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Fine sediment is one of the major sources of stream physical and ecological impairment worldwide. We
assessed the ecological effects of fine sediment in an otherwise undisturbed catchment (the Isibena, NE
Spain). Using data from sites across the catchment we describe the spatial variability and nestedness of
invertebrate assemblages and evaluate the effectiveness of compositional (taxon-based) and functional
(trait-based) metrics for detecting sediment impacts on these assemblages.

Invertebrate assemblages were relatively taxon poor and had low densities in those locations with high

IF(i?lewsoerc(liisr:nent fine sediment content. Assemblages showed significantly nested patterns, with those in sediment-rich
Invertebrates locations consisting of a subset of those in locations with little fine sediment. A number of biological
Biological traits traits appeared to promote this nestedness, particularly those conferring resistance and resilience to fine
Nestedness sediment (polivoltinism, short live cycles and small body sizes).

Generalised Additive Models indicated that most metrics were able to detect ecological responses to
sedimentation. Some taxon-based metrics (%EPT and evenness) performed less well, with values showing
only a weak relationship with fine sediment. Results are consistent with previous studies which have
highlighted the limitations of taxon-based metrics and suggest that indices of functional diversity are
capable of detecting sediment related impairment.

Overall, the study suggests that fine sediment in the Isabena was selecting for specific life-history traits,
and that this selection resulted in clear differences in assemblage structure across the catchment. The use
of biological traits in studies of sediment related disturbance may help identify extinction-prone species
(e.g. those with univoltine and/or long life-cycles), while trait-based monitoring and assessment metrics,
because they reflect the ecological mechanisms underlying observed patterns, should prove useful to
help guide management in catchments subjected to excessive fine sediment. More broadly, the study
indicates that nestedness in assemblage structure can be driven by local habitat changes, and not only
by large scale biogeographical processes.

Functional diversity

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction chemical processes, excess quantities of fine material can cause

a range of impacts (reviews by Graham, 1990; Peckarsky, 1984;

Fine sediment (material <2 mm) has long been recognised as
one of the major causes of impairment and ecological degradation
affecting freshwaters globally (Hynes, 1970; USEPA, 2000; Harrison
et al.,, 2007). While sediment plays an important functional role
in river ecosystems, providing a substrate for biological and
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Waters, 1995; Doeg and Koehn, 1994; Wood and Armitage, 1997;
Bilotta and Brazier, 2008). Fine sediment accumulation smothers
riverbed micro-topography and clogs interstitial space. It also
affects bed stability, and hence disturbance regimes, as a function
of changes in cohesion and entrainment thresholds (Hjulstrom,
1935; Grabowski et al., 2011). Such changes affect aquatic organ-
isms across all trophic levels, through mechanisms that include: (1)
modification of habitat availability and suitability for some taxa;
(2) increases in turbidity and reduction of primary production, (3)
impairment of feeding due to a reduction in the energetic value
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of periphyton and prey density; and (4) impairment of respiration
due to low oxygen concentrations in sediment deposits.

Diversity indices or metrics have classically been implemented
in ecology to identify and assess ecological impacts and evaluate
the ecological integrity of aquatic ecosystems (Coleman et al.,
1997; Pires et al.,, 2000). The most commonly used metric to
detect changes and summarise assemblage composition has been
taxonomic richness or the number of taxa found in a sample («-
diversity, Magurran, 1988). Other metrics also take into account
the assemblage structure and incorporate a measure of the relative
abundance of taxa, such as the Shannon index (Shannon and
Weaver, 1949) and its associated evenness. While some studies
have found these taxonomically based metrics to be useful for
detecting anthropogenic disturbance (Robertson, 1981; Erman
and Mahoney, 1983), others have reported a poor performance
(Wood, 1977; Mouillot et al., 2006). A specific limitation is that
they cannot necessarily differentiate the cause of the assemblage
change or discriminate between natural and anthropogenic stress-
ors (Reizopoulou et al., 1996; Mouillot et al., 2006; Gallardo et al.,
2011).

To overcome the limitations of taxonomic-based methods, the
incorporation of species biological traits into alternative metrics
has increased in recent years. Biological traits refer to the func-
tional attributes of the species (i.e. morphological, physiological,
behavioural and ecological characteristics) and offer the main
advantage that they can be applied broadly across biogeographic
boundaries (Mcgill et al., 2006). Trait approaches are based on the
habitat template model proposed by Southwood (1977), which
states that habitat selects for characteristic life history traits
through natural selection; species are expected to respond to envi-
ronmental gradients and we should therefore find a correlation
between species traits and habitat characteristics over an evo-
lutionary time period (Poff et al., 2006). Trait patterns can be
indicators of the source of impairment because anthropogenic dis-
turbances will select for well adapted species and, as a result,
only those possessing relevant adaptive traits are likely to remain
(Statzner et al., 2004).

Trait-based approaches have proved useful in understanding
environmental change and have been widely applied in biolog-
ical monitoring and restoration (Gayraud et al., 2003; Statzner
et al., 2007). Pollard and Yuan (2010) studied the consistency of
the response of trait- and taxon-based measures and found a bet-
ter performance of the former, regardless of the geographic location
and spatial scale considered. Béche and Resh (2007) also reported
consistent patterns in trait diversity and richness over time, despite
high taxonomic turnover.

In parallel with the use of trait-based metrics, the assessment
of nestedness in species composition has developed to provide
insights into the effects of environmental stressors on patterns of
species loss. The term nestedness was first described for insular
faunas to describe patterns of species composition within con-
tinental biotas and among isolated habitats such as islands and
landscape fragments (Darlington, 1957; Patterson, 1987; Atmar
and Patterson, 1993). Perfect nesting occurs where rare species are
exclusive to species-rich locations, while reduced nesting occurs
where rare species are distributed more evenly (Wright et al.,
1998). Species distribution patterns in naturally fragmented habi-
tats often exhibit nested patterns as a result of colonisation and
extinction processes over long time scales, while they can also
be a consequence of human disturbance and habitat alteration
(Fernandez-Juricic, 2002).

Few studies have compared the sensitivity of taxonomic, trait-
based and nestedness metrics to fine sediment impacts (Angradi,
1999; Relyea et al., 2000; Zweig and Rabeni, 2001). The limited
published work has beed contradictory. For example, Angradi
(1999) found a weak correlation between taxonomic metrics and

deposited sediment, while Zweig and Rabeni (2001) reported a
strong relationship between them. Studies have generally been
based either on experimental sediment additions (Suren and
Jowett, 2001; Vasconcelos and Melo, 2008; Larsen et al., 2011;
Reid et al,, 2011) or were carried out in catchments with a high
human impact (Leana et al., 2001; Suren et al., 2005; Kreutzweiser
etal., 2005), where sedimentation is often associated with multiple
stressors (e.g. nutrients, pesticides, alteration of thermal regimes),
which result in complex ecological responses and a difficulty in
disentangling individual effects.

