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Abstract — Chironomidae are diverse and present a wide variety of ecological preferences. Thus, they have
high potential in establishing reference conditions for river bioassessment and in providing functional
information, especially when other macroinvertebrates are poorly represented. However, because of taxo-
nomic difficulties and poor knowledge of traits, they are neglected in bioassessment programmes and kept at
coarser taxonomic levels, reducing the discrimination power of invertebrate-based diagnostic tools. Here,
we compared the efficiency of Chironomidae at the subfamily and genus levels and their biological
traits (Eltonian and morphological) in the distinction between permanent (medium altitude and lowland)
and temporary Mediterranean streams. We established a priori predictions on the expected Chironomidae
trait categories in each stream type, conferring the best adaptations to particular environmental constraints.
Genus composition (not subfamily) and respective trait categories differed among the three stream types.
Both biological traits identified differences between stream types. Among Eltonian traits, diapause stages seg-
regated permanent medium altitude from lowland and temporary stream assemblages, reflecting adaptations
to temperature and flow regime variations. Substrate relation and size distinguished temporary from perma-
nent stream assemblages, interpreted as an adaptation to unstable sediments and irregular flow regimes.
Morphological traits associated with mobility and foraging (e.g., body setae, Lauterborn sensory organs) dis-
criminated temporary from permanent stream assemblages, reflecting differences in temporal and spatial
stream heterogeneity. The use of these morphological characteristics relying on the observation of few char-
acteristics, offers an alternative to the use of Chironomidae Eltonian traits in bioassessment and ecological

studies, without a need for high taxonomic expertise.
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Introduction

Climate, geomorphology and hydrological regime
influence water quality, quantity of food resources,
dominant substrate, temperature and dissolved oxygen
available in space and time. As a result, stream and river
habitats will naturally support a particular diversity of
benthic macroinvertebrate communities, with specific
structure and functions (Poff, 1996; Heino et al., 2007).
Evaluating their biological and ecological integrity re-
quires accounting for this natural variance, based on the
Reference Condition Approach (Reynoldson et al., 1997).
For this reason, grouping rivers and streams with similar
environmental and biological characteristics into river

*Corresponding author: sonia.rqgs@gmail.com

types is the basis of ecological monitoring programmes
in Europe (Water Framework Directive, European
Commission, 2000).

Headwater temperate streams, with well-oxygenated
waters and diverse habitats usually support high macro-
invertebrate  diversity, including  Ephemeroptera,
Plecoptera and Trichoptera (EPT), which are widely used
bioindicators (Karr, 1991; Rosenberg and Resh, 1993). In
contrast, rhithral habitats are usually restricted to tempe-
rate lowland streams, resulting in communities that are
naturally poor in EPT (Allan, 1995; Hawkins and Norris,
2000; Harrison et al., 2004), which does not necessarily
mean poor water quality. Mediterranean rivers exhibit
high seasonal discharge variations, resulting frequently in
flow intermittence. Macroinvertebrates must have adap-
tive mechanisms and behaviours to survive drought and
floods (desiccation-resistance and dispersal). Here, EPT
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taxa are uncommon while Odonata, Coleoptera and
Heteroptera are more frequent (Bonada et al., 2007a).

Independently of the river type, Chironomidae
(Diptera) are always present and represent one of the
most conspicuous and ecologically diverse invertebrate
groups. However, the ubiquity of this family is normally
confounded with a high tolerance to pollution and other
pressures (e.g., Chironomus spp.; Armitage et al., 1995),
while in fact this family includes very sensitive taxa, such
as Diamesa spp., Zavrelimyia spp. and Stilocladius
montanus (Brown et al., 2007, Lencioni et al., 2012,
2013). Nevertheless, they have been neglected as environ-
mental indicators in running waters because of their
difficult identification and have not been considered at
higher levels of taxonomic resolution in regular bio-
monitoring programmes (Wymer and Cook, 2003;
Calle-Martinez and Casas, 2006; Moéra et al., 2008). For
this reason, they are often identified to family or subfamily
levels in community ecology or bioassessment studies.
Such practices may result in the failure to detect ecological
differences, especially in systems naturally low in EPT
taxa, but where Chironomidae can be diverse (Wymer and
Cook, 2003; Greffard et al., 2011). For example in
Mediterranean streams, Chironomidae at the genus or
species level have made it possible to distinguish siliceous
headwaters, middle altitude streams, and calcareous and
temporary streams (Punti et al., 2007, 2009).

As an alternative and complement to taxonomy-based
approaches, multiple-trait-based (MTB) approaches have
been increasingly used in the assessment of river and
stream integrity (Statzner et al., 2008; Dolédec and
Statzner, 2010; Feio and Dolédec, 2012). MTB approaches
can not only reveal the cause of impairment but also
potentially offer a functional perspective of this impact,
unravelling mechanisms structuring stream communities
(Usseglio-Polatera et al., 2000; Bady et al., 2005; Devin
et al., 2005; Statzner et al., 2005).

