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ABSTRACT

The potential importance of benthic diatoms in Mediterranean watercourses has received limited academic attention historically. This study
sought to provide baseline information for this poorly studied group. Temporary and permanent watercourses in Portugal differ in catchment
characteristics, climatic variables and water chemistry. The benthic diatom communities were characterized in terms of ecological preferences
and conservation status for taxa with relative abundance above 1% in at least one site covering 39 temporary sites (109 taxa) and 53 perma-
nent sites (130 taxa). The low-profile guild dominated both temporary and permanent watercourses, followed by the high-profile and motile
guilds. Indicator value analysis indicated that Amphora copulata, Cocconeis placentula, Diploneis separanda, Encyonopsis subminuta,
Fragilaria radians, Gomphonema olivaceum, Gomphonema truncatum, Halamphora veneta, Navicula radiosa, Navicula veneta, Sellaphora
seminulum and Ulnaria acus were indicators of temporary watercourses, whereas Encyonema minutum, Eunotia minor, Fragilaria rumpens,
Fragilaria cf. socia and Navicula rhynchocephala were characteristic of permanent watercourses. Ecological preferences of indicator taxa
were inferred on the basis of environmental variables that differed significantly between temporary and permanent watercourses. The impor-
tance of temporary watercourses for the maintenance of diatom biodiversity is discussed and explored. Copyright © 2014 John Wiley &
Sons, Ltd.
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INTRODUCTION during the summer months, on the basis of most climate
change models (Barcel6 and Sabater, 2010; IPCC, 2014)
and represents a prominent ‘hot spot’ for potential change
in water availability (Giorgi and Lionello, 2008). In Portugal,
for instance, current estimates indicate that the total surface
area drained by temporary rivers represents more than 80%
of the Portuguese territory. Furthermore, in the south-east
of the country, the driest region, the only permanent water-
courses are the large rivers Guadiana, Sado and Mira, and
~90% of watercourses are temporary in character (Morais,
unpublished data).

The extension and vulnerability of these aquatic systems
have led to an increase in research on temporary rivers in the
Mediterranean Region (e.g. Morais et al., 2004; Feio et al.,
2010; Dodkins et al., 2012). Nevertheless, phytobenthos has
generally been overlooked in temporary rivers, and until
recently, research undertaken on the use of diatoms as indica-
tors of ecological status in Mediterranean temporary streams
(e.g. diatom metrics and indices) has been limited (e.g. Martin
et al., 2010; Delgado et al., 2012).

Despite the importance of temporary rivers in the

Rivers that periodically cease to flow comprise a substantial
proportion of the total number, length and discharge of the
world’s rivers (Tooth, 2000). Temporary rivers are not re-
stricted to arid regions; they occur in most terrestrial biomes
between 84°N and S latitudes (Larned et al., 2010). During
the next century, the number and length of rivers that
become temporary may increase in regions experiencing
drying trends as a result of climate change and water
abstraction for socio-economic uses (Rosado et al., 2012).
An increase of 50% in the use of water for agriculture and
industry is also predicted by 2025 (Tockner and Stanford,
2002). Furthermore, it is assumed that climate change will
result in significant aquatic biodiversity losses due to
changes in population dynamics resulting from an increas-
ingly harsh environment.

The Mediterranean Region is predicted to experience
greater flood frequency, punctuated by warmer, drier condi-
tions that will lead to more frequent and prolonged droughts
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Mediterranean region, the European Union Water Framework
Directive (Directive 2000/60/EC) does not explicitly recog-
nize their value or importance, probably because intermittency
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is a naturally occurring phenomena. Nevertheless, the effects
of a temporary flow regime and measures to address this
(where appropriate) should be included in any update of river
basin management plans. However, to propose appropriate
measures, a detailed knowledge of the biotic components of
temporary watercourses is crucial.

This topic requires specific attention because the imple-
mentation of the Water Framework Directive (Directive
2000/60/EC) requires European countries to assess lotic
ecosystem quality using diatoms in addition to other biolog-
ical elements. Diatoms are considered excellent environ-
mental indicators because they represent a large part of the
freshwater algal diversity, occur in almost all aquatic habi-
tats and respond directly to many physical, chemical and
biological changes in aquatic ecosystems. Furthermore, the
value of diatoms as ecological indicators has been demon-
strated in a variety of surface waters, primarily lakes and
reservoirs (e.g. Novais et al., 2012). A biological indicator
approach based on diatom growth forms, capacity to tolerate
nutrient limitation and physical disturbance was proposed
by Passy (2007) and is currently being widely tested across
Europe (Berthon et al., 2011; Gottschalk and Kahlert, 2012).

The aim of this study is to enhance the baseline knowl-
edge available concerning benthic diatoms in Mediterranean
watercourses. The objectives of this research were as follows:
(i) to provide an abiotic characterization of watercourses in the
South of Portugal; (ii) to characterize benthic diatoms in tem-
porary and permanent watercourses in Southern Portugal by
assessing several indicators including ecological guilds, spe-
cies richness, diversity and conservation status; and (iii) to
determine ecological preferences of taxa that are characteris-
tic of temporary and permanent watercourses.

METHODS
Sampling sites

A total of 92 sites were sampled in southern and central
Portugal during spring 2006, when differences in the flow
regime were already apparent but prior to temporary water-
courses drying during late spring. The sites comprised 39
temporary and 53 permanent watercourses, according to
the hydrological regime determined using a surface runoff
model within a geographic information system (INAG,
2008a), and were located within the following watersheds:
Ribeiras do Algarve (17), Guadiana (12), Mira and Sado
(13) and Tejo (50) (Figure 1). The sites selected were sub-
ject to low anthropogenic pressure in accordance with the
objectives of the study. The site selection was initially based
on the REFCOND (2003) criteria developed by the National
Water Institute. The environmental characterization of each
site was intended to be comprehensive and addressed water-
shed characteristics, climatological, hydromorphological and

Copyright © 2014 John Wiley & Sons, Ltd.
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Figure 1. Map of Europe indicating the location of Portugal. Map of
Portugal indicating (a) average annual temperature and (b) average
annual precipitation (source: Atlas do Ambiente Digital—IA).
Symbols on the maps indicate the catchments examined in this
study: circle = Guadiana; triangle = Sado; square = Mira; diamond =
Ribeiras do Algarve; and star=Tejo. Solid/black = permanent
watercourses and open/white = temporary watercourses

water chemistry parameters. For each site, elevation, catch-
ment area upstream of the sample site, distance to source,
average annual runoff, thermal amplitude, coefficient of var-
iation of annual precipitation, and mean annual temperature
and precipitation were derived from the National Water Insti-
tute database. In addition, land use within the watershed,
urban area, presence and characteristics of the riparian
vegetation, sediment loads, level of hydromorphological al-
teration and changes to river connectivity caused by the pres-
ence of dams were recorded. The potential effects of toxicity,
acidification and organic contamination were identified and
explored by collecting water quality samples and analysis of
the following parameters: dissolved oxygen>5mgO,L ™",
6 <pH<9, ammonium < 1mgNH;L"', nitrates <25mg
NO;3 L™, total phosphorus <0.13mgPL~" and biological
oxygen demand <6 mg O, L™" (INAG, 2009).
Hydromorphological characterization was undertaken si-
multaneously with diatom community and water quality
sample collection; water temperature, pH, oxygen saturation
and conductivity were measured in situ with portable meters
calibrated in the field. Additional field measurements of
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flow velocity, percentage of channel shaded, channel depth,
channel width and wetted width and the presence or absence
and type of riparian vegetation were recorded. Environmental
standard methods for water chemical analyses were carried
out according to APHA (1995), and all variables examined
are summarized in Tables I and II.