The present study aimed to assess evidence of patterns in the
structure of invertebrate assemblages and functional traits related
to fine sediment, and evaluate the extent to which a number of
metrics were able to detect these patterns. It is based on data col-
lected in the river Isdbena (Central Pyrenees, NE Spain), where
naturally high sediment transport rates occur as a result of the
presence of highly erodible badland formations in some of its trib-
utaries. Specific objectives of the paper are to (i) describe the
invertebrate assemblages across the entire Isdbena catchment and
assess whether nested assemblages were associated with high sed-
iment loads, (ii) examine the trait composition of assemblages to
test whether sites impacted by high sediment loads show a dis-
tinct trait structure, and (iii) assess the ability of a set of taxonomic
and trait-based metrics to detect the impacts of fine sediment on
invertebrate assemblages.

2. Methods
2.1. Study area

Theriver Isabenais a mesoscale mountainous catchment located
inthe Central Pyrenees (NE Iberian Peninsula). It belongs to the Ebro
basin and occupies and area of 445 km? (Fig. 1). The basin is char-
acterised by a strong heterogeneity in relief, vegetation and soil
characteristics, with elevations ranging from 450 m to 2720 m.a.s.1.
in the northern parts. Woodland occupies the major part of the
catchment, with agriculture (on floodplains) and urban areas com-
prising only 13% and 1% of its area, respectively. An assessment
of the physical and chemical habitat conditions in the Isibena
was undertaken by the Ebro Water Authorities (United Research
Services — URS, 2002). Overall, the river was classified as largely
unaffected by human activities, with more than 71% of the reaches
they studied classified as having physical and chemical conditions
that were “good” or “very good” and none classified as “bad” or
“deficient”.

The hydrology and sediment dynamics of the Isabena have been
described in numerous studies (e.g. Verdd, 2003; Francke et al.,
2008; Lopez-Tarazén et al., 2009, 2010). Hydrology is characterised
by a rain-snow fed regime with flows showing a marked season-
ality, although the river has never dried up within the period of
record. Floods typically occur in spring as a result of rainstorms,
which tend to be scarce in summer and variable in autumn and
winter. Mean annual discharge at the basin outlet is 4.1 m3/s, with
minimum flows (~0.20 m3/s) typically occurring in summer and
maximum flows recorded during autumn (e.g. 290m3/s on 9th
November of 1966, 192 m3/s on 18th December 1997).

Miocene continental sediments (marls, sandstones and carbo-
nates) make up the western and middle parts of the catchment,
leading to the formation of badlands. Although they represent
less than 1% of the total area of the basin, badland areas, being
highly erodible, have proven to be the major source of sediment,
contributing more than 95% of the annual sediment load of the
catchment. In addition, these areas are very well connected to the
drainage network, facilitating sediment delivery to the channel.
As a consequence, suspended sediment concentrations (hereafter
SSCs) show great variability (they can span five orders of magnitude
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Fig. 1. Location of the Isabena catchment in the Iberian Peninsula (a) and sampling sites (b). Badlands are shown as black areas in the map.

for the same discharge) and may reach maximum instantaneous
values above 300 g/l (Lopez-Tarazoén et al., 2009).

The relative location of badland areas gives rise to a wide range
of sedimentary conditions along the river channel. In some head-
water areas where badlands are virtually absent, fine sediment
accumulation in the channel is minimum, whereas in areas with
extensive badlands, it is extremely high. These contrasts, together
with the fact that the river is not hydrologically regulated and
shows limited human impact on landcover, make this catchment a
suitable location for assessing the effects of fine sediment.

2.2. Sampling design

2.2.1. Sampling locations

In order to account for the spatial variability in both macroinver-
tebrate assemblage composition and fine sediment accumulation,
eight reaches were selected across the Isibena (Fig. 1). One reach
was located in the headwaters of the catchment (Cabecera) where
badlands are virtually absent and thus represents an area free from
fine sediment. Three reaches were located in the sediment-laden

tributaries in the western and northern parts of the catchment
(Villacarli, Carrasquero and Sta. Creu). The other four reaches
(Puebla, La Colomina, Old house and Capella) were located along
the mainstem, to detect any downstream change in invertebrate
assemblages associated with increasing distances from the sed-
iment sources. To minimise inter-habitat variability, all reaches
were pool-riffle morphologies, with all invertebrate samples being
collected from riffles. In most reaches 5 samples were collected,
with a sample taken from a randomly allocated point within each
riffle. In two reaches (Cabecera and Villacarli), 10 samples were col-
lected. This increased number was due to the fact that these two
tributaries occupy a larger area than the others, provide the major-
ity of the runoff and sediment to the catchment (Verdd, 2003) and,
in the case of Cabecera, provides a reference free from fine sediment
influences. Upstream catchment characteristics for each reach, as
well as summary hydrologic information and suspended sediment
concentrations, are given in Table 1. Sampling was completed under
stable, base-flow conditions within 1 week (August 2010); which
minimised sedimentary and geomorphic differences related to flow
change.
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Summary information on study reaches. Landcover statistics were determined using GIS and are for the total area upstream from each reach. %Bad (percentage of badlands
in the catchment), ¥Wood (percentage of catchment area occupied by badlands). %¥Agr (percentage of agriculture) and %NP (percentage of non-productive land, includes all

those areas which are not under agriculture, e.g. urban areas).

Reach Area (km?) %Bad %Wood %Agr %NP SSC2 (g/l) Vel +SD (m3/s)® Depth (m)® Q(m3/s)
Cabecera 146 <0.01 97.7 0.8 14 0.005 0.65 + 0.02 0.15 4.1
Villacarli 40 6.7 81.2 4.3 14.5 0.007 0.61 + 0.11 0.17 0.7
Sta. Creu 10 4 83.8 12 425 0.039 0.03 + 0.01 0.11 0.2
Carasquero 25 2 86 10.5 3.5 0.009 0.47 + 0.08 0.15 0.4
Puebla 215 13 93.8 2.8 34 0.006 0.56 + 0.03 0.13 3.2
La Colomina 270 1.5 92.7 4.4 2.8 0.003 0.82 + 0.04 0.15 5.9
Old house 309 15 91.9 54 2.6 0.025 0.68 + 0.04 0.17 5.5
Capella 395 1.2 87.5 103 2.1 0.011 0.58 + 0.02 0.14 6.2

2 Values of SSC are for the day of sampling.

b Depth and velocity data are based on measurements taken at each of the invertebrate sampling locations (n=10 in Villacarli and Cabecera, n=5 at the remainder).
¢ Discharge for each reach was calculated empirically using depth and velocity data collected on the day of invertebrate sampling.

