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ABSTRACT
The role of small-scale spatial location on macroinvertebrate community in an intermittent stream

Macroinvertebrate communities exhibit wide variability in diversity, abundance and structure on different spatial scales. Space
is currently used as an explicit predictor to discriminate between environmental forcing and biotic processes on large- and
medium-sized scales, but is generally neglected on smaller scales. To bridge this gap, we considered environmental (depth) and
spatial variables (spatial location and structure) to explain the diversity, abundance and community patterns of macroinverte-
brate communities on the reach scale by geostatistical and multivariate spatial analyses. Sampling was performed in spring
2015 using a grid sampling design along an intermittent watercourse reach (the Baganza stream, Northern Italy). Overall 5 493
organisms belonging to 25 taxa were collected and identified, with Chironomidae, Baetidae and Naididae being the most
abundant taxa. The spatial variables explained a consistent fraction of abundance and taxa richness variability both individually
and jointly with depth. The latter was a good predictor of abundance, but not of taxa richness. Our results suggest that while
organisms seem able to occupy almost any position in the watercourse, their abundance is modulated by habitat preference.
This study represents a starting point to understand how habitat filtering and biotic processes act on macroinvertebrates
communities on a very small scale. Our findings improve knowledge about the small scale organisation of macroinvertebrate
communities in intermittent streams. Biomonitoring, restoration ecology and habitat suitability modelling could benefit from
our approach.
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RESUMEN
El papel de la localizacion espacial a pequeiia escala en la comunidad de macroinvertebrados en un rio intermitente

Las comunidades de macroinvertebrados presentan elevada variabilidad en términos de diversidad, abundancia y estructura
a diferentes escalas espaciales. La componente espacial es empleada generalmente a gran y mediana escalas (cuenca, rio),
como predictor para discriminar entre procesos ambientales y biologicos, pero generalmente no se tiene en cuenta a una escala
mds pequeria (local, tramo fluvial). En este estudio, se han considerado variables ambientales (profundidad) y espaciales
(posicion y estructura espacial) con el objetivo de explicar los patrones de diversidad, abundancia y estructura de la comuni-
dad de macroinvertebrados a escala de tramo. Esto ha sido posible gracias a herramientas de andlisis geoestadisticas y
espaciales multivariantes. El muestreo se realizo en la primavera de 2015 utilizando un disefio en cuadricula aplicado a lo
largo de un tramo de un rio intermitente (rio Baganza, Norte de Italia). En total fueron identificados 5493 individuos pertene-
cientes a 25 taxones, siendo los representantes de las familias Chironomidae, Baetidae y Naididae los mas abundantes. Las
variables espaciales explicaron una importante fraccion de la abundancia y riqueza de taxones tanto de forma individual como
conjuntamente con la profundidad. Este ultimo factor fue un buen predictor de la abundancia, pero no estuvo relacionado con
la riqueza de taxones. Los resultados sugieren que mientras los organismos parecen capaces de ocupar basicamente cualquier
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posicion en el cauce fluvial, su abundancia se ve afectada por las preferencias de habitats. Este estudio piloto representa un
punto de partida para entender mejor como los procesos bidticos y de preferencia de habitat afectan la comunidad de macroin-
vertebrados a pequenia escala. Los resultados ayudan a mejorar los conocimientos sobre la organizacion de las comunidades
de macroinvertebrados en rios intermitentes a escala de tramo. Diferentes disciplinas de la ecologia acudtica (biomonitoreo,
restauracion fluvial, modelos de disponibilidad de habitats) pueden obtener una valiosa informacion de nuestro estudio y tipo

de enfoque.

Palabras clave: distribucion local, macroinvertebrados, estructura espacial, particion varianza, coordenadas espaciales

INTRODUCTION

Macroinvertebrate communities exhibit high
levels of variability in diversity, abundance and
structure on different spatial scales (e.g., Parson
et al., 2003; Mykrd et al., 2007). Numerous
works have been carried out on the regional or
catchment scale, where habitat filtering, biotic
interactions and dispersal-driven dynamics
concepts explain this variability (e.g., Siqueira et
al.,2012; Astorga et al., 2014; Gutiérrez-Canovas
et al., 2015). However, knowledge about the
role played by these processes in structuring
aquatic macroinvertebrate community on local
or reach scales is still limited and often contra-
dictory.