Eltonian traits are related to organisms’ functional
roles and their impact in the ecosystems including life cycle
aspects, and physiological and behavioural characteristics
(Serra et al., 2016). In addition to biological traits
common to all benthic macroinvertebrates,
Chironomidae also have morphological-specific traits,
such as body setae, type of antennae and Lauterborn
organs related to feeding, defence and locomotion.
Previous studies with terrestrial organisms have shown a
relationship between morphological traits and species in
the environment (Makkonen et al., 2011; Astor et al.,
2014). Here we evaluate the relevance of Chironomidae
genera, Eltonian traits derived from a European trait
database (Appendix Table Al available online), and
morphological traits directly observed on sampled speci-
mens (Appendix Table A2 available online) in the
segregation of stream types (permanent, medium altitude
and lowland; and temporary). We hypothesise that
Chironomidae-based taxonomic and trait information at
the genus level, without considering other invertebrate
groups, will provide (in contrast to the subfamily level)
a clear segregation of stream types, due to the high

between-genera variety of ecological preferences within
this family.

Materials and methods
Study area, selection of stream types and sites

The study sites were located in two contrasting climatic
areas of the Portuguese territory: a northern area under
the influence of the Atlantic-temperate climate and a
southern area under the influence of the Mediterranean
climate. In the northern Atlantic-temperate climate region,
two types of permanent (P) streams were studied: PM,
medium-altitude streams; and PL, permanent lowland
streams. PM streams were characterised by altitude
<600 m a.s.l. (mean + SD: 343 +223 m a.s.l.), low mean
annual temperature (12-13°C), relatively high mean
annual precipitation (1193 4+ 352 mm) and siliceous lithol-
ogy (acidic rocks, igneous nature) (Table 1). The PL type
included low-altitude streams (44 +44 m a.s.l.), charac-
terised by relatively high mean annual temperatures
(15°C), low annual rainfall (941 + 118 mm) and mixed
geology (limestone and siliceous nature) (Table 1). In the
Mediterranean climate, seven samples were collected in
temporary southern streams (temporary Mediterranean,
TM) in the Guadiana River catchment. These streams
were located at low altitude (183 + 75 m a.s.l.), in an area
with high annual temperature (16°C), a dry summer,
and low and irregular winter precipitation (628 + 86 mm)
and mixed geology (limestone and siliceous nature)
(Table 1). A total of 25 benthic macroinvertebrate samples
were collected from the selected stream types during the
spring of 2011 and 2012: ten in PM, eight in PL and seven
in TM. All sites were considered Least Disturbed
(Stoddard et al., 2006; Feio et al., 2014) considering
the water quality, hydromorphological conditions and
land use.

Sampling collection, processing and mounting

Benthic macroinvertebrate samples were collected
at the study sites with a kick net (500 um mesh size;
0.25 m x0.25 m opening) following a multi-habitat
protocol (INAG, 2008). Each sample was fixed with
formalin (4%). Chironomidae larvae were separated and
preserved in ethanol (70%). Chironomidae individuals
were then divided into morphological types and counted
under a stereomicroscope; pre-separation of taxa groups
by easily observable morphological features was done to
facilitate mounting and identification. Then, larvae were
digested in caustic potash (KOH, 10%) at 85 °C for about
15-20 min, and then washed for 5 min in distilled water,
removing the muscle and soft tissue. Afterwards, they were
dehydrated for 3 min in 70% ethanol, followed by 3 min in
96% ethanol. Finally, heads and bodies were mounted
separately in slides with the Euparal medium (according
to Andersen et al., 2013) and identified to the lowest
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Table 1. Abiotic variables recorded at each site (mean + SD) and transformation applied in the principal components analysis.

Variables Units Transformation PL PM ™

Latitude WGS-84 decimal log (x + 1) 39.957 +0.383 40.252 +0.216 37.535+0.034
coordinates

Altitude m a.s.l. log (x + 1) 44 + 44 343 + 223 183+ 75

Conductivity uS.cm ™! log (x +1) 404.34 + 228.67 79.25 + 60.91 424,71 +£223.53

Mean annual precipitation® mm log (x + 1) 941 + 118 1193 + 352 628 + 86

Mean annual temperature® °C log (x +1) 15 12-13 16

Drainage area km? log (x + 1) 110.14 4+ 194.68 113.59 +139.52 118.424+91.77

Lithology (categorical)® Sedimentary (1) Square root Sedimentary Sedimentary Sedimentary
Sedimentary + Metamorphic + Metamorphic

+ Metamorphic (2)

4Data from the Portuguese Environmental Agency (2007) Available at http://sniamb.apambiente.pt/Home/Default.htm

possible taxonomic level under a microscope (400—1000 x
magnification), according to the guides for Palearctic/
Holarctic Chironomidae taxa (e.g., Cranston, 1982;
Lencioni et al., 2007; Andersen et al., 2013). The collection
of Chironomidae from Mediterrancan rivers and an
existing preliminary key from Prat and Rieradevall
supported the identification (Prat and Rieradevall, 2014).

