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ABSTRACT

This study assessed the effects of hydrologicattsven aquatic communities at the mesohabitat
scale (pool, run and riffle) in the high Andeanioag Four headwater sites in the Zhurucay
microcatchment (southern Ecuador), with elevatibigher than 3,500 m, were selected and
monitored considering in each site a 50-m-longeaand within each reach five cross-sections.
In each of these reaches 19 sampling campaignsasarthicted in the period December 2011 —
October 2013, collecting macroinvertebrates andsiglay characteristics. A total of 27

hydrological indices were calculated using theydfidw rate as input. Large Peak flow (LPF),

Small Peak flow (SPF), and Low flow (LF) events &velefined based on discharge thresholds.
Multivariate statistics showed that 15 hydrologioaglices were significantly related to the aquatic
community. Further, the study revealed that (i) kpeaents produced stronger effects on
communities than LF events; (ii) the observed e$feaf LF events were weaker than those
encountered in other latitudes; and (iii) local thém communities have more resilience than

similar communities studied in other latitudes.

Keywords: Ecohydrology, Andean streams, hydrological indicesnesohabitat,

macroinvertebrates, ecological responses



INTRODUCTION

The influence of hydrological factors on benthic cnmanvertebrate communities received
increasing attention in the last decade (Chetng., 2008; Belmaret al., 2012; Mesa, 2012).
Several studies have shown that the prior hydrofddlow conditions affect the temporality of
habitats and the distribution of aquatic flora &adna (Poffet al., 1997; Kenneret al., 2010;
Rolls et al., 2012). Further, it is known that changes causedabiations in discharge result in
periodic interruptions in the stable conditionsgh@ habitats used by species and that when stable
flow conditions return, new habitats are creatext tre then colonised and repopulated by the
biota (Lake, 2003). Commonly, the influence of toldgical variability is analysed using
hydrological indices and the physical charactessof the riverbed, which are then associated
with the macroinvertebrate communities (Lancasted Hlildrew, 1993; Suren and Lambert,
2010).

In this regard, previous studies concentrated ompésate zones, where the increased
discharges from floods (i.e., hydrological pulsasll the reductions from droughts are clearly
differentiated (Rollset al., 2012; Leigh, 2013; Calapex al., 2014). For instance, Suren and
Jowett (2006) described clear variations in the pasition and structure of aquatic communities
between samples taken before and after flood ougihtoevents. Following flood events of
varying magnitude, significant decreases in thesignand species richness of aquatic
communities have been observed (Suren and Jowé®, Robinson, 2012). On the other hand,
it has been noticed that the effect of droughtbemthic communities depends on the duration of
such events. When the duration is long, the aredadle for macroinvertebrate communities
decreases, causing a dramatic decline in the glearsit species richness (Wood and Armitage,
2004; Mouthon and Daufresne, 2006).

In tropical zones, the climate is characterisednayked seasonality between wet and dry
periods (Flecker and Feifarek, 1994); however,dhssasons are less pronounced in the south
Andean region of Ecuador due to the strong effé¢ch® Andes range (Nouvelet al., 1995;
Buytaertet al., 2006). This range influences the specific charatics of every fluvial network
(discharge, vegetation cover, slope and substsgie),t the air mass transferences and the
transition zones between ecosystems, which affiedteéquency, intensity, and amount of rainfall
and, therefore, the volume and frequency of wagaching the rivers (Nouvelat al., 1995;
Bispoet al., 2006; Buytaerét al., 2006).

Studies at medium altitude in the Andean regioontegdecrease in the density and species
richness on the seasonal and annual time scaledyndaie to an increase in shear stress during
heavy floods in the rainy season (Jacobsen and&taal 998; Ric§oumaet al., 2011; Mesa,
2012). In the high Andes, only few of such studiase been carried out. For example, Melya
al. (2009) studied in Bolivian streams, at elevatibigher than 3,000 m above sea level (a.s.l.),

the effect of variations in streamflow on the dgnaind species richness, although with a very
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limited sampling period and seasonal variabilithe¥ concluded that seasonality is not a critical
factor for the richness or density of macroinverd¢ds in the riffles, except for the EPT taxa
richness. With other words, aquatic communitiethese altitudes seem not to be regulated only
by seasonal features but also by aspects suchths usceptibility of taxa to disturbances; (ii)
the taxa ability to recolonise habitats; (iii) thember of colonising taxa; and (iv) the number of
life cycles of the colonisers.

The influence of hydrology on the natural dynano€snacroinvertebrate communities is
very relevant for the conservation of the deliceligh-Andean ecosystems. In this context,
Ecuadorian regulations require environmental flssessments for hydroelectricity projects,
which normally are located at high elevations aadied out within the frame of consulting
works, little of this information is linked to theguatic habitat density and composition, with the
exception of a few efforts such as Herrera and 8ui(2017). In those studies, in general only a
very limited set of hydrological indices are definfor estimating the monthly environmental
flow but not for inspecting the effect of hydrologl extreme events on the dynamics of the
aquatic communities. Indeed, it is worth noticifigttno one of the recently cited studies in
tropical zones are considering hydrological indimeexplore the effects of peaks and low flows
on the aquatic community.

In temperate zones recent studies are focusingefining discharge thresholds, both for
flooding and drought events, that significantheatfaguatic communities in natural (Waa@l .,
2000; Suren and Jowett, 2006; Maatlal., 2007; Changt al., 2008) and altered rivers (Freeman
et al., 2001; Armaninit al., 2014; Macnaughtoet al., 2015). The studies on altered ecosystems
focus particularly on the effects on fish (i.e.e€met al., 2001; Armstong, 2003; Macnaghton
etal., 2017) and less on macroinvertebrates (Armaaedi, 2014; Milleret al., 2014)concentrate
on the temporal variability of the aquatic commigsitas a function of the season in the year
(Jacobsen and Encalada, 1998; Ribsuma et al., 2011; Mesa, 2012}ischarge (i.e.
hydrological) thresholds and their impact on aguatmmunities. Exceptions hereon are the
studies in altered rivers of Castbal. (2013) Miserendino (2009)Herrera and Burneo (2017)
that macroinvertebrates, and Linefial. (2018)andGarciaet al. (2011) of fish.

