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Abstract 

Determining the resistance and resilience of resources and benthic invertebrates connected to 

instream refuges and species re-colonisation in post-flood periods may help to elucidate 

mechanisms behind community recovery. This experiment simulated flow pulses in a small 

temporary stream in an extremely wet year, using upstream control and downstream flooded 

reaches at three sites in order to assess community resistance and resilience (benthos and drift), 

and analyse resources (periphyton and benthic organic matter) and invertebrates at pre- and 

post-flood time periods. The hyporheos was sampled in order to explore species exchanges with 

benthos. Fewer resources and benthic invertebrates at the beginning of the experiment were 

found than in previous studies when base flow conditions prevailed. Resource stocks and 

benthic invertebrates showed high resistance to the flow pulse. Interestingly, there was low 

resilience of benthic organic matter to natural seasonal flooding. Chlorophyll a did not recover 

after experimental floods; instead, it was reduced after floods, despite the more benign flow 

conditions and non-limiting irradiance levels, pointing to top-down control by consumers. 

Additionally, the experimental flood significantly disturbed only the invertebrate composition in 

the groundwater-fed stream, which was inhabited by the fewest adapted-to-flood-disturbances 

macroinvertebrates. Despite the low resilience observed, richness and densities of benthos 
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increased during the study, evidencing progressive colonization. Around 50-60% of 

macroinvertebrates were present in both benthos and hyporheos. Richness increased after 

flooding, suggesting that the hyporheic zone could be the main source of colonizers. Three 

species traits characterized the hyporheos: small size, cocoons and feeders of microorganisms 

within the fine sediment matrix. The main results indicate that longer-than-normal flood periods 

in early spring may constrain invertebrate succession before the next summer drought in 

temporary streams. This study underscores the importance of hyporheic fauna as a significance 

source of colonizers, highlighting the importance of connectivity to the groundwater. 

Keywords: temporary streams, floods, periphyton, benthic organic material, invertebrates, 

hyporheos. 

1. INTRODUCTION 

Under a Mediterranean climate, rivers are physically, chemically, and biologically 

shaped by sequential hydrological disturbances of flooding and drying, which can vary 

from year to year in intensity and duration (Gasith and Resh, 1999). Spring-fed 

Mediterranean streams can even be intermittent or ephemeral, though groundwater can 

moderate seasonal flow fluctuation (Williams, 2006). Intermittent rivers are useful 

models to investigate resistance to and recovery from both flood and drought 

disturbances. Biological community resistance is defined here as the ability to persist 

during a disturbance, whereas resilience is the ability to recover after disturbance (Lake, 

2000). Community adaptations to drying have been widely reported in intermittent 

streams (e.g. Leigh et al., 2016; Cid et al., 2016), whereas adaptations to flooding have 

been paid much less attention (but see Hershkovitz and Gasith, 2013). It is widely 

recognised that climate change results in severe alterations to Mediterranean river flow 

regimes because of a decrease in the number of precipitation days (droughts) and an 

increase in days with heavy rains (floods) (Datry et al., 2016b).  Consequently, 

Mediterranean environments are currently under significant threat from increasing 

variability in seasonal and inter-annual rainfall patterns (Candela et al., 2009; Cramer et 

al., 2018). 
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In Mediterranean rivers, drying ends with the onset of the rainy season in autumn, when 

water resumes in the channels (Gasith and Resh, 1999). Floods affect bed stability and 

channel morphology (Lobera et al., 2017), maintain the habitat for freshwater organisms 

and riparian vegetation (Arscott et al., 2000; Fraaije et al., 2015), homogenize water 

quality along the stream continuum (Tockner et al., 1999), and redistribute the biota 

(Lake, 2000). Floods can reduce invertebrate abundance and induce changes in 

community composition by displacement and mortality (Death and Winterbourn, 1995; 

McMullen and Lytle, 2012). Highly flood-prone rivers are generally dominated by taxa 

with behavioural traits or life histories that increase their resistance or facilitate fast 

recolonization (Scarsbrook, 2002; Greenwood and Booker, 2015). The reach-scale 

effects of a flood depend on the availability of refugia provided by stable stream-bed 

areas, the hyporheic zone and hydraulic dead zones (Gibbins et al., 2007; Brouwer et 

al., 2019). The hyporheic zone may remain stable during floods and retains water after 

surface drying (Boulton et al., 1998; Lewandowski et al., 2019), offering a potential 

refuge for both floods and droughts in temporary streams. Several studies have 

evidenced active migration to the hyporheic zone during natural spates (Williams and 

Hynes, 1974; Dole-Olivier et al., 1997), prolonged high flows (Marchant, 1995) and 

experimental equivalents (Holomuzki and Biggs, 2000).Other studies have not found 

evidence of active migrations during floods, a result mainly attributed to inadequate 

habitat or disturbance-related factors (Boulton et al., 2004; Olsen and Townsend, 2005; 

Stubbington, 2012). Morphological and/or behavioural taxon-specific characteristics 

can restrict the active migration of certain taxa (Stubbington, 2012). Robertson and 

Wood (2010) identified traits associated with active migrant taxa as follows: no 

attachment, burrowing habit, depositional rheophily, high crawling rate, small (<9 mm) 

at maturity, tegument respiration and vermiform shape (Marchant 1988, 1995; Delucchi 
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1989; Marmonier and Creuzé des Châtelliers, 1991).  Stubbington et al., (2012) 

concluded that only ‘no attachment’ is the trait all have in common.  

Flooding in autumn, when the stream is at its lowest stage, is supposed to produce a 

greater impact on communities residing in temporary rivers than on communities 

residing in perennial rivers (Hershkovitz et al., 2013). Autumnal floods reset the system, 

generating pulses of nutrients and rewetting organic material (OM) events that 

characterise these systems as bioreactors (Datry et al., 2018), while initiating the 

succession of aquatic communities (Fisher et al., 1982). Autumn assemblages in 

temporary streams are mostly composed of drought-resistant lentic species which are 

more likely to be eliminated by strong floods (Hershkovitz et al., 2013). In contrast, 

spring floods occur at a time when water has been in the channels for months, and the 

biotic communities can be at a fully developed state. A flood event in early spring after 

a dry autumn-winter (under low flow conditions) can severely disturb the aquatic 

community, while a flood event in early spring after a wet half-year (high flow 

conditions)  adds more disturbances to the already disturbed community. This means 

that spring floods can influence, in very different ways, the annual development of the 

aquatic community in temporary streams. 

