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ABSTRACT

Macroinvertebrate biomass estimates in Cantabrian streams and relationship with brown trout (Salmo trutta) popula-
tions

In this work, the average biomass of 80 relatively common families of benthic macroinvertebrates in the streams of the
Biscay region (Basque Country, northern Iberian Peninsula) was estimated. The macroinvertebrates were collected using a
kick net and preserved alive in cool aerated stream water. The fresh weight, dry weight, and ash-free dry weight (AFDW)
were obtained for each family. The biomass values obtained were applied to more than a hundred macroinvertebrate samples
collected from 1997 to 2006 in 17 stretches of 14 rivers inhabited by brown trout. The total and partial biomass of each sample
was estimated. Significant differences in the density (F = 2.91; df = 16, 100; P < 0.001) and biomass (F' = 6.52; df = 16, 100;
P < 0.001) of the macroinvertebrates occurred among the stations, with up to a 11-fold and 17-fold range, respectively. The
brown trout population size was positively correlated to both the macroinvertebrate abundance and biomass. By age classes,
this relationship was significant for only the 1+ and 2+ trout. The AFDW metric is recommended because it represents the
real organic biomass value that joins the trophic food chain, avoiding an overestimation of the energy contribution of taxa
with shells or cases. The Gammaridae had higher values of AFDW than expected, due to their high content of organic matter.
A positive selection of gammarids by the trout was also observed in some cases.
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RESUMEN

Estimas de biomasa de macroinvertebrados en rios cantdbricos y su relacion con las poblaciones de trucha comiin (Salmo
trutta)

Se ha estimado la biomasa media de las 80 familias de macroinvertebrados bentonicos presentes habitualmente en rios de
Bizkaia (Pais Vasco, Norte de la Peninsula Ibérica). Los macroinvertebrados se recogieron con red Kick y se conservaron
vivos en agua del rio con aireacion forzada. Se obtuvo el peso fresco, el peso seco y el peso seco libre de cenizas (PSLC) para
cada familia. Estos valores de biomasa se aplicaron a mds de un centenar de muestras de macroinvertebrados recogidas entre
1997y 2006 en 17 tramos de 14 rios habitados por trucha comiin. Se estimé la biomasa total y parcial para cada muestra. Se
observaron diferencias significativas entre las estaciones, de hasta 11 veces en términos de abundancia (F = 2.91; df = 16,
100; P < 0.001) y de hasta 17 veces en la biomasa total (F = 6.52; df = 16, 100; P < 0.001) de macroinvertebrados. El tamario
de la poblacion de truchas aparecio correlacionado positivamente con la abundancia y biomasa total de macroinvertebrados.
Diferenciando por clases de edad, estas relaciones fueron significativas sélo para las clases 1+ 'y 2+. Se recomienda el uso
del PSLC ya que éste representa la fraccion de biomasa que realmente se incorpora a la cadena tréfica, evitando sobrevalorar
la aportacion energética de los taxones con conchas o estuches. Los gammdridos mostraron valores de PSLC mayores de los
esperados, lo que conlleva un elevado contenido en materia orgdnica. En algunos casos, la trucha seleccionaba positivamente
este grupo.

Palabras clave: Macroinvertebrados, benténicos, peso seco, peso seco libre de cenizas, trucha, dieta, Peninsula Ibérica,
Espana.
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INTRODUCTION

Freshwater macroinvertebrates have wide ranges
of sensitivities to changes in habitat quality and
are frequently used in river-monitoring studies
(Allan, 1995). Macroinvertebrates can be found
in almost all environments, even in very con-
taminated zones. Most of them are quite seden-
tary, at least in their larval phases, and can there-
fore be used to detect pollution sources and to
quantify habitat degradation (Hellawell, 1986;
Hauer & Resh, 1996).