In contrast to previous studies, this study asske$se the first time in an Andean
microcatchment with an elevation higher than 3,60@.s.I. the effect of extreme hydrological
events (characterised by both, suitable hydroldgmchces and flow thresholds) on community
changes. The mesohabitat spatial scale was sellectdds study, in line with a previous study
on the same site (Vimdsojanoet al., 2017), which demonstrated that the distributibaguatic
communities is directly related to the physicalreleteristics of the habitat at this spatial scale.
Further, as stated by Brunéieal. (2001) this scale provides a more appropriatecgmtrto study
the composition and structure of the community &ation of the fluctuation of flow in streams

and rivers. Thus, the main objective of the redepresented herein was to discern the effects of
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the Large Peak flow (LPF), Small Peak flow (SPRI &ow flow (LF) events on the aquatic
macroinvertebrate community in the headwaters dfrasean microcatchment with an elevation
higher than 3,500 m a.s.l. Specifically, it was @dmat answering the following research
questions: (i) which hydrological indices related.PF, SPF and LF events are fundamental to
explain the changes in the community’s structue@mposition?; and (ii) what are the changes

one can observe in the community as a result ofdfegred hydrological events?.

MATERIALS AND METHODS

Study site

Four streams were selected in the headwater oZlteucay river microcatchment (7.5 Rm
belonging to the Jubones river catchment. The roatotment is located in southern Ecuador
(9662500 m N, 9658750 m S, 694630 m W and 6980E) 0irM coordinate system, Zone 17S,
geoid PSAD56) at approximately 3,600 m a.s.l. (Rijy. The dominant vegetation type is
grassland (Tussock grass, 58.8%lamagrostis intermedia,) with few patches of Quinoa trees
(17.5%; Polylepis incana Kunth andPolylepis reticulata Kunth) and sparse small shrubs. There
is a low degree of human intervention, consistirginty of non-intensive farming activities
(Hampelet al., 2010; Studholmet al., 2017).

Climate in the region is characterised by the amtgiresence of fog and drizzle and annual
(bimodal) rainfall average is approximately 1,2881n%ix years of historical precipitation data
were available, and the lowest rainfall occurrethia period June to September (minimum and
maximum average of 65.97 mm and 113.73 mm resdg)iwhile the rainy season stretches
from October to May. February was the month witk tiighest inter-annual fluctuation in
precipitation, with a maximum monthly value of 2% and a minimum value of 40.2 mm. The
average daily temperature during the whole studiogenvas 5.9°C and the relative humidity
ranged between 82% and 91% (Padrén, 2013). Therssasriation of temperature is very low
(i.e. minimum daily average of 4.8 ° C in July &14, the maximum daily average of 6.7 ° C in
November of 2011), while daily temperature flucioiatcan exceed 15 ° C.

With respect to the hydraulic conditions, the maximvelocity recorded throughout the
sampling period (December 2011 to October 2013) &% m &, with an average of 0.31 +
0.012 m 8. The highest Froude number)(fas 1.35, with an average of 0.27 + 0.011. The
maximum water depth was 0.49 m, with an average.1® + 0.004 m. The maximum stream
channel width and slope were 1.61 my 0.05 resgalgtiThese hydraulic variables were recorded
when the average discharge fluctuated between 33.8nd 352.1 | The four studied streams,
are characterised by a large substrate heterogeathmitinated by angular rocks, consisting of
dominant cobbles > 50% (between 60 and 250 mm)abbles about 25% (between 20 and 60
mm) in a matrix of gravel about 20% (between 0.& 2@ mm) and sand about 5% (0.006 and

0.2 mm). Additional hydrological and hydraulic cheteristics of the studied stream reaches are
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presented in Annex A.

Sampling methods

50-m-long reaches in each of the four selectecastsewere sampled in the period between
December 2011 and October 2013. Five cross-seatvens established in each of the four 50-
m-long reaches. A total of 19 sampling campaignsewearried out. A wide variety of

hydrological conditions (wet and dry) was recordethis period.

Sampling of abiotic data

In each sampling campaign, hydraulic measuremests taken at the biological sampling points
located at the center of each of the five crostierex Were measured the water depth (m), width
of the water surface (m) and average velocity tjnas 60% of the water depth from the water
surface (Wygaet al., 2012) using a propeller flow meter (HydroMate CBISydney, Australia).
Additionally, information regarding water levels svaecorded at gauging stations located in each
of the streams under study using the Mini-Diver 2811 and Baro-Diver DI500 pressure sensors
(Schlumberger Water Services, France) considermgasurement interval of 5 min. These water
level data were converted to discharge data acupriti appropriate hydraulic equations for
gauging weirs with known geometry and free spilh¢@ et al., 1988); a process that was
validated using the data recorded by the propéter meter. These sub-daily discharges were
averaged to daily values by means of a simpleragtlt averaging process. The substrate was
visually classified using six groups that were defi based on the simplified classification of

Elosegi (2009), considering 25 x 25%raference quadrants.

Sampling of biotic data

Macroinvertebrate samples were collected each cgmpaing a modified Surber net (coverage
area: 625 cA) 250um net mesh opening; sampling effort: 30 s) vigolpwssirred by hand,
located near the center of each cross-sectiontengubstrate. The collected sample was placed
in a plastic bottle, preserved in a solution of #f#fnalin and transferred to the laboratory, where
the organisms were separated and identified tgehas level with the use of a stereomicroscope
(Olympus SZ-6145TR, Japan) and species identifinakieys. Nevertheless, some non-insect
specimens were identified at a higher taxonomicellefr.e., Hydrachnidia, Gasteropoda,
Oligochaeta, and Sphaeriidae), including organisfrthe Chironomidae family and the larvae
of the Xiphocentronidae family whose taxonomicaritification is complex (Dominguex al.,
2009; Acosta and Prat, 2010).

Hydrological and biological data processing



The daily discharge values were transformed intly d#alues of volume per unit catchment area
(mm) to derive a single comparative scale of tiseltarges of the four studied streams (Clebw
al., 1988). Then, the arithmetic mean.¢&) of the transformed daily discharges were caledlat
(Qs1, Qs2, Qszand Q) to obtain a single series of representative disgs and derive one single
set of hydrological indices. For assessing thelaiity (i.e. representativeness) of.gregarding
the magnitude and evolution of flow, a comparaavalysis was made between.&and the
individual daily hydrographs of the studied stredaypsneans of three complementary procedures.
The procedures applied at each of the monitorezhists consisted in: (i) evaluation of the
correlations between the magnitudes of the dis&saagd Q. (ii) calculation on a daily basis
of the coefficient of variation (CV) using the disgge of the four streams in the same day of
interest and the average of the entire timesefidaity CV (CVawey), Which constitutes an index
of similarity among the discharges of the four mardd streams; and (iii) comparison of the
evolution and magnitude of the duration curveshefdverage daily discharges.

