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Abstract Although the assembly of stream macroin-

vertebrates is regulated by environmental heterogeneity

at multiple spatial scales, field bioassessment studies

that explicitly considered such scale-dependency are

rare. Here, we investigated how large scale longitudinal

gradients and local microhabitat structure jointly regu-

late the assembly of macroinvertebrate communities

along a Mediterranean river. We compared community

composition, metrics and functional feeding traits

among three microhabitat categories (grain-size

[20 cm; grain-size\20 cm; organic substrata) along

three river sectors (up-, middle-, downstream), which

reflected a gradient of anthropogenic modification.

Macroinvertebrate assemblages varied mostly over the

large-scale longitudinal gradient, but the influence of

local micro-habitat features was evident at the within-

sector scale. The effects of micro-habitats appeared

stronger for feeding traits compared to simple taxo-

nomic metrics, supporting the hypothesis that feeding

traits are sensitive to river substratum character. Beta-

diversity among micro-habitat types was smaller in the

modified downstream sector, which supported more

homogeneous communities. An explicit consideration

of spatial scales is recommended when interpreting

results from environmental assessment studies. In the

Aniene River, the influence of local-scale substratum

character on macroinvertebrates depended on the lon-

gitudinal gradient in anthropogenic pressure. Also, the

findings suggest that taxonomic and functional metrics

reflect processes operating at different spatial scales.
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Introduction

Benthic macroinvertebrates are widely used as bio-

logical indicators for assessing the integrity and

functionality of lotic habitats (e.g. Lenat & Barbour,

1994; Hering et al., 2004; Larsen et al., 2012; Manfrin

et al., 2013), and are frequently monitored to detect

changes in hydrological and sediment regimes as well

as in water quality of river in ecosystems (Boulton

et al., 1992; Pace et al., 2013).

River ecosystems are hierarchically organised,

where reaches (that often represent the sampling

units) are nested within rivers, rivers within catch-

ments and catchments within larger basins (Heino

et al., 2004; Allan & Castillo, 2007). In this context,

the assembly of river invertebrates is driven by

processes operating at different spatio-temporal scales

(Arscott et al., 2003; Garcı́a-Roger et al., 2013).

This scale-dependent identification of the key

drivers shaping macroinvertebrate assemblages is

increasingly acknowledged (Mykrä et al., 2007;

Larsen et al., 2015), but the explicit consideration of

spatial resolution is rarely included in monitoring

studies. For example, investigations at reach scale

(Beisel et al., 1998; Peeters et al., 2004), clearly

revealed the importance of depth, substrate and

hydraulic conditions (Reice, 1980; Schmera & Eros,

2004; Barnes et al., 2013), food availability (Beisel

et al., 2000) and biotic factors (Kelly et al., 2003;

Nelson, 2011). Conversely, over larger scales, latitu-

dinal gradients and variability in land-use/land-cover

and bedrock geology appear to exert stronger influ-

ence and thus mask local scale effects (Allan, 2004;

Mykrä et al., 2007). Also within a small microhabitat

scale (*1 m2), the association of macroinvertebrate

assemblages with key stream-bed features appears to

be context dependent. For example, Minshall (1984)

reported decreasing macroinvertebrate diversity with

increasing cobble size, while Allan & Castillo (2007)

observed that the diversity and abundance of macroin-

vertebrates increased with median grain size, likely

reflecting the highly dynamic and ephemeral nature of

microhabitat patches in flowing waters. Similarly,

Costa & Melo (2008) found that microhabitat features

were more important than stream location in deter-

mining macroinvertebrate assemblages in tropical

streams. This scale and context dependency in the

apparent importance of drivers shaping benthic

assemblages in rivers is particularly relevant for

impact-assessment programmes where the scale of

measurement should coincide with the scale at which

the organisms respond.

