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selection drives aquatic insect patterns in a stream network
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Francisco Valente-Neto . Fábio Henrique da Silva . Alan P. Covich .

Fabio de Oliveira Roque

Received: 29 April 2019 / Revised: 27 October 2019 / Accepted: 5 November 2019 / Published online: 16 November 2019

� Springer Nature Switzerland AG 2019

Abstract The study of variation of species compo-

sition among sites is key to understanding community

ecology, but few studies have assessed beta diversity

patterns in highly dynamic stream networks in the

Neotropical region. We assessed aquatic insect pat-

terns of local contribution to beta diversity (LCBD)

and species contribution to beta diversity (SCDB) in a

Neotropical drainage network composed of both

perennial and intermittent streams in a dry period.

We evaluated if environmental and/or spatial predic-

tors drive patterns of LCBD. We sampled aquatic

insects in 12 intermittent headwater streams and 34

perennial streams. The intermittent compared to

perennial streams had higher LCBDs and lower

richness. The pure environmental component signif-

icantly explained 19% of the variation of LCBD, while

the pure spatial components were not significant.

Forty-six taxa contributed to beta diversity above the

mean of the 199 taxa. We detected the association of

oxygen tolerant and good dispersal ability taxa to

intermittent streams and species riffle-adapted taxa as

indicators of perennial streams. We showed a dispro-

portional contribution of intermittent streams to the

regional species pool. In summary, we demonstrated

that when streams dry out, compositional uniqueness

may increase during the dry period making them

critical to conservation planning of dynamic stream

networks.
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Introduction

The study of spatial variation in species composition

(i.e., beta diversity) is a cornerstone of community

ecology and it is useful for defining conservation

actions (Socolar et al., 2016). Recently, Legendre &

De Cáceres (2013) developed a single-number esti-

mate of beta diversity through the calculation of the

total variance of the species composition. This method

allows the assessment of two other measures: species

contributions to beta diversity (SCDB) and local

contributions to beta diversity (LCBD) (Legendre &

De Cáceres, 2013). The latter is an estimate of the

uniqueness of sampling sites in terms of species

composition (i.e., unusual species combinations),

which can be used to understand drivers of beta

diversity (e.g., Landeiro et al., 2018) and may indicate

site’s conservation value (Legendre & De Cáceres,

2013). This conservation value may be especially

interesting when high LCBD values coincide with low

speciose sites, a common pattern in stream commu-

nities (Legendre & De Cáceres, 2013; Heino &

Grönroos, 2017; Landeiro et al., 2018). This pattern

would indicate sites that disproportionally contribute

to regional species pool relative to species richness

and may be particularly useful to identify keystone

sites (Legendre & De Cáceres, 2013; Ruhı́ et al.,

2017).

Correlative methods between LCBD patterns and

environmental variables can be used to better under-

stand LCBD drivers. Because LCBD represents an

estimate of the uniqueness of the sampling sites in

terms of species composition, higher values are

expected in sites with specific environmental condi-

tions. In addition, spatially distributed environmental

variables, dispersal-related processes, and stochastic

events can create strong spatial patterns in LCBD,

leading to a correlation of composition uniqueness

with spatial variables. Disentangling these two possi-

ble drivers can shed light on mechanisms behind

compositional uniqueness patterns, a fundamental

topic in metacommunity ecology (Leibold et al.,

2004; Leibold & Chase, 2018). In this context,

Landeiro et al. (2018) explored 14 biological dataset

groups in Amazonia and reported that LCBD in plants

was mainly explained by environmental conditions—

soil clay content, slope, and distance to the nearest

stream—and in animals by both environmental con-

ditions—distance to the nearest stream and soil

phosphorus content—and large-scale spatial vari-

ables. In lotic systems, macroinvertebrate composi-

tional uniqueness are better explained by

environmental variables than spatial predictors (Ton-

kin et al., 2016; Sor et al., 2018; Tolonen et al., 2018),

despite some studies reported low predictability in

beta diversity patterns and also that these patterns may

be explained by stochastic forces (Heino et al., 2015;

Leibold & Chase, 2018; Valente-Neto et al., 2018a).

