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Abstract Aquatic invertebrate distribution within a ﬂuvial network is aﬀected both by dispersal capabilities of
the species and changes in the environment along spatial
gradients. Disturbance that aﬀects part of the network
may represent an abrupt change in environmental gradients, which should be reﬂected on its communities. We
analysed whether the composition of benthic insect
communities is associated to environmental and geographic distances in a small catchment, partially disturbed by a wildﬁre (non burned forest-control: C,
moderate impacted: I and burned zones: B). We postulated that changes in main resource availability diﬀerently aﬀect certain functional feeding groups. We found
that taxonomic diﬀerences were related to the disturbance condition but not to the distance among streams
and that the eﬀect of disturbance targeted mostly on
shredders. Environmental diﬀerences were larger among
C sites than among B sites, but community taxonomic
composition was more similar among C than B sites. As
a result, neither environmental nor geographic distances
explained community similarity. When the analysis was
scaled up by incorporating new data from a larger area,
community similarity was explained both by environmental and geographic distance, independently (i.e.
geographic and environmental distances did not correlate). Our results highlight the inﬂuence of a disturbance
on the riparian vegetation on the benthic community
composition and functional structure of forested
streams, and showed the eﬀect of scale in habitat assoV. Dı́az Villanueva (&) Æ G. Mariluan
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ciation, as environmental and geographic distance together explained community similarity when the spatial
scale was enlarged.
Keywords Species distribution Æ Functional groups Æ
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Introduction
Studies on stream invertebrate distribution within a
network have revealed that community similarity among
stream reaches depends both on the dispersal capability
of species that conform the community (Clarke et al.
2008; Altermatt et al. 2013) and environmental gradients
along the network (Mykrä et al. 2007; Heino and Mykrä
2008). These two features, environmental gradient and
dispersal ability, were taken individually to explain the
decrease of community similarity with increasing spatial
distance by two opposing theories: niche and neutral,
respectively (Tilman 1982; Hubbell 2001). However,
both forces shape communities diﬀerentially, depending
on species traits, e.g. the trophic habits (Thompson and
Townsend 2006). For aquatic insects, adults would have
the capacity to colonize neighbour streams within a
catchment and among catchments greatly depending on
their longevity, the number of generations per year
which may increase the opportunity to disperse farther
(Saito et al. 2015), and dispersal capability of the individuals (e.g. ﬂying) (Hughes 2007). Although dispersal
ability depends on a great variety of species traits (for
example some small species may passively disperse via
wind currents and get far away from the site they
emerged), mean maximum dispersal distance is usually
less than half the distance among adjacent streams
(Clarke et al. 2008). As a consequence, the distribution
of insect species with weak dispersal ability may be more
constrained by geographical distance than by environmental gradients (Astorga et al. 2012) resulting in higher
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community similarities among neighbour sites (Altermatt et al. 2013).
Spatial and temporal variations in community composition are also inﬂuenced by ecological disturbances.
However, the eﬀects of disturbance on diversity may
have opposite results. On one hand, disturbance may
create new opportunities for species colonization (increasing species diversity) (Hutchinson 1953; Townsend
and Scarsbrook 1997; Hawkins et al. 2015), while on the
other hand, it may exclude species that lack the adaptations to the new conditions (decreasing species diversity) (Death 2002). Moreover, if ecosystems are
characterized by low resilience or if disturbances provoke long lasting structural and functional changes, the
new community may persist for years. Summarizing, the
eﬀects of disturbances depend both on the spatiotemporal scale of observation (Lepori and Hjerdt 2006;
Myers et al. 2015) and on the productivity of the disturbed ecosystem (Cardinale et al. 2009; Sircom and
Walde 2011; Tonkin et al. 2012).
Wildﬁres and logging are well known disturbances
in forests, with strong eﬀects also on aquatic environments. Certain eﬀects immediately reach streams, such
as altered run-oﬀ (Benavides-Solorio and MacDonald
2001), with increasing discharge pulses, soil erosion,
sediment and nutrient loading and sedimentation (Sabater et al. 2000; Bladon et al. 2008). Others, as when
surrounding plants die, might be long lasting, resulting
in higher sunlight incidence, higher temperature ﬂuctuation (Studinski et al. 2012) and reduction in allochthonous organic matter inputs to streams (Pettit
and Naiman 2007; Straka et al. 2012). These latest
factors would have a positive eﬀect on algal production
(Stevenson et al. 1996), so a shift from heterotrophic
energy sources to autotrophic ones would be expected
(Sabater et al. 2000; Spencer et al. 2003). This shift on
the availability of trophic resources at the base of the
food web would aﬀect the communities of primary
consumers (Benstead and Pringle 2004; Mellon et al.
2008; Dı́az Villanueva et al. 2010), depending on
trophic habits.
If a disturbance aﬀects species independently of their
functional role, as usually do high intensity disturbances, then it is likely that functional diversity remains
unaltered and functional redundancy assures the maintenance of ecosystem functioning (Loreau et al. 2001;
Giller et al. 2004). On the contrary, disturbances that
target all the species of certain functional trophic role
would have greater impact on ecosystem functioning
(Dı́az and Cabido 2001; Schmera et al. 2012). For instance, studies on invertebrate biota in streams aﬀected
by ﬁre or deforestation found that collector-gatherer
and scraper species were able to take advantage of increased primary production in bioﬁlms, while species
with other feeding habits were unable to track resource
availability and declined in biomass (Benstead and
Pringle 2004; Kasangaki et al. 2008; Mellon et al. 2008;
Rugenski and Minshall 2014).