2.2.2. Invertebrate sampling

The combined total of 50 benthic samples was collected using
a standard surber sampler (300 um mesh size, 0.09m? area).
Invertebrates were preserved in 4% formaldehyde for later anal-
ysis. In the laboratory, they were sorted and identified to genus
level according to Tachet etal.(2002). Diptera and Oligochaeta were
identified as far as possible according to the key (subfamily or tribe
level).

2.2.3. Fine sediment determination

Deposited fine sediment was assessed in the patches of bed
immediately adjacent (laterally) to where invertebrates had been
collected, using the re-suspension technique first proposed by
Lambert and Walling (1988). This technique had been previously
used in the Isdbena to estimate fine sediment storage in the main-
stem channel (L6pez-Tarazén et al., 2011a,b) and in a preliminary
study of fine sediment effects on benthic invertebrates (Buendia
et al,, 2011). Full details of this methodology can be found in these
papers. Briefly, a metal cylinder (0.5 m diameter, and 0.6 m height)
was carefully pushed into the river to delimit the sampling area. The
surface 10 cm of the river bed were vigorously disturbed using a rod
to resuspend deposited fine sediment. Two 500 mL water samples
collected just after the disturbance to provide a mean of the sus-
pended sediment concentration in the cylinder and calculate the
volume of fines contained in the gravel-bed matrix isolated by the
cylinder.

2.3. Data analysis

2.3.1. Spatial patterns in invertebrate assemblages

Non-metric Multidimensional Scaling (NMDS, Kruskal, 1964)
using Sorensen’s coefficient (Heino et al, 2003) was used to
examine patterns in invertebrate assemblage composition. This
ordination method calculates a distance matrix (D) and visualises
this matrix in a low dimensional configuration (2 or 3 dimensions).
It has advantages over other ordination techniques in that it makes
few assumptions about the nature of the data and allows the use
of any distance measure (McCune and Mefford, 1995). Stress was
used to judge the goodness of fit (i.e. how well the ordination
summarises the observed distances among the samples), as it indi-
cates the degree of correspondence between the distances among
points in the ordination plot and the original distances measured.
Sorensen’s distance values were used for the NMDS. Scree plots (i.e.
stress by dimension) were used to select the dimensionality of the
analysis. A vector representing fine sediment was fitted to the final
plot to help interpretation of the ordination. Squared correlation
coefficients (r2) for the vector and the significance of these values
were assessed by 1000 permutations of the sediment values.

To test the significance of patterns of clustering found in the
NMDS, a Multi-Response Permutation Procedure (MRPP) was run
using the Sorensen’s distance values. MRPP is a nonparametric pro-
cedure for testing the hypothesis of difference between two or more
pre-defined groups (Zimmerman et al., 1985). Chance-corrected
within group agreement (A) was used to describe within group het-
erogeneity. Values of A range from 0 to 1, showing lower values
when the groups are formed by identical items. The significance of
the null hypothesis of no difference among groups was assessed
using a Monte-Carlo permutation procedure (n=1000).

The nestedness temperature of presence-absence matrices was
used to quantify the level of nestedness in invertebrate assemblages
across the Isdbena catchment. The temperature method was pro-
posed by Atmar and Patterson (1993) and is based on a measure
of the order and disorder apparent in the nested patterns. It uses
Euclidean distances of unexpected species absences and presences
inindividual locations from the isocline (or extinction curve) which
separates presences from absences in a perfectly nested matrix. The
isocline is a curvature of maximum packing, given the species-by-
site matrix size and fills, and does not depend on the structure of
the data (Atmar and Patterson, 1993). In a perfectly nested matrix,
all presences will be in the upper left corner of the theoretical iso-
cline and the matrix temperature will be 0° (cold systems where
extinction order does not change). The maximum value of this
metric is 100° and corresponds to systems with a high influence
of random processes acting on populations, which therefore are
less predictable. These “hot” systems are represented by a matrix
with many unexpected absences above the isocline and unexpected
presences below the line.

Nestedness analysis used the BINMATNEST algorithm devel-
oped by Rodriguez-Girones and Santamaria (2006). This algorithm
has been argued to be more robust and efficient than others (Azeria
and Kolasa, 2008; Larsen and Ormerod, 2010). BINMATNEST re-
orders rows and columns from the presence-absence matrix to
minimise unexpectancy and maximise nestedness and calculates
the matrix temperature (T). In order to test the statistical signifi-
cance of the maximised nested matrix (i.e. that the observed Tis not
lower than expected by chance), the observed Twas compared with
that of null models generated by randomising the original matrix
in 400 Monte-Carlo simulations. Following Larsen and Ormerod
(2010) the null model III was used, as it is less sensitive to species
richness and occurrences and, thus, is considered the most con-
servative and reliable. Moreover it has been shown to perform
better (smaller type I error) than the other null models available
(Rodriguez-Girones and Santamaria, 2006). This model calculates
the proportion of presences for each row (p,;) and column (),
and, for every random matrix, the probability of a cell being filled
is set equal to the average probabilities of occupancy of its row and
column (o, + p¢i)/2 (Bascompte et al., 2003).
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Spearman-rank correlations were used to test whether nested
patterns observed could be driven by the fine sediment content of
the riverbed and by the biological traits of the assemblages. For this,
the ranking of sites in the maximally packed matrix was related to
the proportions of each trait category (as per Larsen and Ormerod,
2010). A significant correlation would suggest that assemblages are
packed in a particular order due to fine sediment influences and the
selection of certain traits in sediment-rich (most nested) locations.

2.3.2. Biological trait data

Information on 12 traits (Table 2) was collected for a total
of 47 taxa, using databases for European rivers (Tachet et al.,
2002; Statzner et al., 1994, 2007). For some taxa (i.e. Oligochaeta),
information on biological traits was not available and these were
excluded from the analysis.