Accordingly, Querwas used in this study to calculate 27 hydroldgiadices (Table 1) for
each sampling campaign, which were defined baseManmk et al. (2006) and Changt al.
(2008). No specific indices of the duration of pdlakvs were computed, because peak events
had an average duration of 1 day equal to the tiasts of the daily discharge values. In line
herewith, no indices of low flow duration were detened but, instead, different LF durations
were explicitly considered in the analysis (., 30, 60, 75, 90, 115, and 140 days). For the
identification of hydrological peaks, relevant e fpresent study, thresholds were defined based
on the analysis of the series of discharge evlatccurred in the one-year period prior to every
sampling date.

Thus, for Quer and considering exceedance percentiles, large fleak (LPfs) were
defined as (see Fig. 2) flows with a value higlmamtthe percentile 2% ¢& 130 mm); values
between the percentile 5% 40 70 mm) and @were considered small peak flows (SPFs); and
values lower than the percentile 75%{@ 8 mm) were considered low flows (LFs). Two or
more peak flow pulses (LPFs and/or SPFs) were gumupgether if the time lag between
successive pulses was shorter than 20 days; tip@f peak pulses was considered as a single
(global) peak flow event (for instance, LPF 5 arféFL7 in Fig. 2). For the calculations of the
hydrological indices, the date of the last of thgsmiped peak pulses was adopted as the date of
the global peak event. This consideration is basethe fact that a period shorter than 20 days
is not enough for observing a complete recoverythef aquatic communities (Flecker and
Feifarek, 1994).

On the contrary, a LF event was defined if the lthsge was lower than or equal tesQ
(Yulianti and Burn, 1998) during a period of atde@ days. The extent of this event lasted until
a water pulse more thand345 mm) occurred. Thesgthreshold was defined in this study based

on the comparison of the effects of different psilem the community metrics recorded in
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successive sampling campaigns (i.e., comparing amg 5 with 6, 6 with 7, 7 with 8, 8 with 9,
16 with 17, 17 with 18 and 18 with 19); in this text, water pulses with magnitudes lower than
Q10 did not cause significant effects on the commumigtrics. Therefore, campaign 5 is not part
of the LF event 5 (Fig. 2), despite being precdued days of discharges lower thars,@ince
immediately after it a pulse higher tham@as recorded.

Two tests were carried out to inspect on the cagrgry of the magnitude of the above
defined discharge thresholds, namely (i) an extreahge (hydrological) analysis (EVA); and (ii)

a comparison of theQhreshold with the discharge threshold for sulstmaovement (Qos). In

this context, the EVA was conducted to verify tthegt SPF and LPF events defined hya@Qd Q

are part of the population of independent extretoerd at the studied streams, that is, are
hydrologically independent. If that is the case peak discharge thresholds used in this study
(i.e. @ and Q) should be greater than, or at least equal tominénum peak threshold (Qiro))
necessary to obtain an optimal fitting of the tisegies of daily peaks to a generalised (extreme
value) Pareto distribution (GPD; Pickands, 1975z4eez et al., 2009). Hence, the peak
discharge data fitting was performed using the pmek threshold (POT) methodology. To this
end, a series of daily extreme values was genetetied the partial duration time series (PDS)
methodology (Vazquez and Feyen, 2003; Vazaet., 2008). This PDS analysis was carried
out with the aid of specific-task subroutines thatre previously (Vazquez and Feyen, 2003;
Vazquezet al., 2008) programmed with the FORTRAN and PERL (ReattExtraction and
Report Language) programming languages.

Since, substrate movement is an important factrancing the composition and structure
of communities (Milhous and Bradley, 1986), a sectest on @ was performed to check on
whether it is likely to produce substrate movemaihius, for each of the four studied streams,
Qsubstwas generated using the equation of Milhous (Mi#)dl998); further, these values were
averaged into a single one that was finally conghémed. The Milhous equation considers the
relationship between the hydraulic radius (depemndim the circulating flow), the slope and the
physical properties of the riverbed, and the sk&ass required by the substrate to start moving.
Given the physical properties of the riverbed saibss in the study sites, shear stress was
considered to be a dimensionless constant withlwevat 0.050 (Milhous and Bradley, 1986;
Olsenet al., 2014).

With regard to the biological data, rare taxonogpioups (relative abundance less than
0.01% with regard to the total number of individiaKennenet al. (2010)) were removed.
Several community metrics were calculated, sucimdisidual density n? (density), total taxa
richness, Pielou’s evenness (evenness), and tm&haViener diversity index (diversity), using
the PRIMER statistical software (Version 6; Ivylged UK).



In addition, the EPT (Ephemeroptera, Plecoptedh Biichoptera) relative abundances,
EPT taxa richness, and the non-insect taxa richwess calculated. Thus, the samples were
grouped according to the type of mesohabitat, ddfion the basis of the Froude numbey, (F
which is a function of the discharge and the hylicaconditions of each sampling cross-section
(Jowett, 1993)Hence, according to Jowett (1998 different mesohabitats are poal<F.18),
run (0.18 < F< 0.41) or riffle (F> 0.41). Furthermore, the 10 most abundant t&pesentative
of each mesohabitat, were chosen, and their rela&bundances were calculated (Suren and

Jowett, 2006jor further analysis.

Statistical analysis

To answer the first question of the study, conegrnvhich hydrological indices related to LPF,
SPF and LF events are determinant to explain tlaagds in the community’s structure and
composition at high-Andean streams, a multiplegsgjon analysis in successive steps (Msink
al., 2006; Suren and Jowett, 2006) was performed letwiee hydrological indices and the
response variables (community metrics and relatlvendances of taxa). For every predictor
included in the regression analysis, the beta ¢statised regression) coefficielf) ( measuring
how strongly each predictor influences the depenhdanable, was calculated. Tiehave a t-
value and significance of the t-value (the p-vaksgociated with this. If the t-value is significan
then thef is significantly different from zero and, as susignificantly predicts the dependable
variable. Hereafter, in this study, the strongeedmtors were always considered for the
description of the results and the respective dsion; the absolute values of their associfited
were always at least 0.25 (i.e., subjectively, #fisolute value was adopted herein as a minimum
B threshold). Prior to the multiple regression asglyredundant hydrological indices from each
mesohabitat type were discarded (considering thelation analysis parameters Spearman rho
> 0.7,p < 0.05) using the SPSS software (version 20; IMBSREc., Armonk, New York). A
total of 20, 18, and 17 indices were included mdtatistical analysis for the pool, run, and eiffl
mesohabitats, respectively.