River networks are naturally complex hierarchical

landscapes connected by unidirectional flow, in which

headwaters coalesce to form large rivers (Altermatt,

2013). In addition to this complexity, some drainage

networks are composed of both perennial and inter-

mittent streams in a given period of time (hereafter

called highly dynamic stream networks), and shifts

can occur seasonally among these two states along the

year (Datry et al., 2016a). Flow intermittence can be

caused by transmission loss, cessation of spring

discharge or groundwater discharge (Datry et al.,

2017a). Recently, intermittent streams have been

included more explicitly in the freshwater ecology

agenda (Datry et al., 2014, 2016a) and studies

demonstrated that they comprise nearly 50% of global

river length, and provide significant ecosystem ser-

vices, such as water provision and purification, carbon

storage, and nutrient cycling (Datry et al., 2017a).

Highly dynamic stream networks may create con-

ditions for the species co-occurrence at regional scale,

of both lotic (e.g., riffle-adapted organisms) and lentic

adapted fauna (e.g., oxygen tolerant and good disper-

sal ability organisms) during the non-flowing cycle of

intermittent streams (i.e., dry season—all intermittent

streams without flow, characterized by dry sections

and isolated pools). This lack of flow would typically

increase total beta diversity compared to flowing

season (i.e., wet season—all streams with running

waters). The presence of both intermittent and peren-

nial streams in such networks strengthens the envi-

ronmental gradient and may increase the expectation

of environmental selection structuring aquatic insect

metacommunities (Datry et al., 2016a). Local factors,

including hydrological parameters, and dispersal
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distances accounted for most of the dissimilarity

among metacommunities of freshwater invertebrates

in stream network composed of intermittent and

perennial streams in south-eastern Arizona (Cañedo-

Argüelles et al., 2015). Despite the importance of both

perennial and intermittent streams contributing to the

regional species pool of stream networks, ecologists

usually study the biodiversity patterns in either

perennial or intermittent streams (e.g., Datry et al.,

2014; but see Cañedo-Argüelles et al., 2015). Further-

more, few studies have assessed beta diversity patterns

in highly dynamic stream networks in the Neotropical

region (e.g., Datry et al., 2016b). For example,

intermittence (measured as environmental harshness)

has been shown to mediate the role of dispersal and

environmental selection on community similarity in

headwater streams from Bolivia (Datry et al., 2016b).

However, in general, the contribution of intermittent

streams to regional biodiversity of highly dynamic

stream network is poorly known.

We investigated aquatic insect compositional

uniqueness (LCBD) in a highly dynamic stream

network (composed by both perennial and intermittent

streams) from the Neotropical region in the dry season

and its correlation with taxa richness. We also tested

whether LCBD was explained by environmental and

spatial predictors. We predicted higher LCBD values

for intermittent streams than for perennial ones

because the environmental selection due to changes

in the flow of water (Boulton, 2003) would filter out

species in intermittent streams relative to perennial

ones, increasing LCBD of intermittent streams. The

presence of both perennial and intermittent streams in

the stream network can create strong environmental

variability. Consequently, we expected environmental

selection would better explain LCBD patterns of

aquatic insects. We also assessed species contributions

to beta diversity (SCBD) and investigated which

species are indicators of permanent and intermittent

streams. We predicted that oxygen-tolerant taxa, and

insects with good dispersal ability would have higher

SCBD values and greater probability to be indicator

species of intermittent streams. We also predicted that

riffle-adapted species would have higher SCBD and

greater probability to occur and to be abundant in

perennial streams.

Materials and methods

Study area and sampling

We selected 46 sites along the Betione river network,

located in the Bodoquena Plateau, southwest Mato

Grosso do Sul, Brazil. The region is transitional

between two Brazilian biodiversity hotspots, Cerrado

(Brazilian savanna) and Atlantic Forest (Myers et al.,

2000). Streams and rivers from Bodoquena Plateau

drain into Pantanal floodplain, one of the largest

wetlands in the world (Tomas et al., 2019). The region

is marked by a dry (April to September) and wet

(October to March) season. The river network flows

through karstic geology and contains areas of sub-

surface flow and fluctuating groundwater discharge,

common causes of stream intermittence in karstic

regions (Datry et al., 2017a).