Studies focused on different spatial scales
report wide unexplained variation on the small
scale (e.g., Boyero & Bailey, 2001; Boyero,
2003; Heino et al., 2004; Lamouroux et al., 2004;
Bruno et al, 2014). Several environmental
parameters have been reported as key factors
related to macroinvertebrate community features
(e.g., Downes et al., 2000, Brooks et al., 2005; Bo
et al., 2007; Barnes et al., 2013; Laini et al.,
2018). Among them, depth has been stressed as
being crucial for shaping macroinvertebrate com-
munities (e.g., Bournaud et al., 1998; Gayraud &
Philippe, 2001; Fenoglio et al., 2004), and lotic
ecosystem properties, like leaf-litter decomposi-
tion (Martinez et al., 2016). Space has traditional-
ly received very little attention, but can play a
determinant role in explaining the structuring of
biological communities, and should be recog-
nised as a covariate and be explicitly introduced
into statistical models (Stoch et al., 2016; Tolo-
nen et al., 2017). Surprisingly, the spatial location
of samples is explicitly considered on the large
scale (e.g. Gronross et al., 2013), but is generally
neglected on the small scale.
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Spatial location enables the study of spatial
autocorrelation, namely the tendency of closer
objects being more similar than things further
apart in space (Bonada et al., 2012). Taking into
account spatial autocorrelation could help to
discriminate among the factors that affect the
macroinvertebrate community structure and to
identify specific patterns. Indeed spatial autocor-
relation has been used to unravel the internal
dynamics to the community itself (e.g. dispersal
ability, biotic interactions), which largely depend
on distance, or on missing environmental covari-
ates (Diggins & Newman, 2009).

Furthermore, the combined focus of small
scale and intermittent streams on macroinverte-
brate communities has not been widely consid-
ered to date, despite temporary river ecology
representing a main worldwide challenge in
aquatic science (Datry et al., 2014; Datry et al.,
2017), and intermittent systems being the most
common aquatic systems in South Europe (Tock-
ner et al., 2009).

To bridge this gap, our research focuses on
an intermittent stream to investigate the contri-
bution of depth and spatial location on structur-
ing a macroinvertebrate community. More
specifically, we aim to answer the following
questions: 1) do spatial location and depth
explain community composition on the reach
scale? 2) do taxonomic richness and organism
abundance follow the same trend? We hypothe-
sise that on the small scale (reach level), macroin-
vertebrates present a strong spatially structured
community that is driven by watercourse
features. Our research is one of the first to also
consider spatial variables explicitly, and not
only environmental variables, on the reach scale
and may therefore, improve knowledge about
the small scale organisation of macroinverte-
brate communities in intermittent streams.
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50-points regular
sampling grid

Sampling Station

Figure 1. Study area and the sampling grid at the Baganza stream, with indications of grid dimensions. Black dots represent the 50
Surber points. RB=Right riverbank; LB=Left riverbank. Area de estudio y diserio de muestreo en cuadricula en el lecho del rio Baganza
con indicacion de las dimensiones. Los puntos representan las 50 unidades obtenidas con el Surber. RB= Orilla derecha; LB= Orilla

izquierda.

MATERIAL AND METHODS
Study area

Sampling was carried out in the Baganza Stream
(Emilia-Romagna, Northern Italy), an intermittent
58 km-long watercourse located in the Po basin,
with a basin surface of 225 km?2 and a mean annual
discharge of 5.2 m3/s. Intermittent streams are
widespread in the study area (Skoulikidis et al.,
2017), where they present an extended dry phase
(minimum 3 months) throughout summer and
most of autumn, with relevant discharges usually
from winter to spring (following rain distribution).
The sampling site (San Martino Sinzano, 44° 44'
48.57"N, 10° 15'55.34" E, 115 m a.s.1.) forms part
of a near-natural lowland stretch with a mixture of
riffles and runs, no deep pools and a limited slope.
Here active channel width is approximately 135
m, but only a limited portion is occupied by a main
5-10 metre-wide channel (Fig. 1). Agricultural
land use and small-scattered urban areas cover
adjacent zones, while dense riparian vegetation
runs alongside the entire stretch.