Regarding the second research question, concenrtingchanges can be observed in the
community as the result of peak (LPF and SPF) dnalents, the differences in community
metrics and the relative abundance of the 10 mmsirthnt taxa, before and after events, were
analysed for each mesohabitat. In addition, indése of LF events, changes occurring in the
community metrics and relative abundances of taggevanalysed throughout the entire LF
periods. Specifically, the biological variables e@ompared, in terms of time, between the first
sampling campaign occurring in the LF period arelfbsterior campaigns that are included in
the same LF period. These differences were statlgtianalysed by means of the PERMANOVA
test based on the Bray-Curtis similarity analysisderson, 2001; Suren and Jowett, 2006) using



the PAST software (version 3.08; @yvind Hammer, uxlt History Museum, University of
Oslo).

RESULTS

A total of 361 biological samples were analysedvieen December of 2011 and October of 2013.
The number of aquatic macroinvertebrate specimeeastified was 106,996, belonging to 38
different taxonomic groups (with an average densft$,604 ind. n?) as detailed in Annex B.
The Orthocladiinae subfamily was the most domin@xon, accounting for 31.3% of all
individuals, followed by th&irardia genus with 24.0%, the Chironominae subfamily wit?%o,
andHyalella with 7.1%. The other taxa did not exceed indivijutne 5.0% of all individuals.
The most frequent taxa (present in over 80% ofsthimples) were Orthocladiinaklyalella,
Girardia, Hydrachnidia, andustrolimnius.

The recorded discharges at the four study siteibigsignificant correlations among them.
In what follows Qi stands for the discharge observed in the i-tlastrevith i = 1, 2, 3 and 4 (Fig.
1). Regarding the correlation betweegdgand each of the monitored time series, the ramfge o
values of the Pearson correlation coefficient carfetween 0.95 for £ to 0.97 for Q.
Additionally, the current study suggested an aa@ptsimilarity (i.e., low value of C\er=0.39)
of the magnitude and temporal variability of thalydaischarge series. The analysis of the
duration curves of the daily flows confirmed thtda Given the similar hydrological behaviour
were the collected samples grouped in the stalstitalysis.

The EVA showed that the time series of daily peagimally fitted an exponential
distribution (a particular case of a GPD) for p@akues greater than or equal ta,& = 52.6
mm. This hydrological threshold is lower than b@t= 130 mm and €= 70 mm, implying that
the LPF and SPF events defined in this study, base@ and @, follow the extreme value
exponential distribution and, as such, are pathefpopulation of independent extreme flows in
the studied streams; that is, are hydrologicaldependent. Further, the average.{§ of the
threshold values generated for each stream by ¢ftleaud that is based on the equation of substrate
movement (Milhous, 1998) was 119.8 + 6.6 mm. loger than @, suggesting that the events
defined herein as LPF had a significant effect lmen tcommunity metrics and taxa due to the

implicit mobilisation of the benthic substrate.

Key hydrological indices

A total of 15 hydrological indices were identifieg the multiple regression analyses as being
influential on the following aspects: (i) communitetrics; and (ii) the relative abundance of the
10 most abundant taxa. Of both aspects, eightblagavere influential in the pool mesohabitats,
four in the run mesohabitats and six in the rifflesohabitats (Table 2). Some of the hydrological

indices were important in more than one of the rabitats.
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In the pool mesohabitats, the multiple regressiwalyses on the LPF variables revealed
that with absolute values higher than 0.33 of fhg.e., standardised slope of the regression)
negative correlations were obtained between MAXDAYXand density, and FH(1) and total
taxa richness and ETP taxa richness (Table 2 amd&AR). On the other hand, also witlf§ a
absolute value of 0.33, the LF index FL(3) was tiggly correlated with EPT taxa richness. In
taxonomic terms, two dominant non-insect taxa wecerded (Annex D), namely, thilobdella
genus (42.6%) and the Lymnaeidae family (15.9%})h\Wiabsolute values higher than 0.25, the
LPF indices FH(4) and MAXDAYQ(60) were negativelgrelated with Lymnaeidae dominant
taxa. With similarf absolute values the LF index QMIN(1) was positivebrrelated with
HydrachnidiaandHeterelmis (Annex D).

In the run mesohabitats, the multiple regressicalyses on the LPF variables indicated
that, with 3 absolute values above 0.40, negative correlatimese recorded between
MAXDAYQ(7) and density, FH(2) and total taxa rictase and FH(3) and non-insect richness
and diversity. With3 absolute values higher than 0.30, some LF vasadihibited a positive
correlation, namely, QMIN(1) and FL(1) with the dég, and COMINDAY with evenness and
diversity (Table 2 and Annex C). In taxonomic teyi@srardia was the main dominant taxa,
representing 27.8% of the community, followed by @hironominae with 6.1% (Annex D). With
B absolute values over 0.4, the LPF variable FH(&3 wegatively correlated with the relative
density of Chironominae (Annex D).

The multiple regression analyses on the LPF vaggabi the riffle mesohabitats showed
that with3 absolute values higher than 0.30, negative cdivakawere obtained between FH(2)
and the total taxa richness, FH(4) and non-insebiness, and COMAXDAY and diversity.
Furthermore, the LF variable QMIN(1) showed a niegatorrelation with density (Table 2 and
Annex C). In taxonomic termsjyalella is the most dominant taxon representing 10.1%ef t
community, followed byMetrichia (Tricoptera), with 9.8% (Annex D). Wit absolute values
exceeding 0.25, the LPF variable FL(1) was negbtiserrelated with the relative abundance of
Metrichia (Annex D).

With regard to the analysis of antecedent peak flonditions, some hydrological indices
such as MAXDAYQ(7), COMAXDAY, FH(1) and FH(2), inclted the time-accumulated effects
of past high flow events (i.e. antecedent cond#joon the community structure at a given
sampling date (Table 2). In this context, the dgnghe EPT and the non-insect relative
abundances and the different metrics of richnesal(tnon-insect and EPT) and the diversity
exhibited changes owing to peaks occurring betweand 120 days prior to sampling dates.
Specifically, in the pool mesohabitats the mostangnt hydrological indices (MAXDAYQ(7)
and FH(1)) showed an effect of past peak flowsh@community between 7 and 30 days. In the

run mesohabitats the effects of past peaks ocguoimger ago from the sampling dates (up to 90
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days) were noticed through the indices MAXDAYQ(F}(1) FH(2) and FH(3). In the riffle
mesohabitats the effects of past peaks happeniag ewmger ago (up to 120 days) from the
sampling dates were reflected by the indices COMAXDFH(2) and FH(4).

Effect of peak and low flow events

Figure 3 shows the temporal variation of the comityumetrics as a function of the flow in the
pool, run, and riffle mesohabitats throughout thueg period. The general trend in density (Fig.
3a) was positive in the LF periods increasing umpproximately 30,000 ind. fnin the run
mesohabitats; for the other mesohabitat types @@ukiffle) the density values were always less
than 13,000 ind. rh In terms of the total taxa richness (Fig. 3bg, t&sults showed higher values
in the three types of mesohabitats during LF evétdsvever, this trend was not observed for the
EPT taxa richness (Fig. 3c), as this metric flutgdasignificantly throughout the period of
analysis. Furthermore, it was observed that the ERifive abundance (Fig. 3d) increased with
flooding and decreased with LFs in the run anderifhiesohabitats; these differentiated trends
were not that obvious in the pool mesohabitats.

To evaluate the effects of the different hydroladjievents on the community metrics and
relative abundance of the 10 most abundant tagasdmpling campaigns are numbered in Fig. 2
following a chronological order. With respect te thssessment of the effects of LPFs on the
communities, the LF campaigns that are immedigdesterior to these peak events are compared
to the respective ones that are preceding thenedfter, the LF campaigns that are posterior to
LPFs (i.e., for LPF 5, campaigns 3 and 4; for LPE&npaign 12; and for LPF 7, campaign 15)
were compared to the preceding LF campaigns foel.PF 5, campaigns 1 and 2; for LPF 6,
campaign 11; and for LPF 7, campaign 13, althoughlatter campaign, similarly to campaign
12, is not strictly a LF campaign, given that theatdion of the respective LF event was shorter
than 7 days). On the other hand, campaigns 10 amteceding and proceeding a SPF (Fig. 2)
were compared for evaluating whether the SPF iwdxt had any effect on the communities. In
the same context, campaigns 13 and 14 were ascamibared. Although no other SPF were
recorded in the studied period, some events, smallerms of magnitude than SPFs were also
studied. Concretely, three events were analysegeotively, by the following preceding and
proceeding campaigns: 1 and 2, 5 and 6, and 9 an@id. 2). The applied PERMANOVA
analysis suggested no significant differences imroanity metrics among the respective
campaigns (i.e., 1 and 2, 5 and 6, and 9 and I)aarsuch no significant effects of the inspected
small events.

The LPF value of 160.4 mm (LPF 5) on community mastled to a significant decrease in
the density in the three studied mesohabitats €raplHowever, the LPF of 131.7 mm (LPF 6)

only had a negative effect on the density in tffterimesohabitats. Positive effects of LPFs on
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evenness were observed in the pool mesohabitatsl&fE 5 and in the riffle mesohabitats after
LPF 6. In addition, LPF 5 exerted a negative inflceon the total taxa richness in the pool and
run mesohabitats. A positive effect occurred imieof the EPT relative abundance in the pool
(after LPF 7), run (after LPF 5 and LPF 6) andeiffafter LPF 5) mesohabitats. In the pool and
riffle mesohabitats produced LPF 7 an increasiemr¢lative abundance of Hydrachnidia, while
in the run mesohabitats LPF 5 produced an incriegbe relative abundance Metrichia (7.5%)
and a decrease in the relative abundan@rei dia genug-16.1%) and Chironominae subfamily
(-9.2%). The relative abundance of Oligochaetalatdd two different responses, i.e., firstly, an
increase (7.9%) with a discharge of 131.7 mm“dagpd a decrease (-2.9%) with a higher
discharge of 160.4 mm ddyin the riffle mesohabitats, after LPF 5, a shdgpline was observed
in the proportion of the relative abundancé&afardia (-21.1%). Further, positive effects of LPF
7 onContulma (6.4%) were observed.

The events of maximum duration of LF (Fig. 2) sdrin campaigns 6 (LF 5) and 16 (LF
9). To observe changes in the community during ténes, the samples from campaigns 6 and
16 were compared respectively with the samples fitoenposterior campaigns (i.e., for LF 5,
campaigns 7, 8 and 9; and for LF 9, campaigns 8 antl 19). In the pool mesohabitats, a major
density increase was observed in the first 90 adtfs LFs (Table 4); the opposite effect was
observed for evenness and diversity. When the gp@vas longer, i.e. 115 days, a further increase
in the density was noticed. The total taxa richweas reduced (-3.5 taxa) in the first 10 days with
LFs; however, the opposite trend was observed (ak&) after 30 days with LFs. After 30 days
with LFs the relative abundance of EPT was reduadd12.7%. With LFs, the EPT taxarichness
exhibited a negative tendency after 10 days, wiviak maintained after 115 days. Regarding the
taxa, the relative abundanceRsiychoda genus decreased (-4.7%) over the first 30 dayss;
however, this trend reversed after a longer LF £(&Elb days). In addition, a 5.2% decrease was
observed in the relative abundance of Hydrachnmliar a period of 30 days. In the run
mesohabitats, a negative effect was observed atetigty after 75 and 115 days, and in the total
taxa richness after 115 days. Furthermore, a $tgmif increase in the relative abundance of the
Orthocladiinae subfamily (8.6%) was observed ovérFaperiod of 115 days. No significant

trends were noticed in the riffle mesohabitats.

DISCUSSION

Use of hydrological indices

The use of hydrological indices to assess the wsffgfoextreme flow conditions on the dynamics
of aquatic communities increased in the last de¢sdaod et al., 2000; Belmaret al., 2012;
Greenwood and Booker, 2015). According to Greenwaad Booker (2015) affect flow
conditions directly the diversity, abundance andhposition of aquatic communities. In this

context, this study aimed at examining the efféctver flow on aquatic communities in the high
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Andean region above 3,500 m a.s.l.,, more in pdaidhe influence of antecedent peak events.
The multiple regression analysis showed that thEaghof high discharge events (LPFs) on the
density of macroinvertebrates in the pool and resahabitats is significant negative because of
an increase in drag (Fig. 4). The rise in shearef@influence certain benthic taxa (Riasuma

et al., 2011; Rocha et al., 2012), mainly of the-imsect class (e.g. Lymneidd&rardia) (Rios-
Toumaet al., 2012), which do not have body features to copé the increase in shear stress
associated with high flow conditions (Tomanova &rsseglio-Polatera, 2007). For instance,
Lymneidae lacks legs, supporting structures, teeaith flooding (Lam and Calow, 1988; Rios-
Toumaet al., 2012).

