number of prey taxa,
attains its highest value in the Esla stretch with 34
of the total of 39 taxa appearing in the whole diet
spectrum. In decreasing order, as far as the num-
ber of taxa consumed is concerned, the epipota-
mon area, where about 30 taxa-prey were con-
sumed, comes next, then the Tera with 29 and the
Orbigo with 27.

The peculiarities of diet composition in each
area can partly be explained by the sizes of the
pike captured in different areas as there is a quite
defined size segregation between areas.

Regarding this, the size distribution in each of
the areas studied must be emphasised. Figure 2
shows the percentage representation of each size
range in the areas studied. The results of the
analysis of variance are:

Epipotamon Esla Tera
Esla P<0.01
Tera NS P<0,01
Orbigo P<0.01 NS P<0.01

The graph in figure 3 shows which are the most
relevant prey in each area (Costello, 1990).
Almost all the points represented gather close to
the co-ordinate origin. This method interprets
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Figure 3. Prey taxa over 10% (frequency of occurrence and abundance) for each stretch studied. 7axones presa con valor supe-
rior al 10%en cada uno de los dos métrodos utilizados (frecuenciade aparicidny abundancia), para cada tramo estudiado.

them as rare prey as regards their importance in
the diet. As was previously mentioned, most of
the prey are in the accidental category according
to the Sorbe classification. The pike diet thus con-
sists of numerous prey with low representation.
The location of points in the lower part of the axis,
which shows abundance, allows the diet of this

species to be interpreted as generalist (Tokeshi,
1991)in the study area. The only exception worth
mentioning would be the ingestion of Zygoptera
in the hiporhithron area of the Esla.

Taxa richness values between 27 in the Orbigo
area and 34 in the more generalist Esla, based on
a total of 39 possible prey-taxa, are obtained after
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calculating diversity and its components. H'
diversity varies between 3.32 in the Esla and 4 in
the Tera. The estimated heterogeneity (0.24) is
small, indicating great diet homogeneity in the
study areas, Both diversity and uniformity in the
stretches attain the highest values in the Tera
stretch and the barbel area, where there is a more
homogeneous representation of all the sizes of
pike. It is slightly lower in those stretches in
which size distribution is more restricted, the
Orbigo and the Esla, in this order. The greater fre-
quency and abundance of small prey (mainly
invertebrates) in the Esla stretch could also be
explained by this.

On the other hand, the Sorensen affinity in-
dex also shows that the diet in the four areas is
qualitatively very similar. It defines two blocks,
the first being the Orbigo and the Tera with
92.86% affinity, the second the two remaining
stretches, the epipotamon and the Esla with
87.5%. These two groups together have an
affinity of 81.62% (Fig. 4)

In order to carry out the quantitative analysis
of proximity among the diets of the study areas,
the linear correlation for the numerical percen-
tage of each prey was calculated between each
possible pair of areas. The calculated correlation
significance was always high (p<0.01, except the
Tera-Orbigo with p<0.05), which shows the simi-
larity between the diets in the areas studied.

Diet proximity is shown graphically by the
FAC carried out using the relative frequency of
each taxon prey.

The Esla stretch is in a possition that reveals
greater generalization, as can be seen on axes 1
and II of this analysis, with 45.8 and 30.3 % of
inertia, respectively (Fig. 5). Prey widely repre-
sented in this area (i.e. within the line of dashes)
are around it but all those within the line of points
also have the same characteristics. Very few prey
taxa are absent from the diet of the pike in this
stretch, and all have low representation even in
the areas they characterise.

The prey included in the triangle defined by
the Tera, Orbigo and epipotamon areas (shown as
T, O and B, respectively) are present in the three
areas, and to a greater extent the closer they are to

%

Ort;igo Tera Esla Epipotamon

Figure 4. Dendrogramme showing the affinity between the
stretches studied. Dendrograma de afinidudes entre los tra-
mos considerados.

each area. Esla (E) is in an intermediate position
between epipotamon and Orbigo as far as axis | is
concerned. Orbigo and Tera differ most, as
already shown by the correlations carried out,
and coincide in characteristics with low stretches
of the epipotamon.