Response and recovery of macroinvertebrate assemblages and resources to simulated 

flow pulses in a temporary stream on the island of Mallorca were examined. The main 

objectives were: (i) to test the resistance of resources (periphyton and benthic organic 

matter) and benthic invertebrates (richness, density and drift) to an experimental flow 

pulse, (ii) to assess resilience of invertebrates (benthic composition and biological traits) 

and resources to the flow pulse, (iii) to test temporal trends of resources and benthic 

invertebrates (richness, density and biological traits) to receding flows, and (iv) to 

explore the hyporheos contribution to benthic invertebrates under receding flows. The 
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first prediction was that the experimental flow pulses would deplete the streambed from 

resources and invertebrates.  A previous study executed in the same system indicated 

that resources and invertebrate richness and densities were high under normal spring 

base water levels (Álvarez and Pardo, 2009), and it was expected they would show low 

resistance to an experimental flow pulse at the reach level. Second, as the whole stream 

would maintain significant extension of aquatic habitats where resources and 

invertebrates would not be affected by the experimental flow pulses, a fast recovery 

(high resilience) was expected at the disturbed sites, as connectivity with close non-

disturbed sites would ensure fast invertebrate aquatic dispersion and colonization. 

Third, it was predicted that there would be a gradual shift in trait representations, from 

flood- resistant traits after the flow pulses to drought-resistant traits, with decreasing 

flows towards summer.  

2. METHODS 

2.1 Study area 

The experiment was conducted in temporary streams located in the Ternelles basin (11 

km
2
) in the northeastern part of the Tramuntana range on the island of Mallorca (Fig. 1). 

The Ternelles basin is one of the few non-impaired river systems of the Tramuntana 

range on Mallorca (García et al., 2014). Two sites were situated in the Ternelles stream 

(T4, T5), and one in the Gorg Blau stream (GB), a tributary of the Ternelles. The most 

upstream site T4 is situated 2 km downstream of the Ternelles springs (265 m a.s.l.); the 

second site T5 is positioned around 300 m downstream of T4. The third site GB is 

located around 300 m upstream of the confluence with the Ternelles. GB water 

originates from two springs of nearly permanent discharge. The duration of the drought 

in the studied spring-fed streams depends on the amount of groundwater supplied by the 

springs, ranging between 0 and 4 months. Therefore, the discharge strongly relies on the 
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amount of rainfall in previous months (Álvarez and Pardo, 2007). The precipitation sum 

of the six months (autumn and winter) previous to the experiment was 1143 mm, much 

higher than the annual long-term average (i.e. 838 mm for the period 1976-2006). The 

riparian vegetation at the studied sites mainly consisted of the evergreen Holm oak 

Quercus ilex L. which mainly contributes to the amount of organic matter input to the 

stream system.  

2.2 Experimental design and sampling 

The experimental manipulation used here allowed the application of a more robust 

paired before-after, control-impact (BACI) analysis design (see Downes et al., 2002) to 

establish if there were consistent impacts on resources and benthic invertebrates to 

simulated flow pulses. At each site (Fig. 1), an upstream control and a downstream 

flood reach was marked (on average 23.5 m in length). In each reach a regular grid was 

established by attaching thin ropes to nails hammered into the stream bank, and grid 

cells (between 60 and 90 cells per reach) were randomly sampled once. Samples were 

taken simultaneously in control and flood reaches on March 8, 13 and 17 before the 

experimental flow pulse, and on March 20, 23, 27, April 3, 10, 17, 24 , and  May 1, 

2006, after the experimental flow pulse. The flood simulation took place on March 20, 

2006. The first site where the flow pulse was simulated was the downstream reach T5 to 

ensure independence of initial flow pulse results at T5 from the upstream reaches (T4 

and GB), each of them located in a stream tributary branch (Fig. 1). The flow pulse was 

then performed at T4 and after at GB. The streambed at each site was flushed with a 

water hose (discharging 4.4 L s
-1

) fed by a water tank containing 10.000 liters of water 

collected downstream in the Ternelles stream. The water hose was managed by a person 

walking zig-zag along the full flood reach and disrupting the entire streambed (Fig. 1). 

The level of disturbance attained in this experiment was previously established by 
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performing an experimental flow pulse at a downstream reach below T5. For that 

experimental flow pulse, the displacement of 18 stones (on average 7.9 ± 0.2 cm in 

diameter) which had been previously placed in three lines at 3.2, 10.8 and 17.6 m from 

the hose mouth was measured. At a discharge of 4.4 L s
-1

 the particles moved,  on 

average, 1.63 ± 0.07 m, 1.11 ± 0.11 m, and 0.51 ± 0.13 m at 3.2 m, 10 m, and 17 m 

distance from the hose, respectively. This flow pulse was considered to represent a low-

medium flood event because only small particles were transported downstream. A 

stronger disturbance would have moved most of the stones outside the studied reaches.  

2.3 Physicochemical characteristics 

Physical-chemical variables were obtained in the field with portable meters, measuring 

water temperature and pH (Thermo Orion 290+), electric conductivity at 25ºC (Thermo 

Orion 115A+) and dissolved oxygen (WTW Oxi 197 oxymeter). On each sampling 

date, water samples were collected from the three sites, stored in polypropylene bottles, 

cooled in dark conditions at 4°C and transported to the laboratory. Water chemical 

analyses were carried out following standard methods (APHA, 1989), examining 

nitrates (N-NO3
−
), phosphates (P-PO4

3−
) silicon dioxide (SiO2) and DOC using an auto-

analyzer for nutrient quantification (Auto-Analyzer3, Bran + Luebbe, Germany). 

Discharge was measured at each sampling site before, during and after the experimental 

flow pulse. Discharge (L s
-1

) was calculated by multiplying the stream cross sectional 

area by the integrated mean velocity (n = 3 recordings of 1 min) recorded at fixed 

transversal positions per site and sampling time. When taking Surber samples for 

invertebrates, flow velocity (m s
-1

) and depth (cm) were measured in the center of the 

Surber square. Particle size classes were visually estimated within the Surber area. The 

five classes matched the modified Wentworth scale (Minshall, 1984): clay-silt < 0.0625 

mm, sand (0.0625-2 mm), pebbles (2-64mm), cobbles (64-256mm), boulders (>256 
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mm), and bedrock (rock exposures).  

Average change in discharge over time was calculated between sampling dates per site 

(Discharget - Discharget-1, where t is sampling date) to assess flow tendency and the 

inflow of groundwater (Berg and Allen, 2008).  

2.4 Autochthonous and allochthonous resources 

To quantify the change in resources, epilithon chlorophyll a (Chl a) and total organic 

matter (ash free dry mass, AFDM) were taken at each sampling. Epilithon was sampled 

by scraping five stones, picked from the respective grid cell selected for invertebrate 

sampling. Two areas of 8.05 cm
2
 each were scraped off with a nylon toothbrush, one for 

Chl a analysis and the other for AFDM. The samples were cooled at 4°C and 

transported to the lab. Chlorophyll a was extracted in 90% acetone in the dark at low 

temperature and was measured spectrophotometrically (Unicam UV/VIS UV4 

Spectrometer, Cambridge, UK). Values were determined using the equations described 

in Lorenzen (1967). Ash free dry mass samples were filtered through a pre-weighed 

0.45 µm pore size Whatman GF/C glass fiber filter, dried at 105 °C for 24 h and 

reweighed and, after measuring the dry mass, filters were incinerated for 1.5 h at 505 °C 

and reweighed to obtain AFDM.  