In central Italy, many rivers are characterised by

marked longitudinal patterns in anthropogenic pres-

sure, with up- and middle-stream sections draining

semi-natural or extensive agricultural areas, while

downstream sections being detrimentally stressed by

urbanisation, impoundment and industrial sewage

effluents (Solimini et al., 2001; Mancini et al., 2005;

Manfrin et al., 2013). In these circumstances, the

extent to which benthic assemblages reflect differ-

ences among local micro-habitat types or larger-scale

longitudinal variation is not clear. Surprisingly, this

issue remains largely unexplored despite its relevance

for informing mandatory monitoring programmes and

the increasing consideration given to microhabitats by

the Water Framework Directive (European Commis-

sion, 2000) and the subsequent introduction of the

multi-habitat sampling method (Star Consortium,

2003).

To address this issue, we sampled benthic macroin-

vertebrates in different microhabitat types along the

course of the Aniene river (central Italy); this river

shows a characteristic longitudinal gradient in both

natural (upstream) and anthropogenic (downstream)

factors, and can be categorised in three distinct sectors

(Solimini et al., 2001; Manfrin et al., 2013). Specif-

ically, we aimed to (1) quantify the relative influence

of large scale longitudinal gradients and small scale

microhabitat features on the structure and function of

macroinvertebrate assemblages; (2) assess whether the

longitudinal anthropogenic gradient caused the

homogenization of assemblages among microhabitat

types and (3) assess the specific effects of micro-

habitat types on invertebrate assemblages at the

smaller within-sector scale.

Materials and methods

Study area and sampling design

The study was conducted in October 2008 and June

2009 on the River Aniene, draining calcareous area in

Central Italy from 1100 to 15 m a.s.l. (Wasson et al.,

2006; Traversetti et al., 2013). This is a second-order

river with a basin area of 1.453 km2 and a total length

of 98 km and it is the major tributary of the River
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Tiber (Traversetti et al., 2014). The upper 25 km flows

through semi-natural areas with limited human

impact, except for a little hydro-electric dam. The

downstream river sector, conversely, drains land-

scapes characterised by urbanisation (e.g. Subiaco and

Vicovaro towns) and industrial activities, with nega-

tive impact on the river’s biotic integrity (Solimini

et al., 2001; Traversetti et al., 2014). The River Aniene

may, therefore, be divided into three main longitudinal

sectors according to macroinvertebrate assemblage

patterns and the major anthropogenic effects (Solimini

et al., 2001; Manfrin et al., 2013; Traversetti & Scalici,

2014): upstream (Sector 1, 0–23 km from source; S1);

midstream (Sector 2, 24–48 km from source; S2) and

downstream (Sector 3, 49–99 km from source; S3)

(Fig. 1). Macroinvertebrates were collected from 8

sampling sites: 3 sites in S1; 2 sites in S2 and 3 sites in

S3.

Macroinvertebrate collection was carried out

according to the multi-habitat AQEM consortium

sampling design (Star Consortium, 2003). Before

collecting samples, we surveyed the microhabitat

types within each site, and identified 10 different types

based on both composition (inorganic and organic) and

on grain size (Supplementary Material—Appendix 1).

Ten benthic samples were collected for each site with a

standard Surber sampler (25 9 25 cm with a mesh

size of 0.5 mm) disturbing manually the substrate for

1 min. The 10 samples were distributed proportionally

to each microhabitat occurrence (e.g. a microhabitat

covering 60 % of the total area was sampled in 6

different points within the sampling site), following

the official standards. All specimens were removed

from the net, sorted (at order level) in the field, and

fixed immediately in 70 % ethanol. In the laboratory,

macroinvertebrates were identified to species or

species-group (Ephemeroptera), genus (Plecoptera

and Trichoptera) and family level (e.g. Simuliidae,

Lumbricidae; see Supplementary Material—Ap-

pendix 2 for the complete taxonomic list).

Dataset organisation and statistical analyses

To increase the statistical power of the analysis and to

increase the number of replicates within each micro-

habitat category, we defined three broad microhabitat

categories as: C1, coarse inorganic substrata

([20 cm); C2, fine inorganic substrata (C2\ 20 cm)

and C3, organic substrata (Supplementary Material—

Appendix 3).