Stream intermittence can be established by differ-

ent criteria (Datry et al., 2017a). Here we used two.

First, for each stream, we delimited a minimum of

200 m reach to assess visually areas of flow cessation,

characterized by dried riffles and a series of isolated

sections and pools. Second, because all sites studied

were located on farm lands, we interviewed landown-

ers and asked them if the selected streams often

undergo annual drying events. We only considered

intermittent streams as those streams that were known

to have flow cessation at the moment of sampling and

frequently flow-cessation periods (informed by

landowners). In this way, we selected 12 intermittent

headwater streams, all of them located in the middle

and final portion of the stream network (Fig. 1). The

remaining sites (34) were perennial (flowing year-

round) streams, of which seven sites were third-order

channels.

Aquatic insect sampling was carried out in Septem-

ber 2013, during the non-flowing phase of intermittent

streams, and at the end of dry season and the at

beginning of regional wet season. The period of

sampling was marked by only 27 mm of precipitation

during the month of September (INMET, 2018),

distributed in 6 days (ranging from a maximum of

9 mm and a minimum of 1 mm). Sites in intermittent

streams were close to headwater areas, with some

spring or groundwater discharges that could maintain

isolated pool areas. In the field, we observed that

downstream areas of the intermittent streams sampled

were dried. Each sample included the sum of 20 kick
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net (0.5 mm mesh size) sub-samples per stream,

proportionally distributed between all major habitats

available (Barbour et al., 1996). We visually estimated

the major habitats in three reaches of 10 m, including

rock outcrops, rock cobble, gravel, sand, mud silt,

organic matter, wood, aquatic vegetation, leaf litter,

and roots. Then, we averaged the proportion of

habitats from the three 10 m reaches and proportion-

ally distributed the sampling units among habitats.

Each sub-sample consisted of 1 m length using a kick

net (covering 0.3 m2), totaling a sampling effort of

6 m2 of stream-bottom habitats. The 20 sub-samples

were pooled, preserved in formaldehyde in the field,

and transported to the laboratory for sorting and

identification. At the laboratory, samples were pro-

cessed and insects were sorted on transilluminated

trays and identified to the lowest viable taxonomic

level (mostly to the genus level). Due to restricted

taxonomic knowledge, some Diptera (Ceratopogo-

nidae, Culicidae, Tipulidae, Empididae, Ephydridae,

Dixidae, and Stratiomyidae) and Coleoptera (Cur-

culionidae, Lampyridae, and Scirtidae) were identified

at family level. These dipterans and coleopterans

comprised less than 5% of the total abundance found

in our study.

Environmental variables

In each site, we measured several environmental

variables, including water parameters (pH, dissolved

oxygen, temperature, conductivity, turbidity, veloc-

ity), physical features (stream width, depth, altitude,

shading), landscape measures (vegetation cover), and

intermittence of flow (dummy variable).We took three

measures of water parameters to estimate the mean for

each 30 m reach. Stream widths and depths were

measured every 6 m along the 30 m reach and the five

measures were averaged. We took three digital

photographs of the canopy to estimate shading by

riparian cover (using the software ImageJ). The

vegetation cover was estimated from a 200-m riparian

buffer and a vegetation cover image (30 m resolution)

provided by Environmental Institute of the state of

Mato Grosso do Sul (IMASUL, 2014). We used only

environmental variables that had correlation values

less than 0.8 (Dormann et al., 2013). Considering this

criterion, we excluded turbidity because its correlation

with conductivity exceeded 0.8. All these variables

were included in the environmental matrix.