Benthic organic matter (BPOM) was collected from each of the Surber samples and was 

divided into coarse benthic particulate organic matter (CBPOM > 1mm) and fine 

benthic particulate organic matter (FBPOM < 1mm-0.1 mm) using a 1-mm size sieve. 

After removing organisms, the organic detritus was separated by elutriation from the 

inorganic fractions. Both fractions were dried at 80°C over 48 h until a constant weight, 

were weighted and expressed as dry mass (g m
-2

).  

2.5 Invertebrate processing and identification 
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Benthic invertebrates 

Benthic invertebrates were collected at each sampling per reach using a Surber sampler 

(20x20 cm and 100 µm mesh size). Four replicate samples were taken at control and 

flood reaches before and after the simulated flow pulse. Altogether, 240 samples were 

collected from the three study sites. The Surber samples were washed through 

granulometric sieves of 100 µm, and 0.50, 1 and 5 mm. The invertebrates were colored 

(rose Bengal), to facilitate sorting by hand, and preserved in 70% alcohol. Identification 

was at the lowest possible taxonomic level, except for Oligochaeta, Hirudinea, 

Hydracarina and Diptera (family, subfamily). The invertebrate counts reflect densities 

per Surber area. 

Drifting invertebrates 

During the experimental flow pulse, drift samples (three 10 min replicates) were taken 

using drift nets (20cm high x 50cm wide) simultaneously at the end of each control and 

flood reach. Water velocity and water level were measured (n = 3) at the mouth of each 

drift net. Drifting invertebrates were expressed as individuals per m
3 

of filtered water. 

Hyporheic invertebrates 

Hyporheos was sampled twice (April 26 and May 1, 2006) in T5 and T4 and once in 

GB (May 1) at control reaches; due to sampling time limitations, this was considered 

enough to describe the hyporheos composition and to compare it with the benthos. 

Samples were taken with a manual pump inserted into the bed substrate, down to a 

depth of 15-30 cm, and filtering a known volume of water through a 100 µm size net. 

Invertebrates from the hyporheos were expressed as individuals per m
3
. 

Biological traits 

Nine biological traits were used to examine the effect of hydrological variability: 
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organism size, life cycle duration, number of life cycles per year, dispersal strategy, 

resistance form, respiratory systems, food type, feeding habits, and locomotion and 

substrate relation (Table S1; Tachet et al., 2010; Cid et al., 2016). The trait profile was 

obtained by weighting the individual trait modalities of each taxon by their logarithmic 

(x+1) abundance in the sample. Next, the sum of weighted abundances per modality per 

sample was expressed as a frequency (Descloux et al., 2014). For taxa for which there is 

not information on traits (less than 15% of taxons), family level scores were used by 

averaging trait values of all genera with trait information in a given family (as 

Sarremejane et al., 2017). 

2.7 Data analyses 

First, we analyzed if the invertebrate composition was similar among studied sites.  

Non-metric multidimensional scaling (nMDS; Kruskal, 1964) was applied to the three 

complete datasets: a) benthic b) drift and c) hyporheos invertebrate composition. An 

nMDS ordination was performed on log(x+1)-transformed abundance data using the 

Bray-Curtis similarity index.  Analysis of similarity (ANOSIM) was applied to assess 

differences in invertebrate assemblages. These analyses were performed using the 

functions metaMDS and ANOSIM from the vegan package in R and PRIMER v.6 

software (Clarke and Gorley, 2006).  

Second, indicator species analysis (ISA) was performed to identify the trait category 

associated with both the hyporheic and the benthic zone in the stream reaches, using the 

function multipatt of the indicspecies package in R (De Cáceres and Legendre, 2009; De 

Cáceres et al., 2010). Indicator species analysis calculates an Indicator Value (IndVal; 

Dufrêne and Legendre, 1997), constrained between 0 and 1, for each taxon or trait 

category corresponding to each group defined a priori. This index is the product of the 

specificity value (A; probability of existing only in a particular group) and the fidelity 
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or sensitivity value (B; frequency of occurrence within a particular group). Species or 

trait categories with low IndVal were discarded, setting the threshold for the two 

components as suggested by De Cáceres et al. (2012): A = 0.6 and B = 0.25. 

Test the resistance of resources and benthic invertebrates to an experimental flow pulse 

(Objective 1) 

At each site, samples taken three days before the experimental flow pulse and two hours 

after were compared, in order to analyse the resistance of the resources and benthic 

invertebrates. Temporal changes in the control reaches (three days before and two hours 

after the experiment) were also analysed, to measure variation in resources and 

invertebrate communities that occurred in the absence of the simulated disturbance.  

Wilcoxon matched-pairs tests were performed, a non-parametric test for contrasting 

before and after observations, on: i) resources (Chl a, AFDM, CBPOM and FBPOM); 

and ii) benthic invertebrates (richness, density and drift), using IBM SPSS Statistics 24. 

To assess differences in drifting invertebrates, drift samples taken at control and flood 

reaches during the experimental flow pulse were used. 

Assess resource and invertebrate (benthic composition and biological traits) resilience 

to the flow pulse (Objective 2) 

First, unforeseen impacts of the flow pulses conducted at T4 and GB on the downstream 

site (T5) in the assessment of resources and invertebrates resilience were discarded.  

Wilcoxon matched-pairs tests were performed to assess potential impact on richness and 

density at T5 control reach between the two hours after and the three days after samples, 

the last samples taken posterior to flow pulse manipulation at upstream reaches. 

A Principal Response Curve (PRC) analysis was run per site (Van den Brink and Ter 

Braak, 1999) in order to test the effects of the simulated flow pulse on food resources 
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(Chl a, AFDM epilithon and coarse and fine BPOM) and benthic invertebrates 

(composition and biological traits).  Principal Response Curve is a multivariate method 

for the analysis of repeated measurement designs. It tests and displays treatment effects 

of a time series in comparison to a reference site (e.g. Van den Brink et al., 2009). The 

technique uses redundancy analysis and introduces interaction between sampling dates 

as covariables and treatment as explanatory variables (Van den Brink and Ter Braak, 

1999). This divides the variance into parts that can be attributed to differences in time, 

to treatment differences in time, and to differences between replicates (Van den Brink et 

al., 2009). As a result, the PRC diagram contrasts each treatment in the vertical axis 

with the control across time. The RDA was accompanied by before-after-control-impact 

Monte Carlo permutation tests to detect significant effects of the explanatory variables 

on the resource amount of the samples for the entire time series (Van den Brink and Ter 

Braak, 1999). The PRC analyses were performed using R version 3.5.1 using the vegan 

package. 

A set of species weights (on the right side of the diagram) shows the affinity of each 

species to the community response pattern offered by the PRC model (Leps and 

Smilauer, 2003 for further details). The higher the species weight, the stronger the 

species response to treatment. For a quantitative evaluation of the PRC analysis on each 

species, the quotient exp (bk cdt) was calculated, where bk is the species weight and cdt is 

the canonical coefficient at flood d on sampling date t, as in García and Pardo (2017a). 