Fig. 1 Location of the investigated sites on the Aniene River

within the three longitudinal river sectors: S1 = upstream;

S2 = middle-stream; S3 = downstream. Common names and

geographic coordinates (Latitude; Longitude): A = Filettino

(33T 358488 m E; 4637280 m N); B = Trevi (33T

352780 m E; 4635426 m N); C = Jenne (33T 346117 m E;

4635426 m N); D = Subiaco (33T 340718.20 m E; 4643137

m N); E = Anticoli Corrado (33T 333595 m E; 4654173 m

N); F = Vicovaro (33T 324656 m E; 4652680 m N); G =

CastelMadama (33T 322936 m E; 4650229 m N); H = Tivoli

(33T 315203 m E; 4647864 m N)
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The process of pooling the ten micro-habitat types

into three broad categories also allowed us to limit the

potential biases associated with the use of proportional

sampling. In other words, the employment of the

official proportional multi-habitat sampling inherently

gives more weight to the most common micro-habitat

types. The effects of this potential bias were therefore

limited by the pooling procedure.

Feeding habits of macroinvertebrates were based

on six feeding categories (deposit feeders, shredders,

scrapers, filterers, piercer and predators) according to

Tachet et al. (1994), Usseglio-Polatera (1994),

Usseglio-Polatera & Tachet (1994) and Tachet et al.

(2000). We used a fuzzy coding approach to determine

the affinity of each taxon to each category, thus

accounting for intra-genus and intra-family variation

(Chevenet et al., 1994). Affinity scores ranged

between 0 and 3 or 0 and 5, and reflected the relative

strength of association of a taxon for a given trait

category (Dolédec et al., 2006). Affinity scores were

then standardised between 0 and 1. Then, affinity

values were multiplied by the relative abundance of

each taxon within each microhabitat group. We

obtained two traits-by-microhabitat category matrices

(October 2008 and June 2009) weighted by the relative

abundance of taxa in each microhabitat group (Larsen

& Ormerod, 2010; Manfrin et al., 2013).

To quantify the relative importance of river sector

and microhabitat categories in driving macroinverte-

brate assemblages (aim 1), we used a permutational

multivariate analysis of variance (perMANOVA,

(Anderson, 2001). This analysis was run on log-

transformed macroinvertebrate abundance (Ab), using

the ‘adonis’ function in the R package ‘‘Vegan’’

(Oksanen et al., 2013). Taxonomic distances among

the sampling sites were computed as Bray-Curtis

dissimilarities. Statistical significancewas tested using

999 permutations, which were constrained within river

sectors in order to account for the nested sampling

design (i.e. microhabitat groups nested in river sector).

Plots from the non-metric multidimensional scaling

(nMDS) were applied to the log-transformed inverte-

brate dataset to aid the visual interpretation of

perMANOVA results. An nMDS was also performed

to visualise differences among microhabitat categories

within each river sector. Distances among the samples

were computed as Bray-Curtis dissimilarities. nMDS

was performed in the R package ‘‘Vegan’’ (Oksanen

et al., 2013).

To achieve our second aim (i.e. longitudinal

homogenization of micro-habitats), we estimated taxa

beta-diversity among micro-habitats within river sec-

tors as multivariate dispersion using the ‘‘betadisper’’

function on the animal abundance, adjusted for

unequal number of samples within sectors. Beta-

diversity was then expressed as the average distance to

group centroid (Anderson et al., 2006). Difference in

average distance to centroid among river sectors was

tested by ANOVA and Tukey’s HSD post hoc

comparison (Yandell, 1997) in the R package ‘‘Ve-

gan’’ (Oksanen et al., 2013).