Fig. 1 Location of

sampling points of the

perennial (blue) and

intermittent (gray) streams

in the Betione river network,

located in southwest of state

of Mato Grosso do Sul,

Brazil
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Spatial variables

Geographical distances are the base information to

model spatial structures. We calculated watercourse

distance between each pair of two sampling sites

following the river network using three sources of

information: (i) Betione network flowline vector

provided by Brazilian Institute of Geography and

Statistics (IBGE) (scale 1:250,000); (ii) high-resolu-

tion Google Earth images (1 m); and (iii) geographic

position of sites. We used (ii) and (iii) to correct

distortions present in (i) due to the low spatial

resolution. We used the ArcGis (version 10.1 ESRI,

Redlands, California, USA) (Network Analysis Tool-

box/OD Cost Matrix Analysis Tool) to calculate the

watercourse distances between sites.

Distance-based Moran’s eigenvector maps

(dbMEM) were applied on watercourse distances to

model spatial structures of sampling sites (Borcard &

Legendre, 2002; Dray et al., 2006). For each matrix,

the minimum spanning tree distance that keeps all sites

connected was used as truncation threshold to con-

struct the truncated matrix. The truncated matrix was

submitted to a Principal Coordinate Analysis (PCoA),

and the eigenvectors with significant patterns of

spatial autocorrelation, i.e., with significant

(P\ 0.05) and positive Moran’s I (Sokal & Oden,

1978) were selected. Eigenvectors represent distinct

spatial structures of relationships among the sampling

sites, from broad-scale to fine-scale patterns (Dray

et al., 2006; Griffith & Peres-Neto, 2006). We used the

selected eigenvectors (MEMs) as spatial explanatory

variables in data analyses.

We recognized that geographical distances between

sampling sites can be calculated in different ways,

especially in stream ecology where the dendritic

structure can matter for species dispersal (Schmera

et al., 2018; Tonkin et al., 2018). Considering that

aquatic insects can use different dispersal routes

(Tonkin et al., 2018), we also tested overland (straight

line distance between two sampling sites) and direc-

tional (asymmetric eigenvector maps) distances.

However, because they did not change the pattern

we detected, the results were not reported here (but see

Supplementary material—section Other spatial

structures).

Data analysis

We calculated total beta diversity (BDtotal), the local

contribution to beta diversity (LCBD), and species

contribution to beta diversity (SCBD) (Legendre &De

Cáceres, 2013). We first applied Hellinger transfor-

mation to community composition and, then, esti-

mated BDtotal as the unbiased total sum of square of

the species composition data, which can be used to

compare beta diversity between studies. We did not

partition beta diversity into nestedness and turnover

components because they both equally contributed to

beta diversity (see Supplementary material—section

Partitioning beta diversity). Computing beta diversity

as the total variation in the species composition data

allowed us to assess LCBD, which is the relative

contribution of each sampling unit to beta diversity

(Legendre & De Cáceres, 2013). This measure was

calculated by the division of sum of squares corre-

sponding to each sampling unit by the total sum of

square of the species composition data. We used

Pearson correlation to test the relationship between

LCBD and taxa richness.

To determine which taxa mostly contributed to beta

diversity patterns of intermittent and perennial

streams, we used two approaches. First, we retained

those taxa with SCBD values greater than the mean of

all taxa (i.e., species that has a disproportional

contribution to beta diversity patterns) (Legendre &

De Cáceres, 2013). SCBD represents the degree of

variation of individual species in the study area

(Legendre & De Cáceres, 2013). This subset of taxa

was used in species indicator analysis (IndVal)

(Dufrêne & Legendre, 1997) to identify indicator

species characterizing intermittent and perennial

streams. To calculate indicator species, IndVal uses

within-species abundance (specificity) and occurrence

(fidelity) comparisons between groups. A random

reallocation of sites among groups (1000 permuta-

tions) was used to test the significance of indicator

values.

Commonly, variation partitioning is used in linear

models to verify if the variation in a response variable

is affected by environmental and/or spatial variables.

However, variation partitioning is only required when

both biological and environmental matrices are spa-

tially structured, which would be necessary to filter out

the effects of spatial correlation of environmental

predictors (Legendre et al., 2002; Peres-Neto &
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Legendre, 2010). In this way, we separately ran

environmental and spatial global models (carried out a

priori and including all variables) to estimate signif-

icance (in our case P\ 0.05) and adjusted R2 (global

R2
adj). Then, if a given model was significant, we used

forward selection as implemented by Blanchet et al.