Experimental design

In order to fulfil the aims, a grid sampling design
was created by placing marked stones on the
riverbed at regular intervals along five transects
(details in figure 1) for 50 points. Depth, substrate
grain size and spatial location were recorded for
each point. Grain size was classified according to
the Italian Biomonitoring System (Buffagni & Erba,
2007). Substrate was dominated by microlithal (82
%; diameter 2-6 cm) with minor percentages of
gravel (10 %; 0.2-2 cm) and mesolithal (8 %; 6-20
cm). However, due to the homogeneity of the
substrate in the sampling grid and the preliminary
analysis (not displayed), substrate grain size was
omitted from the statistical analysis.
Macroinvertebrates were collected immediate-
ly upstream from each of the 50 marked stones
using a Surber net (500 um mesh size) and a 0.05
m?2 frame area. Samples were kept separately in
1-litre PET bottles and were then fixed with 90°
ethanol for laboratory sorting purposes. Identifica-
tion was made at the family or genus level
(Ephemeroptera and Plecoptera) according to the
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taxonomic guide proposed by Tachet et al. (2010).
To avoid any bias due to temporal heterogeneity,
sampling was carried out intensively during flow
conditions in spring (May 2015) before the
drought period (summer). The spring samplings
enabled us to obtain data in the wet phase. At the
same time, this season may represent a period with
high invertebrate activities in these intermittent
systems before the adult emergence period. A
similar temporal approach has been considered in
numerous Mediterranean systems in South Europe
(e.g., Bruno et al., 2014).

Data analysis

Three community variables were considered
herein: community composition, taxa richness
and abundance.

Firstly, community composition was explored
by non-Metric Multidimensional Scaling (nMDS),
a spatial ordination technique that represents a set
of objects along a predetermined number of axes
by maintaining the ordering relationships among
them (Borcard ef al, 2011). Modified Gower
distance was used as the dissimilarity measure
(following Anderson et al., 2006) and goodness of
ordination was assessed with the stress measure.
Depth, the x-axis and the y-axis were fitted onto
nMDS ordination by the envfit function of the
vegan package (R Core Team, 2016).

The next step was to model the spatial organi-
sation of macroinvertebrate community accord-
ing to two statistical approaches. In this work
spatial location was implemented as both coordi-
nates and spatial structure to obtain a more
exhaustive view (see the details below).

The first approach used herein involved
applying variance partitioning to assess the
relationship among the response variables (com-
munity composition, taxa richness and abun-
dance) with the explanatory variables (coordi-
nates, spatial structure and depth). This method
enabled us to assess the contribution of the
explanatory variables by the decomposition of
R-squared, as described in Peres-Neto et al
(2006). Briefly, total variance is partitioned
between the explained and unexplained (or
residual) variance, with the explained variance
split into single and joint contribution.
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Explained and unexplained variance should sum
100 %. The spatial structure was modelled by
the principal coordinates of neighbour matrices
(PCNM, Borcard & Legendre, 2002; Dray ef al.,
2006). A similar approach has been recently
followed by Tolonen ef al. (2017), who studied a
littoral macroinvertebrate community in a single
aquatic system (the Kitkajirvi lake system,
Finland). The PCNM method produces orthogo-
nal spatial variables from a broad to a fine scale
to take into account the spatial patterns among
replicates. The procedure proposed by Borcard
et al. (2011) was followed to construct these
spatial variables. A forward stepwise selection
procedure was performed to detect the signifi-
cant PCNM variables and coordinates (x-axis
and y-axis) for community composition, taxa
richness and abundance.

For the second approach, log-transformed
taxa richness and abundance were modelled by
semivariograms, a geostatistical tool that specifi-
cally targets to measure the spatial autocorrela-
tion of the measured variables. A semivariogram
is a graph in which semi-variance is plotted on the
y-axis against the distance classes among sites on
the x-axis (Legendre & Legendre, 1998).