To achieve our third aim (specific micro-habitat

effects within sector), the effects of microhabitat type

on invertebrate abundance (Ab) rarefied richness (rr;

Sanders, 1968), Shannon diversity index (Sh; Shan-

non, 2001), and feeding traits were analysed sepa-

rately within each river sector using linear mixed

effects (LME) models (R package ‘‘lme 4’’; Bates

et al., 2007). To account for the effect of different

sampling sites within sector, LME models considered

microhabitat categories as fixed factor and the sam-

pling sites within sectors as random factor. The

significance of the fixed factor was tested by compar-

ing the models with the respective reduced models

(without the fixed factor) with likelihood ratio tests

(v2). Residuals were tested for normality by applying

the Shapiro–Wilk test (Shapiro & Wilk, 1965). To

assess among which microhabitat type community

metrics and feeding trait differed, we run post hoc

multiple comparison analyses using the function

‘‘testInteractions’’ of R package ‘‘phia’’ (De Rosario-

Martinez, 2013). To reduce Type I error or the false

rejection of the null hypothesis, the sequential Bon-

ferroni procedure (Holm, 1979) was calculated (Fee-

ley et al., 1999). All the statistical analyses were

performed separately for October 2008 and June 2009.

Results

In October 2008, a total of 26,047 individuals and in

June 2009, 21,482 belonging to 80 taxa were collected

(Supplementary Material—Appendix 2).

Macroinvertebrates assemblages showed a longi-

tudinal pattern along the river system, as their

grouping in the nMDS ordination followed the three

sequential river sectors (Fig. 2). The perMANOVA

analysis confirmed that river sector was the main
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driver of the macroinvertebrate structure explaining

27 and 25 % of the taxonomic variance in October and

June, respectively (Table 1). Although significant,

microhabitat categories explained only a small pro-

portion of the variance in taxonomic structure (i.e. 4

and 6 % in October and June, respectively, Table 1).

In June, despite the high variance, beta-diversity

among micro-habitat types decreased significantly

(F = 4.921; P = 0.0097) in the downstream river

sector (S1–S3: P = 0.046; S2–S3: P = 0.014). These

differences were not observed in October.

At the within-sector scale, the difference among

organic (C3) and inorganic (C1 and C2) microhabitats

was evident in the nMDS ordinations in June as shown

by 95 % interval ellipses not overlapping (Fig. 3). The

Linear Mixed Model analysis showed that the

upstream river sector (S1) supported the highest

macroinvertebrate diversity and taxonomic richness,

with no significant difference among microhabitat

categories in both seasons. In the middle river sector,

significant differences in total abundance and diversity

among microhabitat categories were recorded in June

2009, while in the downstream river sector, rarefied

richness and total abundance were significantly dif-

ferent in October 2008 (Table 2; Fig. 4).

Three categories of feeding traits showed signifi-

cant differences among microhabitat categories within

the three river sectors (Table 3). Particularly, shred-

ders discriminated among microhabitat categories in

the upstream and middle sector in both seasons.

Specifically, they were more abundant in the organic

microhabitat (C3), compared to the inorganic micro-

habitats (C1 and C2) (Table 3, Fig. 5). Scrapers

abundance differed in the middle and downstream

sector in October 2008 and June 2009, respectively,

with higher abundances in the finer substrata (C2)

(Table 3; Fig. 5). Deposit feeders were more abundant

in the inorganic microhabitats (C1 and C2) in the

downstream sector in June 2009 (Table 3; Fig. 5).

Discussion

The main result of this study supports the hypothesis

that our perception of the key abiotic drivers shaping

natural assemblages is contingent upon the chosen

scale of observation (Paavola et al., 2006; Larsen et al.,

Fig. 2 Distribution plots of macroinvertebrates log(x ? 1)-

abundances of the eight sampling localities (see Fig. 1) obtained

using non-metric multidimensional scaling (nMDS) in October

2008 and June 2009. Ellipses represent 95 % confidence interval

for upstream (S1), middle-stream (S2) and downstream (S3)

river sectors. Polygons delimit each microhabitat group

considered within each sampling site: circles = C1; trian-

gles = C2; crosses = C3 (for acronyms see Supplementary

Material—Appendix 1). nMDS stress October = 0.19; nMDS

stress June = 0.18

Table 1 Permutational multivariate analysis of variance

(perMANOVA) values (F) performed on macroinvertebrate

total abundance among microhabitats groups with permutations

constrained within river sectors in October 2008 (OCT) and

June 2009 (JUN)