In the run and riffle mesohabitats leads an in@&asirag during flooding to a decrease in
the diversity and total taxa richness. Sueyesdi. (2014) suggested that some of the taxa leaving
other mesohabitats end up in pools, characterigedower hydraulic stresses, given that
connectivity between mesohabitats is warrantedh@®j 2001). In this study area, situated at an
altitude above 3,500 m a.s.l. and significant skppgke multiple regression analysis does not
indicate an increment in diversity in the pool ntesatats; further, the total and the EPT richness,
indirect measures of diversity, exhibit a decremé&hts, notwithstanding, as depicted in Fig. 4,
pool mesohabitats are the ones with the gentlestitons, even during peak events. However,
it has to be noticed that the pools in our stugdysmaller, steeper and less isolated than the ones
studied for instance by Sueyoghial. (2014); as such, they can be affected more by thigi
events.

The above discussion does not account for the ¥amiability and is based solely on the
analysis of the density and diversity metrics. Wtienrest of the metrics and the time variability
are included in the analysis, then the currentystumjgests that, with regard to a sampling date,
antecedent peak events have a very decisive imftluen the aguatic community composition at
that particular date. Further, the study points which type of mesohabitats is least affected
(pool) in time by the antecedent peak flow condii@nd which one the most affected (riffle)
(Table 2). As shown in Fig. 4 are the pool mesdhaébihe gentlest environment for the aquatic
communities under peak events; nevertheless tleeyarreally a refuge for the dragged taxa.
With respect to the change of taxa in the pool inabiats associated to peak events before the
sampling date, an important increase of relativendlance oHelobdella andHyalella (Annex
D) was observed, notwithstanding their individuahtribution as predictors in the multiple
regression is relatively low. Bothelobdella (Stubbington and Wood, 2013) amtjalella
(McElravy and Resh, 1991) have the capacity ofrigidn the substrate, which makes them less
sensitive to higher drag forces.

In the run mesohabitats was the gefirardia, the second dominant group, negatively
affected by peak events occurring 30 days befaeséimpling date. Tomanova and Usseglio-

Polatera (2007) reports that the orden Planariajhich the genusiardia belongs, possesses
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low ability to adhere to the bottom materials o€ thtreams despite their flattened shape,
explaining why the genuGirardia does not resist to significant discharges. Atdtieer hand,
Metrichia, owing to its body conditions (characteristicsh@ case), has the potential of adhering
to the surrounding substrate (Barbetal., 2013), which enables this genus to resist thg dra
forces associated to peak events. In both, thamdmiffle mesohabitats, the Chironominae shows
a decrease of relative abundance with peak evectgring between 90 (run) and 120 (riffle)
days before the sampling date (Annex D). SimilaGtaardia, this taxon lacks the capacity to
adapt to significant discharges. An important iteferate in the riffle mesohabitats is the genus
Metrichia, which is negatively correlated to the low disgfeamdices. Most likely the decrease
in drag, associated with low flow, makes that otbeganisms different from this taxon (i.e.,
Hyalella and Chironominae) gradually enter and re-colotiisse mesohabitats (Townsend and
Hildrew, 1976), decreasing the relative abundariddetrichia.

Effect of hydrological events on aquatic communities

In aquatic ecology the drag forces associated fesldPe known as being catastrophic (Melo and
Froehlich, 2004; Snyder and Johnson, 2006), producerious repercussions on benthic
biodiversity (Belmaret al., 2012; Mesa, 2012) and even altering the hydrohmggical
conditions of a river (Belmaat al., 2012; Mesa, 2012; Worradt al., 2014). In this study, the:Q
(130 mm) discharge threshold that defines the L\t is higher than thesg:= 119.8 mm
(mean velocity = 0.99 m$ for substrate movement, and likely affects cartaguatic
communities owing to substrate movement as obdarvether studies carried out at different
latitudes (Cobb et al., 1992).

Lake (2000) describes two types of peak pertushatii.e., (i) extreme events of high
magnitude and of very short duration, known asgsjlghat drastically reduces the density and
species richness in the community; and (ii) corusuvariation of the discharge and the presence
of high peaks over time, known as ramps, that redlne re-colonisation capacity of all taxa. In
this study LPFs can be either type, namely LPF Bign 2 can be considered as a pulse, whilst
LPF 5 and LPF 7 may be regarded as being ramp £Meahsity decreased more than 60% and
EPT relative abundance increased more than 15%githtee types of mesohabitats affected by
either pulse or ramp type of peak event. Similéeat§, although with different proportions of
density decreased and EPT relative abundance seddeom what is here reported, have been
observed in several studies (Suren and Jowett,, 2006 all et al., 2014). Moreover, LPF effects
were evident through the decrease in total taxandss and density in the mesohabitats pool and
run, which resulted in the increase of evennedisdrpool mesohabitats.

The comparison of the metrics calculated beforeadigd peak events confirmed what was
concluded analysing the relationship between hgdioll indices and community metrics, in the

sense that less adapted aquatic taxa are morg afisitted by peak events and their associated
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drag forces (Poftt al., 1997; Lamourouwst al., 2004; Bonada&t al., 2007; Blanckaerét al.,
2012). For instance, in the mesohabitats run dfid a decrease in the proportions@fardia
and Chironominae after peak flows was observedchwimidicates that the forms and structures
of both pose little resistance to significant desgjes, mainly due to their low ability to adhere to
the bottom and bank material of streams (Toman2087). Hence, the negative effect on the
abundances ofcirardia and Chironominae possibly caused a significantem®e in the
proportion of individuals of the genudetrichia in the run mesohabitats, favoured by their
relatively small size and their preference to lhadhied to sites with thick substrates (Broeks
al., 2005; Barberat al., 2013). Thus, in the run mesohabitat, it is likédgt the organisms less
adapted to the increase of discharge producedea fascolonisation dfletrichia, in comparison

to organisms that arrived by the drift and whickcotonised with a slower rate (Townsend and
Hildrew, 1976). In this regard, in stable enviromise the genuMetrichia is less abundant and
competitively inferior to other organisms with ligical characteristics adapted more to low
discharge conditions (Gibbimsal., 2001).

Further, LPF 6 had positive effects on Oligochaat®s, whilst LPF 5 had negative ones,
confirming that these are two different types o&lpevents. LPF 5 previously had several
continuous disturbances of high discharges whidhdea loss of the interstitial zone of the reach
(Brunoet al., 2010), and in turn to the sustained decline efrétative abundance of Oligochaeta.
In contrast, LPF 6 was isolated in time, as welthes associated entrainment, allowing those
organisms to settle down in the interstitial zoBeufoet al., 2010), to remain and increase their
ratios in relation to other groups. On the otherdhahe effects of discharges of the evaluated LF
events were lower than in other latitudes (Leidh, 3 where magnitude and duration may cause
large changes in aquatic communities (Reilld ., 2012), since head or small streams are reduced
to small intermittent pools, the only refuge foethquatic biota at summer time (Dekar and
Magoulick, 2007). This fact contrasts with the highdean head streams, which maintain a
permanent flow in the periods of low discharge tlu¢he capacity of flow regulation of the
surrounding soils, through absorption and retenfinespcet al., 2012).