Fire constitutes the main large-scale disturbance
factor in Andean–Patagonian forests (Veblen et al.
1992). Our study analysed stream insect community
structure within a catchment primarily immersed in a
deciduous forest of Nothofagus pumilio (Poepp. & Endl.)
Krasser in the North Patagonian Andes. The catchment
was partially aﬀected by a wildﬁre 9 years before the
survey, but by the time of sampling the forest had not
recovered in heavily burned areas. Instead, it became
replaced by a shrubby-herbaceous and sparse plant
community of Diostea juncea (Gillies & Hook.) Miers,
Schinus patagonica (Phil.) I.M. Johnst. & Vicia nigricans
Hook. & Arn., among other species (Mermoz et al.
2005). Many of the eﬀects associated with ﬁre (e.g. ash
and ﬁne sediment inputs and rapid changes in organic
matter inputs and standing stock) would have taken
place in the short-term and likely aﬀected aquatic
communities detrimentally. Those eﬀects are not attempted to be covered here; instead, we focus on the
residual consequences for stream communities associated to the slow-recovery ability characteristic of
Nothofagus mountain forests (Mermoz et al. 2005) and
rapid-recovery potential of invertebrate communities
(Fritz and Dodds 2004).
Our aims were to assess if the similarities of the
assembly of stream insect communities within a disturbed catchment were more aﬀected by environmental
diﬀerences or by the distance among sites. Also, we
investigated if the disturbance targeted a particular
functional feeding group. We assumed that 9 years was
enough time to ensure reasonable dispersal and settlement of individuals across the catchment. For this purpose, we examined stream insect species abundance and
distribution along a spatial gradient of wildﬁre intensity.
Our hypothesis is that disturbance disrupts the association between community similarity and geographic distance, so that local environmental characteristics are
more important in shaping the composition of benthic
insect assemblages. On the other hand, spatial scale may
strongly aﬀect the patterns of habitat association (Garzon-Lopez et al. 2014). Chase (2014) hypothesized that
as scale decreases, stochasticity (geographic distance) is
more important than environment in the community
structure, and viceversa. Thus, we also assessed the effects of geographic distance and environmental characteristics on community similarity among sites of streams
at a larger scale, using published data (Mauad et al.
2015). We expect to ﬁnd (a) shifted pattern in the proportion of functional feeding groups within communities
varying from one dominated by shredder/collectorgatherer guilds at the unburned forest area to one
dominated by scraper/collector-ﬁlterer guilds at the
burned forest catchment, (b), that disturbance plays a
drastic role in disrupting the relation between community similarities and geographic distance, and (c) community similarities associated more to environmental
characteristics than to geographic distance in a larger
scale survey.
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Materials and methods

neighbor sub-catchments but strong diﬀerences in forest
degradation were recorded.