This allowed estimation of the percentage of change in the abundance of a species in the 

experimentally flooded reach relative to the control, independent of its absolute 

abundance.  

Test temporal trends of resources and benthic invertebrates (richness, density and 

biological traits) to receding flows (Objective 3)  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



To test the temporal response of resources, nonparametric Theil-Sen´s regression 

method was performed, using mblm function in R (Theil, 1950; Sen, 1968), as the data 

was not normally distributed. In order to test benthic invertebrate responses, we 

performed linear regressions to richness, density values and biological traits over time. 

Prior to this, data were examined to determine whether they approximated a normal 

distribution, using both Shapiro–Wilk tests and plotting studentized residuals against a 

normal distribution. Data were log transformed when necessary. For biological traits 

analysis, only taxa presence/absence data was considered in this case, multiplied with 

specific trait values and divided by the total number of species present per sampling 

date. If previous PRC analysis indicated the absence of significant differences in species 

composition between control and flooded sites, we fused control and flooded replicates 

of benthic invertebrates (richness and density) per sampling time and then analysed time 

trajectories with regression analyses (using IBM SPSS Statistics 24). 

Explore hyporheos composition contributions to benthic invertebrates under receding 

flows (Objective 4) 

To ascertain the relationship between benthic invertebrate assemblages and the 

hyporheos with receding flows during the study, the presence of those taxa sampled in 

the hyporheos were crossed with those present in the benthos.  Linear regression models 

were used to fit richness-dependent variables to discharge per site. Four dependent 

variables were calculated per sampling time: i) taxon richness in the benthic zone; ii) 

taxon richness common to both the benthic and hyporheic zone; iii) taxon richness 

observed only in the benthic zone (these taxa were never found in the hyporheic zone 

during the two sampling campaigns); iv) taxon richness observed in the hyporheic zone 

but never found in the benthic zone. 

3. RESULTS 
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3.1 Environmental variables.  

Mean discharge was higher in T4 (35 L s
-1

) than in GB (25 L s
-1

), and highest at T5 (46 

L s
-1

) after the two streams confluence (Table 1). Maximum discharge in T5 (76 L s
-1

) 

was registered three days before the flood experiment. In T4, the discharge was nearly 

maximum (52 L s
-1

) during the flood experiment, while at GB the maximum of 66 L s
-1

 

occurred naturally, 12 days before the experiment (Table 1). In GB, within a few days 

after the flow pulse, discharge decreased (31 L s
-1

) (Fig. 2). During the post-flow pulse 

period, discharge significantly decreased with time at all three study sites (r > -0.88, p < 

0.01). Mean water temperature was highest in the more exposed site, GB (16.6°C), than 

in T4 (14.8°C) and was lowest at T5, with a more dense riparian canopy (13.8°C).  

The changes in flow between dates (Fig. 3) indicated that discharge oscillations at T5 

and T4 followed the same trend, while GB showed a gradual decrease. This shows that 

during wet years, such as in this study, direct runoff from T4 tends to determine flow at 

the downstream T5 section. Flow change calculated at the sites from previous years 

with lower discharges (2000-2001) indicated the same trend for GB and T5, where 

nearby groundwater springs drive similar flow dynamic at both sites (Fig. 3). 

The grain size composition of the streambed at T5 and GB were nearly similar, with 55-

62% coarse material (bedrock and cobbles) and 37-43% fine grain-size (gravel, sand 

and silt) (Table 1). The streambed in T4 mainly consisted of coarse particles (85%).  

Nitrate contents were significantly higher at GB and T5 than at T4, while phosphates, 

DOC and silica had similar values at all three sites. Nitrate values decreased from the 

beginning of the experiment towards the end at all sites (GB from 2.99 to 0.92 mg N/L; 

T4 from 1.03 to 0.32 mg N/L; T5 from 2.09 to 1.16 mg N/L), while DOC followed the 

opposite trend (GB from 2.85 to 4.38 mg L
-1

; T4 from 4.71 to 5.78 mg L
-1

; T5 from 

3.61 to 4.54 mg L
-1

). 
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There were no differences in the environmental variables measured at the Surber’s 

positions (e.g. water depth, velocity and substrate composition) on the previous date 

(March 17, 2006) to the simulated flow pulses among all site reaches (U Mann-Whitney 

test; p > 0.05; Table S2). 

3.2 Characteristics of resources and benthic invertebrate assemblages 

Chlorophyll a, AFDM, CBPOM, FBPOM and total BPOM differed among sites (Table 

1). Chlorophyll a and AFDM were higher at GB than at T5 and T4, showing lowest 

values at T4. CBPOM, FBPOM stocks were also higher at GB and T5 than at T4, this 

last site again with lowest stocks.  

A total of 45 taxa accounting for 9800 individuals were collected (Surbers, n = 249). 

Baetis sp., Orthocladiinae and Tanypodinae were the most common and abundant taxa 

in all three sites, while Simulidae was also abundant in T5 and T4, and 

Echinogammarus monomerus only in GB. The nMDS produced a 2-axis ordination with 

a final stress value of 0.25 (Fig. S1), which indicates a satisfactory solution (stress 

values >2 indicate unreliable and poor solutions; Clarke, 1993).  ANOSIM analysis 

indicated significant differences in taxa composition among the three sites (Global-R = 

0.194, p < 0.001, ANOSIM). Even though most taxa were common at all sites, GB had 

slightly higher taxonomic richness, with nine exclusive taxa versus three in T5, and two 

in T4.   

A total of 22 taxa accounting for 1331 individuals were collected in the hyporheic zone 

of the three study sites. Mean invertebrate density was 8 ind L
-1

 (ranging from 1 to 17 

ind L
-1

) and mean taxa richness was 8 (ranging from 4 to 15 taxa). Non-metric 

multidimensional scaling (Fig. S1) and ANOSIM analysis (Global-R = -0.05, p = 0.6) 

demonstrated that there were no differences between the hyporheic invertebrate 

assemblages among the three sites. In general, assemblages in the three sites were 
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dominated by dipterans (e.g. Chironominae, Orthocladinae, Corynoneura sp. and 

Tanypodinae) and Oligochaeta, which together represented more than 90% of the 

hyporheos. The hyporheic taxa were mainly characterized as being small-size organisms 

(1-5 cm); with short lifecycles (one year or less); having one or more generations per 

year; having passive aquatic dispersal; showing diapause or dormancy, and non-

resistance form; tegument and gills respiration; feeding living microphytes, detritus and 

living invertebrates; deposit feeders, scrapers, predators; swimmers and crawlers (Fig. 

S3).  

Indicator species analysis revealed significant differences in biological traits between 

invertebrates inhabiting the hyporheic and benthic zones. Hyporheic taxa were 

associated with small organisms, cocoons as a resistance form, and feeding of 

microorganisms which are within the fine sediments, whereas benthic taxa were 

associated with aerial respiration (by spiracles), being piercers and feeding on 

vertebrates (Table 2).  