Trait composition

Morphological traits were analysed in an exploratory
way, since functional morphology of Chironomidae is still
mostly unfamiliar. Each identified genus was characterised
according to its observed morphological traits. General
larval morphology, which is important in the distinction of
each morphological trait, is shown in Appendix Figure Al
available online. The morphological traits selected were
those related to the potential functional role of
Chironomidae in the ecosystem: structures such as the
mentum, premandibles, antennae and Lauterborn organs
that articulate with the head capsule (Appendix
Fig. A1(A), (B) and (E-H) available online), involved in
feeding and stimuli perception (Cranston, 1995); body
setae, claws of parapods and procercus (Appendix
Fig. A1(B-D) available online), related with locomotion,
substrate relation and feeding behaviour of individuals
(Coffman and Ferrington, 1996); and anal tubules related
to active salt absorption (Cranston, 1995).

Eltonian trait information was based on the Serra ez al.
(2016) trait database. For both types of traits, the affinity
of a taxon to a given trait category was quantified
following Franquet (1996): the higher the number of
references in the European literature associating a taxon to
a trait category, the greater its affinity. Affinity scores
given trait categories were: 0 — no affinity, 1 — low,
2 — medium and 3 — high affinities. Within each trait
(Eltonian or morphological), trait categories were stan-
dardised to sum 1, following the fuzzy coding procedure
(Chevenet et al., 1994), ensuring that all taxa have the
same weight in further analyses. Traits without informa-
tion in all their categories for more than 50% of
Chironomidae taxa present in samples were not used in
further analyses (marked in Appendix Table Al available

online available online). The trait profiles of site assem-
blages were obtained by computing the cross-product
between taxon abundances [transformed in log (x + 1)]
and standardised trait categories. This cross product was
then rescaled by trait to obtain the proportion of
individuals that have a given trait category in a given site.
This resulted in a relative trait abundance matrix that
allowed us to compare the trait composition of sites across
stream types.

Eltonian and morphological traits were handled
separately considering their different origin: the first was
derived from a European database whereas the second
resulted from the observation of morphological attributes
of Chironomids from samples.

Data analyses

A principal component analysis (PCA) was performed
on environmental variables after their transformation
for normality (Table 1) to confirm the differences between
stream types. In addition, permutational univariate
analysis of variance (PERMANOVA using 999 permuta-
tions) was used to test for the statistical significance of
the differences (PM, PL and TM) (PRIMER 6+
PERMANOVA package).

For Chironomidae composition, non-metric multi-
dimensional scaling analysis (NMDS) was used (log
[x + 1] transformation; Bray—Curtis similarity coefficient)
to depict differences among stream types (PM, PL and
TM). Similarly to above, the statistical significance of
differences was determined with a PERMANOVA (999
permutations). NMDS and PERMANOVA were
executed considering two different levels of taxonomic
resolution: subfamily and genus. To assess the dominating
Chironomidae genera in each stream type, we used a
similarity percentage of species analysis (SIMPER;
cut-off cumulative percentage of 90%; PRIMER 6+
PERMANOVA package).

To investigate taxon redundancy among Eltonian or
morphological traits and within traits (between trait-
categories), we performed a centred PCA on each trait
separately (FPCA). We measured the correlation between
two traits using the Rv-coefficient, which is a
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multidimensional equivalent of the ordinary correlation
coefficient between two variables (Robert and Escoufier,
1976). Only the trait explaining more variability was
retained for further analysis, from the highly correlated
traits (> 0.85).

The trait-by-site matrix was analysed using a fuzzy
correspondence analysis (FCA) enabling the joint ordina-
tion of sites and trait categories (Chevenet et al., 1994).
The variance explained by a trait for separating sites
is known as the correlation ratio (i.e., the higher the
correlation ratio, the higher the separation of sites across
trait categories). The trait separation across stream
types was assessed through a between-class analysis
(BCA-FCA, class: stream type; Dolédec and Chessel,
1987; Ter Braak, 1988; Chessel ef al., 2004). We tested the
significance of the trait composition variance across
stream types against simulated values obtained after 999
permutations of the rows of the trait-composition array.
Trait categories’ individual differences of traits that
contributed more to the differentiation among stream
types in the BCA-FCA were assessed using a Kruskal—
Wallis test. Trait categories showing significant differences
among types were subsequently tested using Dunn’s test of
multiple comparisons to ascertain between which streams
types significant differences occur.

Trait composition was analysed using the ade4 library
(Thioulouse et al., 1997; Chessel et al., 2004; Dray and
Dufour, 2007; Dray et al., 2007) in R freeware (R Core
Team, 2015).

Results
Environmental conditions

PM, PL and TM streams were segregated by the PCA
(Fig. 1) based on their environmental characteristics. The
first two axes explained 74% of the total variance
(PC1 =48%; PC2=26%). Differences between stream
type groups were statistically significant (PERMANOVA:
Pseudo-F = 18.558, P < 0.001).