Study area
Sampling procedure

The study was performed in Chall-Huaco catchment
(47 km2), in the Nahuel Huapi National Park (41 13¢ S;
71 20¢ W, Fig. 1), which represents the easterly driest
limit of the Nothofagus temperate rain forest in NorthPatagonian Andes (Albariño et al. 2009). Headwaters in
Patagonia are located in the Andes above 1000 m a.s.l.,
where streams are canopied by the deciduous endemic
mountain beech Nothofagus pumilio. Chall-Huaco
stream runs from 1500 m a.s.l. to its outlet into Ñireco
stream at 950 m a.s.l. Human activity above 1000 m
a.s.l. is restricted to hiking.
The studied area covered ca. 4 km2 of subalpine
forests in the mid valley with diﬀerent intensities and
extension among subcatchments (Kitzberger et al. 2005).
Sampling was carried out in nine ﬁrst to second-order
streams, covering a strait distance of 6 km between the
farthest sites, covering three contrasting impact degrees
(Fig. 1): three streams in an unburned forest area
(Control sites: C1, C2, C3), three in marginally aﬀected
areas (i.e. Intermediate burned streams, I1, I2, I3); and
three in the intense burned area (B1, B2, B3). The
Control streams are sub-catchments totally covered by
old-growth monospeciﬁc forest of N. pumilio; the burned
streams are sub-catchments with a shrubby-herbaceous
vegetation; and the intermediate streams belong to subcatchments that were partially burned and where small
isolated forest fragments and most riparian vegetation
remained (I1 and I2), or sub-catchments where only the
downstream area was aﬀected (I3). Sites I2 and B1 are

Sampling was carried out in February (summer) 2006.
Temperature and conductivity were measured at each
site with a multiprobe instrument (YSI 85, Yellow
Spring, Ohio) and pH with pHmeter (HANNA, HI
8424). Water samples were taken to measure nutrient
concentration (phosphorus and nitrate), and ﬁne particulate organic matter in transport (TFPOM). Five
cobbles were collected at each site to estimate periphyton biomass.
In the laboratory, soluble reactive phosphorus (SRP)
and nitrate (NO3) concentrations were determined from
water subsamples ﬁltered through Whatman GF/F ﬁlters. Phosphorus was determined by the ascorbate-reduced molybdenum blue method (APHA 2005). Nitrate
was measured as NO2 after reduction through a cadmium-copper column (Wood et al. 1967) and quantiﬁed
spectrophotometrically.
Periphytic algal biomass was estimated as chlorophyll
a concentration (Chl a) and periphyton organic matter
(OM) as ash free dry mass (AFDM). Cobbles were
carried to the laboratory in individual containers in dark
and refrigerated. Periphyton was scraped from individual substrates with a nylon brush and washed with distilled water. The obtained sample was homogenised and
an aliquot of 1 ml was used for chlorophyll a estimation.
Extraction was done with hot 90% ethanol (Nusch 1980)
and measurements were carried out in a ﬂuorometer
(Turner designs 10-AU). Periphyton OM was deter-

Fig. 1 Map shows the study area, located in the Nahuel Huapi
National Park, in the northern Patagonian Andean region of
Argentina, and the study cites in the Chall-Huaco catchment, three

in the burned area (B1, B2 and B3), three in the marginal area
(intermediate disturbance, I1, I2 and I3) and three in the unburned
area (C1, C2 and C3)
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mined by ﬁltering a 5-ml aliquot onto pre-weighed and
pre-combusted Whatman GF/C ﬁlters and dried at
80 C for 48 h. The ﬁlters were weighed, combusted at
550 C for 1 h and re-weighed, considering that OM was
the diﬀerence in mass before and after incineration, i.e.
AFDM (APHA 2005). The total surface of each sampled stone was estimated from the length of its three
main axes.
Benthic leaf litter was sampled together with insect
samples (see below). In the laboratory, leaves were
separated from woody debris and ﬁne organic fragments
to quantify leaf litter mass. Dry mass was obtained by
oven-dried at 60 C for 48 h and weighed to the nearest
0.1 mg.
Benthic aquatic invertebrates were collected from
riﬄes with a Surber sampler (0.09 m 2, 250 lm mesh
size, n = 5 per site). Although we did not survey pools,
a recent study in the catchment reported that pools
cover < 40% of stream bottoms and have no exclusive
taxa compared to riﬄes (Mariluan 2017). Thus our
sampling procedure had a good representation of species
richness. Samples were preserved in 5% formalin until
processing. In the laboratory samples were washed
through 1.00, 0.50 and 0.25 mm sieves to facilitate
invertebrate sorting. Invertebrates were separated and
preserved in 90% ethanol until counting. Identiﬁcation
of insect larvae was carried out under a stereomicroscope to the lowest possible taxonomic level. Oligochaetes and Platyhelminthes were also present but
they were not taken into account in the analysis, as they
greatly diﬀer in their dispersal capacities due to the lack
of a terrestrial winged stage. For insect larvae, individuals of each taxa were counted and dried at 80 C for
24 h and weighed to the nearest 0.01 mg to obtain
abundance and biomass, respectively. Each Surber
sample was quantiﬁed separately.
Insect larvae were assigned to ﬁve functional feeding
groups (FFGs): collector-gatherers (CG), collector-ﬁlterers (CF), shredders (Sh), scrapers (S) and predators
(P), following general literature (Merritt and Cummins
1996), and speciﬁc works from the area (Dı́az Villanueva
and Albarino 1999; Velásquez and Miserendino 2003;
Dı́az Villanueva et al. 2004; Albariño and Dı́az Villanueva 2006).
Data analysis
Principal Component Analysis (PCA) on seven environmental variables (water temperature, conductivity,
SRP, NO3, periphytic OM and Chl a concentration, and
TFPOM) was performed after normalizing variables to
identify those most responsible for the spatial variation
among streams, using PRIMER v.6.1.6 (Primer-E Ltd
2006., Plymouth, UK). Diﬀerences among stream types
(three levels of ﬁre intensity: Control, Intermediate and
Burned) were analyzed with one way-ANOVA (Quinn
and Keough 2002) using SigmaPlot v.12.5.