3.3 Resistance of resources and benthic invertebrates to an experimental flow pulse 

Resources (Chl a, AFDM, CBPOM and FBPOM) and benthic invertebrates (richness, 

density and drift) were not significantly affected by the flow pulse (Wilcoxon test; table 

3). However, drift rates showed an increase due to the flow pulse (Table 3). For 

example, mean drift rate at GB was 2 ind m
-3

 in the control reach and 56 ind m
-3

 in the 

disturbed reach during the flow pulse (Table 3). Ephemeroptera (Baetis rhodani) and 

Diptera (Orthocladiinae, Tanypodinae and Simulidae) accounted, on average, for 80% 

of drifting individuals at all three sites. Some taxa (e.g. Oligochaeta, Corynoneura sp., 

Thienemaniella sp., Ceratopogonidae and Dixa sp), only drifted during the flow pulse at 

GB. At T4, only 10 taxa drifted during the flood (e.g. Oligochaeta, E. monomerus, 

Corynoneura sp. and Hydroptila sp.).  In spite of the fact that drift at the T5 control 
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reach was almost zero, the flow pulse increased the number of drifting individuals  more 

than 8 times (e.g. E. monomerus, Tyrrhenoleuctra antoninoi, Dicranota sp. and Dixa 

sp.). 

3.4 Resilience of resources and benthic invertebrates to the flow pulse 

Taxa richness and density at the T5 control reach did not vary significantly between the 

two hours after and the three days after samples, the last samples taken posterior to flow 

pulse manipulation at upstream reaches (Wilcoxon test). These results point to the 

absence of impact on community structure from flow pulses driven at upstream reaches 

over the downstream T5 control reach. 

Considering resources, PRC analyses did not evidence differences in BPOM fractions 

and Chl a between control and flood reaches at the sites (PRC analysis; GB: F = 1.5, p = 

0.99; T4: F = 0.6, p = 0.98; T5: F = 0.01, p = 0.95). In addition, T4 and T5 did not 

experience changes in taxonomic composition between control and flooded reaches 

through time (PRC; Fig. S2). In contrast, significant differences were observed in GB 

(Monte Carlo permutation test F = 11.6, p < 0.05; Fig. 4). In particular, 

Echinogammarus monomerus and Thienemanniella sp. decreased markedly in response 

to flooding in GB (Fig. 4). For example, 35 days after the experiment, the density of E. 

monomerus was reduced by 20% and Thienemanniella sp. by 37%. Also some dipterans 

(e.g. Corynoneura sp., Orthocladinae and Tanypodinae) and Baetis rhodani were 

negatively affected. However, Chironominae was the most positively (16% increase) 

affected taxon, which indicates either a quick recovery or colonization by new species. 

In spite of taxonomic changes observed at GB, PRCs performed on biological traits did 

not show significant changes at any stream reach. 

3.5 Temporal trends of resources and benthic invertebrates to receding flows 
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Theil-Sen’s linear regression was performed to test recovery trajectories along the 

studied period for BPOM sizes and periphyton variables, for control and flood reaches 

together and individually per site (Table 4). Coarse benthic particulate organic matter 

increased along the whole studied period at all sites (p < 0.001), while FBPOM 

increased only at GB (p < 0.001). Chlorophyll a only showed a significant decreasing 

tendency along time at T5 (p < 0.001), and AFDM followed the opposite increasing 

trajectory at T5 (p < 0.001) and GB (p < 0.01).  

Taking into account that PCR results only identified significant taxonomic composition 

changes between control and flooded reaches at GB, control and flooded reaches at this 

site were analyzed independently.  T4 and T5 showed similar composition at control 

and flooded reaches through time, and control and flooded replicates were therefore 

merged. Richness and density of benthic invertebrates increased with time at T5 and in 

control reaches at GB (linear regressions; p < 0.05), and not significantly at T4 and in 

GB flooded reaches (Table 5; Fig. 2). Densities in control reaches at the end of the 

study were one order of magnitude higher at GB (41924 ind m
-2

) than at T4 (5225 ind 

m
-2

) and T5 (4475 ind m
-2

).  

Regarding biological traits, Table 6 shows a number of trait changes during the two-

month study, characterized by decreasing discharges. For example: i) an increase of taxa 

with a life cycle duration longer than one year (T5 and GB), shredder (T5), and surface 

swimmers (T5 and T4), and ii) a decrease of taxa breathing through gills (T5), feeding 

on plant detritus (T5) and feeding on living microinvertebrates (predators T4), having 

aerial passive dispersal (GB) and being burrowers (T5, T4 and GB).  

3.6 Hyporheos contribution to benthic invertebrate composition under receding 

flows 

Linear regressions were performed to explore the relationship between the superficial 
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benthic and hyporheic invertebrate richness with receding discharge values, which may 

help to discern if benthos colonisers originate from the hyporheos (Fig. 5). Taxa 

richness in the benthic zone (BenTot) and the number of taxa observed only in the 

benthic zone (Ben) (not present in the hyporheos) increased as discharge decreased at 

T5 (Fig. 5). The number of common taxa present in the hyporheic zone and in the 

benthic zone (Both) increased as discharge reduced at both T5 and GB. This indicates 

that a decrease in discharge produced an increase of the number of hyporheic taxa in the 

benthic zone, while the opposite tendency was observed for only hyporheic taxa (Hyp) 

at T5 and GB, with few hyporheic taxa not present in the benthos following discharge 

reduction. No significant relationship was observed between benthic and hyporheic taxa 

composition and discharge at T4.  

4. DISCUSSION 

High flows have many effects on aquatic invertebrates, both directly and indirectly, 

through changes to habitat (Death, 2008). This study demonstrates that results from 

small-scale experimental flow pulses seem to be influenced by previous levels of high 

flow disturbance. The first prediction of flow pulses depleting the streambed of 

resources and invertebrates, low resistance, was only partially confirmed for the more 

stable-in-flow site (i.e. invertebrate composition at GB). Second, recovery at the 

disturbed sites was slow (low resilience), because in spite of high connectivity at high 

flows, the whole stream system was disturbed, contrary to what was expected, 

influencing low resource stocks and fewer invertebrate richness and densities. These 

results confirm that the greater scale of previous disturbance levels (at the whole stream 

scale) strongly influenced the rate and pathways of recolonization and the sources and 

faunal composition of the recolonists (Brooks and Boulton 1991). Third, it was 

predicted that there would be a gradual shift in trait representation from flood-resistant 
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traits after the flow pulses to drought-resistant traits with decreasing flows towards 

summer.  The results confirmed this for a number of related traits.  