A fuzzy coding procedure (Chevenet et al., 1994) was used to
quantify the affinity of each taxon for each trait category. Scores
ranged from O (indicating no affinity) to 3 or from 0 to 5, depend-
ing on the number of categories within each trait. This approach
provides information on the possible differences among functional
characteristics of species belonging to the same genus and the pos-
sible variation of some habits throughout the different life stages of
a species (Chevenet et al., 1994; Usseglio-Polaterra, 1991). To give
the same weight to each taxon and each trait, affinity scores were
rescaled so that the sum of a given taxon and a given trait equalled
one (Doledec and Statzner, 2008; Van der Linden et al., 2012). Trait
categories were then multiplied by the log(x + 1) abundance of each
taxon at each site to obtain values used to create a site x trait abun-
dance matrix (Larsen and Ormerod, 2010; Feio and Doledec, 2012).
Principal Component Analysis (PCA) on the covariance matrix of
the fuzzy coded data was performed to determine patterns of func-
tional trait composition of the invertebrate assemblages.

All statistical analyses were performed using the following pack-
ages within the R environment (R Development Core Team, 2009):
vegan v2.0-3 (Oksanen et al., 2012) for MMS, MRPP and PCA and
bipartite (Dormann et al., 2008) for the nestedness analysis.

2.3.3. Metrics

Invertebrate density (number of individuals per unit area) and
six taxon-based diversity metrics were calculated for each inverte-
brate sample. The diversity metrics included taxon richness (total
number of taxa), diversity (Shannon’s index; Shannon and Weaver,
1949) and evenness (calculated as the ratio of observed diversity
to maximum diversity; Pielou, 1966). These metrics were selected
because they have along history of use in aquatic ecology, with each
summarising key properties of the assemblage (Magurran, 1988).In
addition, three EPT metrics were computed to assess their ability to
detect fine sediment impacts: EPT density (combined abundance of
Ephemeroptera, Plecoptera and Tricoptera per unit area), EPT rich-
ness (number of EPT taxa) and %EPT (proportion of the assemblage
consisting of EPT taxa). These metrics have been widely used in
detecting human impacts, as EPT taxa are considered to be rela-
tively sensitive to disturbance (Angradi, 1999; Zweig and Rabeni,
2001; Kaller and Hartman, 2004; Larsen et al., 2009, 2011).

Two trait-based metrics were computed for each sample to
assess the functional attributes of invertebrate assemblages. Trait
richness was calculated as the number of trait categories present.
Functional diversity (FD) was calculated as the Rao diversity coef-
ficient, following the methodology developed by Champeli and
Chessel (2002). This index takes into account the dissimilarity in
the trait space among species and each species’ abundance in the
quantification of functional diversity (i.e. by weighting the pair-
wise species dissimilarity by the product of relative abundances of
the two species):

S S
FD = 27 | 27 dypip)

Table 2
Invertebrate traits and categories considered in this study. Codes were used as labels
in Fig. 5.

Trait Categories Code
<0.25 A1l
0.25-0.5 A2
0.5-1 A3

(A) Maximal size 1-2 A4
2-4 A5
4-8 A.6
>8 A7
<1 year B.1

(B) Life cycle duration >1 year B.2
<1 C1

. 1 C2

(©) Pc?teptlal ) ) -1 c3

generations per year Aquatic passive D1
Aquatic active D.2

(D) Form of Aerial passive D.3

dissemination Aerial active D.4
Egg E.1
Larva E.2
Nymph E3

. Adult E.4

(E) Aquatic stage Ovoviviparity F.1
Isolated eggs, free F.2
Isolated eggs, cemented F3
Clutches, fixed F4
Clutches, free F.5
Clutches, in vegetation F.6

(F) Reproduction Clutches, terrestrial F.7
Asexual reproduction F.8
Eggs, statoblasts G.1
Coccons G.2
Housing G3
Diapause G4

. No resistance forms G.5

(G) Resistance forms Microorganisms H.1
Detritus <1 mm H.2
Plant detritus >1 mm H.3
Living macrophytes H.4
Living microphytes H.5
Dead animal <1 mm H.6
Living microinv. H.7

(H) Food Living macroinv. H.8
Vertebrates H.9
Absorber 1.1
Deposit feeder 1.2
Shredder L3
Scraper 1.4
Filter feeder L5
Piercer 1.6

(I) Feeding habits Predator 1.7
Prasite 1.8
Tegument J1
Gill ]2
Plastron ]13
Spiracle (aerial) J4

. Hydrostatic vesicle (aerial) J.5

(J) Respiration Flier KA
Surface swimmer K2
Full water swimmer K3
Crawler K4
Burrower K.5
Interstitial K.6

. Temporarily attached K.7

(K) Locomotion Permanently attached K8
Flag/boulders/cobbles/pebbles L1
Gravel L2
Sand L3
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Table 2 (Continued)

Trait Categories Code
Silt L4
Macrophytes L5

(L) Substrate Microphytes L.6
Branches rots L7
Organic detritus littler L.8

with p; being the proportion of the ith species, d; the dissim-
ilarity of species i and j, and S the total number of species or
taxa in the assemblage. Rao’s diversity coefficient for each sample
was determined using the package FD, which uses the species-by-
species Euclidean distance matrix for the computation of the index
(Laliberté and Legendre, 2010).

Following the approach used by Gallardo et al. (2011), the rela-
tions between metric values and fine sediment were assessed using
Generalised Additive Models (GAMs). This method uses smoothing
curves to model the relationship between response and explana-
tory variables and is suitable for modelling non-linear relationships.
The model for all response variables (i.e. metrics) had the general
form:

Y; = o + f(sediment;) + ¢;

where Y; is the value of the metric in sample i, sediment; is the value
of deposited fine sediment in sample i, &; is the residual for sample
I and o the population intercept. The function f{) is the popula-
tion smoothing function, with cubic regression splines used in all
models to estimate the smoothed relationship between response
variable and predictors. For count data (EPT richness and taxon
richness) a Poisson distribution was selected to model the residual
variation, while a binomial distribution was used for proportion
data (%EPT) and a Gaussian distribution for continuous variables
(invertebrate density, EPT density, Shannon, evenness and func-
tional diversity). The percentage of deviance explained by the fitted
model was used to assess its goodness-of-fit; inspection of residual
plots confirmed modelling assumptions. Analyses were performed
using the package mgcv (Wood, 2011) within the R environment (R
Development Core Team 2009), which allows the application of Gen-
eralised Cross Validation (GCV) to automatically select the degrees
of freedom of the smoothers (i.e. amount of smoothing).

3. Results
3.1. Fine sediment

Mean values of fine sediment stored in the channel of the
Isabena ranged from 90 g/m? at those sites without the influence of
badlands to 400 g/m?2 in the mainstem and up to 1000 g/m? in those
tributaries where badlands comprised a relatively large proportion
of their catchment area (Fig. 2). Maximum individual values were
found in Villacarli, where fine sediment reached 1800 g/m2. ANOVA
and Tukey’s HSD indicated that fine sediment values differed signif-
icantly between the three groups of sites shown in Fig. 2 (p <0.001),
but that there were no differences between sites within each group
(mainstem p-value =0.09; tributaries p-value=0.1).

3.2. Assemblage structure and trait composition

NMDS produced a 2-axis ordination (Fig. 3) with a final stress
value of 0.18, which indicates a satisfactory solution (stress val-
ues >2 indicate unreliable and poor solutions; Clarke, 1993). The
direction of the vector for fine sediment shows the sediment gra-
dient (increasing from left to right), with the length of the arrow
being proportional to the correlation between the variable and the
ordination. Fine sediment proved to be highly correlated with the
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Fig. 2. Mean values of fine sediment content on the river bed. Bars represent the
95% confidence intervals.
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Fig.3. NMDS ordination plot for the invertebrate data. Lines were drawn connecting
each sample and the centroid of the group they belong to. 95% confidence ellipses
around class centroids were also drawn. The overlapping of these ellipses indicate
that classes are not significantly different at level p <0.05. For clarity of the rep-
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plot.

first axis of the ordination (% = 0.45, p-value <0.001). Three major
groups are evident, each formed by a cluster of ellipses. Chance-
corrected within group agreement (A) from the MRPP was 0.2,
indicating a lower heterogeneity within the three groups iden-
tified than expected by chance (McCune and Grace, 2002). The
groups were clearly spread along axis 1. Cabecera (sediment-free
site, located in the right hand side of the plot) was separated from
the rest, indicating marked differences between its invertebrate
assemblages and those at locations downstream. Samples from the
sediment-laden tributaries (Carrasquero, Villacarli and Sta. Creu)
formed another group located at the positive end of the ordina-
tion axis. This group sat very close to the group formed by the
samples from the mainstem, indicating some similarities between
their faunas. No clear spatial pattern was evident within the group
formed by sites along the mainstem, suggesting no major longitu-
dinal changes in assemblage composition.

Ordination of taxa highlighted invertebrates typical of sites with
high sedimentation, as well as those most sensitive to fines. EPT
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Fig. 4. Ranked-abundance plots for the three main groups defined from the NMDS
ordination. Change in species relative abundances is more gradual in Cabecera and
the mainstem, with a more evenly distribution of individuals between the taxa than
in the tributaries.

taxa showed a variety of responses to the sediment gradient. Some
mayfly and stonefly genera such as Baetis, Ecdyonurus and the
caddis Hydropsyche were aligned with the group formed by the trib-
utaries, indicating their predominance in these locations. Other EPT
genera were inversely correlated to fine sediment values, such as
the mayfly Epeorus, the plecopterans Dinocras and to a lesser extent
Perla, Capnia and Leuctridae. In general, coleoptera genera such as
Gyrinus, Dryops and Elodes, as well as the dragonfly Onychogomphus,
proved to be sensitive to fines as they were consistently weighted
towards the negative end of NMDS axis 1.

Density and taxon richness differed significantly between
the three groups of sites [ANOVA: F(8, 47)=27.86 and 45.40
respectively; p<0.001]. Cabecera showed the highest mean val-
ues (2700ind/m? and 42 taxa), while the lowest means were
found in the tributaries, particularly in Sta. Creu river (100 ind/m?
and 4 taxa). Sites on the mainstem showed intermediate values
of richness (5-11 taxa) and density (370-500ind/m?2). In gen-
eral, assemblages at all sites were dominated by EPT taxa, with
ephemeropterans being the most abundant. The most common
taxon at all sites was Baetis, comprising approximately 30% of the
total abundance in Cabecera and the mainstem and 70% in the
tributaries. Fig. 4 shows the ranked-abundance diagrams for the
groups defined in the NMDS ordination. Cabecera and the mainstem
showed a more equitable distribution, with a larger proportion
of taxa with intermediate abundances (i.e. Esolus, Hydropsyche,
Ecdyonurus). Conversely, one taxon (i.e. Baetis) was clearly dom-
inant in the tributaries, with the remainder being uncommon (e.g.
Cheumatopsyche, Acentrella, Rhyacophila).

PCA (Fig. 5) identified major patterns in biological traits present
among sites. Both axes were correlated with fine sediment (% =0.3,
p-value=0.001), implying that overall trait distribution patterns
were influenced by sedimentary conditions. Cabecera and the
group formed by the tributaries draining badland areas corre-
sponded to the extremes in the fine sediment gradient and were
clearly separated in the ordination space. Samples from sites along
the mainstem were widely dispersed on the PCA rather than form-
ing distinct site clusters. The same applied to samples from sites in
the tributaries. The proximity of the mainstem and tributary sites
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Fig. 5. PCA ordination showing the position of sites described in terms of their trait
(i.e. functional) composition. 95% confidence ellipses around centroids were plotted
around each group. Codes for the trait data are described in Table 2. The first two
axes explained 47% of the variance in the trait data.

(specifically the overlap of their 95% confidence ellipses around
group centroids) suggested a similar set of traits in their inverte-
brate assemblages.

Traits responsible for the major differences between sites were
mainly related to the reproductive potential of organisms (i.e. num-
ber of generations per year) and the duration of their life cycle.
Results indicated that multivoltine taxa (>1 generation per year)
with short life-cycle durations (<1 year) were favoured in those
locations with high volumes of fine sediment. Forms of locomotion
seemed to respond differently to sedimentation. Unlike swim-
mers and temporarily attached taxa, crawlers and burrowers were
particularly sensitive and were absent from the sediment laden
tributaries. Assemblages in sediment-free locations were charac-
terised by a more diverse set of maximum size categories, with
animals ranging from very small (<0.25mm) to large (4-8 mm)
body sizes, while only small sizes (0.5-1 mm) were frequent in the
tributaries. No resistance forms seemed to be selected by fine sed-
iment. To a lesser extent, sedimentation also appeared to favour
certain feeding groups (deposit feeders and scrapers), as well as
aerial forms of dissemination and tegumental respiration. There
were no major patterns related to general substrate affinities or
aquatic stages (i.e. categories of these traits showing low compo-
nent loadings in the PCA analysis).