Community similarity (CS) between pair of streams
was calculated with Bray–Curtis index using mean taxa
abundance [after log (x + 1) transformation] per
stream. Although ﬁve samples per site were quantiﬁed
separately, we used mean stream values as replicates
(three streams per disturbance level, 3 · 3) to avoid
pseudo-replication within each stream (i.e. Surber samples). Environmental distance (ED) between each pair of
streams was obtained from the Euclidean distance matrix on environmental data. We performed these matrix
analyses using the statistical package PRIMER (version
6.1.6, PRIMER-E Ltd 2006). Geographic distance (GD)
was measured as the straight length between stream sites
for each pair of stream combinations. We preferred this
measurement instead of the distance between sites along
the watercourse, because instream connectivity between
sites should assume upstream movement, which is less
likely to occur than terrestrial dispersal by insect adults.
Simple linear distance has been used as a proxy for
physical constraints to stream invertebrate movement
between streams (Finn et al. 2006).
To test the relationships between community dissimilarity, environmental distance and geographic distance, matrix correlation was assessed using
permutation Mantel tests (Legendre and Legendre
2012). While Mantel test analyses signiﬁcant correlation
between two matrices, partial-Mantel test do the same
for three or more matrices. Essentially, it allows a
comparison between two matrices while controlling for
(or removing the eﬀect of) a third one. Therefore, when
strong correlation between matrices was detected
(Mantel R > 0.5 and P < 0.01), partial Mantel tests
were used to assess correlation between community
dissimilarity and the matrix of interest, while controlling
for the second matrix (Legendre and Legendre 2012).
The eﬀect of spatial scale was assessed using a database from a recent study which described stream invertebrate communities in the Ñireco catchment (Mauad
et al. 2015). The study included sites with similar and
higher stream order and a more diverse canopy cover;
we excluded from the analysis sites under urban development to avoid incorporating a new human-driven
impact. Such study did not include sites within the ﬁreimpacted area, and diﬀerences in vegetation cover were
related to natural gradients (from forest to open vegetation). The catchment has an area of 74 km2 and the
maximum distance between further streams was 11 km.
Data on Mauad et al. (2015) was analysed using the
same indexes (community similarity, environmental and
spatial distances), and the relation among matrices was
analysed with Mantel test.
Aquatic invertebrate assemblages were compared
using analysis of similarities (one way-ANOSIM with
1000 iterations, (Clarke and Warwick 2001)), which assesses the diﬀerences among invertebrate assemblages
based on the rank similarities from the Bray–Curtis
similarity matrices, with ﬁre intensity as factor (three
levels). Non-metric Multidimensional scaling (nMDS)
was applied to visualize the ordination of sites according
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Fig. 2 Distribution of study sites in the control area (C1, C2 and
C3), in the marginal area (I1, I2 and I3) and in the burned area (B1,
B2 and B3) based on environmental (T temperature, Cond
conductivity, NO3 nitrate and SRP soluble reactive phosphorus),
and biological (Chl chlorophyll a concentration, OM periphyton
organic matter, TFPOM ﬁne particulate organic matter in
transport) variables according to a principal component analysis
(PCA)

to insect species and functional feeding group abundance. Insect abundance data was transformed by log
(x + 1) to down-weight high abundances. When there
were signiﬁcant diﬀerences, post hoc Tukey tests were
used to account for multiple comparisons among stream
types. When ANOSIM revealed signiﬁcant diﬀerences,
we used the species contributions to similarity (SIMPER) to identify which taxa were responsible for the
observed diﬀerences in assemblages. We performed these
multivariate analyses using the statistical package PRIMER (version 6.1.6, PRIMER-E Ltd 2006, PML Lutton, England).