4.1 Resistance and resilience of resources and benthic invertebrates (richness, 

density and drift) to an experimental flow pulse 

The flow pulses did not influence resources and benthic invertebrates (richness, density 

and drift) at the studied sites. However, differences in invertebrate composition were 

observed at GB. The recovery of the community at the GB control reach became 

evident at the end of the experiment (two months). Exponential increases in grazers 

(Baetis sp. and Orthocladiinae) and early leaf colonisers as Corynoneura sp. (García et 

al., 2012) were observed, coupled with increasing amounts of CPBOM, FPBOM and 

AFDM at the site. At the GB flooded reach, community recovery was less evident, with 

lower increases in density. The absence of increases in Chl a can only be attributed to 

herbivory, as demonstrated in a previous study at this site (Álvarez and Pardo, 2009), 

and in this experiment,  similar patterns of increases in herbivores coupled with 

reductions in Chl a at both control and flooded reaches were observed. There is 

evidenced that the recruitment of new colonizers seems negatively influenced by the 

low resilience of allochthonous organic matter stocks and by a high top-down 

consumption of benthic Chl a. 

Although invertebrate composition was altered by the flow pulse in GB, biological traits 

did not change.  This was attributed to the previous winter spates that had already 

selected among those more resistant traits, making species less likely to be killed or 

removed during the flow pulse disturbance (Townsend et al., 1997). The lack of change 

in biological traits could also be due to a biased selection of traits related to a large-scale 

filter of life-cycle traits associated with climatic and environmental characteristics of 

intermittent rivers instead of traits directly related to floods (Bonada et al., 2007; Lobera 
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et al., 2017). In fact, Lobera et al. (2019) showed that invertebrates in temporary 

streams of Mallorca possessed the life strategy traits to adapt and survive seasonal and 

supra-seasonal drying events (e.g. small sizes, multivoltine life-cycles and aerial 

respiration). Overall, if initially designed, the flood manipulation should have coincided 

with the receding base flow discharge, and the experimental floods should probably 

have more severely affected the invertebrate composition and their corresponding 

biological traits.  

Increasing drift rates during the simulated flow pulse were observed accordingly with 

discharge, while changes were not significant, probably because the high between-

samples variability. It is well known that abiotic and biotic factors influence active drift 

(which is initiated by the organism), while only abiotic factors influence passive drift 

(which is a result of a change in the physical conditions) (Brittain and Eikeland, 1988; 

Kobak et al., 2017). Active drift at controls was mainly composed of swimmer and 

crawler invertebrates (e.g. Baetis rhodani, Orthocladiinae, Tanypodinae and Simulidae); 

taxa also identified in other drift studies ( Malmqvist and Sjöström, 1987; Winterbottom 

et al., 1997; Naman et al., 2016). Other species entered drift because of the flood 

manipulation, only because of their susceptibility to flow perturbation (e.g. Oligochaeta, 

Corynoneura sp., Thienemaniella sp., Ceratopogonidae, Dixa sp. and Echinogammarus 

monomerus). The simulated flow pulse, considered as a medium flood for the grain-

sizes entrained, did not produce a catastrophic drift, as the invertebrate community was 

not fully mobilized.  

4.3 Temporal trends of resources and benthic invertebrates to receding flows 

Results evidenced that winter discharges were large enough to mobilize the bed 

sediment, scouring most of the benthic algae (Gerull et al., 2012; Katz et al., 2017), 

controlling the spatial patterns of periphyton biomass and resetting the succession of 
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stream periphyton communities (Fisher et al., 1982; Biggs et al., 1999). In addition to 

initially very low standing stocks of this study, post-flood trajectories showed further 

reduction in benthic Chl a, with discharge reduction contrary to that expected. In the 

unshaded conditions of the study sites, low ambient nutrient levels should affect 

periphyton biomass most (bottom-up control) as in many unpolluted, permanent 

headwaters (Lowe et al., 1986) with P and N as limiting factors (Grimm and Fisher, 

1986). However, nutrient levels were similar or higher than values measured in a 

previous studied year in Ternelles when periphyton biomass was much higher (Álvarez 

and Pardo, 2007).  

Riparian areas in the basin are dominated by Holm oak (Quercus ilex), a Mediterranean 

evergreen species having litter fall between April and July (Bussotti et al., 2003; 

Cherbuy et al., 2001). Initial benthic POM stocks in March were much lower than 

previous studies in GB (Álvarez and Pardo, 2007), probably because winter floods 

reduced litter retention and accumulation. Meanwhile, in the post-flood period, CBPOM 

increased as expected, showing slow recovery without reaching values of a typical year. 

Because Holm oak decomposing time is long, a half-time of about four months in 

streams (Schwarz and Schwoerbel, 1997), leaves that fall in the stream during March-

April will not be fully decomposed in June-July when the stream channels may dry. In 

an earlier study, litter accumulation in GB was related to shredders density showing an 

increasing tendency towards summer (Pardo and Álvarez, 2006; Álvarez and Pardo, 

2009).  

Regarding benthic invertebrates, fewer taxa richness and density at the beginning of the 

experiment was found than in a previous study, when base flow conditions prevailed 

(mean richness from 31 to 15, and mean densities from 10500 to 3700 ind m
-2

). Over 

time, the flow decreased in the Ternelles stream, and the ecosystem turned into the 
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yearly based period of flow cessation or disconnected pools. Although taxa richness and 

density increased, they did not reach the values attained in previous studied years. Some 

biological traits increased, associated with survival during the dry phases of those which 

could migrate to the hyporheic zone (e.g. burrower locomotion, gill respiration and 

microinvertebrates feeding). However, some other traits decreased, as shredding 

(associated with the flowing phases and BPOM accrual), aquatic active dispersal 

(associated with recolonization upstream to still flowing zones) or fliers (associated 

with recolonization of other different streams).  

Inter-annual variability in rainfall (wet and dry years) drives differences in community 

composition and that may have lagged effects, with altered recruitment in one year 

affecting population densities in subsequent years (Resh et al., 2013). Precipitation in 

Mallorca showed a significant increasing autumn trend over the period 1977-2009 

(García et al., 2017b), and  this study  demonstrated that this increasing tendency may 

lead to substantial reduction in the diversity of biological communities of temporary 

streams, reducing their resistance and resilience to flooding. Many organisms have 

mechanisms that allow them to adapt to summer droughts and to recover quickly after 

water returns in early autumn (Lake, 2003). However, the results indicate that high 

floods (spates) in autumn-winter strongly disturb resources and invertebrate 

communities, and repetition in spates do not provide sufficient time for full recovery of 

biological communities. High floods can even have such an impact that the 

communities do not recover before summer drought arrives, depending of course on the 

timing of the start of the drought period.   