(2008) that requires two fixed criteria to select

variables from an explanatory matrix: the significance

(P\ 0.05) and R2
adj have to be below the global R2

adj

(Blanchet et al., 2008). Forward selection was not used

for non-significant global models and, if this condition

was true, we just reported individual multiple regres-

sion model after forward selection. If both global

models were significant, we applied variation parti-

tioning to decompose the LCBD variation into four

components: pure environmental component (a), the

amount of variation shared by environmental compo-

nent and spatial component (b), pure specific spatial

component (c), and non-explained variation (residual)

(d). The significance of fractions (a) and (c) were

tested via permutation-based tests of partial multiple

regressions models.

We used R language to perform all analyses, using

vegan (Oksanen et al., 2009), packfor (Dray et al.,

2011), labdsv (Roberts, 2016), and adespatial pack-

ages (Dray et al., 2017).

Results

We collected 17,560 insects belonging to 199 taxa.

The mean abundance at each site was 381 individuals.

Richness ranged from 9 to 74 taxa. The total beta

diversity was 0.62. Themean local contribution to beta

diversity was 0.02 (ranging from 0.011 to 0.043)

(Fig. 2). Sites with the highest values (LCBD

C 0.030) had significant LCBDs (seven sites, six

intermittent), while sites with values lower than 0.030

had not significative LCBDs. LCBD was negatively

correlated with taxa richness (Pearson correla-

tion = - 0.42, P = 0.003; Fig. 3a).

Forty-six taxa contributed to beta diversity above

the mean of the 199 taxa (Table S1). Indicator value

analysis showed that intermittent streams had nine

indicator species, most of them Coleoptera (Cur-

culionidae, Derallus, Scirtidae, Tropisternus, and

Enochrus), and the remaining were Culicidae (Dip-

tera) and Acanthagrion (Odonata) (Table S1). Peren-

nial sites had four indicator species, three chironomids

(Endotribleos, Stenochironomus, and Tanytarsus) and

one riffle beetle (Hexacylloepus) (Table S1).

The environmental global model was significant

(P = 0.01; adjusted R2 = 0.29) and the variables

selected were conductivity and intermittence. Unlike,

spatial global model were not significant (water-

course: P = 0.31; adjusted R2 = 0.03) and,

Fig. 2 Distribution of the local contribution to beta diversity (LCBD) (left) and richness of aquatic insects (right) sampled in 46 sites

from Betione river network
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consequently, we did not proceed with variation

partitioning and just reported synthetic environmental

model. Environmental component composed by con-

ductivity and intermittence significantly explained

variance in LCBD values (adjusted R2 = 0.19;

P = 0.004; F = 6.40). The relationships between

LCBD and environmental variables showed that

LCBD increase with intermittence (i.e., intermittent

streams had higher values of LCBDs compared to

perennial ones) and decrease with conductivity

(Fig. 3b, c).

Discussion

We found that intermittent streams had higher values

of LCBDs compared to perennial streams in a highly

dynamic stream network. The variation in the LCBDs

was explained by local environmental variables,

mainly intermittence and conductivity. This latter

result demonstrated that environmental selection bet-

ter explained aquatic insects community pattern

compared to dispersal-related, agreeing with previous

studies (Warfe et al., 2013; Cañedo-Argüelles et al.,

2015; Sor et al., 2018; Tolonen et al., 2018; Valente-

Neto et al., 2018b). The disproportional contribution

of intermittent streams to the stream network can be

interpreted as keystone sites in a metacommunity

context (Mouquet et al., 2013; Ruhı́ et al., 2017). This

result makes them critical to conservation strategies of

dynamic aquatic systems.

Intermittent streams are extremely important

worldwide, provide many ecosystem services, such

as water provision, carbon and nutrient cycling, and

Fig. 3 Relationship between local contribution to beta diver-

sity (LCBD) of aquatic insects and a richness, b intermittence,

and c conductivity. Aquatic insects were sampled in 46 sites

from Betione river network. Dark blue and light blue dots in

a denote intermittent and perennial streams, respectively. 0 and

1 in c denote perennial and intermittent streams, respectively.