Results
Local habitat conditions
Although some environmental variables varied among
streams, when data was analysed according to stream
type there was little variation (Table 1). However, the
ordination of sites based exclusively on these characteristics showed segregation in PC1 between Control and
Burned sites, while Intermediate streams distributed
near to Control sites (ANOVA, P = 0.027, Fig. 2). The
ﬁrst two PCs explained 62.8% of the variation. Control
sites distributed in the positive values of the PC1 (which
explained 35.2% of the variation) and Burned sites in
the negative side. PC1 was positively correlated with
TFPOM (linear combination coeﬃcient = 0.56) and
nutrient concentrations (linear combination coeﬃcient
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(a)

Fig. 3 Community similarity index (Bray–Curtis) of sites based on
taxonomic composition of insect in Chall-Huaco catchment,
plotted against a geographic linear distance, and b environmental
distance (Euclidean distance) for all pairwise comparisons. Comparisons between sites with the same impact (CC Control–Control,

Fig. 4 Multidimensional scaling (MDS) ordinations of sites in the
control area (C1, C2 and C3), in the intermediate area (I1, I2 and
I3) and in the burned area (B1, B2 and B3) based on insect species
abundance

SRP = 0.50 and NO3 = 0.46). The PC2 (which explained 27.6% of the variation) did not discriminate
among sites (ANOVA P = 0.350) and was negatively
related to periphyton OM (0.61) and conductivity (0.49).
Taxonomic composition
Total insect abundance did not diﬀer among stream
types (KW, H = 1.16, P = 0.56), but total community
biomass was lower in Burned streams than in the other
two stream types, which did not diﬀer (KW, H = 13.12,
P = 0.001, Table 2). A total of 27 insect taxa were recorded, belonging to 19 families of 5 orders (Table 2).
All taxa found corresponded to larval stages of terrestrial adults.
Community similarity among sites was > 58% and it
was neither correlated to GD nor ED (partial-Mantel
tests, P = 0.064, P = 0.382 for each independent
variable, respectively). In particular, there were three
pairs of sites very close to each other (i.e. low GD: C2-

(b)

II Intermediate–Intermediate, and BB Burned–Burned) are underlined; comparisons between Control-Intermediate sites are represented with circles, betwen Burned-Intermediate sites with squares
and between Control-Burned sites with triangles

B1, C3-B1 and I1-B1) with highly dissimilar communities, which were responsible for this lack of relation
(Fig. 3). When this analysis was applied to the dataset of
Ñireco catchment, CS among sites was signiﬁcantly explained by GD and ED (partial-Mantel tests,
P = 0.005, P = 0.009 respectively).
Eight taxa were common to all streams and 15 out of
27 taxa (55%) were common to all stream types. Despite
this similarity, MDS ordination analyses showed a gradient from impacted to not impacted streams (Fig. 4),
that signiﬁcantly diﬀered in community composition
(ANOSIM, Global Rho: 0.465, P = 0.032, Tukey post
hoc P < 0.05, C = I, I = B, C „ B). According to
SIMPER analysis, diﬀerences were higher between
Control and Burned streams than either between Intermediate-Control and Intermediate-Burned streams (Table 3), and taxa that most contributed to the diﬀerences
were Tipulidae sp. 3 and the caddisﬂies Myotrichia
murina and Smicridea frequens, which were more abundant in Control streams. Intermediate streams were
more similar to Control than to Burned streams (Table 3), and the species that contributed to this diﬀerence
were Tipulidae sp. 1 and sp. 2 and M. murina (5.93%),
which were more abundant in Control streams. The
species that most contributed to the diﬀerences between
Burned-Intermediate were M. murina and the caddisﬂy
Reochorema sp., more abundant in Intermediate
streams, and the plecoteran Austronemoura sp., more
abundant in Burned streams (Tables 2 and 3). Eight taxa
were absent in Burned streams and three species were
absent in Control streams, two Baetidae and one
Ephydridae species (Table 2). Only one species (the
large-sized scraper larvae of Notoperla archiplatae) was
absent at intermediate impacted streams.
Functional composition
The ﬁve FFGs were found in all the streams (Table 2).
Among collector-gatherers, Ephydridae sp. was absent
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Table 2 Insect taxa abundance and total insect abundance (mean ± standar error, ind m 2), and their corresponding functional feeding
groups (FFG): Predators (P), Collector–gatherers (CG), Collector–ﬁlterers (CF), Scrapers (S) and Shredders (Sh)