Macroinvertebrates are also an essential link in
aquatic food webs because they contribute to the
transfer of matter and energy from the organic
resources up to the top levels, as the principal
food resource for other invertebrates and fishes
(Rodrigues-Capitulo et al., 2009). Estimates of the
mass of freshwater benthic organisms are often
required for studies of invertebrate growth and pro-
duction and of the feeding ecology of fish (Johnston
& Cunjak, 1999). There are several direct and
indirect methods for assessing individual weights

(Crisp, 1984), some of them involving relationships
between length and weight (Hauer & Benke, 1987;
Wenzel et al., 1990). However, a determination
of fresh weight is not possible in many cases
because macroinvertebrate samples are usually
fixed or frozen after collection and consequently,
biomass is frequently estimated from preserved
organisms (Monzén et al., 1991; Basaguren et
al., 1996; Bis et al., 2000; Ormerod et al., 2004).

The aim of the present study was to obtain the
average mass (fresh, dry and ash-free dry weight)
of the most frequent families of the macroinverte-
brates inhabiting the rivers of Biscay (Cantabrian
basin) and to develop a method that would permit
the storage of macroinvertebrate samples without
a loss of information about their biomass.

To assess the validity of this tool, we have ap-
plied the biomass values obtained in this study
to several datasets of previous macroinvertebrate
samples. Those datasets were collected previ-
ously by our research team for the evaluation of
brown trout (Salmo trutta) populations during a
long-term study in the river network of Biscay.
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Figure 1. Fluvial network of Biscay, demonstrating the location of the sampling sites. Red fluvial de Bizkaia. Localizacion de las

estaciones de muestreo.
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METHODS

The streams of the province of Biscay (Basque
Country, northern Iberian Peninsula) (Fig. 1) are
short, with relatively steep slopes, fluctuating
flow rates and maximum levels in spring and
autumn (Rallo, 1992). Macroinvertebrate sam-
ples were collected in March and April 2009
in four small streams of this river network:
Mayor, Cadagua, Golako and Oka (all 2" order
rivers except Cadagua, which is 3™ order). Al-
though the province of Biscay is a highly pop-
ulated area (> 500 inhabitants/km?) with an im-
portant industrial tradition, the sampling reaches
were in moderately to well-conserved areas,
mainly dedicated to farming and forestry, with
almost no industrial activity and low population
density (< 50 inhabitants/km?).

The macroinvertebrates were collected using
a kick net with a mesh size of 500 um follow-
ing the standard method (Rico et al., 1992). To
increase the number of collected families, some
additional macroinvertebrates were captured by
manual sampling. The organisms were preserved
alive in cool stream water with an aeration sys-
tem to modify them as little as possible while the
measurements were completed.

The samples were separated using a binoc-
ular microscope and identified to the family
level (Puig, 1999; Tachet et al., 2000). Several
replica were made for each family. Three differ-
ent weight values were obtained for each sample
(SARTORIUS R 200 D balance; 0.00001 g er-
ror): the fresh weight (FW), measured by blotting
the animals on filter paper for 1 minute before
weighing (Dermott & Paterson, 1974; Leuven
et al., 1985); dry weight (DW), measured after
drying at 80 °C for 24 hours to reach a constant
weight; and ash weight, measured following in-
cineration at 450 °C for 9 hours. The ash-free dry
weight (AFDW) of each family was obtained by
subtracting the ash weight from the dry weight
(Brower & Zar, 1979; Rodrigues-Capitulo et al.,
2009). In the cases of great differences among
the length of the individuals of a taxon, the in-
dividuals were grouped into two or three size
classes, and the mean weight of each class was
determined. The size classes were accepted when

the coefficient of variation of the determined
weight measurement (fresh, dry or ash-free dry)
exceeded 60 %. Below this threshold, the weights
were considered homogeneous (Sokal & Rohlf,
1995; Jensey et al., 2000).