The observed response in the pool mesohabitatsafteng period with low discharges
was an increase in both, the density and thetmtalrichness. For density, a similar increase was
reported by Bogan and Lytle (2011) at pool mesdh&bin a temperate river, while, on the
contrary, for the total taxa richness a decreaseoliaerved by Garcia-Rogetmal. (2011) at pool
mesohabitats also in a temperate river. In addigotlecrease of the proportions of EPT relative
abundance and taxa richness was observed in pbidd wnay be due to the sensitivity of the
EPT to the decrease in discharge, as observed kysddect al. (2007) although, in riffle
mesohabitats of several New Zealand rivers. Andtmetor that might influence the decrease in
the proportion of EPT is the increase and dominasfceertain taxonomic groups, generally

belonging to the order Dipter®gychoda), owing to their tolerance to low discharge coiodis
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and to their short life cycles (Ledgdral., 2011); a tendency not observed in the curremtyst
(Table 4). On the contrary, in the run mesohahitdtsconditions decreased the density and total
taxa richness. There was a significant loss ofiddals with prolonged LF periods (greater than
75 days), almost to what was reported by Mcinteisid. (2002) who, for riffle mesohabitats in
the lao river (Hawai), observed a decline of thencwnity (density and total taxa richness) for
LF periods longer than 100 days. In the presemtystteduction of water depth and discharge
may have influenced the area of the available htsih LF periods (Rollet al., 2012). Further,

no response was observed on community metricsxontemic groups for low discharges in the
riffle mesohabitats, suggesting that this typevats, characterised by low velocities, is ofdittl
importance to the aquatic communities in this tgpenesohabitats. As already stated, the latter
differs from the results found by Mcintoshal. (2002).

CONCLUSIONS

The presented research is unique in assessingfiberice of hydrological events of
different magnitude on aquatic communities in thdldferent mesohabitats (i.e., pool, run and
riffle) located above 3,500 m a.s.l. The obserneakpevents can be classified as pulses and ramps
and were defined on the basis of thep@rcentile, which is a much stronger dischargesttiold
than the ones commonly used to define peak evisgwleere. The latter suggests that the aquatic
communities in high Andean streams have more eesiéi to peak flow variations and conditions
than similar communities that live in streams #fiedent latitudes and elevations. Further, either
pulses or ramps dragged away organisms, partigufanim the run and riffle mesohabitats. The
majority of these organisms did not refuge in paalbitats, as it has been reported in temperate
and flat zones, except for few taxa. It is likedybe the result of the fact that the pools in dud
are smaller (i.e., horizontally and vertically)eaper and less isolated than the ones studied
elsewhere; as such, they can be affected moredlygents.

Different analyses coincided in the general idest the dominant taxa with the least
adapted body characteristics are the most sergibpeak events. In this context, some taxa
belonging to the EPT groups, that pose suitabléstravere the ones less affected by peak
conditions. When all metrics and time variabilifypgak events occurring prior to the sampling
date were considered, then the current study stgygleat, with regard to a sampling date,
antecedent peak events are an important factosmilu&ting the aquatic community composition
at that particular date. Further, the study pointswhich type of mesohabitats is least affected
(pool) in time by antecedent peak flow conditiomsl avhich one is most affected (riffle). The
latter implies that in the current study site tlo@lpmesohabitats were the gentlest environment
for the aquatic communities under peak eventspatth they did not act as a permanent refuge

for the dragged taxa.
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The study showed that peak flow events had strogffiects on the communities than low
flows. Low flow events had less effects on the camities than the ones observed in temperate
regions where streams tend to be intermittent ulwhgy low flow periods, which is not the case
in high Andean streams because surrounding sotiregyusly provide water to the streams
preventing stream intermittence. Further, in loswflevents pools are important since different
taxa can find suitable habitat whilst run mesolabiare strongly impacted by the reduction of
their area.

The current study may be considered as a first teprds future environmental flow
assessments, a relevant task still to be done mthSéAndean regions under scientific

considerations.
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LPF=0.864 109.40 LPF =1.627 422.89 LPF =3.048 1542.79
SPF=0475 60.16 SPF =0.900 232.53 SPF =1.676 848.35
M =0.156 19.78 M =029 76.46 M =0.551 27896
LF =0.054 6.83 LF =0.102 26.39 LF =0.190 96.27

Figure 4. Typical cross-sections observed in pool, run,riffld mesohabitats, showing levels of
water surface under different discharge conditioasnely, Large Peak flow (LPF), Small Peak
flow (SPF), Low flow (LF) and median (M, observedthe period from 2011 to 2013). Froude
number (F), and shear stress (SS; Nnvalues are given for these discharge conditiana a

function of the type of mesohabitat.
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Table 1.Description of the hydrological indices calculafemin the mean daily discharges«(&. N is
the total number of values that a given hydroldgicdex may adopt as a function of the number of
days (n) used in its calculation.

Index Ni Description
Qsample 1 Mean daily discharge recorded on the lsagmate.
MAXDAYQ(n) 4 Maximum discharge observed in periads = 7, 15, 30 and 90 days before
the sampling date.

COMAXDAY 1 Coefficient of variation of the four vaés of MAXDAYQ(n).

FHA 1 Number Large Peak flow pulses observed thmoug a one-year period
before each sampling campaign.

QMAX(K) 3 k-th Large Peak flow pulse occurring imdigtely before the sampling date,
where k =1, 2, and 3 reflect occurrence in chrogichl order.

COQMAX 1 Coefficient of variation of the three QMAvalues.

FH(m) 5 Number of Large Peak flow and Small Peakvfpulses occurring in the
five periods defined by m = 1, 2, 3, 4, and 5 meriikfore the sampling
date.

MINDAYQ(n) 4 Minimum discharge observed in periagfsh = 7, 15, 30 and 90 days before
the sampling date.

COMINDAY 1 Coefficient of variation of the four vaés of MINDAYQ(n).

QMIN 1 Low flow pulse occurring immediately befdiee sampling date.