0-10

10-50

50-100

100-500

FFG

C1

P

244
±67
33
±11
756
±322

500-1000

C2

>1000

C3

I1

I2

I3

B1

B2

B3

89
±14
42
±21
173
±76

58
±12
67
±25
253
±101

39
±12
100
±48
297
±173

96
±67
128
±29
1056
±274

89
±25
367
±192
3324
±176

181
±76
48
±23
501
±153

49
±27
93
±39
1044
±231

13
±2
78
±42
1098
±186

28
±17
0

20
±10
0

20
±4
0

11
±6

480
±408

24
±
89
±83
780
±255

36
±
76
±22
453
±151

7
±
0

433
±211

5
±
5
±4
187
±97

0

CF

6
±6
3
±3
139
±75

Sh

0

0

0

0

11
±11
0

0

Sh
Sh

561
±150
6
±6

11
±6
0

18
±7
13
±11
727
±155
2
±2

33
±10
0

4
±3
16
±8
0

0

S

517
±328

64
±44

411
±69

317
±36

S

0

0

0

S

0

0

S

28
±6

Sh

S

Diptera
Ahericidae
Dasyomma sp.
Ceratopogonidae
Chironomidae

P
CG

Empididae
Chelifera sp.
Ephydridae
Simulidae

P
CG

0
187
±91

78
±54

Tipulidae
Tip sp. 1
Tip sp. 2
Tip sp. 3
Tip sp. 4

0
3
±3
0

7
±7
4
±4
0

2
±2
0

0

0

0

0

613
±148

209
±48

1125
±391

193
±91

67
±26

0

0

0

0

0

6
±6

5
±4

9
±9
38
±21

27
±19

0

116
±76
27
±24

0

2
±2

6
±6

0

9
±9

0

0

0

117
±94

344
±97

82
±24

133
±34

117
±10

120
±65

507
±11

9
±6

40
±12

22
±11
22
±11

64
±44
196
±72

0

42
±23
3
±3

11
±4
37
±15

229
±52
36
±14

11
±4
5
±4

29
±12
0

642
±322
13
±8

11
±6
0

9
±4
2
±2

2
±2
0

0

0

0

0

0

3
±3

0

0

0

0

36
±36
0

Sh

211
±72

0

2
±2

0

43
±4

0

219
±52

0

24
±24

Sh

6
±3
0

82
±44
0

7
±7
7
±7

28
±16
0

0

11
±4
0

0

0

107
±20
4
±0

0

18
±6
0

94
±72

136
±64

182
±69

36
±16

43
±24

44
±37

0

27
±22

24
±11

Sh

8
±5
0

0

Ephemeroptera
Leptophlebiidae
Meridialaris
chiloeensis
Baetidae
Andesiops peruvianus
Andesiops torrens
Nesameletidae
Metamonius anceps
Plecoptera
Austroperlidae
Klapopteryx kuscheli
Gripopterygidae
Aubertoperla illesi
Chilenoperla sp.
Notoperla
archiplatae
Notoperlopsis femina

Sh
S
S

18
±10

Notonemouridae
Austronemoura sp.
Udamocercia
arumifera
Neofulla sp.

Sh

Trichoptera
Hydropsychidae
Smicridea frequens
Hydrobiosidae

CF
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Table 2 continued
FFG
Reochorema sp.

I1

I2

I3

P

C1
6
±3

C2
11
±6

C3
18
±8

50
±46

64
±17

60
±28

B1
0

B2
4
±4

B3
11
±9

Sh

0

64
±31
8
±8

0

0

0

0

0

4
±3
2
±2

0

Sh

4
±3
0

0

0

0

0

0

Sh

0

11
±7

556
±54

94
±41

64
±39

0

0

0

0

Sh

0

0

2
±2

0

11
±4

11
±7

0

0

0

S

33
±16

4
±3

11
±5

36
±36

0

2
±2

0

0

0

67
±18
3194
±1019
1.70
±0.60

216
±46
1488
±253
3.30
±0.70

58
±29
2997
±460
2.22
±0.43

381
±129
1808
±540
1.15
±0.40

21
±14
5728
±575
3.07
±0.70

82
±20
2538
±597
0.75
±0.15

21
±14
2848
±661
0.57
±0.17

16
±8
2300
±400
1.03
±0.31

13
±6
2040
±370
0.70
±0.06

Limnephilidae
Monocosmoecus sp.
Limnephilidae sp. 1
Sericostomatidae
Myotrichia murina
Parasericostoma
cristatum
Coleoptera
Scirtidae
Elmidae
Austrelmis sp.