4.3 Hyporheos contribution to benthic invertebrate under receding flows 

The hyporheic zone may provide an extensive refuge for hydrological disturbance in 

temporary rivers (Stubbington, 2012; Datry et al., 2016a). This study shows that 
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approximately 50-60% of the benthic invertebrates were also present in the hyporheic 

zone. The invertebrate traits characterizing the benthos had spiracle (aerial) respiration, 

some being piercers of plants or animals, and some as food item vertebrates (Hirudinea, 

Nepa cinerea and Notonectidae). Biological traits of the hyporheic fauna of the study 

streams include active migration (swimmers and crawlers), tegument and gills 

respiration and small size, in concordance with other studies (Poff et al., 2006; 

Stubbington et al., 2017).  These results indicate that the hyporheic zone was the main 

source of colonists as discharge decreased in GB and T5, but not in T4. These results 

could be related to higher discharge oscillations over time at T4 versus the progressive 

reduction of discharge observed over time in T5 and GB.  It cannot be discounted that 

those taxa were transported by drift, despite the fact that 20-30% of the taxa found in 

the drift were also found in the hyporheos. As in other studies that found direct evidence 

of the hyporheic refuge hypothesis (Holomuzki and Biggs, 2007; Stubbington et al., 

2011; Vander Vorste et al., 2016), the studied hyporheic zone  contained taxa that 

seemed to move to the benthic zone during flow recession, indicating the important role 

of the hyporheic zone as a refuge for invertebrates  escaping  hydraulic alteration. 

Similar to this study, Durkota et al. (2019) found the existence of a more dynamic 

exchange between benthos and hyporheos during periods of low discharge. Moreover, a 

dominance of the trait “non-resistant form” in the community emphasizes that the 

hyporheic refuge may allow them to survive and persist over the summer period 

(Lobera et al., 2019). 

CONCLUSIONS 

Results indicate that the simulated flow pulses applied at three sites within the Ternelles 

stream did not fully succeeded in depleting resources and altering invertebrate 

composition and traits, except for the change in community composition at GB.  We 
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believe that the absence of significant changes in resources and invertebrates was 

influenced by the previous higher-than-normal winter floods, which maintained the 

temporary streams at levels that can be characterised as already disturbed. Still, the most 

disturbed site by the simulated flow pulse appeared to be GB, the groundwater spring 

fed with less dynamic flow.  
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Table 1. Mean and standard error of environmental parameters and autochthonous resources of 

the three studied sites in 2006 and in 2000 (the base flow year is calculated for the period early 

November 2000 to mid-July 2001 (Álvarez and Pardo, 2007)). Abbreviations in table are 

explained in the methods section. 

  GB 

2006 

GB 

2000 

T4 2006 T4 

2000 

T5 2006 T5 

2000 

Periphyton AFDM (g m
-2

) 3.7 ± 

0.21** 

8 ± 1.2 1.39 ± 

0.09** 

16.2 ± 

1.7 

2.28 ± 

0.17** 

37.6 ± 

3.5 

 Chl a (mg m
-2

) 0.077 ± 

0.007** 

17.4 ± 

2.9 

0.014 ± 

0.001** 

25.4 ± 

4.2 

0.03 ± 

0.003** 

111.8 

± 9.7 

Bentic Organic 

Material 

CBPOM (g m
-2

)  10.23 ± 

1.66* 

159.5 ± 

31.6 

6.19 ± 

1.42* 

- 9.84 ± 

2.23* 

- 

 FBPOM (g m
-2

) 2.03 ± 

0.43** 

13.7 ± 

2.1 

0.87 ± 

0.15** 

- 1.19 ± 

0.31** 

- 

Hydromorphological Basin area 

(Km
2
) 

3.9  3.4  7.7  

Variables Channel width 

(m) 

4.7 ± 

0.1 

0.9 ± 

0.0 

3.4 ± 0.1 1.33 ± 

0.1 

3.5 ± 0.1 2.0 ± 

0.1 

 Slope 0.0246  0.0201  0.0236  

 Discharge (L 

s
-1

) 

25.5 ± 

6.5 

8.9 ± 

2.4 

35.0 ± 

8.1 

3.3 ± 

1.2 

46.3 ± 

5.3 

13.3 ± 

5.1 

 max. 

Discharge (L 

s
-1

) 

65.9 31.75 53.6 16.85 75.9 69.9 

 mean Ω (W m
-

2
) 

6.1 ± 

1.6 

- 8.1 ± 1.6 - 9.1 ± 1.2 - 

 max Ω (W m
-

2
) 

15.9 - 12.4 - 14.9 - 

 % coarse 

substrata
 

62.1 ± 

4.2 

12.8 ± 

2.8 

85.2±3.2 49.5 ± 

4.0 

55.2±4.5 70.6 ± 

4.1 

 % fine 

substrata 

37.9 ± 

4.2 

44.3 ± 

2.9 

14.8±3.2 39.7 ± 

3.0 

43.5±4.5 19 ± 

2.1 

Physico-Chemical Water Temp. 

°C 

17.7 ± 

1.4* 

16.9 ± 

1.2 

15.6 ± 

0.5 

18.3 ± 

1.7 

14.4 ± 

0.5 

13.8 ± 

1.0 

 O2 mg L
-1

 9.8 9.2 ± 

0.4 

9.6 9.6 ± 

0.2 

10.0 10.2 ± 

0.3 

 pH 8.1 7.4 ± 

0.1 

8.5 7.6 ± 

0.1 

8.3 7.9 ± 

0.1 

 Conductivity 

(µS cm
-1

) 

737.2 ± 

25.3 

763.2 

± 44.1 

638.4 ± 

42.8 

1104.9 

± 108.6 

664.6 ± 

29.2 

709.4 

± 33.8 

 N-NO3
−
  (mg 

L
-1

) 

P-PO4
3−

 (mg 

L
-1

) 

DOC (mg l
-1

) 

SiO2 (mg l
-1

) 

1.39 ± 

0.20** 

0.04 ± 

0.01 

4.44 ± 

0.50 

3.02 ± 

0.32 

 

 

0.52 ± 

0.7 

0.02 ± 

0.01 

4.73± 

0.37 

2.69 ± 

0.25 

 

 

1.17 ± 

0.12 

0.03 ± 

0.01 

4.13 ± 

0.25 

2.90 ± 

0.41 

 

 

Hyporheos Water Temp. 

°C 

O2 % 

Conductivity 

(µS cm
-1

) 

17.8 

93.3 

784.7 

 

 

19.2 

89.7 

795.0 

 

 

17.1 

96.1 

788.0 

 

 

*Kruskal-Wallis Test, significance difference between sites **p<0.001, *p<0.05         
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Table 2. Statistically significant indicator trait categories for hyporheic and benthic 

macroinvertebrates in the Ternelles stream. (IV = Indicator Values). Significance indicator 

between hyporheic and benthic zone **<0.001, *<0.05. 

 Trait category IV 

Hyporheic zone   

 Maximal size: ≤0.25 cm 0.89** 

 Maximal size: >8 cm 0.88** 

 Resistance forms: cocoons 0.87** 

 Food: fine sediment + 

microorganisms 

0.86* 

Benthic zone   

 Respiration: spiracle(aerial) 0.97** 

 Feeding habits: piercer (plant or 

animal) 

0.91** 

 Food: vertebrates 0.82* 

 

 

Table 3. Mean and standard error of benthic invertebrates (richness, density, drift rate and drift 

taxa richness) and resources (AFDM, MOPB, FBPOM and Chl a) of the three studied sites 

(control and flooding reach) for the period before (three days before) and after (2 hours after)  

the flow pulse. 