Diatom sampling and processing

Benthic epilithic diatoms were sampled following a standard
methodology (European Committee for Standardization, 2003;
INAG, 2008b), which consisted in brushing at least five well-
illuminated stones (cobbles if available) occurring in the main
flow under stable conditions. All samples were preserved with
a formaldehyde solution (4% v/v) immediately after sampling.
Samples were treated using hydrogen peroxide (35%) and HCI1
(37%) in order to obtain a suspension of clean frustules. Perma-
nent slides were mounted with Naphrax® (Brunel Microscopes
Ltd, Wiltshire, UK). Diatoms were identified to a specific or
sub-specific level using light microscopy (Leica DMRX with
100x oil immersion objective, Leica Microsystems, Wetzlar,
Germany). At least 400 valves were identified and counted
from each slide to estimate the relative abundance of each
taxon. Identification was based on diatom reference floras
(e.g. Krammer and Lange-Bertalot, 1986, 1988, 1991a, 1991b),
as well as recent bibliographic sources, including the series
‘Diatoms of Europe’, ‘Iconographia Diatomologica’, ‘Bib-
liotheca Diatomologica’ and relevant taxonomic papers.

Data analysis—environmental variables

Environmental variables were standardized and log trans-
formed prior to analysis. The Shapiro-Wilk normality test
was conducted using SigmaPlot 12.0 (Systat Software Inc.,
Chicago, IL). To verify which variables differed significantly
between temporary and permanent watercourses, the non-
parametric Mann—Whitney U test was used. Subsequently,

a comparison between climatological, hydromorphological
and water chemistry variables was undertaken by means of
non-parametric Spearman rank correlations. Both Mann—
Whitney U tests and Spearman rank correlations were under-
taken using STATISTICA 6.0 (StatSoft, Inc., Tulsa, OK).

Data analysis—diatoms

Diatom taxa were characterized in terms of habitat, flow veloc-
ity (when flowing), moisture content, pH, trophic state, ecology
and conservation status according to the diatom ‘Red List’
compiled by Lange-Bertalot and Steindort (1996) for German
watercourses (based on Denys, 1991; Van Dam et al., 1994;
Lange-Bertalot and Steindorf, 1996) and the 2012 OMNIDIA
v. 5.3 (Omnis Software, Inc.) database (Lecointe ef al., 1993).
Ecological guilds were assigned to all taxa identified following
the classification of Passy (2007) and Berthon ef al. (2011):
low-profile, high-profile and motile guilds. To examine the
influence of environmental variables on ecological guilds’ rela-
tive abundance and to compare information provided by the
Specific Pollution Sensitivity Index (SPI) and ecological guilds,
Spearman rank correlations were calculated using STATISTICA
6.0 (StatSoft, Inc.).

The indicator value (IndVal) method was used to identify
the key species (indicators) of temporary and permanent wa-
tercourses (Dufréne and Legendre, 1997), using PC-Ord 6.0
(MjM Software Ltd., 217-219 Hamstel Road, Southend on
Sea Essex SS2 4LB). This provides IndVals for each
species, based on the combination of information on the
specificity and fidelity of occurrence of a taxon in a group.
The statistical significance of the species IndVal was evalu-
ated using Monte Carlo random permutation tests. Ecological
preferences of indicator species were inferred on the basis
of the environmental variables that differed significantly
between temporary and permanent watercourses.

For each sample, taxa richness (S5), Shannon index of diver-
sity (H") and Pielou’s evenness index (J') were determined.

Table I. Catchment and climatological characteristics of the temporary and permanent watercourses examined in the southern Portugal study

area

Temporary Permanent
Variable Median Interquartile range Median Interquartile range
Elevation (m above sea level) 138.91 61.03-214.46 129.80 66.00-342.18
Catchment area upstream** (km?) 57.34 33.32-150.81 127.36 66.36-984.55
Distance to source** (m) 18999.26 12282.53-28865.43 29920.60 16849.90-72644.10
Average annual runoff* (mm) 175.00 175.00-250.00 350.00 175.00-700.00
Thermal amplitude (°C) 10.34 9.99-11.30 10.39 9.70-11.23
Average annual temperature** (°C) 15.62 15.11-15.99 15.18 13.70-15.35
Average annual precipitation®™* (mm) 668.00 633.75-763.50 804.00 686.00-1042.00
Coefficient of variation of annual precipitation 0.31 0.29-0.32 0.30 0.29-0.31

Variables that differ between temporary and permanent watercourses are indicated by

*p <0.05 and **p < 0.001 using the Mann—Whitney U test.

Copyright © 2014 John Wiley & Sons, Ltd.
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Table II. Physical and water chemistry characteristics of the temporary and permanent watercourses examined in the study area.

Temporary Permanent
Variable Median Interquartile range Median Interquartile range
Current velocity** (m sfl) 0.32 0.00-0.58 0.67 0.41-0.91
Water temperature* (°C) 19.36 15.85-20.94 23.52 17.70-26.19
Conductivity (Cond)** (uScm™") 392.50 223.75-586.50 143.00 109.00-333.00
pH* 7.49 6.94-7.85 7.12 6.64-7.48
Oxygen (O,)** (%) 72.95 67.78-81.60 84.60 73.20-99.20
Alkalinity** (mgL™") 62.50 46.50-167.50 40.00 34.00-61.00
Hardness** (mgL™") 96.50 51.75-173.50 32.00 10.00-85.00
Phosphate (PO ) (ugL™") 24.00 11.25-49.00 32.00 9.00-52.00
Total phosphorus (Ptot) (ngL™") 19.50 8.75-29.75 21.00 9.00-32.00
Soluble reactive phosphorus (SRP) (lpg LY 8.00 3.75-16.00 10.00 3.00-17.00
Total organic carbon (TOC) (mgL™") 2.96 1.70-6.13 2.90 1.40-4.70
Chemical oxygen demand (COD) (mg LY 12.00 6.00-18.00 9.00 4.00-13.00
Biological oxygen demand (BODs) (mgL™") 1.00 0.00—4.00 2.00 0.004.00
Ammonium (NHZ) (ugL™" 2.00 2.00-23.75 2.00 2.00-20.00
Kjeldahl nitrogen (ug L") 1120.00 560.00-1680.00 1120.00 560.00-1120.00
Nitrate (NO3) (ugL™") 275.50 159.75-487.25 315.00 220.00-386.00
Nitrite (NO3) (ngL™") 1.00 0.00-10.00 10.00 0.00-20.00
Total nitrogen (mgL™") 1335.00 985.86-1979.00 1355.00 898.00-1795.00
Chloride (C17)* (mgL™) 40.45 23.80-88.68 19.40 17.40-31.30
Sulfate (SO;°) (mL™") 22.40 9.98-29.73 13.60 9.33-18.10
Sodium (Na*)* (mgL™") 3.70 2.33-6.03 2.70 1.10-5.20
Manganese (Mn2+) (mg L_l) 0.01 0.01-0.05 0.02 0.01-0.08
Magnesium (Mg>*)* (mgL™") 8.02 4.37-13.55 4.86 3.16-7.05
Calcium (Ca®")* (mgL~") 19.50 11.25-33.93 12.40 8.00-22.00
Variables that significantly differ between temporary and permanent watercourses are indicated by
*p < 0.05 and **p <0.001 using the Mann—Whitney U test.
The SPI was also calculated from diatom abundances (Coste RESULTS

in Cemagref, 1982), using the OMNIDIA v. 5.3 software
(Lecointe et al., 1993). OMNIDIA was selected because it
has been developed for assessing the quality of running waters
and has been recommended as reference index for several
Iberian basins (Goma et al., 2005; Blanco e al., 2008).

The relationship between taxa richness (S), Shannon in-
dex of diversity (H'), Pielou’s evenness index (J'), SPI and
the 11 environmental variables that varied significantly be-
tween temporary and permanent watercourses was investi-
gated by least squares stepwise multiple linear regression
with experiment-wise type I error rates of 0.05 for coeffi-
cients calculated using the Dunn-Siddk method (Ury,
1976). The complete candidate model included one qualita-
tive variable, namely the watercourse regime (which was bi-
nary coded as O or 1), 11 environmental variables and all
interactions between watercourse regime and environmental
variables. Variance inflation factors and Durbin—Watson d
were examined to evaluate multicollinearity and serial corre-
lation. Equations were fitted using Statgraphics 4.2 (STCS,
Inc., Rockville, MD). Only taxa with relative abundances
over 1% from at least one site were considered in the analy-
ses in order to reduce the influence of rare taxa.

Copyright © 2014 John Wiley & Sons, Ltd.

Environmental characterization of temporary and permanent
streams

Descriptive statistics of the environmental parameters re-
corded from the temporary and permanent watercourses are
presented in Tables I and II. On the basis of the Mann—
Whitney U test, temporary and permanent watercourses dif-
fer in catchment characteristics (p < 0.001), climatological
variables (average annual temperature and precipitation,
both p < 0.001, and average annual runoff, p < 0.05), current
velocity (p <0.001) and several water chemistry variables
(Table II). A detailed examination of the data indicated that
catchment area upstream of the sample point, distance to
source, average annual precipitation, average annual runoff,
current velocity, dissolved oxygen saturation and water tem-
perature were higher in permanent watercourses. In contrast,
average annual temperature, conductivity, alkalinity, hard-
ness, pH, chloride, magnesium, sodium and calcium were
higher in temporary watercourses.

The application of the Mann—Whitney U test to the
hydromorphological variables only detected significant
differences for water current between the two groups (with
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p <0.001; Table II). Because statistical differences were
not observed for other hydromorphological variables, a se-
ries of charts were plotted to explore the variability of
hydromorphological parameters among the groups (Figure 2).
Temporary watercourses were typically less shaded, with a
greater proportion of sites with no shade or <30% of the river
channel shaded. Temporary and permanent watercourses had
similar proportions of sites >60% shaded, and there was a
higher percentage of permanent sites with 30-60% of the
channel shaded. These results were reinforced by examination
of the type of riparian vegetation (Figure 2e). Temporary
watercourses were generally narrower and had smaller chan-
nels, as illustrated by a higher percentage of low-river-width
(between 1-5 and 5-10m) and lower-channel-width (<1 m)
sites. Permanent sites had a greater percentage of sites that
were >20m wide (Figure 2b, c), although they also had rela-
tively high proportions of sites with low channel width (1-5 m
being the most common). Both temporary and permanent
watercourses had high percentages of shallow sites (<0.25 m);
temporary systems were dominated by the 0.25- to 0.5-m

M. H. NOVAIS ET AL.

depth class and permanent rivers by the 0.5- to 1- and >1-m
classes. The absence of sites in temporary watercourses with
>1-m depth is noticeable (Figure 2d).

Climatological variables were clearly different between
groups with temporary watercourses typically located in
areas with higher average annual temperature and lower
average annual runoff and annual precipitation (Table I and
Figure 1). In the south-east of the country, the driest region,
the majority of watercourses were temporary (Figure 1),
whereas precipitation and average annual runoff were higher
and more variable in permanent watercourses typical of the
central region (Table I and Figure 1).

Spearman correlation coefficients between catchment
characteristics and climatological and hydromorphological
variables indicated that elevation was positively correlated
(p <0.001) with climatological variables including average
annual runoff (r=0.56) and average annual precipitation
(r=0.53). Elevation was also negatively correlated with
the average annual temperature (r=—0.59). Catchment area
and distance to source were strongly correlated (p < 0.001)

continuous
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Figure 2. Comparison of mean values of characteristics of temporary (grey) and permanent (black) watercourses within the study area
expressed as frequencies for: (a) percentage of channel area shaded; (b) river width; (c) channel width; (d) channel depth; and (e) type of
riparian vegetation

Copyright © 2014 John Wiley & Sons, Ltd.
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with hydromorphological variables such as river width
(r=0.56 and r=0.61, respectively) and channel width
(r=0.48 and r=0.56, respectively).

The Spearman correlations between catchment character-
istics, climatological and hydromorphological variables and
water chemistry were used to explore the contribution of
each of these variables to the changes in water chemistry
observed. The only catchment characteristic correlated with
water chemistry was elevation, which is negatively corre-
lated (p <0.001) with conductivity (r=—0.61), calcium
(r=—0.57), chloride (r=—0.62), hardness (r=—0.56) and
sodium (r=—0.52). For the climatological variables, nega-
tive correlations (p < 0.001) were observed between the av-
erage annual runoff and conductivity (r=—0.55), alkalinity
(r=-0.52), calcium (r=—0.57), chloride (r=—0.63), hard-
ness (r=-—0.55) and magnesium (r=—0.49). Average
annual precipitation was negatively correlated (p <0.001)
with conductivity (r=—0.50), chloride (r=—0.56), chemi-
cal oxygen demand (r=—0.50) and hardness (r=—0.52)
and positively correlated with water temperature (r=0.50)
and nitrite (r=0.53). It was interesting to note that neither
riparian vegetation nor current velocity was correlated with
any water chemistry parameters.

Diatom communities’ characterization

A total of 322 diatom taxa were identified in the dataset;
from these, 229 were recorded in temporary watercourses
and 250 from permanent systems. Only 109 taxa were pres-
ent with a relative abundance above 1% from at least one
temporary watercourse and 130 taxa from permanent water
bodies. Within temporary watercourses, taxa with relative
abundance above 1% comprised 34 genera: Gomphonema
(15 taxa) and Achnanthidium (11 taxa); and from perennial
flowing sites, the most frequently sampled genera comprised
Achnanthidium (16 taxa), Fragilaria (14 taxa), Gomphonema
(13 taxa), Nitzschia (14 taxa) and Navicula (13 taxa).
Appendix A includes the taxa with relative abundances
above 1% from at least one site, their ecological preferences
and conservation status (based on published literature),
maximum relative abundance and frequency of occurrence
within each group. Achnanthidium minutissimum, Amphora
pediculus, Cocconeis euglypta, Gomphonema rosenstockianum,
Planothidium frequentissimum, Nitzschia inconspicua and
Reimeria sinuata were among the most abundant taxa and
occurred at more than 50% of sites in temporary watercourses.
Within permanent watercourses, the most abundant and fre-
quently recorded taxa were A. minutissimum, Eolimna minima,
Karayevia oblongella, P. frequentissimum and R. sinuata.
The Red List status (Lange-Bertalot and Steindorf, 1996)
was available for ~70% of the taxa (Appendix A). From
these, ~12.5% are classified as endangered to varying de-
grees. Among the diatoms recorded, Achnanthidium lineare

Copyright © 2014 John Wiley & Sons, Ltd.

and Stauroforma exiguiformis have been classified as ‘en-
dangered’ (category 3); S. exiguiformis only occurs in per-
manent watercourses, whereas A.lineare also occurs in
temporary waterbodies infrequently. Gomphonema lagenula
and Navicula cataracta-rheni are classified as ‘extremely
rare’ (R). Gomphonema lagenula was found in low abun-
dances in both temporary and permanent watercourses, whereas
N. cataracta-rheni was typically present in low abundance
within temporary watercourses. Achnanthidium subatomoides,
Fragilaria nanana, Gomphonema exilissimum, Karayevia
oblongella and Pinnularia microstauron are classified as
‘decreasing’ (V). Among these taxa, G. exilissimum and K.
oblongella were present in more than 10% of both temporary
and permanent watercourses, and K. oblongella was also
abundant in both groups (>40% maximum relative abun-
dance). In contrast, A.subatomoides, F.nanana and P.
microstauron were only recorded from permanent water-
courses in low abundances. For Eunotia implicata, Eunotia
soleirolii, Navicula notha and Ulnaria biceps, threats to
their long-term conservation exist (category G). All were
recorded from both groups, although E. soleirolii and N. notha
were more abundant and occurred more frequently in perma-
nent watercourses.

Information regarding trophic preferences (for ~70% of
the taxa) and pH (for ~75% of the taxa) was available for
the majority of the taxa. Nevertheless, 48.5% of the taxa
lacked information regarding their habitat preferences;
51.5% had no details regarding current velocity, and 38.6%
lacked details regarding moisture preferences (Appendix A).

Ecological guilds

The majority of the taxa identified within temporary water-
courses belonged to the low-profile guild (44.0%) followed
by the high-profile (31.2%) and motile (24.8%) guilds. Per-
manent sites were dominated by low-profile taxa (35.4%);
nevertheless, there was a higher percentage of high-profile
and motile taxa (33.8% and 30.8%, respectively). Although
there were no significant differences among the number of
taxa assigned to each guild per group, it is clear that the
low-profile guild dominated the relative abundance in both
groups (77.5% temporary and 75.8% permanent water-
courses), followed by high-profile (12.3% in both groups)
and motile guilds (10.2% temporary and 11.9% permanent
watercourses). No strong Spearman rank correlations (p > 0.5,
p < 0.05) were observed between any ecological guilds’ rela-
tive abundance and environmental variables. Significant corre-
lations were recorded between low-profile and motile guilds
and the SPI index, although these were not strong (p=0.39
and p = —0.38, respectively, p < 0.05).

Characteristic diatom taxa and their ecological preferences
Indicator value analysis undertaken to identify diatom taxa

that are characteristic of temporary or permanent watercourses

River Res. Applic. 30: 1216-1232 (2014)
DOI: 10.1002/rra



1222

demonstrated that Amphora copulata, Cocconeis placentula,
Diploneis separanda, Encyonopsis subminuta, Fragilaria
radians, Gomphonema olivaceum, Gomphonema truncatum,
Halamphora veneta, Navicula radiosa, Navicula veneta,
Sellaphora seminulum and Ulnaria acus were indicators of
temporary watercourses, whereas Encyonema minutum,
Eunotia minor, Fragilaria rumpens, Fragilaria cf. socia and
Navicula rhynchocephala were characteristic of permanent
watercourses (Table III). The taxa characteristic of temporary
watercourses were also common in highly intermittent, water-
logged (wet subaerial—four taxa) and moist soils (moist sub-
aerial—three taxa); only two taxa were considered aquatic,
although data were not available for three taxa. Most taxa
indicative of temporary waterbodies were indifferent to the
current velocity (eight taxa; Appendix A). As for the pH
preferences, five taxa were classified as alkaliphilous (class 4),
four as neutrophilous and two as alkalibiontic, and there was
no information available for D. separanda. Regarding the tro-
phic preferences, five taxa were classified as eutraphentic, two
as meso-eutraphentic and one as oligotraphentic (E. subminuta),

M. H. NOVAIS ET AL.

and D. separanda and F. radians were not classified. Three
of these taxa were not present in the Red List classification
(Appendix A).

The five taxa indicative of permanent watercourses were also
commonly present in non-permanent water bodies; they were
largely indifferent regarding current velocity preferences. Three
taxa lack information regarding moisture preferences, whereas
E. minutum is strictly aerophilous and N. rhynchocephala is oc-
casionally aerophilous. Their pH preferences were quite diverse,
as E.minor is acidophilous, E. minutum and F.rumpens are
neutrophilous and N. rhynchocephala is alkaliphilous. Data
on trophic preferences were only available for F. rumpens
(eutraphentic) and N. rhynchocephala (indifferent). Fragilaria
cf. socia was not classified in the Red List (Appendix A).
Because these were taxa characteristic of both types of water-
courses, their ecological preferences are highlighted for the
environmental variables that statistically separate temporary
and permanent watercourses (Table IV). Taxa characteristic
of temporary watercourses have a clear preference for sites
with lower current velocity and higher conductivity and pH

Table III. Indicator values for the characteristic taxa of temporary or permanent watercourses examined in this study

Temporary Permanent

Code Taxon name F S IndVal F S IndVval
Amphora copulata (Kltzing) Schoeman &

ACOP R.E.M. Archibald 1986 [T 8 17 !

CPLA  Cocconeis placentula Ehrenberg 1838 (10l 99 @ 10 | 2 1 0

DSEP  Diploneis separanda Lange-Bertalot 2004 EA BEEE | s 8 1
Encyonema minutum (Hilse in Rabenhorst)

ENMI D.G. Mann 1990 1318 2 1321
Encyonopsis subminuta Krammer & E.

ESUM Reichardt 1997 i EC ST 0 0 0

EMIN  Eunotia minor (Kiitzing) Grunow 1881 5 2 0 EE E3 EEE

FRAD [ragilaria radians (Kitzing) D.M. Williams & 13100 | 0 0 0
Round 1987

FRUM fge;%ilaria rumpens (Kitzing) G.W.F. Carlson 21 29 6 43 | EN
Fragilaria cf. socia (N.M. Wallace) Lange-

F

soc Bertalot 1980 0 0 0 [ ¥ L]

Gomphonema olivaceum (Hornemann)

coul Brébisson 1838 IE m -m 0 0 0

GTRU  Gomphonema truncatum Ehrenberg 1832 1810 89 l 16 NI 11 0

HVEN  Halamphora veneta (Kiitzing) Levkov 2009 6 7 0

NRAD  Navicula radiosa Kiitzing 1844 IBEE B 38 10 1

NRHY  Navicula rhynchocephala Kiitzing 1844 5 16 1 El a3

NVEN  Navicula veneta Kiitzing 1844 Il 42 28 12

SSEM 1ngl;gphora seminulum (Grunow) D.G. Mann El Bl | > 19 4

UACU  Uinaria acus (Kiitzing) Aboal 2003 (18 100 |l 18 NIV 0 0

Monte Carlo random permutations tests were used to assess the significance of each taxon as a group-specific indicator (p < 0.05). Fidelity
(F) and specificity (S) values are also presented.

Copyright © 2014 John Wiley & Sons, Ltd.
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Table IV. Abundance-weighted averages (WA) and range for the 11 environmental variables that were significantly different between
temporary and permanent watercourses

ACOP CPLA DSEP EMIN ENMI ESUM FRAD FRUM
Current velocity (ms™") WA 0.12 0.02 0.27 0.44 0.53 0.88 0.87 0.67
Range 1-0.73 0-0.64 0-0.80 0-0.85 0-097 0.61-1.18 0.61-1.18 0-1.41
T (°C) WA 222 259 20 24.6 24.1 17.5 19.7 20.8
Range 13.0-29.4 21.0-28.7 9.4-287 14.1-282 13.0-32.6  13.3-20.1 13.3-20.1 11.8-28.0
Conductivity (mScm ') WA 663 365 606 162 125 189 223 157
Range 109-860 98-409 98-1393 55-428 55-543 124-230  124-230 55-637
pH WA 8.0 6.9 73 6.4 6.9 6.9 6.8 7.1
Range  6.6-8.6 6.7-8.2 6.6-8.6 5.7-8.2 5.7-8.9 6.3-7.7 6.3-7.7 6.3-8.5
DO (%) WA 109.9 79.5 78.4 83.7 80.9 74.8 84.6 77.9
Range 38.3-128.6 66.3-98.6 42.9-128.6 31.5-116.8 31.5-148.2 59.8-91.9 59.8-91.9 42.9-116.8
Alkalinity (mgL™") WA 222 130 167 46 42 43 49 42
Range  28-274 46-172 31-386 26-157 25-225 31-53 31-53 24-110
Calcium (mgL™") WA 62.2 30.8 44.3 229 10.5 15.2 10.7 10.1
Range 8.0-107.0 4.8-43.3 4.8-144.0 6.0-58.0 4.6-87.0 10.0-24.0 10.0-24.0 5.6-24.0
Chloride (mgL™") WA 88.2 50.6 72.3 27.8 17.2 25.6 28.3 27.9
Range 16.4-1489 13.9-57.1 13.9-163.8 7.7-37.7 5.0-99.3  20.8-29.8 20.8-29.8 5.9-163.8
Hardness (mgL™") WA 251 110 208 27 27 69 52 34
Range 10-312 10-182 10-528 6-182 10-242 46-100 46-100 10-160
Magnesium (mgL™") WA 20.9 8.2 25.5 3.8 5.8 7.5 59 5.9
Range  2.7-28.2 29-238 1.9-855 0.7-23.8 0.4-28.2 4.4-9.7 4.4-9.7 0.5-25.2
Sodium (mgL™") WA 7.7 4.9 7 23 22 6 3.1 32

Range 0.7-11.8 0.7-5.8 0.7-15.8 0.7-9.8 0.7-9.8 24-112  24-11.2 0.7-13.1

The taxa reflect a spectrum of taxa from temporary and permanent watercourses. The names of the taxa corresponding to the codes (in four letters) are provided
in Table III.

(except for Encyonopsis minuta). Similar preferences were explained 35.4% and calcium 17.3%. No significant
detected for alkalinity, chloride, hardness, magnesium and differences were recorded between watercourses for A’ and
sodium, which were generally higher for taxa characteristic J" with pH explaining 98.9% and 99.2% of their variation or
of temporary watercourses. When considering the percentage for the SPI, where average annual runoff explained 44.1%,
oxygen saturation, with the exception of A. copulata, there alkalinity 21.6%, current velocity 18.8% and oxygen 15.5%
were no significant differences detected among the groups, of the variance in the data.

probably because all sites were not subject to strong
anthropogenic pressures.
DISCUSSION AND CONCLUSIONS

Diatom metrics and environmental variables . . .
The environmental characterization of watercourses in the

The mean values, standard deviation, median and interquar- south of Portugal clearly differentiated temporary and perma-
tile range for taxa richness (S), Shannon index of diversity nent sites on the basis of catchment characteristics and clima-
(H’), Pielou’s evenness index (J') and the SPI are presented tological variables. Among the hydromorphological variables,
in Table V. Results of regressions between environmental only current velocity was statistically different between the
parameters that differed significantly between temporary two stream types, whereas other variables only differed
and permanent watercourses and taxa richness (S), Shannon slightly between the temporary and permanent waterbodies.
index of diversity (H'), Pielou’s evenness index (J') or SPI The lack of significant hydromorphological differences re-
are presented in Table VI. There was no evidence of flects the characteristics of Mediterranean watercourses gener-
multicollinearity, and no positive or negative serial correla- ally, independent of the hydrologic regime. It is important that
tions were recorded at p =0.05, except a slightly positive auto- further research is undertaken on headwater temporary water-
correlation in evenness (J'). There were significant differences courses, characterized by short distances to source and small
for taxa richness (S) between temporary and permanent water- catchment area, and especially their role in the supply, trans-
courses because of an interaction between average annual port and fate of water resources and solutes (including pollut-
runoff and the qualitative variable (temporary/permanent). ants; Barcel6 and Sabater, 2010). Temporary watercourses
The qualitative variable (temporary or permanent) explained experience greater variation in annual precipitation (Lillebg
47.3% of the variation of taxa richness, whereas oxygen et al., 2007). This fact, coupled with their smaller watersheds,
Copyright © 2014 John Wiley & Sons, Ltd. River Res. Applic. 30: 1216-1232 (2014)

DOI: 10.1002/rra



1224

Table IV. (Continued)
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FSOC GOLI GTRU HVEN NRAD NRHY NVEN SSEM UACU
0.27 0.28 0.12 0.23 0.41 0.57 0.35 0.4 0.35
0.02-1.41 0-1.19 0-0.87 0-1.06 0-0.97 0.17-0.97 0-1.63 0-1.63 0-1.18
233 19.3 17.8 20.7 18.8 244 19.4 17.4 18.6
16.3-32.6 17.2-20.1 13.0-29.2 11.8-28.7 13.0-26.8 11.8-29.2 9.4-29.2 9.4-29.4 17.1-20.0
101 460 300 411 241 210 396 441 426
69-200 223-543 78-411 98-1361 55-472 65-616 55-1393 76-1361 223-1348
7.3 7.3 7.7 7.7 7 6.7 7.4 7.6 7.1
6.3-8.9 6.3-7.9 6.2-8.6 6.2-8.8 6.2-8.6 5.7-1.7 5.7-8.8 5.7-8.9 6.2-8.9
72.8 77.3 84.2 83.8 76.3 82.3 74.0 74.8 74.3
66.1-148.2 75.3-91.9 69.0-99.0 67.5-103.7 51.4-1153 31.5-106.5 31.5-128.6 31.5-121.0 49.7-84.6
51 171 98 100 57 43 93 71 94
24-56 48-225 36-174 25-225 28-174 25-157 25-386 25-268 46-270
8.9 63.3 15.4 26.9 11.5 14.3 27.7 19.9 28.1
5.6-18.4 10.0-87.0 4.6-22.0 4.8-87.0 5.6-19 5.6-58.0 5.6-144.0 4.6-92.0 10.0-107.0
8.1 29 40.8 64.3 48.7 34.1 70.8 100.8 80.9
5.9-31.3 23.8-93.5 8.9-66.5 8.4-292.8 7.7-140 9.9-163.8 2.8-292.8 8.4-421.8 26.3-421.8
12 185 114 98 54 40 106 79 92
11963 46-242 44835 10-242 10-224 10-165 7-528 7-282 50-257
4.8 6.7 14.4 8.2 7.9 4.6 11 9 5.6
0.7-7.1 4.4-10.5 0.4-28.2 1.7-28.2 1.0-28.2 0.7-11.9 0.7-85.5 0.4-24.5 2.7-10.5
1.3 1.8 34 4.2 34 43 4.9 4.7 34
0.7-9.8 1.1-3.7 0.7-8.9 0.7-13.1 0.7-9.8 0.7-13.1 0.7-15.8 0.7-13.1 2.4-8.6

helps explain the high inter-annual and intra-annual variability
of the flow regime and their unpredictability.

Water chemistry parameters and indicators of anthropo-
genic contamination did not differ between temporary
and permanent watercourses. This reflects the sample design
focussed on relatively unimpaired sites. Nevertheless, indica-
tors of organic enrichment were more abundant in permanent
watercourses (Table II) and reflect the greater catchment area
and agricultural/pastoral practices (Hlubikova et al., 2014).
However, it was interesting to note that contrary to the find-
ings of authors such as Moore et al. (2005) and Studinski
et al. (2012), the percentage of riparian vegetation did not
have a significant effect on stream temperature and may reflect
the sclerophyllous and evergreen riparian vegetation typical
of southern Portugal and the wider Mediterranean region
(Gasith and Resh, 1999).

The low-profile guild dominated the relative abundance
of both temporary and permanent watercourses, reflecting
the frequent disturbance and low nutrient content. These
environmental conditions favour small taxa that are able to
persist in low-nutrient environments, withstand extreme
flow events and recolonize sites rapidly. These results sup-
port observations of Berthon et al. (2011) and Hlidbikova
et al. (2014), who reported a dominance of low-profile diatoms
in nutrient-poor environments. Even though the temporary and
permanent watercourses studied differed significantly with
regard to a number of environmental parameters, such as
watershed characteristics, climatological variables, current
velocity and water chemistry, diatom guilds did not reflect
these differences. In addition, light availability and shading
did not appear to influence the diatom ecological guilds,
probably because of the riparian vegetation associated with

Table V. Mean values, standard deviation, median and interquartile range for the taxa richness (S), Shannon index of diversity (H’), Pielou’s
evenness index (J') and Specific Pollution Sensitivity Index for the temporary and permanent watercourses examined in this study

Temporary Permanent
Mean +SD Median Interquartile range Mean += SD Median Interquartile range
Taxa richness 26.87+8.83 28.00 19.00-33.00 2591+1.00 23.00 19.00-33.00
Shannon index of diversity (H’) 2.72+0.91 2.93 2.08-3.49 2.64+0.85 2.78 2.06-3.16
Pielou’s evenness index (J) 0.57+0.15 0.60 0.48-0.70 0.56+0.14 0.58 0.50-0.65
Specific Pollution Sensitivity Index 15.93+1.86 15.70 14.45-17.45 16.76£1.99 17.50 15.0-18.5

Copyright © 2014 John Wiley & Sons, Ltd.
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1.0 142

0.947

820.59 (2,90) <107°°

<0.0007

0.085 —0.002

Temporary

Pielou’s evenness

index (J')

Permanent

<107 0386 <13 2.04

15.28 (4,87)

<0.0097

—0.008

17.607 0.003 1.182 —0.024

Temporary

Specific Pollution
Sensitivity Index

Permanent

;), the variance inflation factors (VIFs) and

2
adj

The greater significance level of coefficients, F-values (with degrees of freedom within parentheses), significance levels of models, adjusted R® values (R

Durbin—Watson statistics (d)

Mediterranean rivers. Therefore, nutrient content appears to
be the primary main factor driving ecological guild abun-
dance in the rivers examined. This is in marked contrast to
Swedish low-acidity lakes, where grazing and light levels
might play an important role in determining their distribution
(Gottschalk and Kahlert, 2012). In addition, current velocity
did not appear to influence ecological guild abundance, sug-
gesting that under nutrient-deficient conditions, flow plays a
secondary role (Larson and Passy, 2012).

Even though only a few taxa were classified as threatened,
a number of other taxa had conservation designations inde-
pendently of being temporary or permanent water specialists,
highlighting the need to manage and conserve ‘unimpacted’
watercourses, independently of their hydrological regime.
Additionally, ~30% of the identified taxa were not recorded
on the Red List of Lange-Bertalot and Steindorf (1996),
and little or no information was available regarding the eco-
logical preferences of several taxa indicative of both perma-
nent and temporary watercourses. This may also reflect the
fact that some taxa have only recently been described, such
as Pseudostaurosira alvareziae or Geissleria lusitanica
(Cejudo-Figueiras et al., 2011; Novais et al., 2013).

The importance of temporary watercourses for the mainte-
nance of diatom biodiversity has been clearly demonstrated
by the results of this study, as the variation in diatom taxa
richness (higher in temporary watercourses) was directly
linked with the average annual runoff. Diatom species
richness increased with natural hydrological disturbance
(drying), in accordance with the intermediate disturbance
theories. Williams et al. (2003) also reported an increase
in aquatic diversity in association with disturbance (physical
habitat complexity), although their field observations sug-
gested that seasonality reduced the richness of some ponds
compared with species-rich river sites. Further studies are
therefore required to explore the wider applicability of
the results reported, as the relationship between species
richness and connectivity is determined by a series of
complex factors, with species richness maxima for different
faunal and floral elements occurring at different positions
along hydrological connectivity and permanence gradients
(Ward et al., 2002).

Further studies centred on phytobenthos in temporary
Mediterranean watercourses are required, not only for biodi-
versity conservation purposes but also for the determination
of diatom richness along the riverine connectivity gradient
and to provide a greater understanding of physiological
aspects of diatom adaptation to drought.

ACKNOWLEDGEMENTS

This project was supported by Fundacio para a Ciéncia e a
Tecnologia—Portugal (PhD grant SFRH/BD/21625/2005),
by the Fonds National de la Recherche du Luxembourg

River Res. Applic. 30: 1216-1232 (2014)
DOI: 10.1002/rra



1226 M. H. NOVAIS ET AL.

(grant AFR, PHD-09-120) and by the Public Research
Centre—Gabriel Lippmann (Luxembourg). The National
Water Institute is thanked for the data on watershed character-
istics and the climate. Vanessa Peardon is gratefully acknowl-
edged for English grammar revisions of the manuscript.

REFERENCES

APHA. 1995. Standard Methods for the Examination of Water and Waste-
water, 19 Ed. American Public Health Association, American Water
Works Association, and Water Pollution Control Federation: Washington,
DC.

Barcel6 D, Sabater S. 2010. Water quality and assessment under scarcity:
prospects and challenges in Mediterranean watersheds. Journal of
Hydrology 383: 1-4. DOI: 10.1016/j.jhydrol.2010.01.010

Berthon V, Bouchez A, Rimet F. 2011. Using diatom life-forms and eco-
logical guilds to assess organic pollution and trophic level in rivers: a
case study of rivers in south-eastern France. Hydrobiologia 673: 259-271.
DOI: 10.1007/s10750-011-0786-1

Blanco S, Ector L, Huck V, Monnier O, Cauchie HM, Hoffmann L, Bécares
E. 2008. Diatom assemblages and water quality assessment in the Duero
basin (NW Spain). Belgian Journal of Botany 141: 39-50. DOI: 10.2307/
20794650

Cejudo-Figueiras C, Morales EA, Wetzel CE, Blanco S, Hoffmann L, Ector
L. 2011. Analysis of the type of Fragilaria construens var. subsalina
(Bacillariophyceae) and description of two morphologically related taxa
from Europe and the United States. Phycologia 50: 67-77. DOI:
10.2216/09-40.1

Cemagref. 1982. Etude des Méthodes Biologiques d’Appréciation Quanti-
tative de la Qualité des Eaux. Ministere de 1’ Agriculture, Cemagref, Di-
vision Qualité des Eaux, Péche et Pisciculture: Lyon, 218 pp.

Delgado C, Pardo I, Garcia L. 2012. Diatom communities as indicators of
ecological status in Mediterranean temporary streams (Balearic Islands,
Spain).  Ecological Indicators 15: 131-139. DOIL  10.1016/j.
ecolind.2011.09.037

Denys L. 1991. A check-list of the diatoms in the Holocene deposits of the
western Belgian coastal plain with a survey of their apparent ecological
requirements, vol. 1. Professional Paper. Geological Survey of Belgium,
1991/02 (246). Geologische Dienst van Belgié: Brussels, 41 pp.

Directive 2000/60/EC of the European Parliament and of the Council of 23
October 2000 establishing a framework for community action in the field of
water policy. Official Journal of the European Communities L327: 1-72.

Dodkins I, Aguiar F, Rivaes R, Albuquerque A, Rodriguez-Gonzélez P,
Ferreira MT. 2012. Measuring ecological change of aquatic macrophytes
in Mediterranean rivers. Limnologica 42: 95-107.

Dufréne M, Legendre P. 1997. Species assemblages and indicator species:
the need for a flexible asymmetrical approach. Ecological Monographs
67: 345-366.

European Committee for Standardization. 2003. Water Quality—Guidance
Standard for the Routine Sampling and Pretreatment of Benthic Diatoms
Jfrom Rivers. European Standard EN 13946. European Committee for
Standardization: Brussels, 14 pp.

Feio MJ, Coimbra CN, Graca MAS, Nichols SJ, Norris RH. 2010. The in-
fluence of extreme climatic events and human disturbance on macroin-
vertebrate community patterns of a Mediterranean stream over 15 y.
Journal of the North American Benthological Society 29: 1397-1409.
DOLI: 10.1899/09-158.1

Gasith A, Resh V. 1999. Streams in Mediterranean climate regions: abiotic
influences and biotic responses to predictable seasonal events. Annual
Review of Ecology and Systematics 30: 51-81. DOI: 10.1146/annurev.
ecolsys.30.1.51

Copyright © 2014 John Wiley & Sons, Ltd.