Taxonomic composition

From the samples collected for this study ~8.5
thousand Chironomidae individuals were studied. The
three stream types differed according to Chironomidae
composition (pairwise tests in Table 2). Considering the
abundance of Chironomidae taxa identified at the sub-
family level, significant differences occurred between
stream types (Fig. 2(A); PERMANOVA: pseudo-F global
test = 3.466, P =0.004). Pairwise tests showed significant
differences between temporary (TM) and permanent
streams (PL and PM), but not within permanent streams
(Table 2). However, at the genus level, the segregation
between all types was statistically  significant
(PERMANOVA: pseudo-F global test =2.962, P =0.001;
Fig. 2(B); Table 2).
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Fig. 1. Principal component analysis of the study sites attending
to their abiotic characterisation. The stream types are identified
as: black circles — permanent lowland streams, PL; dark grey
triangles — permanent medium-altitude streams, PM; light grey
squares — temporary southern streams, TM (more information in
Table 1). The larger symbols (circle, triangle and square)
represent the centroids of each corresponding stream type
(PL, PM and TM, respectively).

Taking into account the most contributive taxa of each
stream type (cumulative contribution up to 90% to within
stream type similarity), six taxa were common to perma-
nent streams PM and PL, while only three were common
to PM and TM or PL and TM (Table 3). The genus
Tvetenia (Orthocladiinae) was the only taxon common
to the three lists (Table 3). In PM streams, Conchapelopia
sp. (Tanypodinae) had the highest contribution to simi-
larity (38%) followed by Rheotanytarsus sp. (Tanytarsini;
13%), Parametriocnemus sp. (Orthocladiinae; 10%)
and Polypedilum sp. (Chironomini; 8%). Therefore,
Tanypodinae was the representative subfamily of this
stream type (38%). In PL streams, the most representative
genera were Parametriocnemus sp. (Orthocladiinae; 23%)
and Polypedilum sp. (Chironomini; 15%), followed by
Tvetenia sp. (Orthocladiinae, 9%). Prodiamesa olivacea
was the only Prodiamesinae selected as an important
contributor and was exclusive to lowland streams;
however, Orthocladiinae was the most contributive
subfamily of this stream type (46%). In temporary streams
(TMs) the most contributive taxa were Potthastia
gr. gaedii (Diamesinae; 16%) and Orthocladiinae
specimens from the undistinguished group of Cricotopus—
Orthocladius—Paratrichocladius (OCP; 15%), followed by
Cladotanytarsus sp. (Tanytarsini) and Ablabesmyia long-
istyla (Tanypodinae). Overall, Orthocladiinae was the
most contributive subfamily for within temporary stream
similarity (37%; including Corynoneura sp. which was only
found in this type of stream).

In our samples, we collected six genera not mentioned
in Fauna Europaea (Sacther and Spies, 2013) for mainland
Portugal: three Orthocladiinae, Paracladius  sp.,
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Table 2. PERMANOVA pairwise test results on differences between stream types (PL, permanent lowland; PM permanent medium-
altitude; TM, temporary Mediterranean) at subfamily and genus levels.

Groups Subfamily Genus
t Simul-p perms t Simul-p perms
™ # PM 1.932 0.023 966 2.097 0.001 970
TM # PL 2.025 0.017 933 1.629 0.001 935
PM #PL 1.604 0.085 992 1.352 0.028 985
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Fig. 2. Non-metric multidimensional scaling analyses based on Chironomidae composition (Bray—Curtis similarity; log-abundance) at:
(A) subfamily level; (B) genus level. The stream types are identified as: black circles — permanent lowland streams, PL; dark grey
triangles — permanent medium-altitude streams, PM; light grey squares — temporary southern streams, TM.

Epoicocladius sp. and Hydrobaenus sp. found in PL, PM  Trait-by-taxa arrays

and TM streams, respectively; two Chironomini,

Paratendipes sp. found in PL and TM streams and From an initial list of 17 Eltonian traits, 12 remained
Tribelos sp. found in TM streams; and the Prodiamesinae  after removing the correlated traits and those with a
Odontomesa sp. only collected in some PL streams. low amount of information (indicated in Appendix
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Table 3. Percentage of the most contributive taxa, generated by
a SIMPER analysis for each group of stream types: PL,
permanent lowland; PM, permanent medium-altitude; TM,
temporary  Mediterranean)  considering  Chironomidae
abundance (log (x +1) transformation; the cut-off level for
cumulative contributions up to 90%).