CG

Total abundance (ind. m−2)
Total biomass (g m−2)

Mean total abundance
(ind m−2)
Mean biomass (g m−2)

Control

Intermediate

Burned

2560±535

3358±1203

2398±238

2.22±0.55

1.66±0.55

0.77±0.13

Grey scale from white to black visually emphasizes abundance-ranges

Table 3 Similarity values according to SIMPER analyses within and among control, intermediate and burned streams, and species that
most contributed to the similarities within stream types (to more than 50%) and species that most contributed to dissimilarities among
stream sites (to 20%)
Control sites average
similarity: 73.97%

%

Intermediate sites average
similarity: 72.48%

%

Burned sites average
similarity: 66.48%

%

Chironomidae
Meridialaris chiloeensis
Smicridea
Klapopteryx kuscheli
Athericidae
Elmidae
Total contribution to similarity

9.78
8.84
8.67
8.40
7.81
7.63
51.13

Chironomidae
M. chiloeensis
Simulidae
K. kuscheli
Ceratopogonidae
Reochorema sp.

10.40
9.30
8.55
8.10
7.97
6.77
51.09

Chironomidae
Simulidae
M. chiloeensis
Ceratopogonidae

17.08
12.37
12.15
10.70
52.30

Control-intermediate average
similarity: 69.53%

%

Control-burned average
similarity: 63.69%

%

Intermediate-burned average
similarity: 67.56%

%

Tipulidae sp. 3
Tipulidae sp. 2
Myotrichia murina
Total contribution to dissimilarity

7.29
6.71
5.93
19.93

Tipulidae sp. 3
M. murina
Smicridea

7.73
6.29
5.81
19.82

M. murina
Reochorema sp.
Austronemoura sp.

6.63
6.05
5.71
18.39

in all the control samples. Collector-ﬁlterers were represented by Simulidae and Smicridea frequens, which
were present in all stream types. Shredders were the best
represented FFG, with up to 13 species in C3 and only
3-5 species in the burned sites. There were also more
species of scrapers in control and intermediate streams
than in burned streams. Four predator species were
found and they were present in all sites (Table 2).

When analysed in terms of biomass, we found a shift
in the dominance of shredders in control streams (ANOVA, P = 0.001) to one dominated by scrapers in
burned streams (marginally signiﬁcant, ANOVA,
P = 0.065) (Fig. 5). The proportions of the other FFGs
were similar among stream types (ANOVA, PCG =
0.077; PCF = 0.907, PP = 0.884).
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(a)

(b)

(c)

(d)

(e)

Fig. 5 Percentage of the diﬀerent functional feeding groups at control (C), intermediate (I) and burned (B) areas calculated in terms of
biomass (mg m 2). Asterisk indicates a posteriori signiﬁcant diﬀerences (P < 0.05) with the other two sites

Discussion
When environmental and geographic distances are correlated, it is diﬃcult to separate each eﬀect on species
distribution (Thompson and Townsend 2006; Astorga
et al. 2012; Heino et al. 2015). In our study, ED among
streams was not related to GD, as both distant and close
sites had either similar or dissimilar environmental features, but ED was related to residual ﬁre disturbance. As
a result, community similarity in adjacent sites but with
contrasting disturbance history was low. In this sense,
our hypothesis of a disruption of the association between community similarity and geographic distance in
a disturbed catchment could not be rejected. This result
suggests that community recovery, even when species
may be good dispersers, was precluded by prevailing
environmental conditions. But, at the same time, sites
with similar disturbance history (as B1 and B3) had also
lower community similarities than expected. The lack of
correlation between community similarity and GD or
ED might be in part explained by the scale of our study.
However, as disturbances by deﬁnition are unpredictable alterations with varied spatial intensity and
extension over ecosystems, we argue that the legacy of a

wildﬁre did strongly disrupt environment/community
relationships along the spatial landscape.
Interestingly, the scale of study was crucial since
when expanded it within the stream network (from 5 km
to  20 km), CS was negatively related both to environmental and geographic distances. Garzon-Lopez
et al. (2014) found that patterns of habitat association
(the association between species distribution and environmental factors) are strongly aﬀected by the choice of
sampling scale and location. They generated a conceptual model in which the probability of ﬁnding habitat
associations increases with spatial scale. Although they
worked with tree species, this concept could be applied
to other ecosystems. In our study, the disrupting eﬀect of
ﬁre disturbance on community structure was observed at
small scale study. A recent study in our area covering a
much larger scale (mean distances  160 km) which
focused exclusively on the shredder guild assemblage
colonising leaf litter in pristine forested streams, found
no signiﬁcant relationship between CS and GD, but a
negative relation between CS and ED (Boyero et al.
2015). This suggests that regionally, the relationship
between CS and ED is held while that between CS and
GD may be more complex.
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The disturbance aﬀected not only the community
taxonomic composition but also its trophic structure, as
it targeted one speciﬁc FFG reducing shredder biomass.
Trophic similarities between communities in some of our
intermediate impacted streams with control streams
suggest that, as canopy cover recovers, community
functional structure does recover too. Burned streams
had not only less shredder species richness but also had
reduced abundance and biomass, probably attributed to
the low resource inputs from the sparse shrubby riparian
vegetation. Although in our study leaf litter amount was
low in all sites due to the timing of sampling (summer), a
recent study showed that leaf litter standing stock in
May was three times higher in unburned forest streams
than in the burned sites (Mariluan 2017). Thus, the low
resilience to wildﬁres which characterises subalpine forests of N. pumilio in xeric and semi-xeric areas (Mermoz
et al. 2005) of Patagonia drives strong and long lasting
eﬀects on the trophic structure of streams also aﬀecting
ecosystem functioning.
The species that most contributed to the diﬀerence
between control and burned streams were Tipulidae sp.
3 and the caddisﬂies Myotrichia murina (both shredders)
and Smicridea frequens (collector-ﬁlterer). Although
there are detritivores that may display diet plasticity as
generalist feeders (Mihuc and Minshall 1995), certain
species are highly dependent on leaf litter as food (Hall
et al. 2000). An example of this strong trophic interaction in headwater streams of Patagonia Andes is the
plecopteran Klapopteryx kuscheli, one of the most conspicuous and frequent species, which has been described
as strict shredder (Albariño and Dı́az Villanueva 2006).
In our study, K. kuscheli showed a clear distribution
pattern with higher biomass in control and intermediate
sites. Although it was more abundant in one of the
burned sites (B1), the numerous larvae had very low
individual biomass, as they were mostly early instars.
Because stream B1 is very close to two streams of
intermediate impact (I2 and I3), it is possible that females would have been laying eggs back in the stream
(i.e. recolonising process). This species in the region has
semivoltine life cycles with overlapping cohorts and late
instar larvae can be found year round. The absence of
late instar larvae in this stream suggests the species is
having low recolonisation success.
Contrary to our expectations, we did not ﬁnd a shift
from heterotrophic energy source to a more autotrophic
base in the burned sites since algal biomass (periphytic
Chl a concentration and OM content) was higher in one
of the forest sites (C2) and one of the burned sites (B2),
without a clear diﬀerence among stream types. Higher
algal biomass in forested streams than in open sites has
been previously described in other reaches of the same
network (Dı́az Villanueva et al. 2010). Those ﬁndings
emphasise that algal biomass per se is not be a good
indicator of grazer abundance; this is especially true
when periphyton is rapidly converted to grazer biomass,
instead of resulting in high periphyton standing stock
(McIntire et al. 1996). Cooper et al. (2015) showed that

invertebrate diets in streams with burned riparian vegetation were based on higher proportions of algal
material than on riparian plant detritus relative to those
from streams with unburned vegetation. The increase in
scraper abundance in our burned streams (some Chironomidae and the presence of Baetidae species) is a
common pattern in post-ﬁre streams (Mellon et al. 2008;
Rugenski and Minshall 2014) and may respond to an
increase in primary production, which may be immediately transformed into secondary production.
Metacommunity structure is shaped by geographic
distance and environmental diﬀerences among locations
within ﬂuvial (dendritic) networks (Tonkin et al. 2015,
2016). Relationships between community similarity and
geographic or environmental distances are not always
explained by simple models (e.g. linear relations) especially when long lasting disturbances occur.
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