Giorgi F, Lionello P. 2008. Climate change projections for the Mediterranean
region. Global and Planetary Change 63: 90-104. DOI: 10.1016/.
gloplacha.2007.09.005

Goma J, Rimet F, Cambra J, Hoffmann L, Ector L. 2005. Diatom commu-
nities and water quality assessment in mountain rivers of the upper Segre
basin (La Cerdanya, Oriental Pyrenees). Hydrobiologia 551: 219-225.
DOI: 10.1007/s10750-005-4462-1

Gottschalk S, Kahlert M. 2012. Shifts in taxonomical and guild composi-
tion of littoral diatom assemblages along environmental gradients.
Hydrobiologia 694: 41-56. DOI: 10.1007/s10750-012-1128-7

Hlabikova D, Novais MH, Dohet A, Hoffmann L, Ector L. 2014. Effect of
riparian vegetation on diatom assemblages in headwater streams under
different land uses. Science of the Total Environment 475: 234-247.
DOLI: 10.1016/j.scitotenv.2013.06.004

INAG. 2008a. Tipologia de rios em Portugal Continental no Ambito da
Implementacdo da Directiva Quadro da Agua. I — Caracterizagdo
abidtica. Ministério do Ambiente, do Ordenamento do Territério e do
Desenvolvimento Regional. Instituto da Agua, LP.: Lisboa, 32 pp.

INAG. 2008b. Manual para a Avaliagdo Biologica da Qualidade da Agua
em Sistemas Fluviais Segundo a Directiva-Quadro da Agua—Protocolo
de Amostragem e Andlise para o Fitobentos—Diatomdceas. Ministério
do Ambiente, do Ordenamento do Territério e do Desenvolvimento
Regional. Instituto da Agua, 1. P.: Lisboa, 35 pp.

INAG. 2009. Critérios para a classificagdo do estado das massas de dgua
superficiais—rios e albufeiras. Ministério do Ambiente, do Ordenamento
do Territério e do Desenvolvimento Regional. Instituto da Agua, I. P.:
Lisboa, 71 pp.

IPCC. 2014. Summary for policymakers. In Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Contribution of Working Group
1l to the Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change, Field C, Barros V, Mach K, Mastrandrea M (coordinating
lead authors). Cambridge University Press: Cambridge and New York,
NY; 1-44.

Krammer K, Lange-Bertalot H. 1986. Bacillariophyceae 1. Teil:
Naviculaceae. In Siisswasserflora von Mitteleuropa, vol. 2/1, Ettl H,
Girtner G, Gerloff J, Heynig H, Mollenhauer D (eds). Gustav Fischer
Verlag: Stuttgart; 1-876.

Krammer K, Lange-Bertalot H. 1988. Bacillariophyceae 2. Teil:
Bacillariaceae, Epithemiaceae, Surirellaceae. In Siisswasserflora von
Mitteleuropa, vol. 2/2, Ettl H, Girtner G, Gerloff J, Heynig H,
Mollenhauer D (eds). Gustav Fischer Verlag: Stuttgart; 1-596.

Krammer K, Lange-Bertalot H. 1991a. Bacillariophyceae 3. Teil: Centrales,
Fragilariaceae, Eunotiaceae. In Siisswasserflora von Mitteleuropa, vol. 2/
3, Ettl H, Girtner G, Gerloff J, Heynig H, Mollenhauer D (eds). Gustav
Fischer Verlag: Stuttgart; 1-576.

Krammer K, Lange-Bertalot H. 1991b. Bacillariophyceae 4. Teil:
Achnanthaceae. Kritische Ergidnzungen zu Navicula (Lineolatae) und
Gomphonema. Gesamtliteraturverzeichnis Teil 1-4. In Siisswasserflora
von Mitteleuropa, vol. 2/4, Ettl H, Girtner G, Gerloff J, Heynig H,
Mollenhauer D (eds). Gustav Fischer Verlag: Stuttgart; 1-437.

Lange-Bertalot H, Steindorf A. 1996. Rote Liste der limnischen Kieselalgen
(Bacillariophyceae). Schriftenreihe fiir Vegetationskunde 28: 633-677.

Larned ST, Datry T, Arscott DB, Tockner K. 2010. Emerging concepts in
temporary-river ecology. Freshwater Biology 55: 717-738. DOI:
10.1111/.1365-2427.2009.02322.x

Larson CA, Passy S. 2012. Taxonomic and functional composition of the
algal benthos exhibits similar successional trends in response to nutrient
supply and current velocity. FEMS Microbiology Ecology 80: 352-362.
DOLI: 10.1111/j.1574-6941.2012.01302.x

Lecointe C, Coste M, Prygiel J. 1993. “Omnidia”: software for taxonomy, cal-
culation of diatom indices and inventories management. Hydrobiologia
269-270: 509-513.

Lillebg Al, Morais M, Guilherme P, Fonseca R, Serafim A, Neves R. 2007.
Nutrient dynamics in Mediterranean temporary streams: a case study in

River Res. Applic. 30: 1216-1232 (2014)
DOL: 10.1002/rra



DIATOMS OF TEMPORARY AND PERMANENT WATERCOURSES 1227

Pardiela catchment (Degebe River, Portugal). Limnologica 37: 337-348.
DOI: 10.1016/j.1imno.2007.05.002

Martin G, Toja J, Sala SE, Ferndndez MR, Reyes I, Casco MA. 2010.
Application of diatom biotic indices in the Guadalquivir River Basin, a
Mediterranean basin. Which one is the most appropriate? Environmental
Monitoring and Assessment 170: 519-534. DOIL: 10.1007/s10661-009-
1254-5

Moore RD, Spittlehouse DL, Story A. 2005. Riparian microclimate and
stream temperature response to forest harvesting: a review. Journal of
the American Water Resources Association 41: 813-834.

Morais M, Pinto P, Guilherme P, Rosado J, Antunes I. 2004. Assessment of
temporary streams: the robustness of metric and multimetric indices
under different hydrological conditions. Hydrobiologia 516: 229-249.
DOI: 10.1007/978-94-007-0993-5_14

Novais MH, Blanco S, Delgado C, Morais M, Hoffmann L, Ector L. 2012.
Ecological assessment of Portuguese reservoirs based on littoral epilithic
diatoms. Hydrobiologia 695: 265-279. DOI: 10.1007/s10750-012-1197-7

Novais MH, Wetzel CE, Van de Vijver B, Morais MM, Hoffmann L, Ector
L. 2013. New species and combinations in the genus Geissleria
(Bacillariophyceae). Cryptogamie Algologie 34: 117-148.

Passy SI. 2007. Diatom ecological guilds display distinct and predictable
behavior along nutrient and disturbance gradients in running waters.
Agquatic Botany 86: 171-178. DOI: 10.1016/j.aquabot.2006.09.018

REFCOND. 2003. Guidance on establishing reference conditions and eco-
logical status boundaries for inland surface waters. Working Group 2.3.
EU Common Implementation Strategy (CIS) for the Water Framework
Directive, 93 pp.

Copyright © 2014 John Wiley & Sons, Ltd.

Rosado J, Morais M, Serafim A, Pedro A, Silva H, Potes M, Brito D,
Salgado R, Neves R, Lillebg A, Chambel A, Pires V, Pinto Gomes C,
Pinto P. 2012. Key factors in the management and conservation of
temporary Mediterranean streams: a case study of the Pardiela River,
Southern Portugal. In River Conservation and Management, Boon PJ,
Raven PJ (eds). John Wiley & Sons, Ltd: Chichester; 271-281.