Shadings represent the confidence interval (0.95) for the linear

model fitted
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habitat for aquatic biodiversity (Acuña et al., 2014;

Datry et al., 2014). Our results showed that these

systems contain a unique and small set of organisms

(low richness) of aquatic insects compared to peren-

nial streams (see also Soria et al., 2017). This pattern

indicated that intermittent streams disproportionally

contribute to beta diversity of a highly dynamic stream

network. The negative relationship between LCBD

and richness showed here is frequently reported in

aquatic and terrestrial systems (Legendre & De

Cáceres, 2013; Heino & Grönroos, 2017; Landeiro

et al., 2018). This negative relationship can be the

result of the loss of connectivity among intermittent

streams that eliminates the downstream drift of aquatic

insect from upstream habitats combined with the

harshness of local conditions for many lotic species

and stronger biotic interactions, such as predator

aggregation (Datry, 2012; Datry et al., 2016a). Sim-

ilarly, in a river network from eastern France, most

intermittent sites contained few species of macroin-

vertebrates, but they had large contribution to beta

diversity (Ruhı́ et al., 2017).

Our results also showed that environmental selec-

tion was an important driver of LCBD variation, as

demonstrated by other studies in intermittent systems

(Warfe et al., 2013; Cañedo-Argüelles et al., 2015).

This result suggests that in the stream network studied

here, aquatic insect dispersal would not be limiting nor

in excess (i.e., mass effects) and species could reach

suitable sites and could track environmental variation

in the stream network. The absence of relationship

between LCBD values and spatial pure components

(see also Supplementary material—section Other

spatial structures) reinforces these inferences as well

as the role of environmental selection. For example,

both perennial and intermittent communities of fish,

macroinvertebrate and vegetation were best explained

by environmental variables in Australian streams,

specifically flow regime and channel width (Warfe

et al., 2013). In our case, the variable selection

procedure demonstrates that intermittence and con-

ductivity were able to explain 19% of LCBD variation.

These variables contributed to the overall heterogene-

ity of sites in the stream network and created habitat

differences where species may track suitable sites.

Similarly, stream invertebrates beta diversity from

New Zealand were mainly driven by local habitat

heterogeneity and was not affected by regional and

landscape-scale variables (Astorga et al., 2014).

The effects of flow regime on stream biodiversity

have a long-established history in stream ecology

(Fisher et al., 1982; Poff et al., 1997; Allan & Castillo,

2007) and intermittence can profoundly change stream

communities (Datry et al., 2016a, 2017b), from lotic to

terrestrial fauna. We detected the association of

oxygen-tolerant taxa to intermittent streams (i.e.,

genera of Hydrophilidae, Scirtidae, Culicidae), includ-

ing some insects with good dispersal ability (e.g.,

Tropisternus and Acanthagrion), as also found by

Bogan & Boersma (2012). Overall, most shredders

were found in low abundance (e.g., Phylloicus) or they

were not found in intermittent streams (e.g., some

chironomids and caddisflies). The reduction in density

and richness of shredders is a common pattern in

intermittent streams (Martı́nez et al., 2015) and it can

decrease organic matter processing rates compared to

permanent streams (Datry et al., 2011). For example,

dissolved oxygen levels are also often reduced as a

result of both flow cessation and the concentration of

individuals and organic matter during the initial

phases of drying (Datry et al., 2016a). Whereas flow

cessation is a strong environmental selection pressure

to many lotic organisms, the concentration of individ-

uals could lead to strong biotic interactions among

predator and prey species. These forces combined lead

to the simplification of stream communities to those

with lentic tolerant species (Datry et al., 2016a), as we

found. On the other hand, the water flow of perennial

streams selects those species adapted to lotic systems,

including many genera of riffle beetles, mayflies, and

caddisflies. In this way, future studies should assess

the compositional uniqueness of perennial and inter-

mittent streams in terms of taxa functional traits.

Although we did not measure intermittence vari-

ables such as flow permanence (i.e., percentage of

time with surface flow), flow regimes (frequency of

maximum and minimum discharge), and the duration

and frequency of drying (e.g., Datry, 2012) due to

equipment and time restrictions, the categorical vari-

able ‘‘intermittence’’ was based on our field observa-

tion and landowner knowledge as a good proxy of

processes related to intermittence in the study area. In

the future, it would be useful to incorporate the long-

term temporal dynamics of Neotropical intermittent

streams and evaluate whether the pattern we showed

here is maintained in the different phases of intermit-

tence (flowing, non-flowing, and drying) (Ruhı́ et al.,

2017). Temporal dynamics may change the strength of
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environmental selection and dispersal-related pro-

cesses on species distribution and, consequently, on

LCBD patterns (Datry et al., 2016a). Ruhı́ et al. (2017)

demonstrated that the contribution of richness and

replacement components to total beta diversity of

aquatic insects from France changed through time

(beginning of the dry phase and beginning of flowing

phase over 4 years), altering LCBD patterns. They

concluded that analyzing spatial beta diversity over

time improved their understanding of the variation in

community composition present in highly dynamic

systems and the identification of keystone sites.

Conductivity was also influential for LCBD vari-

ation and can reflect a natural variation of water

characteristics due to local geology (Griffith, 2014)

and concentration of solutes during drying process

(Boulton, 2003). Many streams in the study area are

located in karst landscapes (Silva et al., 2017) and

have high conductivity because of high levels of

dissolved calcium and bicarbonate. Karstic streams

often have travertine deposits that cover the stream

substrates, delaying organic substrates decomposition

and affecting benthic aquatic insects (Casas & Gess-

ner, 1999). In addition to the effect on decomposition,

high conductivity levels may affect metabolism of

aquatic insects and increase their downstream drift,

mainly among mayflies (Clements & Kotalik, 2016).

Some streams in the study area are not influenced by

karstic zones and they typically had low and acidic

waters, enhancing decomposition of organic matter.

Although our results indicated that environmental

selection was more important than dispersal-related

processes to explain LCBD variation, a large propor-

tion of variation remained still to be explained (71%

using all environmental variables and 81% using

selected environmental variables). The low explana-

tion of biodiversity patterns is a common pattern in

lotic systems (Heino et al., 2015; Schmera et al., 2018)

and the main explanation is usually stochasticity

caused by flow variability (Heino et al., 2015). Flow

variability includes a series of components, such as

flash floods that can remove most organisms from a

suitable patch (Flecker & Feifarek, 1994), leading to

unexpected absences and, in the other extreme, the

absence of flow (intermittence). The dynamics of

intermittent stream ecosystems are largely dependent

on precipitation but the flow interruption is unpre-

dictable to most stream species although some conse-

quences of stream drying on aquatic insects may be

niche-determined (Datry et al., 2016a). Because our

study was carried in the non-flowing phase of the

intermittent streams and we did not have an estimative

of flow interruption, it is possible that some organisms

present in recent disconnected intermittent streams

would not persist, creating unexpected effects (i.e.,

extinction debt). In a simulation modeling study

parameterized by empirical data, Valente-Neto et al.

(2018a) showed that a niche–stochastic assembly

scenario improved predictions for river network

communities in Neotropical streams. In this way, we

believe the inclusion of flow variability can improve

model explanation. Also, the large proportion of

unexplained variation may be caused by ecological

interactions and unmeasured variables.

Although the idea of identifying keystone species

has a long history in ecology and conservation (Mills

et al., 1993), only recently this idea was extended to

communities. Mouquet et al. (2013) defined a key-

stone community as communities with a dispropor-

tional positive impact relative to their weight in the

metacommunity, which can better inform decision-

making in conservation. However, currently there is a

lack of methods to operationalize this concept. Com-

positional uniqueness is a measure of the relative site

impact in the metacommunity and, thus, a potential

candidate to be part of the tool box of metrics to

identify keystone communities. In this way, LCBD (a

measure of contribution of local sites to the metacom-

munity) in combination with species richness (a

measure of size of local communities) are both good

candidates to estimate keystone communities (Ruhı́

et al., 2017). Using this approach, a keystone com-

munity would have high LCBD (impact) and low

species richness (weight). Our results suggest that

intermittent streams are good candidates to be key-

stone communities because they have a dispropor-

tional contribution to regional species pool relative to

their local species number.