The mean weights of each family, obtained as
explained above, were applied to the previously
collected data of 145 samples of macroinvertebrates
collected during a monitoring study, “Fish
communities in the rivers of Biscay”, funded by the
Diputacién Foral de Bizkaia/Bizkaiko Foru Aldun-
dia (Rallo et al., 2001; 2007; Antén, 2006). Those
samples were taken from 1997 to 2006 in 17 sam-
pling stations of 13 rivers draining the Cantabrian
basin (Agiiera, Mayor, Cadagua, Arnauri, Zeberio,
Arratia, Manaria, Ibaizabal, Butrén, Oka, Golako,
Lea and Artibai) and one river in the Ebro
basin (Urkiola) (Fig.1). The macroinvertebrates
were sampled using the same kick net, and con-
stant effort was employed in all of the cases, cov-
ering a surface of approximately 0.5 m?, allow-
ing for a comparison among the sampling sites
of the macroinvertebrate abundance. The families
were classified into six different functional feed-
ing groups (Merritt & Cummins, 1978 and Tachet
et al., 2000), and the total and partial biomass
(categorised by the families and functional feed-
ing groups) of each sample was calculated.

The fish data from the database of the Labora-
tory of Zoology of the University of the Basque
Country (UPV/EHU) were also used. The fish
collections were made using a catch removal
method, assuming a constant capture per unit ef-
fort and making as many passes as necessary,
between 2 and 5, until a sufficient depletion of
the captures was obtained (Lob6n-Cervid, 1991).
The brown trout densities were calculated using
the Pop/Pro modular statistical software (Kwak,
1992). The trout were individually measured (to
the nearest mm) and weighed (to the nearest g).
A scale sample was obtained from each animal
for an age determination.

The relationship between the dry weight and
ash-free dry weight values was analysed using a
regression analysis. An analysis of variance was
used to identify differences among the studied
areas, after checking the normality of the data
and the independence of samples. Spearman rank
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Figure 2. Regression analysis between the dry weight and ash-free dry weight: the residual versus expected values of AFDW.
E+P: Ephemeroptera and Plecoptera. Andlisis de regresion entre el peso seco y el peso seco libre de cenizas: representacion de los
residuales respecto a los valores esperados de PSLC. E+P = efemerdpteros y plecopteros.

correlations were performed to analyse the re-
lationships between the macroinvertebrate abun-
dance and biomass (FW, DW and AFDW) and
the trout population demographic conditions of
density and biomass (total and by age classes),
average weight and population age structure. All
of the analyses were performed using the Stat-
graphics Plus software (Manugistics, Inc. 1997.
Rockville, Maryland. U.S.A).
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RESULTS

Biomass estimates

The average biomasses, as fresh weight (FW), dry
weight (DW) and ash-free dry weight (AFDW),
of 80 macroinvertebrate families present in the
sampled rivers of Biscay —out of the 127 families
located on the Iberian Peninsula reported by
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Figure 3. Macroinvertebrate abundance (left panel) and biomass as the AFDW (right panel) for each sampling site from 1997 to
2006. The sampling site codes are as in Figure 1. The box plots show the means (cross), medians (horizontal line inside the box), I and
IV percentiles (edges of the box) and outliers (separated points). Distribucion de los valores de abundancia (izquierda) y biomasa en
PSLC (derecha) de macroinvertebrados para cada estacion desde 1997 a 2006. Codigos de las estaciones de muestreo en la Figura 1.
Los diagramas de cajas muestran las medias (cruz), las medianas (linea horizontal dentro de la caja), los percentiles Iy IV (extremos

de la caja) y los “outliers” (puntos aislados).
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Alba-Tercedor & Pujante, (2000); Jaimez-Cuellar
etal.,(2002) — have been deposited in the Limnetica
web (Appendix 1; www.limnetica.net/internet/
index.html). We collected enough fresh material
in this work to estimate the biomass of 32 cases.
Of the 48 remaining families, 28 had a frequency
lower than 9 % and a relative abundance below
3 %, and the remaining 20 families had greater
frequencies, but their relative abundance did not
exceed 10 %. Only one size class was established
in most of the families. Two size classes were
established for Glossiphoniidae, Heptageniidae,
Limnephilidae, Sericostomatidae, Chironomidae
and Oligochaeta, and three size classes were set
for Gomphidae (Appendix 1).