All the analyses and graphs were performed
with the base, packfor (Dray et al., 2013), geoR
(Ribeiro & Diggle, 2015), akima (Akima &
Gebhardt, 2015), fields (Nychka et al., 2015),
plot3D (Soetaert, 2016) and vegan packages
(Oksanen et al., 2016) of the statistical software R
(R Core Team, 2016).

RESULTS

Overall, 5493 organisms belonging to 25 taxa
were collected and identified. The most abundant
taxon was Chironomidae with 3726 individuals
(nearly 68 % of total abundance), followed by
Baetis with 893 individuals (16 %) and Naididae
with 493 individuals (9 %). The abundance and
detection frequencies of the collected families
and genera are reported in Table 1. Most taxa
(nearly 70 %) were observed with detection
frequencies below 20 %, and 10 of the 25 can be
considered low abundance taxa (e.g., Guareschi
et al., 2017). The mean depth for each transect
ranged from 26+13 to 29+14 c¢cm, while the maxi-
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Table 1. List of taxa found in the Baganza stream, with total abundance, percentage abundance and frequency (expressed as a
percentage of samples with the presence of those taxa). The most abundant taxa are marked in bold. Listado de los taxones obtenidos
en el tramo estudiado del rio Baganza, con datos de abundancia total, porcentaje de abundancia y frecuencia (expresada como
porcentaje de muestras con la presencia del taxon). Los taxones mds abundantes aparecen en negrita.

Abundance Abundance Frequency
Order Taxa
(total) (%) (%)
Anthoathecatae Hydra 5 0.09% 10%
Coleptera Dytiscidae 3 0.05% 4%
Elmidae 1 0.02% 2%
Diptera Ceratopogonidae 4 0.07% 4%
Chironomidae 3726 67.83% 100%
Empididae 13 0.24% 22%
Limoniidae 1 0.02% 2%
Simuliidae 24 0.44% 38%
Tipulidae 1 0.02% 2%
Ephemeroptera Baetis 893 16.26% 100%
Caenis 9 0.16% 18%
Ecdyonurus 11 0.20% 14%
Electrogena 12 0.22% 20%
Ephemerella 153 2.79% 84%
Rhitrogena 52 0.95% 46%
Gastropoda Bithynia 1 0.02% 2%
Valvata 1 0.02% 2%
Oligochaeta Lumbricidae 3 0.05% 6%
Naididae 493 8.98% 72%
Plecoptera Leuctra 6 0.11% 12%
Prostigmata Hydrachnidae 3 0.05% 6%
Trichoptera Beraeidae 2 0.04% 4%
Leptoceridae 1 0.02% 2%
Hydropsychidae 7 0.13% 14%

mum depth was 45 cm and the minimum depth
was 5 cm. The complete depth profile is shown in
figure 2a. The spatial patterns of richness and
abundance are reported in figure 2b and figure 2c,
respectively, according to the sampling grid, and
they overlapped the depth profile. Higher abun-
dance values were detected near the shoreline (at
a depth of 10-20 cm), especially for the left bank,
which is characterised by gentle slope. Converse-
ly, this pattern was less clear for taxa richness, for
which the differentiation between the shoreline
and the centre of the stream was smaller.
Community ordination output is reported in
figure 3. The points with different depths are
clustered in two different areas of the nMDS plot.
This segregation seemed related to depth

(R2=0.63) and the x-axis (which represent the
transversal position inside the riverbed, R2=0.36),
while the y-axis showed no relationships.

The variance partitioning results of the whole
macroinvertebrate community are reported in
figure 4. The considered variables explained 64
% of total variance, with the joined contribution
of the whole set of explanatory variables account-
ing for 28 % of total variance, followed by the
PCNM variables (19 %), and by PCNM and
depth joined (17 %).