Sit

e 

Reach Peri

od 

Richn

ess 

Density 

(ind/m
2
) 

Drift 

rate 

(ind/m
3
) 

Drift 

taxa 

richnes

s 

(taxon/

m
3
) 

AFDM  

(g/m
2
) 

MOPB  

(g/m
2
) 

FBPO

M  

(g/m
2
) 

Chl a 

(mg/m
2
) 

T5 Contr

ol 

Befo

re 

3.2±0.

2 

1450.0±12

50.2 

5.0±0.

4 

0.6±0.1 1.4±0.2 0.9±0.

8 

0.03±0

.02 

0.02±0.0

1 

  Afte

r 

5.2±0.

6 

843.5±288

.4 

  3.1±0.8 0.02±0

.02 

0.01±0

.00 

0.05±0.0

2 

 Floodi

ng 

Befo

re 

7.0±1.

1 

962.5±456

.7 

41.9±1

0.8 

3.5±0.8 141.7±

56.1 

0.04±0

.04 

0.02±0

.01 

0.06±0.0

2 

  Afte

r 

5.0±1.

5 

293.7±65.

6 

  2.8±1.0 1.9±0.

8 

0.3±0.

1 

0.05±0.0

1 

T4 Contr

ol 

Befo

re 

6.0±1.

3 

1006.2±24

5.2 

28.3±8

.9 

4.3±1.4 1.6±0.4 0.2±0.

2 

0.1±0.

0 

0.02±0.0

1 

  Afte

r 

5.2±1.

3 

312.5±41.

4 

  2.2±0.7 0.2±0.

2 

0.04±0

.03 

0.02±0.0

1 

 Floodi

ng 

Befo

re 

4.5±0.

9 

743.7±227

.4 

41.4±7

.8 

9.2±2.4 1.0±0.1 0.1±0.

1 

0.03±0

.02 

0.005±0.

001 

  Afte

r 

5.5±1.

9 

500±255.8   2.3±0.3 0.1±0.

0 

0.01±0

.01 

0.01±0.0

06 

G

B 

Contr

ol 

Befo

re 

12.2±

1.0 

1500±281.

7 

20.7±2

.7 

5.2±0.7 7.1±3.1 0.8±0.

4 

0.1±0.

1 

0.2±0.1 

  Afte

r 

7.0±1.

1 

606.2±158

.6 

  2.6±0.4 0.2±0.

2 

0.03±0

.01 

0.03±0.0

1 

 Floodi

ng 

Befo

re 

10.2±

2.5 

1256.2±19

7.2 

56.1±7

.1 

10.2±2.

6 

4.8±1.0 0.5±0.

1 

0.06±0

.02 

0.1±0.02 

  Afte

r 

4.5±0.

5 

212.5±51.

5 

  3.7±0.6 0.4±0.

1 

0.04±0

.02 

0.1±0.03 
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 CBPOM FBPOM Chl AFDM 

GB 0.1593*** 0.0179*** 0.0000 0.0179** 

T4 0.0604*** 0.0000 0.0000 -0.0046 

T5 0.0508*** 0.0000 -0.0003*** 0.0108*** 

 

 

Table 5. Linear regression model results with time, and taxa richness and density as dependent 

variable. Only significant results are shown. 

  Richness Density (Indv/m
2
) 

Site  p R
2
 p R

2
 

GB Control 0.000 0.31 0.000 0.39 

 Flooded 0.064 0.06 0.107 0.07 

T4 Control+flooded 2.093 0.05 0.581 0.04 

T5 Control+flooded 0.000 0.22 0.002 0.12 

 

 

Table 6. Linear regression model results with discharge and relative trait occurrence 

(presence/absence data) as dependent variable. Only significant results are shown. 

Trait category Trait class p F R
2
 

T5     

Life cycle 

duration 

>1 year 0.029 7.061 -0.469 

Number of life 

cycles per year 

univoltine 0.031 6.794 0.459 

Respiration gills 0.047 5.515 0.408 

Food Plant detritus ≥ 1 

mm 

0.042 5.829 0.421 

Feeding habits Shredder 0.031 6.801 -0.460 

Locomotion  Surface swimmer 0.023 7.825 -0.494 

Locomotion  Burrower 

(epibenthic) 

0.033 6.630 0.453 

T4     

Maximal size 4-8 cm 0.027 7.293 0.477 

Dispersal Aquatic active 0.023 7.884 -0.496 

Resistance form None 0.045 5.647 0.414 

Respiration Plastron 0.021 8.128 -0.504 

Food Living 

microinvertebrates 

0.000 39.224 0.831 

Locomotion  Surface swimmer 0.023 7.804 -0.494 

Locomotion  Burrower 0.048 5.460 0.406 

GB     

Life cycle 

duration 

>1 year 0.011 10.987 -0.579 

Dispersal  Aerial passive 0.005 14.62 0.646 

Respiration Spiracle(aerial) 0.038 6.128 -0.434 

Feeding habits Piercer 0.043 5.769 -0.419 

Feeding habits Parasite 0.047 5.510 0.408 

Locomotion  Flier 0.041 5.937 -0.426 

Locomotion  Burrower 0.009 11.923 0.598 

Locomotion  Permanently 

attached 

0.001 29.549 0.787 

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Figure 1. (a) The Ternelles stream study system with the three monitored sites (GB, T4 and 

T5). (b) Location of the Ternelles catchment on the Island of Mallorca, Spain. (c) Images of the 

three monitored sites. (d) Time (days) pre and post experimental flood disturbance with the day 

of the experimental flood (0) in red. 

 

Figure 2. Difference between no disturbance (control) and disturbance study sites (control 

minus disturbance) of density (left) and taxon richness (right) (from top to bottom, T5, T4 and 

GB). Bars show the difference of: i) mean density or richness (white bars); and total density or 

richness (sum of the four samples). Note that the discharge in each study site during the study 

period is represented by the black line.  

 

Figure 3. Change in flow (flow at T1 minus flow at T0) in T5, T4 and GB during the 

experiment (at the right: 2006 - high flow) and from early November 2000 to mid-July 2001 (at 

the left: 2000/01 – baseflow; Álvarez and Pardo, 2007).c 

 

Figure 4. Principal Response Curve (PRC) with species weight for the invertebrate dataset, 

indicating the effects of an experimental flood disturbance on GB. The weights of taxa with 

very poor fit (not well characterized by the explanatory variables used in the analysis) are not 

shown.  

 

Figure 5. Linear regression model with discharge and number of benthic and hyporheic 

invertebrates (BenTot: taxon richness in the benthic zone; both: number of common taxa 

observed in both the hyporheic and benthic zone; ben: number of taxa observed only in the 

benthic zone; and hyp: number of taxa observed only in the hyporheic zone but not in the 

benthic zone). 
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Graphical abstract 

 

Highlights 

- Resources and benthic invertebrates showed high resistance to the flow pulse 

- The most disturbed site was the groundwater spring, fed with less dynamic flow 

- The hyporheic zone appears to be the main source of colonizers 

- Longer flood periods in autumn affect invertebrate resilience 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof


