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Introduction

Environmental heterogeneity is considered to be one 
of the most important factors influencing the community 
structure of many taxa; therefore research focusing on spa-
tial distribution determined by environmental factors is an 
open scientific challenge (Macneale et al., 2005; Landeiro 
et al., 2012). An understanding of the combined natural 
and anthropogenic influences on species distributions may 
enhance our knowledge of biogeographical patterns and 
also indicate appropriate conservation measures. Cadd-
isflies (Insecta: Trichoptera) are often used in studies on 
freshwater ecosystem ecology because they have aquatic 
larvae (Lin & Liu, 2006; Ruiz-García et al., 2012; Ligeiro 
et al., 2013). As they are present in a wide range of rivers 
and streams, and are sensitive to water quality (Bonada et 
al., 2004; Cid et al., 2010; Kail et al., 2012; Rizo-Patrón 
et al., 2013), the EU Water Framework Directive 2000/60/
EC (Council of Europe, 2000) considers caddisflies to be 
valuable biological indicators. Caddisflies are also dynam-
ic components of the energy flow in aquatic ecosystems 
(Resh & Rosenberg, 1984; Holzenthal, 2009).

According to Schmid (1980), species of the genus Hy-
dropsyche Pictet, 1834 are present in most freshwater 
aquatic systems worldwide. To date, more than 60 species 
belonging to this genus have been identified in Europe 
(Malicky, 2013), with H. incognita Pitsch 1993 a com-

mon species in Central and Western Europe (Múrria et al., 
2010). It is suggested that the eastern limit to the distribu-
tion of this species is the Balkan and Carpathian ranges 
(Kumanski, 2007; Graf et al., 2008; Ciubuc, 2010). How-
ever, the range of this species is still insufficiently known, 
but was probably shaped by Pleistocene glacial events as 
is the case for other similar taxa (Pauls et al., 2006; Engel-
hardt et al., 2011). Even though it is claimed that species 
of Hydropsyche are reliable bioindicators of water qual-
ity (Cain & Luoma, 1998; Bonada et al., 2004; Barata et 
al., 2005; Bonada et al., 2005; Petrin et al., 2007; Macedo-
Sousa et al., 2008; Ratia et al., 2012), little is known about 
the ecology of many of the species in this genus. H. incog-
nita prefers moderate to faster flowing water (Elexová & 
Némethová, 2003; Wolf et al., 2009) and is less tolerant 
of poor quality water than most of the other species of the 
genus Hydropsyche (Pitsch, 1993; Kail et al., 2012). 

Modelling species distributions based on environmental 
data is an important goal of ecological research (De Frutos 
et al., 2007). This paper provides additional information on 
the ecological preferences of H. incognita and an account 
of its current distribution in Romania. The results of this 
study may provide valuable data for the international effort 
to develop strategies for achieving the long-term conserva-
tion of aquatic ecosystems.
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Abstract. Caddisflies are often used in studies on freshwater ecosystem ecology because of their aquatic-dependent larvae. The pre-
sent study addresses the ecological affinities of larvae of Hydropsyche incognita in terms of the pattern of distribution of this species 
in the Romanian Carpathians using a boosted regression trees (BRT) model. A population cluster located in the western Romanian 
Carpathians was identified by the spatial analysis. The statistical model revealed that this species prefers a neutral to low-alkaline pH, 
high levels of dissolved oxygen, low conductivity, fast flowing water, moderate sized rivers at an altitude below 600 m a.s.l. and low 
concentrations of organic pollutants. An eastward decrease in the frequency of H. incognita populations was recorded along rivers in 
the Carpathians. The predictions derived from the BRT model on sites outside the population cluster suggest that many locations in the 
central and eastern Romanian Carpathians are suitable for H. incognita. However, this species was found at only a few of these loca-
tions. In contrast, some populations in this area were found in habitats predicted as unsuitable. There are several possible explanations 
of this, one of which is random dispersion of the species by flying adults.
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Data analyses
Given the uneven distribution of H. incognita in Romania, with 

populations concentrated mostly in the western part of the coun-
try, we aimed to evaluate the ecological parameters associated 
with this pattern and detect any possible eastward dispersion of 
the species. For this reason we performed a spatial analysis in 
order to determine the clustering of populations in Romania. With 
the purpose of increasing the reliability of distributional data for 
this species in the region, we completed the dataset for the spatial 
analysis based on adult H. incognita occurrence recorded in re-
cent literature (Ciubuc, 2010).

The spatial analyses were performed using the ArcMap10 Ge-
ographical Information System (GIS) with Spatial Analyst and 
Spatial Statistics toolboxes (ESRI, Redlands, CA, USA). The spa-
tial autocorrelation of the sites sampled was tested using Moran’s 
I index. This index describes and quantifies the similarity among 
spatial locations as a function of distance (De Frutos et al., 2007; 
Merbitz et al., 2012), allowing a more synoptic view of patterns 
over a large area (Pandit & Laband, 2007). In order to identify the 
range with highest autocorrelations, the Z-score was used with 
the Euclidean distance method for different fixed distance bands 
from 10 to 300 km. According to Aguilar & Farnworth (2013) 
and Pandit & Laband (2007) the statistically most significant 
positive Z-score represents the optimum clustering distance. The 
peak value for the Z-score was recorded at a distance of 210 km. 
This value was used for running a Point Density Analysis, thereby 
splitting the data into two classes using the quantile method and 
Nearest Neighbour resampling. 

material and Methods

Distribution and ecological variables 
A three-year summer field investigation (2009–2011) was con-

ducted in an area comprising the Carpathian Arc and plateaus in 
Romania (Fig. 1). In total 369 randomly selected sections of riv-
ers were sampled using a hand net (250-µm mesh). Each of the 
sites investigated included on average a 100 m stretch of river, 
comprising five roughly equal subsamples reflecting the existing 
microhabitats. All the caddisfly larvae collected were processed 
in the laboratory. To avoid misidentification, as the larval stages 
of H. incognita and H. pellucidula are very similar, the latest tax-
onomic keys to larvae by Waringer & Graf (2011) and Múrria et 
al. (2010) were used. We only identified full grown larvae as only 
they have the morphological traits needed for reliable identifica-
tion. The specimens studied are lodged in the collection of the 
West University of Timisoara. 

Altitude, water velocity, average river width and depth were 
recorded at each site sampled, together with several physico-
chemical parameters: conductivity, pH, dissolved oxygen, N-
nitrate, N-nitrite, N-ammonia and soluble reactive phosphorus 
(SRP). These physico-chemical parameters were analyzed using 
triple subsamples for each sector sampled, using a HACH-Lange 
(Düsseldorf, Germany) multi-parameter and field spectrophotom-
eter following standard procedures. Water velocity was measured 
using a Flowatch flow-meter (JDC Electronic SA, Switzerland). 
Between 10 and 20 measurements were recorded in each sector 
sampled, depending on the heterogeneity of water flow. 

Fig. 1. Map showing the distribution of H. incognita in Romania and the spatial clustering of populations.
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The 369 sites sampled were grouped into two subsets on the 
basis of the results of the spatial analyses, thus identifying the 
area where the distribution could be appropriately analyzed from 
the perspective of ecological conditions, avoiding false absences 
caused by the impossibility of colonization rather than unsuitable 
environments. Subset A, consisting of 261 locations, corresponds 
to the region with the greatest density of presence points and is 
situated in the western part of the Romanian Carpathians (Fig. 1). 
Subset B included the remaining 108 locations. In order to under-
stand which ecological factors may influence the distribution of 
H. incognita, a Boosted Regression Trees (BRT) classifier was 
used to differentiate between the locations with species presence 
and absence, with altitude, water velocity, river width and depth 
and physico-chemical parameters used as predictors. Using BRT 
has the advantage that nonlinear relationships between predictor 
and response variables can be handled easily and that complex 
interactions between the predictors can be included in the model. 
A comprehensive description of this method is given by Elith et 
al. (2008). 