For the combined data of all of the families,
there was a significant relationship between the
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AFDW and the DW that fit a logarithmic model:
AFDW 0.16 + 0.08 * In (DW) (R? = 0.457,
P <0.001, N = 84).

Molluscs, however, did not fit this model.
Molluscs had a lower AFDW than expected,
because they were weighed with their shells
(Fig. 2). In contrast, Gammaridae and some Tri-
choptera had higher values of AFDW due to their
higher organic matter content and, as a related fac-
tor because they were weighed without their cases.

Applied study: brown trout populations

Significant differences among the sampling sites
were observed in the densities of the macroinver-
tebrates (F = 2.91; df = 16, 100; P < 0.001) and
total biomass, expressed as the AFDW (F' = 6.52;
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Figure 4. Average faunal composition at each sampling site from 1997 to 2006, in terms of the abundance (upper panel) and
biomass (lower panel). E + P: Ephemeroptera and Plecoptera. Composicion faunistica media de cada estacion entre los aiios 1997 a
2006, en términos de abundancia (superior) y biomasa (inferior). E + P = efemerdpteros y plecopteros.
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df =16, 100; P < 0.001) (Fig.3). The highest
values of abundance and biomass were found in
Lea (L1 and L.2) and Cadagua (C0), and the low-
est values were found in Ibaizabal (I) and Arratia
(Ar), ranging from 260 + 142 (standard devia-
tion, SD) to 2933 + 1670 ind/sample and from
0.50 + 0.30 to 8.54 + 4.62 g/sample, respectively.

The faunal composition was also analysed,
and different macroinvertebrate communities
were observed (Fig. 4). Gammarids, true flies,
mayflies and stoneflies, caddisflies and molluscs
were the most important faunal groups in terms
of abundance. In some cases, a single family
was clearly dominant, such as the gammarids up-
stream in the Cadagua River (CO0). In others, half
of the sample was made up of one or two taxa,
such as diptera in the other station of Cadagua
(C1), or mayflies and stoneflies in Zeberio (Z),
Urkiola (U) and Arnauri (An). Molluscs were im-
portant in Artibai (At) and Maifiaria (Mi).

Gammarids also dominated the biomass in the
Cadagua River (up to 80 % in CO) and, to a lesser
extent, downstream in Lea (L2), while mayflies
and stoneflies were dominant in Agiiera (Tr) and
in the upper stretch of the Mayor river (M1).
True flies, molluscs and beetles contributed with
very low AFDW. In contrast, Trichoptera showed
greater biomass being more important even in
rivers where they did not show high relative abun-
dance, as in the Oka River (O), with a mean value
up to 50 %, Arnauri (An), upper stretch of Lea
River (L1) and Mayor River (M2). Although the
relative abundance of oligochaetes was low in
all of the cases, this group had a high relative
biomass in some of the stations, such as in Ibaiza-
bal (up to 57 %), Maiiaria or Arratia and Urkiola.

The macroinvertebrates were assigned to six
functional feeding groups: predators, scrapers,
shredders, collector-gatherers, collector-filterers
and collector-gatherer-scrapers (Appendix 1). As
for the faunistic composition, differences were
also observed among the samples, but more de-
tailed analyses are not included here.

