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Introduction
Stream ecology is multidimensional, with species 
diversity and occurrence being dependent upon fac-
tors and processes at multiple spatial and temporal 
scales (Chee & Elith 2012, Dudley et al. 2015). 
Many species of insects breed in streams and sev-
eral studies have documented the important role that 
macrobenthos community, including aquatic larvae 
of insects, may play for lotic systems (Koperski 
2010, Tachet 2010, Koperski 2011). In particular, 
the high richness or biomass of stream macrobenthos 
are an indicator that they play an important role in 
stream–riparian dynamics (Clarke et al. 2010). At 
the same time, landscape composition and features 
can strongly affect macrobenthos species distribu-
tion (Petersen 1992, Renai et al. 2006, Manenti & 
Bianchi 2014). Numerous studies of stream systems 

have reported dramatic alterations in the macrob-
enthos composition with changes in the microhabi-
tat availability in streams. These changes might be a 
result of urbanisation, intensive agriculture or land 
fragmentation by humans (Dauba et al. 1997, Gupta 
& Sharma 2005, Koperski 2010). Different studies 
indicate a consistent loss of invertebrate species and 
even fish in streams in urbanised watersheds (Gupta 
& Sharma 2005, Manenti 2010), together with ef-
fects on semi-aquatic insects distribution (Lencioni 
& Rossaro 2005, Miyazono & Taylor 2013). 
Moreover, the structure of stream communities may 
be strongly related to the absence or to the presence 
of fish such as trout, which are potential predators on 
larvae and potential competitors for macrobenthos 
prey (Lowe & Bolger 2002, Gillespie 2010). The 
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occurrence of trout is linked both to its natural dis-
persal upstream and also to its introduction for fish-
eries purposes. In several pre-Alpine and Apennine 
stretches of streams which would be naturally fish-
free it is a usual practice of local governments and 
fisheries associations to introduce both juveniles and 
adults of trout (Mazzotti 1993, Manenti & Pennati 
2016). The impact of trout occurrence on freshwater 
communities is not well studied in stream habitats, 
while in mountain lakes and ponds it is well known 
that introduced salmonids may be a great threat to 
once fishless freshwater ecosystems (Tiberti & von 
Hardenberg 2012). 

Macrobenthos communities are known to be an 
important biological indicator of water quality and 
aquatic ecosystem structure (Koperski 2011). Recent 
studies have provided evidence that Ephemeroptera 
species assemblages are affected by habitat features 
and water quality (Grandjean et al. 2011, Jandry et al. 
2014). In this study I evaluated the relative abundanc-
es of two common genera of Ephemeroptera occur-
ring in both streams and springs: Ecdyonurus, linked 
to well-oxygenated waters with a scarcity of organic 
matter, and Baetis, which is found in waters with lower 
oxygen content and higher organic pollution levels. In 
particular, the relative abundance of these two genera 
was studied in a still relatively wild area, upstream to 
major urbanised centres where pollution is still not a 
major factor (Seu & Borroni 2005).

The aim of this study was twofold. First, we 
evaluated the relative importance of streams mor-
phological features for the abundance of Ecdyonurus 
and Baetis communities. Second, we related the 
abundance of these two genera to the most common 
vertebrate predators in our study area such as trout, 
Salamandrina perspicillata and Salamandra sala-
mandra larvae occurrence. 

Materials and Methods
Study area 
The study area was situated in the Northern 
Apennines, in Liguria Region (Italy) between the 
Caucaso, Lavagnola and Becco Mountains (44.49 
N, 9.17564 E). I surveyed streams and springs in the 
catchment basins of the Lavagna, Lentro and Trebbia 
streams (Fig. 1). In the study area, livestock farming 
was much diffused until the 1960s, and around the 
villages, terracing with dry stone walls for forage and 
potato cultivation was much diffused. The landscape 
around the villages was made up of terraces that are 
still cultivated or are covered by grass that is peri-
odically cut. Small villages bordered by xerophile 
broadleaved woods with the prevalence of Quercus 

robur and some Erica arborea, while the surround-
ing landscape was generally covered by mesophile 
woods and beech forests. The altitude of the surveyed 
sites ranged between 400 and 800 m a.s.l. 

Surveys and habitat characterisation 
From early March to late May 2014, I used diurnal 
removal samplings to evaluate the abundance of 
Ecdyonurus and Baetis larvae. two successive sam-
plings with an interval of 5 minutes from each other 
were performed. The relative abundance was estimat-
ed using the algorithm proposed by Chao & Chang 
(1999). To maximise the homogeneity of sampling 
among streams, the same observer performed all sur-
veys. During each survey I sampled a linear transect 
(50 m) along streams; in the case of springs I sampled 
the whole site for a maximum of 15 m downstream 
from the resurgence point. I sampled 57 different sites 
belonging to three main hydrographic networks includ-
ing 12 distinct springs, 33 different first order streams 
with four stations in the same second order stream and 
eight stations, always upstream from urbanised areas, 
divided in the three different main tributaries. The 12 
total multiple sampling localities were included in the 
surveys when environmental conditions (e.g. land-
scape, stream morphology) differed markedly along 
the same stream course; the average distance between 
sampling localities of the same stream was 1710 m.

I recorded four features, which can be important 
for the Ephemeroptera, describing stream morphol-
ogy, quality and ecosystem functioning. I measured 
site floor heterogeneity, which reflects the availability 
and number of shelters, using the percentage of al-
ternation of substrate elements (sand, gravel, stones, 
sunken branches; see Petersen 1992). Each spring 
or stream transect was classified using the following 
rank scale: 1. absence of diversification, only a single 
substrate element covering almost 100% of the site; 2. 
poorly diversified, only two substrate elements cover-
ing > 90% of the transect; 3. quite diversified, at least 
three elements present in at least 10% of the transect; 
4. highly diversified, > 90% of the transect presenting 
an alternation of at least three elements. 

I recorded also the degree of shading, area and 
maximum depth. Shading degree was assessed meas-
uring the percentage of aquatic site surface covered by 
shadow using the following scale rank: 1 – shade <10% 
of the surface; 2 – shade, covering between 10 and 30% 
of the surface; 3 – shade covering 30 – 50 % of the 
surface; 4 – shade covering 60-90 % of the surface; and 
5 – shade covering > 90% of the aquatic surface.

Moreover, I recorded the presence/absence of 
three common vertebrate predators in the area: Salmo 
trutta fario, Salamandra salamandra larvae and 



Role of Stream Morphology and Predators as Driving Factors for the Abundance of Two Common Ephemeropteran...

565

Salamandrina perspicillata larvae or eggs. Predators’ 
occurrence was assessed taking into account detection 
probability through two visual encounter surveys per-
formed both during the night and during the day in 
each site. For all sites, at least one visit was performed 
in daytime, and at least one visit was performed after 
dusk, using spotlights to lighten the stream.

Statistical analyses 
A site is confidently “occupied” if a species is detected 
at that site, but the lack of detection of a species dur-
ing all sampling occasions does not necessarily mean 
that the species is absent (MacKenzie 2006). This can 
lead to an underestimation of occupancy and might 
influence the results of analyses, increasing the risk 
of data over-interpretation, with type II errors being 
potentially significant. We used Presence 5.5 (Hines 
2006) to assess the probability of detection per visit 
of the predators and we calculated misdetection prob-
ability of each comparing the percentage of sites in 
which the species were observed with the percentage 
of occupancy estimated by Presence. As misdetection 
rate was quite low for S. salamandra and S. perspicil-
lata (< 3 %) but high for trout (25 %) in the analy-
ses for the two amphibian species I kept as variables 
the naïve presence/absence data, while for the trout I 
used the conditional probability of occupancy of each 
site estimated by Presence. Generalized linear mixed 
models (GLMMs) were used to relate Ephemeroptera 