Singularity is marked by those prey that are
differentiated towards the extremes of the graph,
defining that area to which they are closest.

Axes | and II (with inertia percentages of
45.77 and 23.91, respectively) (Fig. 6) show taxa
identifying the Esla stretch (situated within the
solid line). As had been seen on previous occa-
sions, they are accidental prey except for the
Zygoptera, which reached high values, but are
present in all the other areas.

In spite of the similarity shown in diet compo-
sition of the different stretches there are pecu-
liarities due to the presence of prey, mostly acci-
dental, which characterise certain stretches. This
can be observed in Table 1and in the FAC.

Both diversity and uniformity of stretches
reach higher values in the Tera stretch and the
epipotamon area, where there is a more uniform
representation of all sizes of pike. These indices
are slightly lower in those stretches in which size
distribution is more restricted, i.c. the Orbigo and
the Esla, in this order. The greater frequency and
abundance of small prey (basically invertebrates)
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in the Esla stretch could also be the similarly
explained.

bution areas, particularly in the intensive fishing
Pike of the Tera (Fig. 5) are characterised by
the ingestion of rainbow trout (Oncorhynchus

reserve of the Tera river. However, ingestion of
this species by pike is minimal. The isopods only
appear diets in this stretch, in proportions close to
mykiss), isopods, plecoptera and pike. As far as 10% and are difficult to explain, despite being
rainbow trout are concerned it is the only area mentioned frequently in the literature. The ple-
where its presence coincides with the pike distri- coptera and pike, although forming part of the
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diet of pike in all stretches studied, are more rele-
vant in this particular one.

The stretch called Orbigo is characterised by
the greater presence of loach, although this
species is also present to a lesser degree in the

Esla and the epipotamon area, and absent from
the Tera. Velasco (1994) refers to a decrease of
this species in the area. Red roach is also ingest-
ed more in the Orbigo than in the other stretches,
although it is present in all of them.
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Mosquitofish (Gambusia holbrooki) is present
in the two stretches although referred to in small
numbers. The fact that this species lives in very
shallow waters, not at all suitable for pike, could
explain its low scarcity.

The epipotamon area is characterised by very
incidental prey. Birds and decapods are the only
differential prey. In the two cases, contribution to
the diet of pike is minimal. The ingestion of birds
is pure chance and the decapods found have been
those belonging to the Procambarus genera -
which was starting to colonise the study area du-
ring the samplings - and Palaemonetes, with a
restricted distribution area. Arachnida, Carp (Cy-
prinus carpio), black-bass (Micropterus sal-
moides), reptiles, and mammals also contribute to
differentiation of diet in this area. All of them have
very low representation and their presence always
coincides in the Esla stretch.

The peculiarities of the Esla can be seen in figu-
re 5. Ostracoda, Homoptera and Lepidoptera are
the only prey present in this area alone and always
with minimal representation. The Cladocera,
Diptera, Ephemeroptera and Zygoptera are clearly
more frequent in this stretch, although were pre-

sent in all those studied.

In a sequence of characteristics the most dif-
ferent areas although still quite similar (Figs. 5
and 6) would be the Orbigo and the Tera, as
demonstrated by their separation in relation to
plane I. Both are close to the epipotamon area and
close to the Esla area.

The similarity shown by the analyses carried out
allows the specimens of all the study areas to be
grouped for evaluating seasonal variations in diet.

Seasonal variations in diet
The percentage of stomachs with any contents in
the different months (Fig. 7) are shown by a line
with two clearly defined periods: a pre-spawning
period during February with a minimum of
16.4%, which begins to recover in March and
April when breeding occurs. This indicates that
feeding begins immediately afterwards. Ma-
ximum feeding intensity (88%) is reached in May
and continues to be high in the following months.
The variations throughout the year differ signifi-
cantly (p<0.05).

Tables 2 and 3 show the variation of the repre-
sentation reached by each taxon based on the

100

% STOMACHS WITH CONTENT

Jl A S (0] N D

ANNUAL PERIOD

Figure 7.Monthly variation in the percentage of stomachs with content. Number shows the total analysed individuals. Varincidnmensual del
porcentuje de estémagos con contenido. Los nimeros indican el total de ejemplares examinados.
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Table 2. Monthly variation in frequency of occurrence of each prey item. Vuriucidn mensual de la frecuencia de aparicion de cada presa.

Prey category/ % F January  February  March  April May June Jly  August  Septemb  October  Novemb  Decemb
Bivalvia - — 031 — 114 — — — — — — —
Gastropoda — 189 123 337 455 408 141 — 1.34 — 303 143
Oligochaeta 9.09 — 154 078 341 204 — 207 045 164 152 —
Hirudinea 3.64 189 7.23 1062 341 1088 7.04 201 1473 984 303 143
Cladocera — 189 4.00 492 682 748 423 — — 984 152 714
Ostracoda — — 015 — — 204 — — — — — —
Amphipoda 545 189 600 777 227 612 563 207 313 328 152 1857
Decapoda — -— 015 — — 136 — — — — — —
Isopoda — — 092 518 — — — — — — — —
Arachnida — — 031 052 — 136 — — — 164 — —
Ephemeroptera 182 377 846 17.10 50.00 27.89 2817 897 848 2787 455 571
Zygoptera — 1132 2723 15.03 43.18 36.05 12.68 207 119 2295 758 14.29
Anisoptera — 189 846 8.03 568 4.08 282 — 089 492 152 143
Plecoptera — 755 323 285 114 1.36 — — 0.45 — — 286
Heteroptera 182 566 369 829 — 340 141 207 223 — 152 —
Homoptera — — — — — — — — — 1.64 —_ —
Megaloptera 1.82 — 338 829 — 0.68 — — — 1lo64 — 143
Coleoptera 1091 566 11.08 959 568 6.12 11.27 — — 492 152 1286
Lepidoptera — — — — — 0.68 — — — — — —
Trichoptera — 566 338 6.22 — 204 — 069 045 164 152 429
Diptera — — 354 570 568 1156 141 — 402 —
Oncorhynchus mykiss — — — 052 — —_— — — — — — _
Salmo trutta — 1509 123 130 114 — 141 276 — 164 — —
Esox lucius — 377 492 337 — 068 141 069 045 328 3.03 —
Barbus bocageli 545 1509 385 363 227 1088 563 207 268 656 758 571
Cyprinus carpio — 189 046 0.26 — — — — — — — —
Chondrostoma polylepis  36.36 9.43  8.46 4.66 10.23 10.20 2535 9.66 6.25 6.56 7.58 32.86
Gobio gobio 1091 1698 985 1399 9.09 816 7.04 1517 1071 164 1212 2.86
Leuciscus carolitertii — 371 092 285 — — 141 276 045 1.64 . 286
Rutilus arcasii 2545 1509 20.00 27.46 13.64 3.40 9.86 53.10 39.29 1311 66.67 2.86
Tinca tinca —  — 031 078 114 — —_  — 045 — _ .
Cobitis calderoni 364 189 271 492 9.09 6.12 1549 1172 2545 — 152 143
Gambusia holbrooki — — 026 227 — — _ — * _ _
Micropterus salmoides 182 — 031 — 114 — —_ - — 164 303 —
Unidentified fish 727 755 323 259 114 204 282 1.38 089 820 455 429
Amphibia — — 108 207 221 272 423 207 580 164 152 —
Reptilia — o — -— 114 0.68 — — — e — —
Aves — —- — — — — — — 0.45 — — —
Mammalia - — 046 0.26 — 1.36 282 — 045 — 3.03 143
Animal material — 189 092 — 114 476 141 — — 492 — 57
Vegetable material 364 189 7.85 6.99 45s 1020 423 414 848 328 152 143

Mineral material — 189 015 104 114 0.68 .41 — — — — —
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methods considered, frequency and numerical
percentage, respectively, during the year.

The pike diet evolves irregularly on a monthly
basis, both in the number of taxa represented and
the contribution of each. So only one taxon
(Zygoptera in February) is over 50% in the
numerical method. Few are over 25%: none in
January, Zygoptera in March, May and June,
Ephemeroptera in May and July, red roach
(Rutilus arcasii) in August, loach (Cobitis
calderoni) in September, Cladocera in October,
red roach again in November and Amphipoda are
those with the largest representation in December.

As far as the frequency method is concerned,
and according to the Sorbe (1972) classification,
preferential prey are rare: Ephemeroptera in May
and red roach in August and November. Few taxa
are on the secondary level (frequency percentage
between 50% and 10%).

The rest of the groups would be considered
accidental prey, according to this classification.
But continuity through time suggests that in reali-
ty they are rare because the high richness of diet
causes a fractionation of this frequency, minimis-
ing their presence.

The Costello (1990) graph method allows
those prey which stand out in each month to be
appreciated. Few exceed 10% in either of the two
methods (Fig. 8). The monthly changes in the
representation of different groups shows no spe-
cific pattern. Again the location of points repre-
senting each of the prey are close to the co-ordi-
nate origin, therefore prey denomination, accord-
ing to Costello (1990), is once again “rare” as
regards importance. Prey abundance rarely stands
out and this suggests a generalist diet throughout
the year, according to the interpretation proposed
by Tokeshi (1991).

In the same way, no correlations were found
between frequency of occurrence of each taxon
ingested between any pair of months in any year.
In the monthly correlative sequence, strong inter-
actions can be observed from March to July (the
significance levels of the correlations are very
high) and are very similar. March and April values
are strongly correlated with the other months.
The greater availability of food in these months,

as a result of hatching of many groups of inverte-
brates ingested), allows these periods of time to
appear similar to the rest of the year. May and
June show lower significance in their relation
with the autumn and winter months. From August
to December, or even January, the months can be
more easily differentiated. There is probably
lower food availability during these months and
this would cause a more random ingestion of
prey. February acts as a transition period with a
certain connection with March and April. In addi-
tion to low prey biological activity at this time, it
coincides with the period prior to reproduction,
when less food is ingested.

Diversity is very high in every month, which
once again verifies the generalist character of the
diet of pike. On this occasion, the diversity values
are influenced by the uniformity of food base.
Richness reaches its maximum value (33 taxa) in
March and minima in August (17 taxa) and
January (14). The variations reflect the behaviour
of prey invertebrates, whilst those of vertebrates
are more attenuated.

DISCUSSION

Diet intensity and composition

As far as feeding intensity is concerned the
results have shown that the Esla, epipotamon
and Orbigo areas have a greater presence of
food than the Tera for total specimens and for
the periods in which they are comparable. Two
circumstances concur on this stretch: specimens
were only captured during the period prior to
reproduction (February, March and April) and,
in addition, most of the specimens captured
were large so food ingestion was substantially
reduced (Dominguez, 1996). The latter coin-
cides with what has been described by other
authors (Frost, 1954, Healy, 1956, Munro, 1957,
Lawler, 1965, Holland & Huston, 1984 and
Champan et al., 1989).

Food ingestion throughout the year does not
generally show any clear tendencies, although
the relatively high proportion of stomachs con-
taining food should be mentioned. The biblio-
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Table 3. Monthly variation in abundance (percentage) of each item prey. Variacion mensual de la abundancia de cada presa.
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Prey category/ % F January  February  March  April May June Jly  August  Septemb.  October  Novemb.  Decemb.
Bivalvia — 023 — 019 — — — — — — —
Gastropoda — 050 038 171 133 105 054 — 061 - 070 235
Oligochaeta 660 _— 046 017 057 123 — 184 020 053 0.35 —
Hirudinea 189 050 306 424 171 649 326 138 1356 374 105 118
Cladocera — 050 672 419 266 895 217 — -— 2567 2439 294
Ostracoda — — 015 — — 070 — — — — — —
Amphipoda 377 050 875 1129 038 211 272 553 223 695 035 2882
Decapoda — — 0.04 — — 035 — — — — - —
Isopoda — — 065 584 — — — — — _ _ _
Arachnida — — 008 o011 — 035 — — — 053 _ _
Ephemeroptera 5.66 3.02 6.80 10.19 41.75 18.77 3424 922 6.88 21.39 174 412
Zygoptera — 51.76 29.87 1405 3397 2947 1087 184 081 16,58 1045 17.06
Anisoptera — 101 302 259 114 140 1.09 — 040 160 035 0.59
Plecoptera — 352 141 072 019 035 — — 0.20 — — 118
Heteroptera 094 201 424 6.06 — 333 109 138 142 035 —
Homoptera — — — — — o — — — 053 — —
Megaloptera 3.77 - 153 556 .~ 018 — — — 107 — 176
Coleoptera 1509 201 646 523 133 298 598 — — 214 035 J0.59
Lepidoptera — — — — — 018 — — —— — — —
Trichoptera — 553 130 220 — 053 — 046 020 053 035 176
Diptera — — 172 452 095 526 054 — 10.12 o — —
Oncorhynchus mykiss — — — 0.l — — — — — — — —
Salmo trutta — 402 031 028 019 — 054 184 — 053 — —
ESoX lucius — 101 122 0.72 — 018 054 046 020 107 0.70 —
Barbus bocageli 283 553 145 143 038 298 217 138 121 214 174 235
Cyprinus carpio — 050 011 0.06 — — — — — — — —
Chondrostomapolylepis 21.70 4.02 321 143 285 351 1141 6.91 324 214 209 18.24
Gobio gobio 566 503 359 369 209 333 489 1106 506 053 314 176
Leuciscus carolitertii — 101 046 0.72 — — 054 184 020 053 — 118
Rutilus arcasii 2453 553 1047 909 493 140 380 39.17 2126 7.49 48.08 118
Tinca tinca —_ — 008 022 019 — — -— 0.20 — — —
Cobitis calderoni 283 050 092 237 209 298 924 11.06 26.92 — 035 059
Gambusia holbrooki —  — — 0.06 0.38 — - — — — — —
Micropterus salmoides 094 — 008 — 019 — — — — 053 070 —
Unidentified fish 3.77 201 084 0.6/ 019 053 163 092 040 321 174 176
Amphibia — — 031 044 038 088 163 369 364 053 0.35 —
Reptilia —_ = — — 019 0.8 — — — — — —
Aves — — — — — — — — 081 — — —
Mammalia — — 011 0.06 — 035 1.09 — 0.20 — 070 059
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graphy also records very different results on this
point. So whilst Mann (1985) and Eklov &
Hamrin (1989) record a significant absence of
food in autumn, Lawler (1965), Mann (1976)
and Holland & Huston (1984) mention this in
summer. Santamaria (1995) observes up to
79.8% empty stomachs in winter. In contrast
Martinez (1985) points to a decrease in empty
stomachs from February to September and
Elvira et al.(1996) obtain a constant value for
empty stomachs throughout the year with 28.2%.
In the Esla basin the proportion of empty sto-
machs is below 50% in every month except
February and March (coinciding with the period
prior to reproduction).

Other studies only give the mean value as in
the case of Frost (1954) —45.68% empty - ,Diana
(1979) — 47% -, below the value obtained in this
study for all the specimens (54.2%), but with
wide variations. Alessio (1983) also recorded
great seasonal variations, although with 31% of
the total with empty stomachs.

The fact that the proportion of stomachs con-
taining food in the Esla basin is relatively high
seems logical when considering that they are
feeding of a wide prey-spectrum. Pike have been
considered opportunists and very flexible in their
feeding habits (Chapman et al, 1989; Adams,
1991, Beaudoin et al., 1999). This means that
they are capable of ingesting all the prey avai-
lable in their environment.

In fact, the feeding spectrum of pike in the
study area was very wide, as corresponds to a
generalist predator and in a recently colonised
area (Pena, 1986). In general, it is the widest
spectrum found for pike among those in the bi-
bliography, although the size range analyzed is
also the widest and the representation of inver-
tebrates in the diet is the highest. Invertebrate
species belonging to 21 groups have been
found, the most varied diet found for pike, as
for 1 am awareamongst those consulted. Data
comparisons have been made with 10 groups
represented (Healy, 1956), and with 8 Kennedy
(1969) and Holland & Huston (1985). Many
studies state that the presence of invertebrate
prey was testimonial (Frost, 19.54, Toner, 1959,

Shnchez-Isarria et al., 1988, Le Louarn &
Bagliniere, 1985, Sostoa & Lobdn-Cervid,
1989, Stephenson & Momot, 1991, Kangur &
Kangur, 1998).

Pike also feed on 13 species of fish.
Comparable results in Europe can only be found
in Alessio (1975), Mann (1976) and Le Louarn &
Bagliniere (1985).

The varied food-spectrum can indicate an
increasing population with access to a wide varie-
ty of prey but still at the generalist diet stage
according to Tokeshi’s (1991) interpretation of
the Costello (1990) method, used in this study.
Rincon et al. (1990) and Velasco (1994) point out
in various studies on the Douro basin that the
number of species as well as the diversity of com-
munities and the number of specimens decreases
in places where pike is present. This indicates
that the age of the colony can influence food
availability. Elvira et al. (1996) state that they
specialise when they have no other resources (as
in the case of the Ruidera lagoons) or die out
(Daimiel lagoons).

Influence of the capture stretch on the diet
As already described in detail, the similarity in
diet of the different stretches is very high, both
qualitatively and quantitatively. In spite of this
peculiarities due to the presence of prey in each
stretch can be appreciated. Although they are
ingested in small numbers and with low frequen-
cy, they are characteristic of each area.

The fact that the distinguishing elements are
prey with low representation and that all areas
participate in most prey, indicates generalist feed-
ing, as interpreted by Tokeshi (1991) who used
Costello’s (1990) method, the same chosen for
this study. The feeding opportunism of the
species is also observed on capturing prey exclu-
sive to each stretch. All this corroborates the
feeding flexibility of this species as also observed
by Chapman et al. (1989) and Adams (1991).

In addition, variations in the diet of nearby
areas have also been observed by other authors:
Toner (1959), Bracken (1973), Mann (1976,
1982), Craig & Smiley (1986) and Santamaria
(1993, 1995).
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Seasonal changes in the diet

Changes in the representation of the different
taxa, observable in the total monthly study, above
all those that are more influenced by the season,
confirm the feeding opportunism of this species.
(Adams, 1991).

It has also been suggested that this species is
capable of rapidly changing its food selection in
response to changes in the abundance and vul-
nerability of available prey (Mann, 1982), which
is supported by this study. The fact that the fre-
quency of specimens only ingesting invertebrates
increases at hatching time or during demographic
explosions of specific groups (in spring and
autumn) also stands out.

In addition, changes observed in diversity and
uniformity throughout the year suggest low prey
selection. Prey use is gape limited.

These facts can confirm the low selectivity of
pike without need to analyse its prey availibility.
Chapman et al. (1989) assure that pike is an
opportunist predator capable of modifying its
feeding strategies in response to environmental
changes. In reference to this, Sostoa & Lobén-
Cervia (1989) found a significant correlation
between diet and abundance of prey.

Mann (1982) demonstrates the complexity of
factors in the evaluation of the variation in the
diet, mainly prey availability, selection and sea-
sonal abundance. Mauck & Coble (1971) and
Wahl & Stein (1988) introduce the concept of
“vulnerability”, as opposed to the simple sea-
sonal variation in food proposed by Frost (1954),
Healy (1956) and Lawler (1965).

Nevertheless, some authors have demonstrated
the rejection of those prey with anti-predator
morphological structures (Beyerle, 1978; Eklov
& Hamrin, 1989) concurring with Wolfert &
Miller (1978) and Navarro & Johnson (1992),
who suggest the selection of prey with soft radii
as opposed to those with bony ones. The only
prey species in this study that could be conside-
red “armed” are carp and black bass. These
species are ingested on few occasions and in
small numbers.

Thus, the use of every type of habitat, mov-
ing frequently, as shown by Chapman &

Mackay (1984) would make feeding on a large
number of prey easy. This reinforces Savino &
Stein’s (1979) statement that pike are capable
of successfully catching prey in heterogeneous
habitats.
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