The variance partitioning results for taxa
richness and abundance are reported in figure 5.
After forward selection, only the x coordinate,
depth and a set of PCNM variables were retained.
For taxa richness, the explanatory variables
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Figure 2. Depth profile (cm) of the sampling reach in the
Baganza stream (a). Spatial distributions of Taxa Richness (b)
and Abundance of organisms (c), represented by spatially
located grey circles overlapping the depth profile expressed in
cm. The size of the circles is proportional to the metrics values
(taxa richness range 3-15; abundance range 11-479 individuals).
RB=Right riverbank; LB=Left riverbank. The x and y values
represent the coordinates of the sampling points inside the grid,
with transect on the y-axis and the 10 points of each transect on
the x-axis. Perfil de profundidad (en cm) del tramo estudiado
(a). Distribucion espacial de la riqueza (b) y abundancia (c) de
organismos expresada con puntos grises solapados al perfil de
profundidad. El tamano de los puntos es proporcional a los
valores de las métricas (rango riqueza: 5-15; rango abundan-
cia: 11-479 individuos). RB= Orilla derecha; LB= Orilla
izquierda. Los valores de los ejes representan las coordenadas
espaciales de cada punto dentro de las cuadriculas espaciales
(transectos en el eje y, 10 puntos de muestreos en el eje x).
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Figure 3. nMDS ordination output. Diameter of dots is propor-
tional to the depth value. Ordination stress=0.11. The vectors
representing depth and spatial coordinates also overlapped ordina-
tion. Resultados de la ordenacion nMDS. El diametro de los
puntos es proporcional a la profundidad (valor de estress=0,11).
Los vectores representantes de la profundidad y las coordenadas
espaciales estan sobreescritos a la ordenacion obtenida.

accounted for 24 % of variance, with PCNM
explaining 20 %. The explanatory variables
accounted for 71 % of variance for abundance,
with greater contributions made by depth and
the PCNM variables joined (26 %), the PCNM
variables (24 %), and all the explanatory variables
joined (22 %).

The semivariograms of the log-transformed
taxa richness and abundance are reported in figure
6 (Fig. 6a and Fig. 6b, respectively). Taxa richness
lacked a spatial structure, while abundance showed
clear spatial autocorrelation with replicates located
within a distance of 4.45 m that correlated with one
another. Such autocorrelation (Fig. 6b) disappeared
when a semivariogram was applied to the residual
values of the regression between abundance and
depth (result not shown). This is a common proce-
dure in geostatistic modelling to check the presence
of further spatial autocorrelation.

DISCUSSION

Our study is one of the first that attempts to high-
light the importance of small scale spatial
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Community Composition

Residuals = 0.36

Values <0 not shown

Figure 4. The variance partitioning results for community
composition among the components of spatial coordinates,
depth and the significant PCNM variables. Residual values are
also displayed. Resultados del andlisis de la varianza para la
composicion de la comunidad entre las componentes de coorde-
nadas espaciales, profundidad y las variables significativas del
PCNM. También se expresan los valores de los residuos.

location in an aquatic community of an intermit-
tent stream. Our results highlight a spatially struc-
tured macroinvertebrate community, where abun-
dance is the variable that most depends on the
position inside the riverbed.

According to our results, space plays a double
role in the studied stream: it enters models as
transversal variation of depth (see the discussion
below), but is also a macroinvertebrate communi-
ty descriptor as a pure spatial fraction. However,
how can this double role of space be translated
into ecological terms?

The first spatial trend highlighted in our results
corresponds to the transversal variation under
environmental conditions. Conversely to taxa
richness, abundance exhibited a clear trend that
was transversally oriented to the watercourse
(following the x-axis direction), reflected by both
the semivariogram and variance partitioning
methods. The community composition results
resembled those of abundance, as shown by both
nMDS ordination and variance partitioning. Our
results clearly show that for the studied Baganza