F R2 P

OCT

Sector 29.374 0.268 0.01

Microhabitat categories 1.971 0.036 0.01

JUN

Sector 28.141 0.001

Microhabitat categories 3.432 0.061

0.253

0.001
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Fig. 3 Distribution plots of macroinvertebrates log(x ? 1)-

abundances grouped by microhabitat category (i.e. C1, C2,

C3;—for acronyms, see Supplementary Material—Appendix 1)

within each river sectors (S1 = upstream; S2 = middle-stream;

S3 = downstream) obtained by non-metric multidimensional

scaling (nMDS) in October 2008 and June 2009. Ellipses

represent 95 % confidence interval for each microhabitat

category. nMDS stress October: S1 = 0.0.17; S2 = 0.16;

S3 = 0.18. nMDS stress June: S1 = 0.20; S2 = 0.14;

S3 = 0.16

Table 2 Differences in the values of macroinvertebrate met-

rics (Ab = total abundance; rr = rarefied richness;

Sh = Shannon diversity) among microhabitat categories

within river sectors (S2 = middle; S3 = downstream) for

October 2008 (OCT) and June 2009 (JUN), resulting from

linear mixed effect models

Metrics S1 S2 S3

v2 P Pairw v2 P Pairw v2 P Pairw

OCT Ab – ns – – ns – 13.619 0.001 C1/C3***

C2/C3***

rr – ns – – ns – 8.529 0.014 C1/C3**

C2/C3**

Sh – ns – – ns – – ns –

JUN Ab 16.15 0.0003 C1/C2** – ns –

– ns – C1/C3**

C2/C3***

rr – ns – – ns – – ns –

Sh – ns – 6.841 0.033 C1/C2* – ns –

C1/C3*

The statistics of the likelihood ratio test (v2) and post hoc pairwise comparison (pairw) are reported. Only significant differences are

provided

Probability is reported as **B0.05; **B0.01; ***B0.001; ns C 0.05
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2009), with clear implications for environmental

assessment.

Macroinvertebrate assemblages in the Aniene

River appeared to be primarily regulated by processes

operating at larger spatial scales (i.e. river sector),

while they seemed to respond only secondarily to the

structure of microhabitats. Such clear longitudinal

gradient in assemblage structure likely reflects the

marked longitudinal changes in both natural (gradient,

temperature, shading) and anthropogenic (the pro-

gressive increase in human pressures from upstream to

downstream) factors that characterise the study river,

as previously shown (Solimini et al., 2001; Manfrin

et al., 2013; Traversetti & Scalici, 2014).

The second aim of the study was to verify if the

longitudinal gradient in anthropogenic pressure

exerted a homogenising effect at the local micro-

habitat scale. Anthropogenic alteration of habitats

often leads to biotic homogenization of assemblages,

either by reducing environmental heterogeneity or by

directly affecting the structure of communities (Olden

et al., 2004; Chase, 2007; Passy & Blanchet, 2007).

More generally, increasing environmental harshness

(i.e. strong abiotic filters) can reduce compositional

heterogeneity among locations by decreasing the

importance of stochastic processes in regulating

assemblages (Chase, 2007). Here we hypothesised

that the longitudinal increase in human pressure,

namely sewage effluents, nutrient enrichment and

impoundment, represented a deterministic abiotic

filter that would homogenise assemblages (i.e. lower

beta-diversity) among different micro-habitat types

(Donohue et al., 2009). This hypothesis was partly

supported by the results, where compositional hetero-

geneity among micro-habitats was lower in the

downstream river sector, but only in June. It is

possible that the effect of nutrient enrichment was

stronger during summer low flows in June, compared

to October, where higher flows diluted excess nutri-

ents from treatment plants (Manfrin et al., 2013).

