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ABSTRACT
Effects of introduced salmonids on macroinvertebrate communities of mountain ponds in the Iberian system of Spain

This study aimed to assess the impact of salmonid stocking on macrobenthic communities in Spanish mountain ponds.
Macroinvertebrates were collected with a hand net following a multihabitat, time-limited sampling in eight ponds (four of
them stocked with salmonids and four non-stocked) in the Iberian system. A number of macroinvertebrate-based metrics, as
well as several physical and chemical variables, were measured and compared between stocked and non-stocked sites. We
hypothesised that stocked ponds would have lower abundances and richness of large and mobile taxa and higher amounts of
phosphorus in the water column than non-stocked ones. The results proved that macroinvertebrates were adversely affected
by salmonid introductions and might be appropriate indicators of this type of impact. Total richness (both measured and esti-
mated) and diversity were significantly lower in disturbed ponds. Coleoptera, Trichoptera and Heteroptera, large and mobile
taxa, were particularly sensitive to the impact. No significant differences in nutrients were detected, although total phosphorus
concentrations were usually higher in stocked ponds.
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RESUMEN

Efectos de la introduccion de salmonidos sobre la comunidad de macroinvertebrados de lagunas de montaiia del sistema
ibérico, Espaiia

El objetivo de este estudio fue testar el impacto de la introduccion de salmonidos sobre las comunidades de macroinvertebra-
dos de un conjunto de lagunas de montaiia en el noreste de la Peninsula Ibérica. Los macroinvertebrados fueron colectados
con una red de mano siguiendo un muestreo de tipo multihdbitat, con un determinado tiempo limitado de muestreo en ocho
lagunas (cuatro de ellas con introduccion de salmonidos y otras cuatro sin dicho impacto) del sistema ibérico. Se compararon
caracteristicas fisicas, variables quimicas y atributos de la comunidad de macroinvertebrados entre los dos grupos de lagu-
nas (con introduccion y sin introduccion de salmonidos). Partimos de la hipdtesis de que en aquellas lagunas en las que se
habian introducido salmonidos nos encontrariamos con baja abundancia y riqueza de taxones de macroinvertebrados moviles
v de gran tamario, ast como de altas concentraciones de fosforo en la columna de agua. Los resultados mostraron que la co-
munidad de macroivertebrados se vio seriamente afectada por la introduccion de salmonidos y que podrian ser indicadores
apropiados de ese tipo de impacto. Riqueza total (tanto medida como estimada) y diversidad de macroinvertebrados fueron
significativamente mds bajas en lagunas en las que se llevo a cabo las introducciones de salmonidos. Coleoptera, Trichoptera
v Heteroptera, taxones grandes y moviles, fueron particularmente sensibles a dicho impacto. La concentracion de fosforo fue
usualmente mds elevada en aquellas lagunas que habian sufrido la introduccion de salmonidos aunque las diferencias no
fueron estadisticamente significativas.

Palabras clave: Lagunas de montaiia, introduccion de salménidos, macroinvertebrados, estimadores no paramétricos.
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INTRODUCTION

One of the most extensive human influences
on ecosystems is the introduction of non-native
species (Wilcove et al., 1998), as this perturba-
tion is a major threat to native biodiversity (Vi-
tousek et al., 1996; Davis, 2003). This impact is
more severe when top predators are introduced
into spatially restricted environments such as
lakes (Kauffman, 1992). In particular, a number
of studies in Europe, North America and Ocea-
nia have reported negative consequences of fish
introductions on macroinvertebrate populations
(Leppi et al., 2003) and communities (Crowder
& Cooper, 1982; Morin, 1984; Mitelbach, 1988;
Allan & Flecker, 1993; Diehl & Eklov, 1995;
Kornijéw, 1997; Lodge et al., 1998). Salmonids
are size-selective predators, and their introduc-
tion into previously fishless alpine lakes in North
America and Europe has resulted in the local
decline or elimination of large-bodied macroin-
vertebrates (Wurtsbaugh, Brocksen & Goldman,
1975; Angradi & Griffith, 1990; Larson et al.,
1992; Liss et al., 1995; Carlisle & Hawkins,
1998; Drake & Naiman, 2000). Moreover, they
also may have strong effects on ecosystem func-
tion (Eby et al., 2006; Simon & Townsend,
2003), enhancing, for example, phosphorus recy-
cling from the littoral to the pelagic zone (Leavitt
et al., 1994; Schindler et al., 2001).