stream reach, depth is spatially structured along
the x-axis (see Fig. 2a). In fact, depth proves to be
a good predictor of macroinvertebrates abun-
dance, which is not true for taxa richness. A nega-
tive relationship of water depth with abundance
has already been found in other watercourses
(e.g., Collier et al., 1998; Brooks et al., 2005),
while opposite results have been reported by
Fenoglio et al. (2004) in tropical systems. Lack of
a relationship between taxa richness and depth can
be attributed to the small gradient measured in the
Baganza stream. Relative low depth and small
gradients seem quite common in intermittent
systems located in lowland and floodout zones,
where surface water infiltration into the streambed
is related to bed porosity and water table depth
(Datry et al., 2017). The negative relationship
between abundance and depth can be linked to
better food availability near banks (Bournaud et al.,
1998; Ferreiro et al., 2011), high water velocity in
the riverbed centre that may dislodge organisms
(Rempel et al., 2000) or to an interaction of these
factors. The macroinvertebrate community in the
studied reach was composed mainly of collector
gatherers and grazers, such as Chironomidae
(chiefly Orthocladiinae and Chironominae), Baetis
and Naididae that commonly feed on fine particu-
late organic matter, or on algae and associated
material. Furthermore, the behaviour of some
aquatic insects which, during emergence periods go
towards shallow water, can also explain this pattern
(e.g., Sagnes et al., 2008). These results suggest
that while different taxa can choose to occupy
almost any position inside the riverbed, their abun-
dance is strictly dependent on depth, and generally
dependent on the system’s spatial structure. There-
fore, on a fine scale, habitat filtering seems to act
predominantly on organism abundance.

The second spatial trend, represented by the
pure PCNM fraction, depicts a spatial structure
that is uncovered by coordinates and depth. In the
variance partitioning results (Figs. 4 and 5),
consistent portions of variation (for all the exam-
ined dependent variables) are ascribable to the
PCNM variables alone. They represent the main
fraction for taxa richness (Fig. 5a), as well as
important fractions for abundance (Fig. 5b) and
community composition (Fig. 4). Such fractions
can result from biotic interactions, like competi-
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a. Taxa Richness b. Abundance
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Figure 5. The variance partitioning results for log-transformed Taxa Richness (a) and Abundance (b) among the components of spatial
coordinates, depth and the significant PCNM variables (see details in Material and Methods). Residual values are also displayed.
Resultados del analisis de la varianza por los valores trasformados de riqueza (a) y abundancia (b) entre las componentes de coorde-
nadas espaciales, profundidad y variables significativas del PCNM (detalles en la Metodologia). También se expresan los valores de
los residuos.
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Figure 6. Semivariograms of log-transformed Taxa Richness (a) and Abundance (b). The trend for abundance is marked by the black
line. The dotted line stresses the 4.45 m value (see the main text). Semivariogramas de los valores, después de la transformacion
logaritmica, de Riqueza (a) y Abundancia (b). En el caso de la Abundancia la tendencia estd marcada con la linea de color negro. La
linea de punto destaca el valor de 4,45 m (ver texto principal).
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tion and predation, favoured by proximity and
drive the small scale distribution of aquatic inver-
tebrates. Nevertheless, this pure spatial fraction
can also encompass unmeasured variables.

When we look at the taxonomic list (Table 1),
most detected taxa present low detection frequen-
cies and/or low abundance (no. of individuals).
Similar findings in abundance and the most
common taxa terms have been obtained from
invertebrate seedbank composition in British
temporary systems (Stubbington ef al., 2016).

Small scale variations, low detection frequen-
cies and low abundance taxa may be of relevant
importance when considering that the confidence
and precision of a biological index can be closely
linked to the small scale patchiness of aquatic
taxa distribution (Laini et al., 2014; Guareschi et
al., 2017). Biomonitoring in these lotic ecosys-
tems represents an open research challenge for
bioassessment science (e.g., Prat et al., 2014; Cid
et al, 2015). In this context, our case study
provides useful insights by considering both the
small scale variability of aquatic organisms and
the importance of habitat filtering and biotic
processes, especially in globally widespread
ecosystems such as intermittent streams. Supple-
mentary research (e.g., different basins, distinct
conditions and with other explanatory variables)
is recommended and would be of scientific global
interest to validate our results in a larger
geographical context and to complement our
knowledge of these systems.

In conclusion, we report that spatial variables
act as a proxy of the riverbed structure and, there-
fore, correlate with the environmental considered
variable (only depth in our study, but others can
exhibit similar features), and also as a marker of
potential biotic interactions. Therefore, including
spatial variables on the small scale in community
studies can be a useful tool for biomonitoring,
river restoration and habitat suitability modelling.
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