At the within-sectors, the relationship between

macroinvertebrate community metrics and

Fig. 4 Box and Whisker plots of macroinvertebrates total

abundance (Ab 9 1000), rarefied richness, Shannon diversity

medians (squares in bars) (± standard deviations) among the

three microhabitat categories(i.e. C1, C2, C3;—for acronyms,

see Supplementary Material—Appendix 1) within each river

sector (S1 = upstream; S2 = midstream; = S3 = down-

stream) in October 2008 (Oct) and June 2009 (Jun). Outliers

showed as round dots. Significant (Asterisk) pairwise compar-

isons are shown as: A = C1–C2; B = C2–C3; C = C1–C3. For

statistical significance values see Table 2
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microhabitat features also appeared context depen-

dent. In the upstream sector, abundance, rarefied

richness and diversity of taxa did not show significant

variation among the three microhabitat categories,

which all supported relatively rich and diverse

assemblages. Conversely, differences in the commu-

nity metrics were evident in the middle and down-

stream sectors, where relatively higher invertebrate

densities and diversity were observed in fine inorganic

and organic substrata. Also, these differences were not

due to changes in the availability of micro-habitat

types along the river, which showed little longitudinal

variation (Supplementary Material—Appendix 3).

Overall, however, middle and downstream river

sectors supported less rich and diverse assemblages,

compared to the upstream sector. In contrast to

structural aspects, the analysis of biological traits

showed differences in feeding strategies among

microhabitats along the entire river corridor and in

both seasons. The higher sensitivity of feeding traits

(compared to taxonomic indices) to microhabitat

characteristics has been observed in numerous studies

(e.g. Huamantinco & Nessimian, 1999; Tomanova &

Usseglio-Polatera, 2007; Costa & Melo, 2008; Larsen

& Ormerod, 2010). Specifically, the representation of

feeding traits is expected to reflect the availability of

key food sources, which, in turn, is strongly influenced

by local substratum features (e.g. macrophytes stands,

or leaf-litter patches). In the Aniene river, shredders

were influenced by microhabitat type especially in the

up-middle sectors where they were more abundant

within fine inorganic and organic substrata, likely

reflecting the local availability of coarse organic

material (i.e. leaflitter) (Allan & Castillo, 2007).

Scrapers and deposit feeders were more abundant

within fine inorganic substrata, especially in the mid-

downstream sectors, where lower water velocity and

turbulence allowed the accrual of algae and the

deposition of fine organic material.

Before drawing conclusions, some limitations of

the study need to be discussed, including the limited

sample size and taxonomic resolution. In particular,

our findings are based on observations from a single

river, hindering generalisations at larger spatial scales

Table 3 Significant linear mixed effects results on functional

traits (Dep = deposit feeder; Scr = scraper; Shr = shredder;

Fil = filterer; Pie = piercer; Pre = predators) among

microhabitat categories within river sectors (S2 = middle;

S3 = downstream) for October 2008 (OCT) and June 2009

(JUN), as resulting from linear mixed effect models

Cat S1 S2 S3

v2 P pairw v2 P pairw v2 P pairw

OCT Dep – ns – – ns – – ns –

Scr – ns – – ns – 9.95 0.007 C1/C3*

C2/C3**

Shr 11.05 0.004 C1/C3** 8.01 0.018 C1/C3* – ns –

C2/C3** C2/C3*

Fil – ns – – ns – – ns –

Pie – ns – – ns – – ns –

Pre – ns – – ns – – ns –

JUN Dep – ns – – ns – 10.18 0.006 C1/C2**

C2/C3*

Scr – ns – 6.68 0.034 C1/C2* 7.97 0.018 C1/C2*

Shr 10.83 0.004 C1/C3** 9.08 0.011 C1/C3** – ns –

C2/C3** C2/C3**

Fil – ns – – ns – – ns –

Pie – ns – – ns – – ns –

Pre – ns – – ns – – ns –

The statistics of the likelihood ratio test (v2) and post hoc pairwise comparison (pairw) are reported. Only significant differences are