Taxa PL (%) PM (%) TM (%)
Tvetenia sp. 10.5 5.6 8.8
Conchapelopia sp. 53 37.6
Parametriocnemus sp. 22.5 10.3
Rheotanytarsus sp. 5.5 13.5
Polypedilum sp. 15.0 8.3

Brillia bifida 4.5 4.0

OCP Orthocladiinae® 3.2 15.0
Tanytarsus sp. 2.5 3.9
Rheocricotopus chalybeatus 2.6 4.7
Cladotanytarsus sp. 2.5 14.6
Potthastia gr. gaedii 15.9
Ablabesmyia longistyla 11.1
Corynoneura sp. 8.5
Stictochironomus sp. 6.1
Cryptochironomus sp. 3.3
Eukieferiella spp. 2.9
Virgatanytarsus sp. 2.9
Micropsectra sp. 6.2

Cricotopus gr. bicinctus 33

Macropelopia 3.0

Phaenopsectra sp. 3.0

Brillia longifurca 2.7

Paratanytarsus sp. 2.3

Prodiamesa 2.0

*The taxonomic category mentioned as OCP represents
specimens of Cricotopus, Orthocladius and Paratrichocladius that
are very difficult to distinguish based on morphological
characteristics of larvae only.

Table Al available online). Traits such as emergence
period, life cycle duration and reproduction type were
available for very few taxa present at the study sites
(< 15%), reducing the initial list. Six traits cumulated
65% of the total variability of the FPCA performed
on all traits: respiration type (tracheas), haemoglobin,
tube construction, substrate relation, maximal body size
and length of larval development, haemoglobin and
respiration type were correlated (0.86), so only the
respiration type was used in further analysis as it explains
a higher variability in the multivariate distribution,
showing a clear segregation between trait categories
when compared with haemoglobin. Flight period and
emergence season were only slightly correlated (about
0.38), although a correlation is expected as a product of a
causal relationship, as flight period follows the emergence.
Therefore, only emergence season was maintained; as it
had information for more taxa and better explained data
variability.

Among the 12 morphological traits, no relevant
redundancy occurred between traits and therefore they
were all kept for further analyses (Appendix Table A2
available online).

Trait-by-sites arrays
Eltonian traits

The first-two axes of the FCA extracted 47.9% of the
total variability (64% with FCA axis 3). The between-
stream type FCA (BCA-FCA) performed on the Eltonian
trait-by-site array showed low but significant differences
among stream types (17% of variance explained by stream
type, simulated P =0.008; Fig. 3(A)). Decomposing the
inertia of the BCA-FCA, Eltonian traits that contributed
more (total of 85.0 %) to the differentiation of stream-
types in descending order were: diapause stages (42.0%,
Fig. 3(B)), maximal body size (22.6%, Fig. 3(C)), substrate
relation (10.9%, Fig. 3(D)) and respiration type (9.4%,
Fig. 3(E)). Within these traits, the relative proportion of
some trait categories showed significant differences among
stream types (Kruskal-Wallis and Dunn’s test of multiple
comparisons; Table 4(A)); a larger proportion of indivi-
duals with two or less larval stages exhibiting diapause
occurred in PM streams (DIA2IN, Fig. 4(A)), whereas PL
and TM had a significantly larger proportion of indivi-
duals with more than two larval stages exhibiting diapause
(DIAMIN, Fig. 4(B)); the proportion of individuals
with intermediate size (5-10 mm — SIZE3, Fig. 4(C)) was
significantly lower in temporary streams (TM); and the
proportion of burrowers (BURROW, Fig. 4(D)) was
higher in temporary streams (TM).

Morphological traits

The first-two axes of the FCA were able to extract 60%
of total variability of data. The between-stream type FCA
analysis (BCA-FCA) performed on the morphological
trait-by-site array showed significant differences between
stream types (20% of variance explained, simulated
P =0.008; Fig. 5(A)). The traits that most contributed
(76.8%) to these differences decomposing the analysis
inertia included: body setae (24.3%, Fig. 5(B)), mentum
(22.5%, Fig. 5(C)), Lauterborn organs (16.6%, Fig. 5(D))
and claws of the anterior parapod (13.5%, Fig. 5(E)). The
morphological trait categories within these most contribu-
tive traits that showed significantly different proportions
among stream types (Kruskal-Wallis and Dunn’s tests;
Table 4(B)) were: pale/indistinct setae (SIND, Fig. 6(A)),
higher in temporary streams (TM); long body sctae
(SETP, Fig. 6(B)), higher in PM streams; mentum holding
a higher number of teeth, lower in PM streams (DTM, Fig
6(C)); indistinct Lauterborn organs (LOI, Fig. 6(D)), more
frequent in TM temporary streams; finally PM streams
were characterised by a significantly lower proportion of
Chironomidae with simple claws (CASIM, Fig. 6(E)) and
a significantly higher proportion of taxa with serrated
claws (CASER, Fig. 6(F)).

Discussion

Odontomesa sp. and five other genera (Paracladius,
Epoicocladius, Hydrobaenus, Paratendipes and Tribelos)
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Fig. 3. First-two axes of the between-class analysis—fuzzy correspondence analyses (BCA-FCA, class: stream type) performed on the
Eltonian traits-by-sites array. Each point represents a study site. Sites are grouped by stream type identified as: black circles —
permanent lowland streams, PL; dark grey squares — permanent medium-altitudes streams, PM; light grey squares- temporary
southern streams, TM. Larger symbols represent the centre of ellipses.

Table 4. Kruskal-Wallis and Dunn’s tests used for analysing differences between permanent and temporary stream types for traits
and their categories (PL, permanent lowland northern streams; PM, medium-altitude northern streams; TM, temporary
Mediterranean streams). (A) Eltonian traits. (B) Morphological traits.

Code

Trait category Chi-squared P Dunn’s test significance (P < 0.05)
(A) Eltonian traits
Diapause stages DIA2IN 13.403 0.001 N1#L; N1#S1
DIAMIN 9.086 0.011 NI #L; N1 #S1
Maximum body size SIZE3 13.920 0.001 S1#L; Sl #NI1
Substrate relation BURROW 11.143 0.004 S1#L;S1#NI1
(B) Morphological traits
Body setae SIND 12.045 0.002 S1#L;S1#NI1
SETP 7.279 0.026 Nl #L
Mentum DTM 12.123 0.002 NI #L; N1 #S1
Lauterborn organs LOI 7.493 0.024 S1#L;S1#NI1
Claws of anterior parapods CASIM 11.468 0.003 NI #L; N1 #8S1
CASER 7.495 0.024 NI #L; N1 #S1

found in our samples were not described for Portugal by
the Fauna FEuropaea (Saether
Epoicocladius is a widespread European parasite of
nymphs of Ephemera (Moller Pillot, 2013), which is a
common Ephemeroptera in northern Portuguese rivers.

and Spies,

Paratendipes sp. was previously found in montane streams
of Serra-da-Estrela, Portugal (Rieradevall et al., 2007) and
in southern Mediterranean streams in Spain (Baranov,
2014). Here, however, it was also collected in permanent
lowland streams suggesting that they might have wider
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Fig. 4. Eltonian trait categories that contribute to differences between stream types (PM, permanent northern medium-altitude
streams; PL, permanent lowland streams; TM, southern temporary streams): (A) <2 larval stages with diapause, DIA2IN; (B) >2
larval stages with diapause, DIAMIN; (C) intermediate size 5-10 mm, SIZE3; (D) burrowers, BURROW; Dunn’s test results are
shown as “a” and “b” associated with each box. Stream types not sharing the same letter are significantly different.
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Fig. 5. First-two axes of the between-class analysis—fuzzy correspondence analyses (BCA-FCA, class: stream type) performed on the
morphological traits-by-sites array. Each point represents a study site. Sites are grouped by stream type identified as: black circles —
permanent lowland streams, PL; dark grey squares — permanent medium-altitudes streams, PM; light grey squares — temporary
southern streams, TM. Larger symbols represent the centre of ellipses.
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Fig. 6. Morphological trait categories that contribute to differences among stream types (PM, permanent northern medium-altitude
streams; PL, permanent lowland streams; TM, temporary southern streams): (A) body setae pale/indistinct, SIND; (B) long body
setae, SETP; (C) mentum with more than 13 teeth, DTM; (D) Lauterborn organs indistinct, LOI; (E) presence of premandible brush,
PMBP; (F) simple claws of anterior parapod, CASIM; (G) claws of anterior parapod serrated, CASER. Dunn’s test results are shown
as letters “a” and “b” associated with each box. Stream types not sharing the same letter are significantly different.

ecological ranges. The Hydrobaenus sp. has been consid-
ered a typical member of temporary stream communities,
building cocoons to face desiccation (Moller Pillot, 2013)
and we found it only in temporary streams. However,
there are also records of its presence in Portuguese
montane rivers (Rieradevall et al., 2007). Tribelos and
Paratendipes were exclusively found in temporary rivers
and previous studies have indicated their preference for
stagnant waters (Moller Pillot, 2009, 2013), potentially
occurring in these rivers during summer. As far as we
know, the present study is the first that reveals the presence
of Odontomesa, Paracladius, Epoicocladius and Tribelos in
Portugal (but these taxa were recorded in Spain by Saether
and Spies, 2013) showing the lack of knowledge on
Portuguese Chironomids.

Here we showed that within macroinvertebrates, the
structure and abundance of Chironomidae alone reflect
the natural differences of physical and chemical conditions
between permanent and temporary streams and also
between two types of permanent streams (lowland versus
medium altitude streams). Differences in Chironomidae
composition between stream types were also found by
Punti et al. (2007) in the Mediterranean streams from the
north-east of Spain. Identifying Chironomidae at sub-
family level did, however, not allow for full segregation of
stream types (no differences between different types of
permanent streams), showing the importance of a higher
taxonomic resolution in ecological studies (Lenat and
Resh, 2001) and questioning previous recommendations
for the elimination of Chironomidae from bioassessment
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protocols or their use at the family or subfamily level as a
result of difficulties in the identification of Chironomids
down to the genus and species level (e.g., Rabeni and
Wang, 2001; Mora et al., 2008).