Significant differences among the studied
brown trout populations were observed in both
the density (F = 19.68; df = 16, 96; P < 0.001)
and biomass (F = 3.41; df = 16, 95; P < 0.001)
per 100 m? (Fig. 5). The highest values were ob-

served in the upper stretch of Cadagua (CO: 14.1
+ 3.5 trout/100 m? and 979 + 243 g/100 m?). The
trout density was also high in the Mafiaria and
Golako (G) rivers, but in those cases, the high
density did not correspond to a high biomass; the
Maiiaria, indeed, had the lowest average biomass
of all of the studied sites (50 + 39 g/100 m?).
Several significant Spearman rank correla-
tions between the macroinvertebrate and trout
demographic parameters were found (66 signif-
icant correlations out of 1056 analysed pairs).
The trout population size, based on both den-
sity and biomass, was positively correlated to the
macroinvertebrate total sample abundance and
biomass and also to the abundance and biomass
of gammarids and shredders. The trout biomass
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Figure 5. Distribution of the brown trout density (upper
panel) and biomass (lower panel) for each sampling site from
1997 to 2006. The box plots show the means (cross), medi-
ans (horizontal line inside the box), I and IV percentiles (edges
of the box) and outliers (separated points). Distribucion de los
valores de densidad (superior) y biomasa (inferior) de truchas
para cada estacion desde 1997 a 2006. Los diagramas de ca-
Jjas muestran las medias (cruz), las medianas (linea horizontal
dentro de la caja), los percentiles I y IV (extremos de la caja) y
los “outliers” (puntos aislados).
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was negatively correlated to the abundance of
collector-gatherers. The 1+ trout age class was
positively related to the macroinvertebrate abun-
dance and biomass, and the 2+ class was posi-
tively correlated with the gammarid and shred-
der abundance and biomass. Other demographic
parameters (the remaining age classes, age struc-
ture of the population and trout average weight)
did not show any significant relationships to the
macroinvertebrate parameters.

DISCUSSION

Indirect estimates of macroinvertebrate biomass
involving length and weight measures have been
used in numerous studies (e.g. Hutchens et al.,
1998; Miserendino, 2001; Gonzalez et al., 2002;
Stoftels et al., 2003). The same regressions
have even been used to estimate the biomass of
macroinvertebrates from different geographic ar-
eas (Johnston & Cunjak, 1999). Regression mod-
els rely on the measurement of a great number of
individuals and the use of a different equation for
each taxon (Hutchens er al., 1998). In addition,
these methods require fresh material because fix-
ation alters the length, volume, and biomass of
macroinvertebrates. Johnston & Cunjak (1999)
suggested the use of length-biomass relation-
ships with fresh organisms and the need to estab-
lish a correction factor when preserved material
was employed in the assessment of biomass. The
use of conversion factors to compensate for the
changes caused by fixation on the biomass of or-
ganisms has also been proposed (Meyer, 1989).
Frozen material has been used to develop length-
weight relationships (Meyer, 1989, Wenzel et al.,
1990; Burgherren & Meyer, 1997), but weights
are also altered by freezing.

Bioassessments of freshwater systems rou-
tinely involve the collection of biosurvey data fo-
cused on macroinvertebrates, and many of those
samples have to be preserved because they are
best processed in a laboratory under controlled
conditions (Barbour et al., 1999). Moreover, the
immediate sorting and analysis of samples is not
always possible due to the great number of sam-
ples collected during monitoring studies. The av-

erage biomasses of different taxa (Appendix 1)
should allow researchers to estimate biomass
from invertebrate densities.

In the present study, Trichoptera showed a
great relative dominance based on their ash-free
dry weight (AFDW) but not on their abundance,
and large oligochaetes had also high values of
AFDW, although they were usually found in low
abundance. In contrast, true flies, mayflies and
stoneflies were relatively important in several of
the sampling sites in terms of abundance but not
of biomass. Finally, groups with a high degree of
sclerotisation, such as beetles and molluscs, con-
tributed little to the AFDW biomass of the sample.