provided

Probability is reported as **B0.05; **B0.01; ***B0.001; ns C 0.05
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or across different eco-regions. Also, the different

levels of resolution at which invertebrates were

identified (species, genus, family) could have poten-

tially limited our ability to quantify community

variation, especially over small spatial gradients such

as the micro-habitat scale (Li et al., 2001; Heino et al.,

2004). Nonetheless, as explained in the introduction,

the Aniene river is a fair representative of many

Apennine rivers in central Italy that show similar

longitudinal gradients. Moreover, benthic inverte-

brates are difficult to identify at the species level,

and there is extensive evidence showing that commu-

nity patterns and metrics appear consistent across

different levels of taxonomic resolution (Heino &

Soininen, 2007; Carneiro et al., 2010).

Conclusions

Findings from this study further highlight the impor-

tance of an explicit consideration of spatial scales in

both fundamental and applied ecological research

(Larsen et al., 2009; Chase, 2014; Larsen et al., 2015).

Longitudinal factors were the main force driving

macroinvertebrate assemblage over the study river.

Nonetheless, by combining information on commu-

nity composition and feeding traits, we found that

macroinvertebrates were also influenced by different

microhabitat types within each river sector.

The results also lend support to the simultaneous

use of taxonomic and functional measures (e.g.

feeding traits) in environmental assessment studies,

especially where weak abiotic gradients are present

(Heino et al., 2013; Gallardo et al., 2014) or where

interest is given towards local-scale influences (Paller

et al., 2014). In agreement with Beisel et al. (2000) and

Costa & Melo (2008), our findings suggest that

riverine conservation actions should preserve natural

microhabitat patchiness. Stream bio-monitoring pro-

grammes should consider this scale-dependent vari-

ability in assemblage characteristics because:

(i) small-scale variability in density and composition

show that few replicate samples are not sufficient to

estimate macroinvertebrates assemblage variability at

a site and (ii) sectors from the same stream may

support widely different benthic assemblages.

An inherent corollary of the present findings with

practical implications is that the use of multi-habitat

Fig. 5 Box plots showing significant linear mixed effects (see

Table 3) on functional trait category medians (squares in bars)

(± standard deviations) for each microhabitat grouped category

(i.e. C1, C2, C3;—for acronyms, see Supplementary Material—

Appendix 1) within each river sector (S1 = upstream;

S2 = midstream; = S3 = downstream) in October 2008 (Oct)

and June 2009 (Jun). Feeding trait categories: Dep = deposit

feeder; Shr = shredder; Scr = scraper. Significant (Asterisk)

pairwise comparisons are shown as: A = C1–C2; B = C2–C3;

C = C1–C3. For statistical significance values see Table 3
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sampling, advocated by the Water Framework Direc-

tive, appears indeed well suited to describe benthic

assemblages in streams and rivers.
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Mykrä, H., J. Heino & T. Muotka, 2007. Scale-related patterns

in the spatial and environmental components of stream

macroinvertebrate assemblage variation. Global Ecology

and Biogeography 16(2): 149–159.

Nelson, S. M., 2011. Comparisons of macrophyte breakdown,

associated plant chemistry, and macroinvertebrates in a

wastewater dominated stream. International Review of

Hydrobiology 96(1): 72–89.

Oksanen, J., F. G. Blanchet, R. Kindt, P. Legendre, P.

R. Minchin, R. B. O’Hara, G. L. Simpson, P. Solymos, M.

Stevens & H. Wagner, 2013. Vegan: Community Ecology

Package. R package version 2.0-7. http://www.CRANR-

projectorg/package=vegan.

Olden, J. D., N. L. Poff, M. R. Douglas, M. E. Douglas & K.

D. Fausch, 2004. Ecological and evolutionary conse-

quences of biotic homogenization. Trends in Ecology &

Evolution 19(1): 18–24.

Paavola, R., T. Muotka, R. Virtanen, J. Heino, D. Jackson & A.
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