abundance in each stream to the four morphologi-
cal variables recorded. In the analysis sites’ altitude 
was included as an independent variable. The three 
main hydrographic basins and the first stream situ-
ated downstream to each site were incorporated in 
the models as random factors in order to account for 
streams belonging to the same basin and hydrograph-
ic network. Even if the number of variables was low I 
built models representing all possible combinations of 
independent variables, and the model with the lowest 
AICc was considered the “best AICc” model (Rolls 
2011). Models explaining the highest proportion of 
variation using the smallest number of predictors 
have smallest AICc values and are considered to be 
the “best models”. As AICc may select overly com-
plex models, a complex model was preferred only if 
its AICc was smaller than the AICc of all of its simpler 
nested models (Richards et al. 2011). I calculated the 
Akaike weights, wi (AICc weights), representing the 
probability of the different models given the data, and 
the evidence ratios E = wi / wj to compare the relative 
support of the different models by the data (Lukacs 
et al. 2007). All the models were checked using the 
variance inflation factor (VIF). The variance inflation 
factor quantifies collinearity among the variables in 
a regression model; only models with a VIF value < 
5 were considered. Subsequently, for each variable I 
summed the AICc weights of all the models in which 
the variable was included, to obtain the probability 

Fig. 1. Study area. Black circles indicate the sampling sites. Due to geographic proximity some of them are superimposed
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for each variable to be included in the best model 
(Burnham & Anderson 2002). We assessed signifi-
cance of variables composing the best model using a 
likelihood ratio test. We performed the analysis using 
the lme4, MuMIn and car packages.

To assess the relationships between the abun-
dance of Ecdyonurus and Baetis, I used a constrained 
redundancy analysis (RDA). RDA is a canonical 
analysis, combining the properties of regression and 
ordination techniques, that allows evaluation of how 
much of the variation of the structure of one dataset 
(e.g. community composition in a stream; endogenous 
dataset) is explained by independent variables (e.g. 
habitat biotic and abiotic features; exogenous datasets) 
(Borcard et al. 2011). I considered as the exogenous 
matrix one matrix composed of the predators’ distribu-
tion records and we used the matrices of Ecdyonurus 
and Baetis abundance as endogenous. The significance 
of explained variance was calculated by performing 
ANOVA-like permutation tests (10,000 permutations) 
(Borcard et al. 2011). I performed RDAs using the 
vegan package (Oksanen et al. 2005). All statistical 
analyses were done in the R 3.2 environment.

Results
The abundance of the two genera was generally not 
very high. The average abundance of Ecdyonurus 
was 0.71 ind/m2 with a maximum of 7.5 ind/ m2, 
while the average abundance of Baetis was 0.31 ind/ 
m2, and the maximum density was of 5 ind/ m2. 

The abundance of Ecdyonurus was positively 
related to shelters availability, shading degree and 
area (Table. 1). The abundance of Baetis was posi-
tively related to shelters availability and negatively 
related to the shading degree of the site (Table 1).

The abundance of Ephemeroptera was related 
significantly to the distribution of vertebrate preda-
tors (permutation test: P = < 0.0001). The relationship 
between the abundance of Ecdyonurus and Baetis, 
and vertebrate predators’ occurrence explained 37 % 
of the variation (Fig. 2). In particular, the abundance 
of Ecdyonurus was negatively related to sites where 
S. perspicilllata bres, while positively linked to sites 

where trout and S. salamandra larvae occurred, with a 
strongest affinity for the latter. The abundance of Baetis 
was negatively related to sites with S. perspicilllata and 
was higher at sites where S. t. fario occurred.

Discussion
Our results indicated that the substrate complexity, re-
flecting shelter availability, was the main factor affect-
ing the abundance of both genera of Ephemeroptera. 
This fact is particularly interesting as provides indi-
cations that, in streams situated in areas where hu-
man pollution does not play particular role, streams 
heterogeneity is important for Ephemeroptera genera 
with similar reophilous requirements, but very dis-
tinct sensitivity toward organic pollution.

Ecdyonurus larvae belong to the family 
Heptageniidae and are considered very good indi-
cators of water quality having a high biotic score 
(Gherardi et al. 2002). Their prevailing trophic role is 
of herbivorous and detritivorous, i.e. mainly scraping 
algae and encrusting organisms, but also collectors 
of organic matter (Tachet 2010). Baetis larvae be-
long to the family Baetidae and are the most resistant 
taxon from Ephemeroptera to water organic pollution 
having a low biotic score (Tachet 2010) and being 
abundant in several polluted lotic environments. They 
are considered essentially detritivorous being collec-
tors of organic particles drifted by the flow (Tachet 
2010). Secondarily, they may also feed on periphyton 
and other encrusting organisms (Tachet 2010). Both 
genera are typically rheophilous (Tachet 2010).