The dry weight (DW) and AFDW were sig-
nificantly correlated. In this study, the use of the
AFDW was considered to be more useful from
a biological point of view because it represents
the real organic biomass value that is transferred
along the food chain. The use of the AFDW is
also recommended because it solves the prob-
lem of samples in which shells can account for
high values of DW, such as molluscs (Anony-
mous, 1986). With the AFDW, the overestimation
of the energy contribution of those taxa could be
avoided. The absolute content of nutrients in the
macroinvertebrates was important for the prey se-
lection by the trout (Montafiés & Lobodn Cervia,
1986; Ruginis, 2008). Elmidae beetles were re-
jected by the O+ trout, perhaps due to their low
energy content because they were intensely scle-
rified, whereas there was a positive selection of
Rhyacophilidae, which had a higher energy con-
tent and their consumption also implied a low
predation risk (Oscoz et al., 2005).

As expected, the brown trout population size
(based on both density and biomass) was pos-
itively correlated to both the macroinvertebrate
abundance and biomass because macroinverte-
brates were the main component of the trout diet
(Lépez—Alvarez, 1984; Oscoz et al., 2000; 2005;
Almodovar et al., 2006, Ruginis, 2008). The high
values of all of the macroinvertebrate parame-
ters in the tested rivers imply high productivity,
good freshwater habitat and adequate amounts of
food for the trout. In this work, a positive se-
lection of gammarids and shredders by the trout
was observed. Trout select their prey according
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to different factors, such as availability, acces-
sibility, energy, predation risk and kind of habi-
tat (Montafiés & Lobdén-Cervia, 1986; Oscoz et
al., 2005; Ruginis, 2008). Gammarids and shred-
ders dominated the macroinvertebrate communi-
ties in the river stretches where the trout densi-
ties were also high. Trout are visual predators
that select active benthic macroinvertebrates,
such as true flies, mayflies and caddisflies, with
a high rate of drift (Oscoz et al., 2005; Ruginis,
2008). In contrast, small prey, such as chironomids,
or prey thatare camouflaged and hidden in the soil
or vegetation (such as oligochaetes, molluscs,
crane-flies, horse-flies, bugs and dragonflies)
are more difficult to detect, and a lower con-
sumption of these groups was expected (Lopez-
Alvarez, 1984; Oscoz er al., 2005). Gammarids
are easily captured by trout (Ruginis, 2008), and
in some rivers, they were the most important
food source, representing up to 70 % of the to-
tal volume of the trout stomach contents (L6pez-
Alvarez, 1984). Moreover, in the DW-AFDW
biomass model obtained in this work, Gammari-
dae showed more elevated values of AFDW than
expected, with a high content of organic matter.

The individual trout average weight was
not correlated with either the macroinvertebrate
abundance or biomass, probably because the in-
crease of macroinvertebrates is equivalent to a
greater availability of food, implying a positive
increment of the carrying capacity of the system.
In density-dependant populations, this relation-
ship would let the rivers contain a higher number
of trout but not necessarily larger trout individuals.

The relationship among the brown trout pop-
ulation density and biomass and the macroin-
vertebrates (density and biomass) was significant
only for the 1+ and 2+ trout classes. Besides
food availability, there are other factors explain-
ing trout population demographics, such as the
general riverine condition, abundance of preda-
tors, density dependence, and the availability of
refuges and spawning areas (Antén, 2006; Antén
et al., 2010). Finally, brown trout are fished ex-
tensively in this region, and the harvest also in-
fluences the densities and size structure of the
populations. Some of the river stretches with
good habitat quality had fewer 0+ trout than ex-

pected (the rivers Agiiera [Tr] and Mayor [M2]).
For several years, those streams were “intensive”
fishing preserves and many non-native trout of
catchable size were annually introduced. Those
populations were the most unstructured of all of
the studied populations.

The macroinvertebrate community biomass
factors reported here complement the results of
other environmental studies. The application of
the macroinvertebrate average biomass values
obtained in this work to previous samples from
the rivers of Biscay provided additional informa-
tion that was not provided by abundance mea-
surements. The average biomasses reported here
could be a useful tool for other limnologists.
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