Water temperature, current velocity, substrate type
and food availability are critical factors in the distribution
of macroinvertebrates in general and Chironomidae
assemblage in particular (Prat et al., 1983; Lindegaard
and Brodersen, 1995; Rossaro et al., 2006; Lencioni et al.,
2007). We also detected changes in Chironomidae compo-
sition between the two permanent stream types, which are
probably related to differences in granulometry and water
temperature along the longitudinal gradient and altitudi-
nal gradient. The major differences in Chironomidae
communities nonetheless reflected the latitudinal and
climatic gradient: south temporary Mediterranean streams
(TM) from northern permanent streams with an Atlantic
temperate climate (PL and PM). These differences chal-
lenge the notion of Chironomidae as environmental
generalist taxa, the practical result of restraining their use
at coarser taxonomic levels, as has often been argued
(King and Richardson, 2002) but still unable to counter
the constant neglect of the family.

Regarding the most representative taxa of each stream
type, our study confirmed some information from pre-
vious studies in the Iberian Peninsula, but also brought
additional knowledge on genus distribution and toler-
ances. In the permanent medium altitude streams,
Conchapelopia sp. (Tanypodinae) had a high contribution
to the similarity among streams. This is consistent with its
association with fast-flowing waters or well-oxygenated
lake habitats (Vallenduuk and Moller Pillot, 2007).
Virgatanytarsus sp. (Chironominae, Tanytarsini) was also
representative of these streams, which is in accordance
with studies by Punti et al. (2009) that refer to an altitude
optimum below 500 m. In both permanent stream types
(PL and PM), the genera Parametriocnemus sp.
(Orthocladiinae) and Polypedilum sp. (Chironomini) were
relatively well represented. This is consistent with other
studies that showed that these genera are present not only
at higher but also at lower altitudes (Rossaro et al., 20006;
Moller Pillot, 2013). The prodiamesinae subfamily was
found only in permanent lowland rivers (PL), represented
by two genera: Prodiamesa sp. and Odontomesa sp. In both
cases, previous references (Moller Pillot, 2013) justify this
distribution: Prodiamesa is well adapted to rivers with
deposition of organic matter; while Odontomesa is a free-
living passive filter-feeder that drives water in and out by
peristaltic movements, and feeds mainly on unicellular
algae retained by specialised mouthparts, requiring low
current velocities and sandy bottoms.

Temporary Mediterranean rivers are characterised by
marked seasonality in flow regime, alternating large floods
and severe droughts (Gasith and Resh, 1999; Punti ez al.,
2007). In our study, the Diamesinae (Potthastia gr. gaedii)
dominated temporary stream assemblages. This family is
common in cold fast-flowing waters, but Potthastia gaedii
has also been reported in mid and lowland river sections
with stony bottoms (Punti et al., 2007; Moller Pillot,

2013). Accordingly, this genus occurs in our permanent
rivers (both at medium and low altitude) but surprisingly it
was only considered a representative species in temporary
streams. The high number of individuals found in our
temporary streams must be related to the availability of
microhabitats required by P. gaedii bottom dwellers, as
our temporary streams are characterised by great sediment
heterogeneity. Corynoneura sp. (Orthocladiinae) was con-
sidered a representative species of our temporary
Mediterranean rivers but not of the remaining types.
However, within this genus, the congeneric species have
different ecological preferences: some Corynoneura species
are specifically associated with headwaters, mid-high
altitudes, siliceous substrates and low temperature, while
C. coronata for example occurred in carbonate waters with
higher temperatures (Punti ez al., 2009). This is an example
where a lower level of taxonomic resolution (species)
would contribute to the discrimination of types.

Eltonian and morphological Chironomidae traits dis-
closed differences among stream types. This was expected,
as abiotic characteristics (e.g., photoperiod and tempera-
ture) that differ among stream types, are known to
influence the seclected traits, such as larval growth,
diapause, emergence of adults, duration of life cycles and
emergence period. However, not all of these traits have
shown significant differences among these natural stream
types. Burrowing should increase resistance against
droughts and flood events (Bonada et al., 2007b). Small
body size is generally associated with fast reproduction
and development, conferring resilience to disturbance
(e.g., Corynoneura sp.). Simultaneously, large body sizes
are advantageous in stagnant pools during the low flow
period (Bonada et al., 2007b). Temporary streams were
segregated by their significantly higher proportion of
burrowers and lower proportion of intermediate sizes.
Diapause, especially overwintering diapause was expected
to occur in more Chironomidae stages (DIAMIN) in
colder streams to face the lower temperature challenges,
but this trait category was much higher in PL and TM,
characterised by higher temperatures throughout the year,
probably reflecting other types of diapause in a larger
number of larval stages, to avoid desiccation. The
condition of dormancy and torpor in Chironomidae is
controversial: Armitage et al. (1995), Vallenduuk and
Moller Pillot (2007) and Moller Pillot (2009, 2013)
mentioned its occurrence, while Andersen et al. (2013)
did not consider it. Our results suggest that diapause may
be used by Chironomidae to face cold temperatures but
perhaps also high temperatures to avoid desiccation
(aestivation). More Chironomidae autoecological studies
are needed to clarify patterns of diapause and emergence
and link these patterns to temperature (Goddeeris, 1990)
Information about traits related to resistance, but also
resilience by dispersal and colonisation are also still scarce
for many Diptera, including Chironomidae, and are
crucial since Chironomidae are recognised as the first
colonisers after natural disturbances caused by floods and
droughts (Delettre, 1988; Delettre and Morvan, 2000;
Marziali et al., 2010).
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In this study, we investigated the ecological relevance
of Chironomidae morphological traits, which are absent in
general macroinvertebrate trait databases. Studies on
other groups of organisms have related the occurrence of
taxa with specific morphological traits to their habitats.
For example, Makkonen ez al. (2011) found that larger-
sized Collembola with a higher number of oecelli and body
pigmentation were favoured by dryness, showing their
resistance to desiccation. The importance of abdominal
setac and body size of two Chironomidae species
(Cricotopus bicinctus and C. sylvestris) in predator avoid-
ance was previously studied by Hershey and Dodson
(1987), exposing the link between these morphological
traits and a particular type of external factor. The great
advantage of such morphological traits is that they do not
require the identification of individuals, the existence of
previous taxonomic studies, and taxonomic keys on local
fauna. These traits could thus enable ecological interpreta-
tions free of taxonomic errors. On the other hand, their use
may be limited, since they are restricted to some
taxonomic groups because morphological traits are not
shared by all invertebrate groups. To enlarge their use to
more families would require the identification of analo-
gous structures that would play the same key role in the
environment.

In fact, some Chironomidae morphological traits
reflected ecological differences in the three stream types.
Chironomidae with long body setae were more frequent in
northern permanent streams, distinguishing them from the
lowland streams, whereas short setae were more frequent
in temporary streams. In northern streams, setac allow
organisms to anchor to coarse substrate, whereas in
temporary streams small setae allow burrowing.
Chironomidae without teeth on the mentum were also
more frequent in northern permanent streams. The
mentum architecture together with other structures of the
head capsule reflect evolutionary adjustments of feeding
habits but also other activities such as silk production and
construction of tubes or cases (Armitage et al., 1995).
Here, the lower sclerotisation of the mentum (less teeth)
may facilitate swallowing various prey, whereas numerous
teeth may facilitate particle entrapment and substrate
surface scraping, and thus opportunistic omnivores. Taxa
with inconspicuous Lauterborn organs were more fre-
quent in temporary streams, distinguishing them from the
other two types. Lauterborn organs are sensory structures
located in the second antennal segment or at its apex.
These organs allow Chironomidae to actively explore their
habitat, especially in foraging activities. However, at the
same time, these thin-walled sensors are particularly
vulnerable to the surroundings, and thus the reduction
of these organs is known to occur in terrestrial
Chironomidae (Cranston, 1995). So, the possible vulner-
ability of Lauterborn organs may be a reason for their
reduction in highly variable temporary streams in the
Mediterranean climate, but little information is available
on this subject. Claws and length of the Chironomidae
posterior parapods have an important function in
fast current and unstable substrate for stabilising

Chironomidae bodies (Lencioni et al., 2007). In fact,
Chironomidae with serrated claws of the anterior parapod
were more frequent in permanent northern streams where
current velocities are higher.

This study highlights the importance of the use of at
least the genus level in ecological studies and to define
robust reference conditions for bioassessment. The two
sets of traits, i.e., the Eltonian traits derived from a fuzzy
coding trait database for European Chironomidae genera
(potential traits), and the morphological traits directly
observed in the organisms (fundamental traits), were
found to be useful in the discrimination between stream
types, especially between permanent and temporary
streams. Both sets of traits gather some intraspecific
variability inside each Chironomidae genus: one by using
a fuzzy coding system that establishes different affinity
degrees to different trait categories in European genera;
another by relying on the observation of sampled speci-
mens conceptually moving towards the description of the
“realised trait” profiles of taxa (accepted as a part of their
“realised niche”). The intraspecific trait variability and
trait plasticity of Chironomidae species as a response to a
wide range of environmental conditions may be one of the
great adaptive advantages of this insect family and one of
the reasons they are distributed in diverse freshwater
environments. Chironomidae morphological traits could
be an interesting tool for ecological studies, reflecting
differences among stream types and avoiding the use of
potential traits derived from general trait databases. The
use of traits as morphological characteristics related to
functions that Chironomidae perform in their habitat can
avoid their laborious identification, which depends on the
observation of numerous minute structures, relying in-
stead on the observation of fewer morphological char-
acteristics that in some cases do not even require a
microscope, opening alternatives to the need for extensive
taxomomic expertise. However, poor knowledge of the
relationship between morphological characteristics (e.g.,
antennal blade, procercus setae) and their ecological
functions highlights the need for further research to
identify relevant traits and the definition of trait categories
with ecological meaning that are ecasier to observe and
measure. Finally, future studies should examine the
relevance of Eltonian and morphological traits in distin-
guishing different impairment levels.
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