FL(m) 5 Number of Low flow pulses occurring in tfie periods defined by m =1,

2, 3, 4, and 5 months before the sampling date.
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Table 2. Beta coefficientsfl) of the multiple regression analysis using the bialrical indices as independent variables and conitjhmetrics and relative abundance of the
10 most abundant taxa as dependent variablefuastion of the mesohabitats. The sample sizes:ere141 in the pool mesohabitaf§( N = 144 in the run mesohabitats
(RY; and N = 76 in the riffle mesohabitaf)(The metrics and taxa that are listed have amcisted significance probabilify< 0.05. For the description of the hydrological

indices refer to Table 1.
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METRICS
Density -0.405¢ -0.21¢ 0.30% 0.454v
-0.496% -0.37R

EPT Rel. Abund. -0.172¢ 0.178¢ -0.287

Non-insect Rel.

Abund. -0.23Fv  -0.44Ru -0.23%

Total taxa richness -0.396¢  -0.364 0.29&  0.25% -0.177¢

EPT taxa richness -0.420¢ 0.18%c¢ -0.337¢

Non-insect richness -0.29¢%"  -0.240¢ -0.58% -0.30F 0.19(rv -0.19fv

Evenness 0.323¢ 0.34

Diversity -0.37% -0.44% 0.338 0.56F

TAXA

Chironominae -0.2%7 -0.45% -0.29&

Girardia -0.29( -0.18¢

Helobdella 0.226¢

Hyaldla 0.200°¢ -0.23%

Lymnaeidae -0.25%5 -0.256¢

Metrichia* 0.25% 0.212¢ -0.268i

* Taxonomic groups belonging to the EPT orders.
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Table 3. Effects of Large Peak (LPFs) and Small Peak floBBKs) on community metrics and
relative abundance of taxa as a function of the typpmesohabitats according to the statistical
test PERMANOVA. The values of the averag$ Gtandard deviation (SD), and F statistic (F) of
the metrics and taxa are listed with the associatgdificance probabilityp < 0.05. Froude
number (F) and shear stress (SS, N)nestimates for each mesohabitat type and peakei@mt

are also included.

Mesohabitat Event characteristics Com_mumty X SD F P
Type metric/taxa
LPF 5 (160.4 mm) Density -3,972 1609 5.49 0.040
Fr=1.07; SS=135.0 Evenness 0.13 0.02 12.07 0.020
Total taxa richness -5.3 3.45 5.24 0.050
POOL LPF 7 (157.2 mm) EPT Rel. Abund. 20.2 11.85 7.68 0.026
Fr=1.04; SS = 132.3 Hydrachnidia 4.2 2.74 7.86 0.022

SPF (108.0 mm)

Fr=0.72: SS = 90.9 Oligochaeta -1.2 0.42 8.02 0.030
LPF 5 (160.4 mm) Density -6,602 3,260 7.93 0.000
Fr=2.02; SS =521.7 Total taxa richness -5.6 2.04 11.84 0.000
EPT Rel. Abund. 20.5 4,79 4.77 0.020

Metrichia* 7.5 3.9 3.82 0.030

Girardia -16.1 5.91 6.53 0.010

RUN Chironominae 9.2 3.71 16.69 0.000
Oligochaeta -2.9 1.85 4.21 0.020

LPF 6 (131.7 mm) EPT Rel. Abund. 15.1 3.34 8.03 0.020
Fr=1.66; SS = 428.4 Oligochaeta 7.9 4.73 2.74 0.050
SPF (108.0 mm) Evenness -0.1 0.02 8.83 0.020
Fr=1.36; SS = 351.3 Diversity -0.4 0.13 7.69 0.020
Helobdela -0.6 0.2 3.88 0.040

LPF 5 (160.4 mm) Density -5,022 1,866 4.57 0.010
Fr=3.76; SS = 1,903. EPT Rel. Abund. 26.0 8.06 4.52 0.030
Girardia -21.1 11.32 4.33 0.040

RIFELE LPF 6 (131.7 mm) Density -2,560 583 6.63 0.010
Fr=3.09; SS = 1,562. Evenness 0.13 0.04 5.77 0.050
Chironominae -6.3 4.15 15.73 0.010

LPF 7 (157. 2 mm) Hydrachnidia 3.9 3.02 4.92 0.030
Fr =3.69; SS = 1,865. Contulma 6.4 6.81 2.46 0.031

* Taxonomic groups belonging to the EPT orders.
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Table 4. Effects of duration (n, in days) of Low flow on comanity metrics and relative
abundance of taxa as a function of the type of mesitat according to the statistical test
PERMANOVA. The values of the averagg,(standard deviation (SD), and F statistic (Fhef
metrics and, in the case of taxa, the differenne®lative abundances between two compared

campaigns, are listed with an associated signifiegmobabilityp < 0.05.

Mesohabitat Communit -

Type " metric/taxg X SD F P
90 Density 3,515.4 749.2 5.10 0.030
115 6,393.3 1,543.311.44 0.030
60 Evenness -0.1 0.04 6.95 0.020
90 -0.2 0.06 17.52 0.030
10 Total taxa richness -3.5 1.12 6.12 0.020
30 11.8 3.71 8.18 0.030

POOL 90 Diversity -0.4 0.09 8.74 0.010
30 EPT Rel. Abund. -12.7 2.78 15.96 0.030
10 EPT taxa richness 2.7 0.33 7.07 0.020
115 -1.0 0.71 6.01 0.050
30 Hydrachnidia -5.2 5.85 4.50 0.030
30 Psychoda -4.7 6.74 4.35 0.030
115 1.6 1.21 2.77 0.040
75 Claudioperla* -1.3 0.51 3.87 0.030
75 Density -21,997.811,671.41 9.42 0.030

RUN 115 ' -7,403.3 3,228.87 14.37 0.000
115 Total taxa richness -2.8 1.19 7.75 0.030
115 Orthocladiinae 8.6 6.49 5.27 0.030

* Taxonomic groups belonging to the EPT orders.
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ANNEXES

Annex A. Main physical characteristics of the four studigdams (S1, S2, S3 and S4).

Annex B. Presence dfaxa as a function of the studied mesohabitatsaedms (S1, S2, S3 and
S4).

Annex C. Beta coefficientsff) of the multiple regression analysis using therbladjical indices

as independent variables and the community medgaependent variables, as a function of the
mesohabitats. The sample sizes were: N = 141 ipdoé mesohabitats; N = 144 in the run
mesohabitats; and N = 76 in the riffle mesohabifite metrics that are listed have an associated

significance probabilityp < 0.05.

Annex D. Beta coefficientsf}) of the multiple regression analysis using therblabical indices

as independent variables and the relative abundafribe 10 most dominant macroinvertebrate
taxa as dependent variables, as a function of #sohabitats. The sample sizes were: N =141 in
the pool mesohabitats; N = 144 in the run mesoathiand N = 76 in the riffle mesohabitats.

The taxa that are listed have an associated signide probability < 0.05.
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