The temperature of the maximally packed matrix indicated a
significantly nested pattern in taxon distribution across the Isabena
(Fig. 6, T=10.47; p<0.01). The nested rank order of taxa was sig-
nificantly correlated with fine sediment content on the river bed
(rs=0.35, p=0.008). Therefore, those found in taxon-poor loca-
tions were subsets of those found in the taxon-rich, sediment-free
ones. This suggests that the sequential removal of taxa across the
catchment was driven by sedimentary conditions, with only com-
mon species persisting in fine sediment-rich locations. Results from
Spearman’s rank correlations between trait categories and the site
ranking in the matrix indicated that certain traits appeared to be
driving the nested patterns (see Table 3). The least nested locations,
which had less fine sediment content, were mainly characterised by
long-lived taxa with longer life cycles, larger sizes, a higher repre-
sentation of shredders and deposit feeders and taxa with abdominal
gill placement. Conversely, locations at the nested end of the matrix
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Fig. 6. Maximally packed matrix from the nestedness analysis. Filled squares indi-
cate the presence of a particular species in a specific patch. The isocline reflects the
curvature of maximum packing or perfect order.

Table 3

Spearman correlation coefficients (r;) between trait categories and the ranking of
sites from the maximally packed matrix. Note that only those traits with categories
showing significant values are shown.

Trait Category Spearman, rg p-Value
0.25-0.5 —0.65 <0.0001

0.5-1 0.34 0.014

Maximal size 1-2 0.41 0.003
2-4 —0.46 0.0006

4-8 —0.44 0.001
. . <1 year 0.69 <0.0001
Life-cycle duration >1 year 069 <0.0001
Potential ti <1 -0.51 0.0035
‘;rer;; generations 1 ~0.29 0.0001
pery >1 0.48 0.0004
Shredder -0.53 <0.0001
. . Scraper 0.43 <0.0001
Feeding habits Filter feeder ~055 <0.0001
Deposit feeder 0.23 <0.0001
Respiration Gills 0.45 0.0008
Swimmer -0.58 <0.0001

Locomotion Crawler -0.35 0.01
Burrower -0.49 <0.0001

held short-lived taxa with smaller body sizes, a larger number of
potential generations per year and a higher representation of scrap-
ers, deposit feeders and burrowers.

3.3. Responsiveness of metrics to fine sediment

Fig. 7 shows the values of the metrics for the study sites. All
metrics showed lower values in the mainstem and particularly the
sediment-laden tributaries, suggesting an inverse response of these
metrics to fine sediment content across the study catchment. ¥EPT
was the exception, with a higher EPT to all taxa ratio in locations
with larger values of fines. The deviance in metric values explained
by the fitted GAMs (goodness-of-fit) varied from 22 to 91% (Table 4).
The density metrics (invertebrate density and EPT density) were
those best explained by fine sediment content (deviance values
above 80%). Conversely, ¥EPT and evenness had poorer model fits
(deviance values of 43% and 22% respectively). Metrics based on

Table 4
Deviance explained and p-value (significance of the smoother) for each GAM fitted
to metric and fine sediment values.

Metric Deviance explained (%) p-Value
Invertebrate density (ind/m?) 91.7 <0.001
Taxon richness 75.3 <0.001
EPT density (ind/m?) 81.9 <0.001
EPT richness 71.9 <0.001
%EPT 43.4 <0.001
Evenness 22 0.01
Shannon 57.4 <0.001
Trait richness 53.7 <0.001
Functional diversity 68.8 <0.001

biological traits also performed well, particularly functional diver-
sity, with almost 70% of it deviance explained by variation in fine
sediment.

4. Discussion

In-channel fine sediment constitutes an important component
of sediment transfer through river systems, and thus plays an
important role in the sediment budget of drainage basins (Wilson
etal., 2004). Lépez-Tarazén et al. (2011a,b) studied in-channel sur-
face fine sediment storage in the Isdbena and reported a mean
value of 990g/m? for their study sections, with a maximum of
8400 g/mZ2. Larsen et al. (2009) reported values for in-channel fine
sediment in the river Usk (where human activities have negligible
impact) ranging from 2 to 147 g/m2. Comparison of these values
helps emphasise the extremely high fine sediment content of the
riverbed in parts of the Isdbena. Nonetheless, some sections of the
Isdbena are relatively sediment free, due to an absence of badland
areas in their catchments. Such contrasts within this one, otherwise
undisturbed catchment provided a basis for assessing differences
in assemblages related to fine sediment. The consistency of the
results of the NMDS and trait-based analyses provide strong evi-
dence of sediment related patterns in invertebrate assemblages
across Isabena. Sites with high values of deposited sediment were
taxonomically depauperate and functionally homogeneous, with
spatial patterns reflecting sample site position relative to the bad-
land areas (i.e. sediment sources). An important point that should
be borne in mind when interpreting these results is that our study
assessed the overall effects of sedimentation on assemblages. Thus,
it is not possible from our data to disentangle effects of the direct
physical impacts of fine sediment on invertebrates (e.g. clogging of
gills, reduction of interstitial space) from physico-chemical changes
(e.g. low oxygen concentrations, changes in pH) which may be
occurring within the bed as a consequence of sedimentation (Ryan,
1991).

4.1. Structural and functional effects of fine sediment

Small increases in deposited sediment can cause a decrease
in invertebrate densities due to a reduction in habitat availabil-
ity and quality, even though there may be little or no change in
assemblage structure (Rabeni et al., 2005). With greater amounts
of deposited sediment, densities of sediment-tolerant species may
increase and alterations in assemblage structure may occur. In our
study, sediment accumulation was associated with reduced inver-
tebrate density and taxon richness, with the most impoverished
sites located in the sediment laden tributaries draining badlands
(some sites supported as little as 4 taxa and 100 individuals/m?).
Invertebrate assemblages were generally homogeneous along the
mainstem of the river. This homogeneity indicates that there was no
clear downstream ecological recovery gradient related to distance
from headwater sediment sources. Despite the distance from these
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Fig. 7. Mean values and 95% confidence intervals of the metrics computed for each sampling location.

sources, large accumulations of fines were found along the main
channel at the most downstream study sites, providing a plausible
explanation for observed patterns of assemblage composition. The
presence of such large accumulations of fine materials here indi-
cates that fine sediment input exceeds the transport capacity of
the river mainstem. This situation is typical of rivers draining highly
erodible materials where sediment production is high (Walling and
Amos, 1999; Lépez-Taraz6n et al., 2010).

Previous studies of the implications of fine sediment inputs
to streams indicate that, in the longer term, assemblage struc-
ture changes from one comprising a range of Ephemeroptera,
Plecoptera and Tricoptera to one dominated by animals such as

Oligochaeta, Chironomidae and Bivalva, taxa adapted to burrowing
(Wood and Armitage, 1997). However, this shift was not observed
in the Isdbena, where EPT taxa were dominant and other genera
(e.g. Gyrinus, Potamophilus, Polycentropodidae) were common only
in those locations with low volumes of fines. The Ephemeroptera
seems to be an important invertebrate Order to consider in fine sed-
iment impact studies as it contains taxa responding in markedly
different ways to sedimentation. For example, Acentrella, Epeorus
and Rhithrogena have been reported to be fine sediment intolerant
or moderately intolerant while Baetis, Ephemerella and Paralep-
tophlebia appeared to be tolerant taxa (Relyea et al., 2000; Wallace
and Gurtz, 1986). In the Isdbena, assemblages in sediment impacted
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sites were clearly dominated by Baetis (which made up more than
50% of the assemblages) and Hydropsyche.

As predicted by the habitat template model (Southwood, 1977),
changes in habitat in the Isdbena appeared to select for certain
biological and ecological traits. Changes in trait profiles reflect
changes in the ability of invertebrates to cope with disturbances,
as only those traits conferring resistance and resilience are selected
(Statzner and Béche, 2010). Results from the Isabena are in accor-
dance with other studies which have indicated that modified
habitats may show shifts in trait structure as those taxa with sen-
sitive traits are filtered out (Peru and Dolédec, 2010; Feio and
Doledec, 2012). Across the Isdbena, the representation of short
life cycles, small sizes, deposit feeders and tegumental respira-
tion increased as fine sediment storage increased. Life history was
clearly the trait most affected by sedimentation, with polivoltin-
ism being favoured in sediment-rich locations. Fine sediment, once
deposited on the river bed, can easily be re-suspended even dur-
ing relatively low flow conditions (L6pez-Tarazén et al., 2009). The
selection of polivoltinism and short life cycles to the detriment of
merovoltine or bivoltine organisms and long-lived taxa, reflects a
selection of organisms capable of rapid colonisation and adaptation
to such low stability habitats, where fine sediment is frequently
mobilised (Larsen et al., 2011). In addition, deposited sediment
fills interstices and reduces porosity, affecting the larger organisms
which require larger interstitial space (Larsen and Ormerod, 2010).

The habit trait group, which indicates invertebrate locomotion
and attachment, also proved to be a responsive measure to sedi-
mentation. In the Isdbena only crawlers and swimmers responded
markedly to fines: while crawlers rapidly disappeared with increas-
ing sedimentation, swimmers appeared to be the most tolerant
group. This positive correlation of swimmers with fine sediment
may result from the ability of these organisms to move out of the
most impaired areas; crawlers move slowly and thus may not be
able to escape from areas experiencing sedimentation.

Feeding activities have beenreported to be affected by deposited
sediment in a variety of ways. For example, Rabeni et al. (2005)
studied changes in functional feeding groups associated with sed-
imentation and found a greater proportion of gatherers and a
lower proportion of filterers and scrapers. They also concluded
that trophic or feeding groups were more sensitive to deposited
sediment than the habit group. Contrary to these results, trophic
composition in the Isdbena did not show such a strong relation-
ship with sedimentation. Certain feeding groups, such as deposit
feeders, were apparently favoured by deposited sediment. Filterers
appeared to be the most sensitive group, while the other groups did
not show marked changes in their frequencies across the fine sed-
iment gradient. Filterers have been considered the most intolerant
group, as respiration structures are clogged by fine particles (Lemly,
1982; Wood and Armitage, 1997). Scrapers, which feed on periphy-
ton attached to the substrate and need clean surface on which to
graze, have usually been found to be intolerant (Wasserman et al.,
1984; Rabeni et al., 2005; Oliver et al., 2012). A decrease in this
group was not seen in the Isdbena, and in fact there was a slight
increase in their representation in sediment-rich locations. Pub-
lished work on trophic composition is rather contradictory, with
several studies reporting that functional feeding groups are not use-
ful in detecting ecological impairment. For example, Culp and Davis
(1983) reported that feeding groups did not change significantly
throughout the year between sediment impacted and unimpacted
sites. Duncan and Brusven (1985) also found similar proportions
of feeding groups in logged and unlogged streams. However, these
results may be attributable to the dominant influence of other abi-
otic controls, such as bed scour and flow hydraulics, leaving changes
in food resources of secondary importance (Relyea et al., 2000).
Overall, the results for feeding were ambiguous and less clear cut
in the Isabena than for other functional traits.

The reduction of the availability and quality of the habitat in
the Isabena led to a sequence of non-random species loss which
strongly depended on ecological and biological traits. The sys-
tematic drop-out of species over the sediment gradient promoted
nested patterns across the catchment, with rare taxa limited to
areas with low volumes of fines. In particular, trait categories con-
ferring resilience (i.e. small size, short generation time and polivol-
tinism) increased in frequency in sediment-rich locations. The same
trait selection and nested patterns were found in the experimental
study conducted by Larsen et al. (2011) and in the sediment-rich
sites over larger areas studied by Larsen and Ormerod (2010).
Results from the Isabena provide further evidence that nestedness
is a consequence of a non-random colonisation-extinction pattern
driven by the selection of pre-adapted generalist species.

Benthic invertebrates play an important role in ecosystem func-
tioning, as they serve as a food source and convert allochthonous
and autochthonous plant material into energy for higher order
organisms. In the Isdbena, high sedimentation levels appeared to
promote changes in invertebrate trait proportions. Such changes
have potential implications for secondary production, biomass and
metabolism and litter decomposition (Duncan and Brusven, 1985).
Assessment of such implications would help develop more fully
our understanding of the effects of fines on river ecosystem func-
tion and, in turn, provide the basis for more holistic and effective
stream integrity assessment tools (Feio and Doledec, 2012).

4.2. Performance of the diversity metrics

Invertebrate diversity metrics calculated for the Isabena sam-
ples differed in their sensitivity to fine sediment content. Taxon
richness and invertebrate density decreased markedly with
increasing fine sediment content of the river bed. Previous studies
have reported declines in abundance of certain invertebrate groups
following an increased input of fine sediment, most notably ple-
copterans (Culp and Davis, 1983). Even though invertebrate density
and taxon richness may be useful in distinguishing between unaf-
fected sites and highly impacted ones (i.e. sites showing abundant
assemblages or very poor ones respectively), they may not be use-
ful in distinguishing intermediate levels of disturbance. This may be
due to the fact that fine sediment favours some taxa at the expense
of others, and, since these indices do not take into account any mea-
sure of differing relative abundances, they may fail to detect more
subtle ecological changes.

Metrics that incorporate measures of equitability or the rela-
tive abundance of taxa have long been used to detect differences
between impacted and unimpacted streams (Letterman and
Mitsch, 1970). Shannon’s index values in the Isidbena decreased
as fine sediment content increased, a result consistent with that
of Sarver (2003). This index can also be used as a heterogeneity
measure as it takes into account species’ relative abundance. Shan-
non index values indicated a homogenising effect of fine sediment
on invertebrate assemblages in the Isdbena, with sites where the
largest accumulations occurred being dominated by a small num-
ber of taxa (Fig. 7). However, values of evenness did not show
a marked response to fine sediment accumulation. Kilgour et al.
(2004), who assessed the sensitivity of several diversity metrics to
different stressors, also found evenness to be less sensitive than
taxon richness and Shannon’s index. Larsen et al. (2011) concluded
from their experimental studies that deposited sediments did not
affect diversity index values. They attributed this to the loss of rare
taxa at greater sediment cover, which led to fewer taxa that had
an even distribution of individuals between them. Additionally, as
pointed out by Peru and Dolédec (2010), natural assemblages rarely
have a perfectly even distribution of taxa; this adds a degree of
uncertainty to the use of metrics which are based on the assumption
of the evenness of undisturbed systems.
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EPT metrics are frequently used in bioassessment. In the Isabena,
EPT density and EPT richness decreased as the fine sediment con-
tent of the sampled patches of bed increased, as found by Gray
and Ward (1982) and Waters (1995). These taxa are expected to
respond to changes in substrate composition and to show lower
values of abundance and richness in streams with large volumes
of deposited sediment (Pollard and Yuan, 2010). Nevertheless, in
our study the %EPT metric did not respond in this way, but instead
showed a weak positive relationship with fine sediment. This find-
ing is in line with Relyea et al. (2000), who could not discriminate
among streams with varying levels of fine sediment using %EPT.
The pattern in %EPT values in the Isabena was due to the fact that
while invertebrate assemblages at sites with high values of fine sed-
iment comprised only a small number of individuals, these were
often dominated by EPT taxa (notably Baetis and Hydropsyche).
This led to the increased values of the %EPT metric with increas-
ing sedimentation. Previous studies have indicated that some EPT
taxa are relatively tolerant of fine sediment. For example, Angradi
(1999) and Kaller and Hartman (2004) reported a positive corre-
lation between the metric % Baetidae of Ephemeroptera and fine
sediment. Ulfstrand (1975) reported that several groups of mayflies
(i.e. Baetidae and Heptagenidae) have certain properties that con-
fer resilience (i.e. less specialised feeding habits, high fecundities
and short generation times). Thus, the specific ecologies of these
animals need to be borne in mind when drawing conclusions from
EPT metrics, particularly %EPT.

Taxon-based metrics, because they only take into account the
presence/absence and relative abundances of species, may fail to
detect functional changes occurring in response to habitat modi-
fication (Peru and Dolédec, 2010). The use of trait-based metrics
should help overcome such problems. Some studies have pointed
to functional diversity as being the most versatile metric as it pro-
vides an indication not only of species number and dominance
but their functional role in the assemblage (Gallardo et al., 2011;
Mouillot et al., 2006). A high proportion of the variability in func-
tional metrics values computed for the Isdbena could be accounted
for by variability on fine sediment (Table 4). Rao’s coefficient was
indicated by Léps et al. (2006) to be a good candidate for an
efficient functional diversity index and our results support this
assertion.

4.3. Fine sediment and flow regimes

The Mediterranean climate is relatively predictable, with
marked floods occurring mainly during spring and autumn. Streams
in this region are physically, chemically and biologically shaped by
sequential, predictable, seasonal patterns of flooding and drying
(Gasith and Resh, 1999). Floods will affect channel morphology of
the stream, and depending on their magnitude, may impact reach
scale morphology and local grain-size distributions. The erosion of
fine sediments from badlands and their transport to river chan-
nels is not just controlled by rainfall intensity, but many other
factors (e.g. vegetation cover, slope, connectivity). In the case of
the Isdbena, event-based observations in an experimental badland
show that freeze-thawing processes in winter eventually loosen the
materials and increase the sediment supply in subsequent rainfall
events. Therefore, theses processes control variability in fine sedi-
ment stored in the channel over the annual scale and consequently
bed grain size distributions within stream reaches (Lopez-Tarazén
etal, 2011a).

As well the transport and deposition of fine material, changes
to flood magnitude and frequency may facilitate or interfere with
colonisation by invertebrates (Kochersberger et al., 2012). In the
case of the Isabena, colonisation and recovery following episodes
of fine sediment deposition may be impeded by the baking of
exposed sediment which occurs during the hot summer months.

Fine sediment present across the channel is exposed as flows
drop and, once dried, the bed is likely to become impenetrable,
preventing exchange between surface and groundwaters, inhibit-
ing the use of interstitial refugia by invertebrates and affecting
the dissolved oxygen levels in the surface and shallow hyporheic
zones. Even once rewetted by subsequent flow events, baked
(cohesive) sediment may not be immediately removed because of
its relatively high entrainment threshold. Such cohesion will likely
perpetuate the ecological effects of episodes of sedimentation,
although this has yet to be studied. Similarly, the effects of longer
term (seasonal, annual) changes in patterns of sedimentation in
the Isdbena remain unknown.

5. Conclusions

The aim of this study was to assess the effects of naturally
occurring fine sediment on an otherwise relatively undisturbed
catchment. We examined invertebrate assemblage taxonomic
structure and functional traits and assessed the ability of a set
of commonly used biodiversity metrics to detect fine sediment
impacts. Overall, results were in line with those of studies of sedi-
mentation effects in anthropogenically modified catchments, with
a decline in species richness, total density and trait diversity with
increasing fine sediment content on the river bed.

Functional traits proved to be useful to understand the mech-
anisms responsible for observed patterns in the abundance and
distribution of macroinvertebrates in the Isabena. Life history traits
that conferred resilience to populations in sediment-rich locations
were influencing the nested patterns observed across the catch-
ment. Results help support the argument that nested patterns
can result from fragmentation of the habitat due to changes in
its quality, and not only as a consequence of larger-scale biogeo-
graphical processes (Hylander et al., 2005; Larsen and Ormerod,
2010).

Climate change, habitat modification, fragmentation and loss
are leading to unprecedented rates of diversity loss. Even though
efforts are being made to detect and identify the causes of impair-
ment and the organisms at risk, there is still limited understanding
of which the types of organisms should be targeted for protection.
The study of trait responses and nested patterns could have con-
siderable significance for the identification of sensitive species and
hence their conservation (Larsen and Ormerod, 2010). The present
study provides further support for the view that habitat change
and fragmentation associated with excessive fine sediment loads
are resulting in the elimination of species with sensitive traits, and
that this is promoting nested patterns.
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