The classifier was trained and evaluated using the data of sub-
set A. The BRT model assumed an interaction depth of 3, a bag 
fraction of 0.5 and a small learning rate of 0.002. The optimal 
number of trees was selected by 10-fold cross-validation. After 
evaluation, tests were undertaken to determine whether the model 
could be further simplified and improved by excluding the least 
contributing predictors, following which the relative importance 
of each explanatory variable and the most significant pairwise in-
teractions were determined. Finally, the classifier was used for 
prediction on subset B and the findings were compared with exist-
ing information on species presence. The criteria used in order to 
determine the threshold used to convert predicted presence prob-
abilities into predictions of presence/absence were the minimiza-
tion of the sensitivity-specificity difference and the maximization 
of the sensitivity-specificity sum (see Liu et al., 2005; Jiménez-
Valverde & Lobo, 2007), both indicating the same optimal value 
of 0.6. The model was developed in R software (R Development 
Core Team, Vienna, Austria) (version 2.14.0), using the “dismo” 
package, version 0.7-23 (Hijmans et al., 2012).

Finally, we wanted to verify whether other hydropsychids act-
ing as competitors could influence the distribution of H. incog-
nita. To that end we compared the relative frequencies of occur-
rence of these species at the sites where H. incognita was present 
with those where it was absent. We used a proportion comparison 
test, performed in R software. 

Results

Along with H. incognita, five other hydropsychid spe-
cies were recorded at the locations studied: H. instabilis, H. 
angustipennis, H. pellucidula, H. fulvipes and H. modesta. 
Most populations of H. incognita were found in western 
river basins and decreased in frequency in an easterly di-
rection. The spatial analyses revealed a cluster of popula-
tions (subset A) located in the west of Romania (Fig. 1), 
including 261 sites of which 131 (50.1%) were populated 
by H. incognita. Subset B consisted of the remaining 108 
locations studied, including 13 (12%) where the species 
was present. 

The basic statistics of the ecological parameters inves-
tigated are given in Table 1. The BRT model developed 
for subset A demonstrated a good ability to discriminate 
between presence and absence (mean AUC: 0.855, stand-
ard error: 0.026, evaluated within cross-validation). All the 
predictors initially chosen were retained in the final model, 
as subsequent attempts to improve it by excluding those 
that were least contributing did not lead to a better overall 
performance. Partial dependence plots showed the margin-
al influence of each explanatory variable on the probability 
of presence, after accounting for the average effects of all 
other variables in the model. The most important factor in-
fluencing species presence was pH, its relative influence 
exceeding that of the combined next most significant four 
predictors (Fig. 2). The presence probability related to pH 
is monotonic decreasing over the range sampled, showing 
a rapid decline at pHs > 8.5 (Fig. 3a). In addition, species 
occurrence seemed to be favoured by high levels of dis-
solved oxygen (greater than 9 mg/l) and low conductivity 
(less than 600 µS/cm) (Fig. 3b and c). The presence prob-
ability increased with water velocity over the range 0–0.5 
m/s, after which it generally remained constant (Fig. 3d). 
Presence probability was also influenced negatively by 
increase in river width, altitude, N-nitrites and N-nitrates 

Table 1. Basic statistics of the ecological factors measured at 
the sites where H. incognita occurred, and their overall ranges.

Parameter (unit)
H. incognita presence Overall 

range
(min-max)

Range
(min-max) Mean SD

Water velocity (m/s) 0.003–1.4 0.49 0.28 0.002–2.6
Altitude (m a.s.l.) 60–1010 413.6 188.3 60–1625
Average river width (m) 0.4–11.5 1.9 1.2 0.25–25
Average river depth (m) 0.04–1.6 0.3 0.2 0.04–2.15
pH 6.7–9 7.9 0.4 6.58–10.85
Dissolved oxygen (mg/l O2) 6.63–10.41 8.93 0.71 1.05–12.85
Conductivity (µS/cm) 26.7–1323 277 223.3 26.7–2089
N-nitrate (mg/l N-NO3) 0–1.5 0.31 0.29 0–1.7
N-nitrite (mg/l N-NO2) 0–0.07 0.007 0.009 0–0.14
N-ammonia (mg/l N-NH4

+) 0–0.27 0.046 0.046 0–0.57
SRP (mg/l P-PO4

3-) 0.001–2.43 0.244 0.39 0–2.78

Fig. 2. Relative influence of the ecological factors included in 
the Boosted Regression Trees (BRT) model used to predict the 
probability of H. incognita being present.
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(Fig. 3e, f, h and k), whereas there was a more pronounced 
unimodal response to N-ammonia, SRP and river depth, 
with peak values occurring at around 0.1–0.3 m for the first 
parameter and 0.2–0.4 mg/l for the latter two (Fig. 3g, i 
and j). The most important pairwise interactions identified 
in the model were those between pH and conductivity, and 
between pH and dissolved oxygen (Fig. 4).

For subset B, H. incognita was predicted to be present 
in 28 of the 108 locations studied, mainly situated in the 
central-eastern Romanian Carpathians. It should be noted 
that only six of the 13 actual presence points in this dataset 
were predicted as positive (Fig. 5). The sites with positive 
prediction were found to be well-inhabited by H. incognita, 

Fig. 3. Partial dependence plots showing the influence of ecological factors on the prediction of the probability of H. incognita being 
present. All other factors in the model are considered constant. Dotted lines were added at zero to improve plot readability.
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whereas the population size was much smaller in the sites 
where the species was predicted to be absent (Table 2). 

Discussion

The BRT model showed that of the parameters studied 
pH is the most important factor explaining the distribution 
of H. incognita in the Romanian Carpathians. It is known 
that pH influences the distribution of other species of Hyd-
ropsyche, with larval abundance more strongly dependent 
on pH than on other physico-chemical factors (Petrin et al., 
2007). We note that the lowest pH value recorded at the 
sites sampled was close to neutral (see Table 1), so that the 

BRT model did not consider the influence of moderately 
low pHs on the distribution of this species. However, the 
literature suggests that species belonging to the genus Hy-
dropsyche prefer pH values close to neutral, so it is likely 
that H. incognita does not occur in acidic water (Graf et 
al., 2008).

The optimal ecological conditions for this species are 
a neutral to low-alkaline pH, high levels of oxygenation 
and low conductivity. It is suggested that for insect larvae 
an increase in conductivity adversely affects population 
growth (Clark et al., 2004; Hassell et al., 2006; Carver et 
al., 2009).

In addition to the above ecological factors, water veloc-
ity also appears to have an important role in determining 
the distribution of the species, with H. incognita prefer-
ring moderate to high water velocities. This could be due to 
the fact that net-spinning caddisflies such as Hydropsyche 
larvae require fast flowing water, for the efficient function-
ing of the net they use for obtaining food (Philipson, 1969; 
Sagnes et al., 2008; Statzner & Dolédec, 2011). The pref-
erence of H. incognita for water at lower altitudes (below 
600 m a.s.l.) is also suggested for the north-western Car-
pathians for the main species of Hydropsyche, including 
H. incognita (Bálint & Ujvárosi, 2009). Organic pollutants 
(dissolved inorganic nitrogen and soluble reactive phos-
phorus) appear to have little effect on their distributions. 
Clean water may not be essential, but could be necessitated 
by other cumulative ecological requirements. It is known 
that the concentration of organic pollutants in water in-
creases with decrease in altitude.

The results of the predictions based on ecological fac-
tors indicated a considerable number of suitable locations 
for H. incognita in the Central and Eastern Carpathians. 
In addition, the distributions of many of the populations 
in this area do not conform to the ecological requirements 
associated with the western population cluster. It is likely 
that these scattered locations are examples of source-sink 
dynamics, with flying adults randomly colonizing new wa-
ter bodies. The expectation is that this kind of coloniza-
tion does not always result in optimal conditions for the 

Fig. 4. Joined partial dependence plots displaying the effect of 
each respective pair of factors on the probability of H. incognita 
being present when all other factors in the model are kept con-
stant.

Table 2. The number of individuals of H. incognita recorded 
at sites sampled outside the main population cluster and the cor-
responding prediction of the BRT model.
Site No. of individuals BRT prediction
Valea Holita 10 Positive
Valea Mare 8 Positive
Vicleanul Mare 1 Negative
Babei 8 Positive
Sarasau 2 Negative
Baleasa 3 Negative
Iazul 8 Negative
Venetia 12 Positive
Floroaia 2 Negative
Pacura 1 Negative
Ojda 9 Positive
Valea Paltinisului 1 Negative
Lepsa 10 Positive
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development of larvae. The survival of newly founded 
larval populations facing unsuitable conditions is affected 
and consequently the long-term spreading success is re-
duced. Yaegashi et al. (2014) revealed by using a fine scale 
molecular approach that gene flow is more pronounced 
along water courses than across river basins. Moreover, it 
is likely that colonization is sensitive to a number of other 
environmental factors, such as local air temperature, wind 
direction or drought (Jackson & Resh, 1991; Waringer, 
1991; Landeiro et al., 2012; Storey & Quinn, 2013), which 
could result in slow and random dispersion. The analysis 
of the distribution of related hydropsychids in the locations 
studied revealed that the proportional incidence of these 
species was slightly greater at sites where H. incognita 
was present than at those where it was absent (see Table 
3). This suggests that it is unlikely that the distribution of 
H. incognita was shaped by interactions with competing 
species of hydropsychid. Nevertheless, the literature sug-

gests this might have occurred in other species of this order 
(Engelhardt et al., 2008, 2011). 

The only significant natural barriers in the geographic 
area studied are the Carpathians, and this species occurs 
on both sides of this mountain range. Thus, we can easily 
discard the hypothesis that topography limits their distribu-
tion. Also, as the anthropogenic development is relatively 
uniform throughout Romania (Giurcãneanu, 1970; Schmitt 
& Rákosy, 2007), extinction due to anthropological factors 
is unlikely to have determined their current absence from 
eastern Romania.

Another possible explanation of the false positive pre-
dictions could be the limitations of the model, given that 
the full range in natural conditions may not have been en-
countered at the sites sampled. Also, we cannot dismiss the 
existence of additional predictors of this species distribu-
tion that were not included in our study.

Fig. 5. Predicted distribution of H. incognita in Romania outside the spatial cluster.

Table 3. Results (p-values) of tests comparing the proportional incidence of the other five hydropsychid species recorded at the sites 
where H. incognita was present/absent, respectively. 

H. instabilis H. angustipennis H. pellucidula H. fulvipes H. modesta
H. incognita present (144 sites) 15 38 38 4 0
H. incognita absent (225 sites) 17 37 35 0 2
p-value 0.4454 0.02904 0.01577 N/A* N/A*
* Insufficient data for valid comparison.
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The western distribution in Romania is also similar to the 
findings of other studies conducted in the Balkan Moun-
tains in Bulgaria (Kumanski, 2007). However, the bio-
geography of H. incognita is still poorly known. Several 
studies support the hypothesis that the existence of vari-
ous refuges in the Southern Alps and Western Carpathians 
enabled many freshwater species to survive critical periods 
during Pleistocene glaciations (Bálint et al., 2008; Schmitt, 
2009; Theissinger et al., 2011, 2013; Pârvulescu et al., 
2013). The clustered pattern in the west of the Carpathians 
may suggest a postglacial radiation from a glacial refuge. 
Future molecular studies are needed to complete the bio-
geographical picture for H. incognita.
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