Intermittent streams are frequently undervalued by

landowners due to their irregular flow (Armstrong

et al., 2012). Many intermittent streams and rivers

have been degraded due to their use as rubbish and

sewage disposal and land use conversion and frag-

mentation (Leigh et al., 2016) or even buried (Acuña

et al., 2014), affecting the biodiversity in these

important habitats. Brazilian biomes are highly threat-

ened by land conversion for agro-business expansion,

especially in the Cerrado biome, where our study
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region is located (Strassburg et al., 2017). The lack of

concern of landowners for intermittent streams com-

bined with agro-business expansion in our study

region threaten these systems. Thus, some conserva-

tion strategies are needed to maintain the dispropor-

tional contribution of intermittent streams to the

regional species pool of the stream network, including

(i) the detection and mapping of such streams (as

we did here); (ii) the definition of targets to conserve

intermittent streams (Acuña et al., 2017) using cost–

benefit conservation tools, such as the systematic

planning approach; (iii) the payment for ecosystem

services and taxa incentives; and (iv) education of

landowners and people about the ecosystem services

that intermittent streams provide (Acuña et al., 2017;

Leigh et al., 2019), including their higher composi-

tional uniqueness compared to perennial streams.

Conclusion

In summary, we demonstrated that when streams dried

out, the compositional uniqueness of insect commu-

nities increased, (i.e., intermittent streams had more

unique communities compared to perennial streams).

We also showed that site uniqueness was better

explained by environmental variables than dispersal-

related processes, and that conductivity and intermit-

tence were important drivers of LCBD values. Our

results agreed with recent studies emphasizing the

need for protection of intermittent streams worldwide

(Acuña et al., 2014; Datry et al., 2017a), due their high

contribution to regional species pool and the increas-

ing effects of climate change on stream flows (Acuña

et al., 2017).
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Reineking, B. Schröder, A. K. Skidmore, D. Zurell & S.

Lautenbach, 2013. Collinearity: a review of methods to

deal with it and a simulation study evaluating their per-

formance. Ecography 36: 27–46.

Dray, A. S., G. Blanchet, D. Borcard, S. Clappe, G. Guenard, T.

Jombart, G. Larocque, P. Legendre, N. Madi, & H.

H. Wagner, 2017. Package ‘adespatial.’

Dray, S., P. Legendre & P. R. Peres-Neto, 2006. Spatial mod-

elling: a comprehensive framework for principal coordi-

nate analysis of neighbour matrices (PCNM). Ecological

Modelling 196: 483–493.

Dray, S., P. Legendre, & G. Blanchet, 2011. Packfor: forward

selection with permutation.
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Valente-Neto, F., L. Durães, T. Siqueira & F. O. Roque, 2018a.

Metacommunity detectives: confronting models based on

niche and stochastic assembly scenarios with empirical

data from a tropical stream network. Freshwater Biology

63: 86–99.

Valente-Neto, F., M. E. Rodrigues & F. O. de Roque, 2018b.

Selecting indicators based on biodiversity surrogacy and

environmental response in a riverine network: bringing

operationality to biomonitoring. Ecological Indicators 94:

198–206.

Warfe, D. M., N. E. Pettit, R. H. Magierowski, B. J. Pusey, P.

M. Davies, M. M. Douglas & S. E. Bunn, 2013. Hydro-

logical connectivity structures concordant plant and animal

assemblages according to niche rather than dispersal pro-

cesses. Freshwater Biology 58: 292–305.

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

628 Hydrobiologia (2020) 847:617–628


	Streams dry and ecological uniqueness rise: environmental selection drives aquatic insect patterns in a stream network prone to intermittence
	Abstract
	Introduction
	Materials and methods
	Study area and sampling
	Environmental variables
	Spatial variables
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