The present finding of higher abundances of both 
taxa at the sites with higher shelter availability might 
reflect the impact of possible predators and revealed the 
importance that stream and spring substratum structure 
may play for Ephemeroptera. Further, it demonstrated 
that Baetis may be as sensitive as Ecdyonurus in un-
polluted streams in terms of shelter availability. 

The only morphological stream feature discrimi-
nating between the two genera was the shading degree. 
Ecdyonurus was more abundant in shady streams, 
while Baetis was more numerous in sunny ones. This 
may reflect the importance of the vegetation cover 

Table 1. Results of GLMMs analysis showing the variables included in the best model selected on the basis of AIC 
weight explaining the distribution of each species

Species Variables in the best model B X2 P
Ecdyonurus spp. Area 0.33 9.98 <0.01

Shade degree 0.75 4.49 0.03
Shelters availability 1.08 12.13 < 0.001

Baetis spp. Shade degree -0.62 4.38 0.03
Shelters availability 0.64 5.61 0.01
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typology as Ephemeroptera richness is often affected 
also by riparian vegetation cover (Koperski 2010) 
even if Ecdyonurus is mainly herbivorous and, thus 
should in theory benefit from sunnier sites. Our results 
may be due to the fact that the encrusting organisms 
that Ecdyonurus larvae scrape from the substrate are 
linked to more close lotic environments but also that 
in hilly areas the collecting of organic matter deriving 
from the surrounding woody slopes may prevail.

Some useful insights come from the analysis 
of the relationships with the most spread vertebrates’ 
predators in the area. Both Ecdyonurus and Baetis 
abundances were lower at sites where S. perspicillata 
bred. This species often chooses small pools with low 
flow (Romano et al. 2012). Even this type of site could 
be favourable due to the low drift risk (Poff et al. 1991); 
in the Apennines these streams may also dry up during 
summer with only some pools that keep water inside. 
For this reason these sites may be not favourable for 
typical rheophilous larvae as those of the considered 
taxa. Ecdyonurus larvae were particularly abundant at 
the sites used for breeding by the fire salamander. 

Salamandra salamandra usually breeds in 
small shallow stream with high macrobenthos abun-
dance, high shelters availability (Manenti et al. 2009) 
and where fish lack (Denoël & Winandy 2014). 
Generally the species is linked to highly wooded ar-
eas (Ficetola 2012). This may explain the affinity 
for the shady streams where Ecdyonurus abundance 
is higher. Moreover, Ecdyonurus larvae have several 
behavioural responses to escape predation by fire 

salamander (Oberrisser & Waringer 2011).
The abundance of Baetis was related to trout 

occurrence even if the relationships were not par-
ticularly strong. Fish is often considered as a ma-
jor predators of macrobenthos and amphibian larvae 
(Tiberti & von Hardenberg 2012). This affinity may 
reflect the productivity of these streams, where per-
haps the organic matter and the trophic resources for 
both taxa are more available. 

Recent studies have provided evidence that 
Ephemeroptera may be considered as a very good 
proxy of several environmental factors considering 
both water quality and habitat structures (Grandjean 
et al. 2011, Jandry et al. 2014). Assessing 
Ephemeroptera composition and assemblages may 
give important insights for understanding the re-
quirements also of some endangered species typical 
of lotic systems (Grandjean et al. 2003, Grandjean 
et al. 2011). Our study gives novel data on the role 
of habitat features on Ephemeroptera abundance and 
on the relationships with vertebrate predators, often 
spread in lotic environments. The study area is par-
ticularly favourable for detecting the role of mor-
phological lotic habitat features because the valley 
slopes and structure allow the existence of only rare 
urban centres that do not alter the pollution level of 
the studied streams. Streams and springs may be very 
important determinants for Ephemeroptera popula-
tion survival in this area. This study confirms that 
also in unpolluted areas the watercourse substrate 
heterogeneity should be attentively preserved.

Fig. 2. Results of constrained redundancy analysis showing the relationship between Ecdyonurus and Baetis abun-
dance and the occurrence of the three vertebrate predators. Constraining variables are represented by grey arrows
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