Stocking with salmonids has also been a
common practice in Spanish mountain lakes for
several decades. However, the consequences of
these introductions on the ecosystem have sel-
dom been studied. There is some evidence of the
effects on amphibians (Martinez-Solano et al.,
2003), but none regarding the response of the ma-
croinvertebrate community.

The aim of this study was to compare the lit-
toral macroinvertebrate community and the val-
ues of some chemical variables in salmonid-
stocked and non-stocked mountain ponds in the
Iberian System. We predicted that ponds stocked
with salmonids would have lower abundances
and richness of large and mobile macroinverte-
brates and higher amounts of phosphorus in the
water column than non-stocked ponds. The im-
portance of studies like this is strengthened by
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Figure 1. Study area. Black points represent stocked ponds
and white points represent non-stocked ponds. Ponds: 1. Patos,
2. Brava, 3. Negra de Neila, 4. Negra de Urbion, 5. Helada,
6. Larga, 7. Verde and 8. Cebollera. Area de estudio. Puntos
negros: lagunas “impactadas” (S) y puntos blancos: lagunas
“sin impactar” (NS). Lagunas: 1. Patos, 2. Brava, 3. Negra de
Neila, 4. Negra de Urbion, 5. Helada, 6. Larga, 7. Verde y 8. Ce-
bollera.

the current need to implement the Water Frame-
work Directive (European Council, 2000). Wa-
ter bodies are to be classified on the basis of
their ecological status using quality elements, in-
cluding benthic invertebrates. In this context, it
is essential to know the effect of salmonid intro-
ductions, which are one of the most widespread
impacts in North Spanish mountain lakes.

MATERIALS AND METHODS

Study area

Eight permanent ponds located in the Iberian
System (north-central Spain) were included in
this study (Fig. 1). They are all similar in ori-
gin (glacial), catchment geology (siliceous), sub-
stratum (mostly sandy or stony) and altitude (Ta-
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Table 1. Some characteristics of the ponds included in the study. Chlorophyll a concentration (Chl. a), total nitrogen (TN), soluble
reactive phosphorus (SRP) and total phosphorus (TP). Caracteristicas de las lagunas incluidas en este estudio. Concentracion de
clorofila a (Chl. a), nitrégeno total (TN), ortofosfato (SRP) y fosforo total (TP).

Ponds Stocked Altitude Surface Max. depth hydrophytes Chl.a Secchi Conductivity pH Nitrate NT PRS PT

(m.asl)  (ha) (m) (%) (uS/cm) (mg/l) (mg/) (ug/) (ng/)
Los Patos Yes 1870 29 2 1 3.6 120 9.5 62 012 033 1046 11577
Brava Yes 1860 1.3 5.5 1 0 280 6.3 6.01 0.004 032 453 741
Negra Neila Yes 1900 11.8 4.7 3 32 210 8.7 65 017 025 990 36.05
Negra Urbién  Yes 1750 3.3 9 3 5 200 18 6.53 0.002 031 1897 4655
Verde No 1910 1.6 2 1 0 200 18.3 6.7 0002 021 481 481
Larga No 2010 1.0 2 15 2092 200 4.17 544 016 022 786 13.18
Helada No 2000 5.1 3 10 3.1 150 6.11 6.07 0.009 049 435 1153
Cebollera No 1850 3.31 12 15 1033 120 13 6.1 0009 048 1293 50.01

ble 1). Only some differences in size and depth
were found between the ponds. Negra de Neila
pond is 11.8 hectares, a slightly higher area than
the other (on average 2.7 hectares), and is 9 me-
ters deep, which is also slightly higher than the
rest of study ponds (on average 2.9 meters). Ta-
ble 1 also shows some morphometrics, chemi-
cal and physical characteristics of study ponds,
as well as visual estimation of the percentage of
coverage of aquatic hydrophytes.

According to the regional administration, four
of the ponds (Patos, Brava, Negra de Neila, Ne-
gra de Urbion) were repeatedly stocked between
1976 and 1995 with brown trout (Salmo trutta)
and rainbow trout (Oncorhynchus mykiss) to
support recreational angling (Martinez-Solano,
2003). There are not precise data available about
the numbers or biomass of fish introduced per
pond and year. As an illustrative example, two of
these ponds (Patos & Brava) were stocked during
that period with a total of 69000 kg of salmonids
(3450 kg/yr on average). In the absence of
more accurate information, we have divided the
studied ponds into two categories: 1) ponds
that have not been stocked, or ‘“non-stocked
ponds” (Cebollera, Helada, Larga and Verde)
and 2) ponds that have been stocked at least
once, or “stocked ponds” (Brava, Patos, Negra
de Neila, Negra de Urbion).

Sampling

All of the ponds were sampled once in June 2004
(except Cebollera, which was sampled in June
2006). Three ponds, Patos, Brava and Helada,

were sampled again in either 2005 or 2006.
These additional samplings have been used here
to check for interannual variability, but not to as-
sess the impact of fish stocking. Secchi depth was
measured in the lakes and water samples were taken
for analyses in the laboratory of total phospho-
rus (TP) and soluble reactive phosphorus (SRP).
Benthic macroinvertebrate samples were col-
lected from the littoral zone (from the shore up
to 1 meter in depth) with a pond net (FBA stan-
dard, mesh size 500 pum) following a multihabi-
tat, time-limited sampling (Collinson et al., 1995;
Briers & Biggs, 2005). Each pond was sam-
pled for three to five minutes depending on the
area. Total sampling time was proportionally dis-
tributed among the main habitats according to
their surface in the pond. To allow for among-
site comparisons, abundance data were standard-
ised to one minute. Macroinvertebrates were sep-
arated from the plant material and counted under
a binocular microscope (10x) and identified by
genus except for Oligochaeta (identified to class);
Glossiphoniidae, Sphaeriidae, Leptophlebiidae,
Aeshnidae (to family), Diptera (to subfamily) and
Limnephilidae (identified to tribe).

Metric selection and data analysis

We used a diverse selection of metrics to assess
the effects of salmonid introductions on moun-
tain ponds of the study area. We calculated the
total abundance and richness of the community
as well as the total and percentage abundance and
richness of the most relevant taxa. Diversity was
estimated using the Shannon Wiener diversity in-
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dex. The taxa were assigned to a trophic group
following Tachet ef al. (2002),and the percent-
ages of trophic groups were calculated. The list of
metrics tested in this study is available in Table 2.

Although species richness is a natural mea-
sure of diversity, it is an elusive quantity to
measure properly (May, 1988). Only an exhaus-
tive sampling inventory can directly appraise true
richness. Nevertheless, in practice, such sam-
pling inventory can rarely be managed due to the
limitations of time and money. For this reason,
we used non-parametric estimations of species
richness (chao 1 and jackknife 1) (Chao, 1987;
Heltshe & Forester, 1983) together with the orig-
inal measured richness. Non-parametric estima-
tors are sampling theoretic extrapolation meth-
ods that only require the number of samples in
which each species is found, rather than any
parametric information about their abundance.
Chao 1 and jackknife 1 are designed to estimate
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richness from single samples, whereas all other
non-parametric estimators require several sam-
ples. All non-parametric estimators were calcu-
lated over 50 randomised iterations of the species
accumulation using EstimateS ver 8.

The responses of the indices to the impact
were graphically explored by means of box-plots
showing mean value, standard error and standard
deviation of the metrics within each pond cate-
gory (stocked and non-stocked). One-way anal-
ysis of variance (ANOVA) was applied to detect
significant differences (p < 0.05). The assump-
tions of normality and variance homogeneity
were tested using the Kolmogorov-Smirnov and
Levene’s tests, respectively. Metrics that did not
fulfil the assumptions of ANOVA were either log-
transformed (absolute abundance and richness
measures) or were transformed using the formula
sin™" (x/ 100)%. The statistical processing was
performed with the STATISTICA 6.0 package.

Table 2. Values of the metrics measured in each pond. Only metrics presented in box-plots are included. Valores de las variables
medidas en cada laguna. Solo son incluidas aquellas representadas en los box-plots.

Patos Brava Negra Neila Negra Urbion Verde Larga Helada Cebollera

Measured richness 6 8 7 10 16 21 23 22
Chao 1 richness 6 8 7.5 11 18 24 26.33 29
Jackknife 1 richness 6 7 7 10 16 21 23 22
Total abundance 787 102 182 2016 282 1245 2373 1015
Shannon-Wiener 1.36 2.18 1.19 1.49 3.25 3.02 2.70 1.63
Richness of Odonata 0 0 0 0 1 1 0 5
Richness of Heteroptera 0 0 0 2 2 2 4 1
Richness of Coleoptera 1 1 1 1 4 8 6 5
Richness of Trichoptera 1 2 1 1 2 3 4 2
Richness of Chironomidae 2 3 3 3 3 3 3 3
Absolute abundance of Odonata 0 0 0 0 12 19 0 53
Absolute abundance of Heteroptera 0 0 0 17.5 10 13 56 10.3
Absolute abundance of Sialis 0 0 0.6 0 36 136 27.3 6.3
Absolute abundance of Coleoptera 59 4.3 0.6 3.7 40 465 326.7 22.7
Absolute abundance of Trichoptera 1.5 7.7 12 0.9 18.0 122.0 67.3 0.7
Absolute abundance of Chironomidae 723 82 146 1985 144 441 489 956
Percentage of Odonata 0 0 0 0 4.2 1.5 0 0.7
Percentage of Heteroptera 0 0 0 0.87 3.5 1.0 2.3 1.0
Percentage of Sialis 0 0 0.3 0 12.8 10.9 1.1 0.6
Percentage of Coleoptera 0.7 4.2 0.3 0.2 14.2 37.3 13.8 2.2
Percentage of Trichoptera 0.2 7.5 0.6 0.1 6.4 9.8 2.8 0.1
Percentage of Chironomidae 91.9 80.7 80.3 98.4 51.1 354 20.6 94.1
Percentage of collector-filterers 38.1 45.4 73.7 31.9 16.3 1.8 42.1 8.1
Percentage of shredders 0.3 8.4 0.9 0.2 12.8 11.2 2.9 0.2
Percentage of scrapers 53.8 8.4 4.6 54.9 19.9 479 21.7 64.9
Percentage of predators 1.5 31.1 23 12.9 50.3 36.9 8.6 26.0
Total phosphorus (ug/l) 115.8 7.4 36.1 46.5 4.8 132 11.5 50.0
Soluble reactive phosphorus (ug/l) 10.5 4.5 9.9 18.0 4.8 7.9 43 12.9
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Figure 2. Total abundance, Shannon-Wiener index and richness (both measured and estimated) in stocked (S) and non-stocked (NS)
ponds. Abundancia total, indice Shannon-Wiener y Riqueza (tanto medida como estimada) en lagunas “impactadas” (S) y lagunas

“sin impactar” (NS).

It would be desirable to check the consistency
of the results by repeating the previous analy-
ses in different years, but only three ponds were
sampled twice. Instead, we have used the avail-
able information to assess the within-lake, inter-
annual variability in the metric values by calcu-
lating coefficients of variation. If the variability
in the community is low, we may assume that
the differences between stocked and non-stocked
ponds will essentially remain unchanged.

RESULTS

Response of the metrics

Figures 2-5 show the differences between stock-
ed and non-stocked ponds. Taxa and indices
significantly differing between pond types are rep-
resented. In addition, attributes showing non-sig-
nificant differences have been included in order to
keep potentially useful information. The values of
these indices in each pond are presented in Table 2.

The macroinvertebrate community as a whole
was negatively affected by salmonid introduc-
tions, as deduced from the comparative rich-
ness (both measured and estimated) and Shan-
non index in stocked ponds. Total abundance also

showed low values in stocked ponds but differ-
ences were only statistically significant for the
Shannon index (p = 0.04) and richness (Fig. 2).
In fact, total richness was the metric most
severely affected by the impact. The values of
measured richness in non-stocked ponds ranged
from 16 to 22 taxa (Table 2) while stocked ponds
supported impoverished communities (from 6 to
10 taxa). The estimation provided by chao 1 and
jackknife 1 seemed to indicate that the actual
richness was very close to the measured values
in most of the sites. Jackknife 1 provided esti-
mated richness values equal to those measured
while chao 1 estimations were equal (two ponds)
or slightly higher (five ponds) than the measured
richness. Only in Cebollera were the values notably
divergent (22 against 29) (Table 2). In all the
cases (measured richness, chao 1 and jackknife 1),
differences between stocked and non-stocked
ponds were statistically significant (p = 0.003,
p = 0.0007, and p = 0.003, respectively).
Coleoptera, Heteroptera and Trichoptera
proved to be sensitive to salmonid stocking,
as revealed by the low values of abundance
(individuals/minute sampling), percentage abun-
dance and richness (Fig. 3). The differences
shown by the box-plots were statistically signif-
icant (Coleoptera richness (p = 0.001), % He-
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Figure 3. Richness (S), absolute abundance (Ab.) and percentage abundance (%) of the taxa affected by salmonid introductions.
(S) stocked; (NS) non-stocked. Riqueza (S), abundancia absoluta (Ab.) y porcentaje de abundancia (%) de los taxones afectados por
la introduccion de salmonidos. Lagunas “impactadas” (S) y lagunas “sin impactar” (NS).
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teroptera (p = 0.033) and Trichoptera richness
(p = 0.032). In contrast, Chironomidae were ap-
parently unaffected and occurred in higher per-
centages in stocked ponds. On the other hand, the
differences were not significant on macroinverte-
brate trophic strategy (Fig. 4).

Orthophosphate and total phosphorus did
not differ between stocked and non-stocked
ponds (Fig.5), although higher means were
observed in stocked ponds.

Interannual variability

In general, there were only minor tempo-
ral/interannual qualitative changes in the com-
munity structure and composition, as revealed
by the low CV values of the richness and di-
versity measures, most of them below 25 % (Ta-
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ble 3). The CV values of the remaining metrics
of the community (absolute and percentage abun-
dance measures) were a bit higher, although usu-
ally below 100 % and mostly below 50 %, in-
dicating that quantitative changes were also not
high. Only rare taxa showed relatively high inter-
annual fluctuations (CV above 100 %) in relative
abundances, but this can be considered an expected
consequence of the low number of captures.

DISCUSSION

These results highlight the importance of
salmonid stocking as an impact shaping the
littoral macroinvertebrate community of Span-
ish mountain lakes. The predatory activity of
salmonids, particularly intense on large and mo-
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Figure 5. Orthophosphate (u g/1) and total phosphate (u g/1) in stocked (S) and non-stocked (NS) ponds. Ortofosfato (n g/l) y
[fosforo total (n g/1) tréficos en lagunas “impactadas” (S) y lagunas “sin impactar” (NS).
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Table 3. Interannual variability (coefficient of variation) of the metrics in the ponds sampled for two years. Variabilidad interanual

(% coeficiente de variacion) de variables en las lagunas muestreadas dos aiios.
Metric Patos Brava Helada
Measured richness 0 223 3.0
Chao 1 richness 0 223 3.7
Jackknife 1 richness 0 223 3.0
Total abundance 74.9 249 70.2
Shannon-Wiener 14.9 141.1 141.1
Richness of Odonata 0 141.4 0
Richness of Heteroptera 0 0 0
Richness of Coleoptera 141.4 0 20.2
Richness of Trichoptera 47.1 28.3 20.2
Richness of Chironomidae 0 0 0
Absolute abundance of Odonata 0 141.4
Absolute abundance of Heteroptera 0 0 89.8
Absolute abundance of Sialis 0 0 73.7
Absolute abundance of Coleoptera 141.4 68.3 81.5
Absolute abundance of Trichoptera 64.3 61.4 135.3
Absolute abundance of Chironomidae 83.0 16.6 3.6
Percentage of Odonata 0 141.4 0
Percentage of Heteroptera 0 0 25.4
Percentage of Sialis 0 0 115.5
Percentage of Coleoptera 141.4 87.0 16.0
Percentage of Trichoptera 110.0 39.9 122.6
Percentage of Chironomidae 11.8 8.4 72.9
Percentage Filterers 34.5 13.3 29.9
Percentage Shredders 1254 23.8 22.6
Percentage Scrapers 0.9 56.6 37.4
Percentage Predators 141.4 9.3 78.7
Total phosphorus (TP) 65.7 84.2 47.6
Ortophosphates (RSP) 68.1 50.5 24.7

bile taxa, resulted in modifications of the com-
munity structure, as previously demonstrated by
a number of studies (Carlisle & Hawkins, 1998;
Drake & Naiman, 2000; Knapp et al., 2001).
In the ponds included in the present study, Het-
eroptera, Coleoptera and Trichoptera were the
groups most negatively affected. This selective
effect entailed changes in the metrics based on
these taxa (reduction of their richness or per-
centage abundances in stocked ponds), which ex-
tended to the whole community, resulting in rela-
tively low values of total richness and diversity
(Shannon index). Abundance in stocked ponds
was not significantly lower because the dominant
taxon in the study area, Chironomidae, was not
affected by salmonid predation.

The results obtained could not be tested by re-
peating the sampling in a different year. However,
the low inter-annual variability in the metrics de-

tected in three of the ponds (see Kashian & Bur-
ton, 2000 and Trigal et al., 2006 for a comparison
of the CV values) point to probable stability in
the community composition among years in both
stocked and non-stocked ponds.

The results obtained are not surprising and are
in accordance with expectations. However, the
consequences of the introductions of salmonids
are not always so evident (Wissinger et al., 2006),
and several studies have revealed either moder-
ate or no effects of fish predation (Hanson &
Leggett, 1986; Cobb & Watzin, 1998). There
are at least three possible factors that might
explain the effects observed in the study area:
habitat structure, density of salmonids and the
non-native nature of the predator.

Aquatic vegetation often plays an important
role in regulating the predator-prey interaction
(Jeppesen et al., 1998). The predation effect of
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benthivorous fish is often stabilized by structural
complexity, and the incidence on the abundance,
body size, diversity and community structure of
macroinvertebrates are less pronounced within
vegetation stands than in open water (Crowder
& Cooper, 1982; Gilinsky, 1984; Diehl, 1992;
Diehl & Eklov, 1995; Diehl & Kornijéw, 1997).
In addition, numerous laboratory experiments
have demonstrated that the rates at which most
fish species encounter and attack prey decline
with increased density of artificial or natural hy-
drophytes (Diehl, 1988; Nelson & Bonsdorff,
1990). Wissinger et al. (2006) compared the ben-
thic invertebrate communities of New Zealand
lakes with and without introduced rainbow and
brown trout, and all of the large-bodied ben-
thic taxa were present in all the lakes. They
hypothesised that the beds of submerged veg-
etation provided refuge for large macroinver-
tebrates, resulting in a minimal impact on the
community. The ponds in the study, especially
stocked ponds, lack submerged vegetation with
the exception of sparse shoots of hydrophytes
(Ranunculus, Callitriche) (Table 1). The absence
of refuge is a reliable explanation for the high
intensity of the impact on large bodied macro-
invertebrates in the present study.

It is important to consider the density of
salmonids after introduction. Knapp et al. (2005)
observed that the ratio of the observed number of
taxa to that expected to occur in the absence of in-
troduction were inversely related to trout density,
presumably because predation pressure increased
with fish density (Pierce and Hinrichs, 1997,
Leppa et al., 2003). We do not have precise data
on salmonid density in the studied ponds; how-
ever, the little information available on stocked
biomass (around 3500 kg/year in Brava and
Patos together) and the extremely high number
of trout observed near the shores (personal observa-
tion) make it reasonable to assume an extremely
high fish density existed, at least in those two
ponds. The absence of density data per pond makes
it impossible to check whether there is an inverse
correlation between salmonid density and the
abundance or richness of macroinvertebrate taxa.
Nevertheless, high fish density might be a relevant
factor explaining the severe impact observed.

Salmonids are not native predators in the stud-
ied ponds (J. C. Pena and B. Fuertes, personal
communication), and their effects on native prey
may be strong. This idea is supported by sev-
eral studies that have shown that introduced
predators may have particularly strong effects
on native prey that do not recognize new preda-
tors and thus do not show appropriate avoid-
ance behaviours (Shave er al., 1994, Kiesecker
& Blaustein 1997), or if the introduced predators
have foraging strategies that differ from those of
native predators (Mclntosh & Townsend, 1996).
The influence of stocking on the chemical
characteristics of the water column was less evi-
dent. We expected an increase in nutrient concen-
trations as a consequence of nutrient recycling
enhancement (Vannis, 1996; Tatrai et al., 2003)
and of the repeated additions of food made by
the regional authority to support fish populations.
Contrary to expectations, no significant differ-
ences were found in phosphorus concentrations
between stocked and non-stocked ponds (Fig. 5).
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