Studinski JM, Hartman KJ, Niles JM, Keyser P. 2012. The effects of riparian
forest disturbance on stream temperature, sedimentation, and morphology.
Hydrobiologia 686: 107-117. DOI: 10.1007/s10750-012-1002-7

Tockner K, Stanford JA. 2002. Riverine floodplains: present state and fu-
ture trends. Environmental Conservation 29: 308-330. DOI: 10.1017/
5037689290200022X

Tooth S. 2000. Process, form and change in dryland rivers: a review of re-
cent research. Earth-Science Reviews 51: 67-107. DOI: 10.1016/S0012-
8252(00)00014-3

Ury HK. 1976. A comparison of four procedures for multiple comparisons
among means (pairwise contrasts) for arbitrary sample sizes. Technometrics
18: 89-97. DOI: 10.1080/00401706.1976.10489405

Van Dam H, Mertens A, Sinkeldam J. 1994. A coded checklist and ecolog-
ical indicator values of freshwater diatoms from The Netherlands.
Netherlands Journal of Aquatic Ecology 28: 117-133.

Ward JV, Tockner K, Arscott DB, Claret C. 2002. Riverine landscape
diversity. Freshwater Biology 47: 517-539.

Williams P, Whitfield M, Biggs J, Bray S, Fox G, Nicolet P, Sear D. 2003.
Comparative biodiversity of rivers, streams, ditches and ponds in an
agricultural landscape in Southern England. Biological Conservation
115: 329-341.

River Res. Applic. 30: 1216-1232 (2014)
DOI: 10.1002/rra



M. H. NOVAIS ET AL.

1228

(sonunuoy))

681 0L'8 z Am 0 0 0 0 0 $00T DINOH 2 I, (WISIN ") vjjisnd vaiasoovpny  NdNV
LL'E YTl O nd S 14 I ¥ C 6L61 UssuoOWIS (mounin) vnsiquip vi12s0vny NV
LI'LY 10°¢€¢ 8IL (A% O T0L S 14 € ¥ € GL81 mouniy (Suzny]) smnowpad vioyduy  qddV
6Ll Sy z MAm 0 0 0 0 0 600T AONAST ppounsipul vioyduy  QINV
SS'L Tl ['€T 9vI O T0L S 14 I ¥ € 9861 PIeqQIUaIY "N'H"Y % Uewaoyds (Surziny]) vwpndos vioydury  JOIV
€v'6 L6°0 % T0L [ 14 ¥ 0 0 6661 10[eMG-OBUR] (MOUNID) vjnosnul VYvIpy  SINAV
ov'er €8¢ 8°CI 881 z Am € 14 0 0 0 9007 1seAeqos] "H (IpRIsny) stuospnyqns wmpniuvuydy  HSAV
L00T 10109
SS'L 9T A M C C I 0 0 29 10[B)Og-33UL] “ISIUUOIN "O (IPAAISNY) saprowoipgns wnipnpuvuydy  OSAY
99°¢ e€C’'l z Mam 14 € € 0 0 6661 10[B1g-I5 UL (Jo[erog-d3ueT) wnuvIgnv.4s wnplyupuydy  gSAv
LL'E 90°86 v -ds wnipyuvuyoy
681 801 ¢ “ds wnipryuvuyoy
LL'E YEPYT T “ds wnipyjuvuyoy
68’1 91°6C [ ds wmnipnyupuyoy
€S YELS T8¢ 8°¢T O T0L € 14 0 0 0 L661 1seAeqoy] "H (3psny) wmouaidd wnipnpuvuydy XAV
61°0¢ v 0L €01 6'7¢ TS $661 DodUIRZ)) (SUIZINY]) WnuISSynuIL Wnpipunuydy
18°69 1TTL 178 9°CL O T0L L € € ¥ < $661 DodWRz) (SUIZINY) wnuwissynuiu wnpuvuydy [NV
99°¢ 171 69°L €Tl a M 0 0 0 ¥ < 9661 eAoTRANYNY 29 PUNOY (PASNY) wnpydadoovw wmpiiupuydy  YINAV
99°¢ 9791 9¢'C €Tl € (0] 0 € 0 0 0 GC8I YIWS "M\ 24Daul] wnIpIyjunuydy 'OV
49! 6'¢ a MM 0 € 0 0 0 1981 Istoquaqey 1yovl wmpnpuvuydy AV
1T¢l 8t 'S L'l O nd L 14 € ¥ € $661 DIOAWIEZ) (MOUNID) wmngixa wnplyjuvuydy  Ogqy
ov'er 9L’¢ T8¢ 0t z Am S € € 0 0 6661 10[B1g-5ueT (Jo[eueg-dsueT) wnjrydoyns wnipiyuvuydy  NHAV
L8'81 8L'S 8°CI (e % nd 0 0 0 0 0 6661 10[e1g-Tue T (UBAIRIN 29 A[I "[) Wnipuaipd wnipiyuvuydy 1AV
SS'L 00°L1 I'S S6 z M 0 0 0 0 0 [ 10T 1010H 79 SIBAON 2SU2]2ADADI Wnipiyjuvuydy  ADAV
9661 eAaoIRANYYNY
SS'L S9'18 'S €91 0 0 0 0 0 29 punoy (ewekey 29 1seAeqoy ‘H) whjiydoidps jye wmpnpuvuydy
Oddd VI Oddd VIN 1o qd L Hd W D H aureu uoxe[J, IpoD
JuoURULID] Arezodwa ],

“(I11 919eL W puasald s[rejop 99s) SISA[eUR [BAPUJ UO PIseq $9sIn0dIjem jusueuriod Jo Aretoduwio) Jo BXe) 9ANEDIPUl/ONSLIAORIEYD = P[Og "POPIOJI Sem UOXE)

Uy yorym ur sa)is Jo agejudrod = OF Y ‘dnoi3 yoeo ur oouepunge 9ANER[I WNWIXeW = YA "PAISI] J0U—2 ‘peardsopim—, BJep JUIOLJNSUI—( ‘Pusiealy) Jou—()
‘PRSI JOU—,;, ‘TUISBAIOIP—A ‘Tl A[oWaNXo—y ‘Paroguepud pawnsaid—io) ‘paroduepuo—¢ (966 JHIOpUIRlS pue Joferog-o3ue]) sa1oads I1SI poy =T "PASY
jou—mm ‘onuaydenns o3 osaw—n7g ‘snofydorey—dH ‘onueydenodio—o ‘snoqydoproe onuaydeno3o—qoO ‘snoqydipeye onuaydenoso—s3]O ‘snofydoroe
—aV “(966]) Jopulas§ pue jorerog-o3ue] 0) Juipiodde sooudrejord [esrojoog =4 Iuareyipui—, ‘onuaydenno—g¢ ‘onuoydenno-osow—i; ‘onuoydenosowt
—¢ ‘onuoydenosow-o3io—zg ‘onuoydenoSio—j ‘aes omdon=]1 9uaroyipui—g ‘sjuoiqiee—¢ ‘snoydieyre—; ‘snopydonnou—¢  ‘snoqydoproe—yg
quorqoproe— ‘Hd {[emsarno}—¢ 9oms snojiydoroe—; ‘ferioeqns 0) onenbe—g¢ ‘snojiydoroe [euorsesdo—yg ‘onenbe Apoins—i ‘amsiow =N (661) ‘v J2 weq
ueA 0} Surpiodoe seouardjad [eo130100q “snoydouw—g¢ YUAINIPUI—i; ‘Sno[IYdodyi—¢ OnuoIqodyl—yg JUBA[ALI—I] ‘umouun—() ‘(1661 ‘SAU() JUaLINd
=D ‘[eLoeqns AIp A[UOWIWOD OS[e—¢ ‘[BLIdRANS ISIOW A[UOWWOD 0S[e— ‘[BLISBQNS JoM 1O Joyem d1poriad ul Ajuowod ose—g¢ ‘onenbe—g¢ ‘umousyun— ‘(1661
‘sKua() Je31qey = H "UonnqIsIp pue saouarejaId (0150099 10y} JO Arewuns € pue 9JIs 9UO ISe9] Je WOIJ 9, 9A0qE d0UBPUNJE JAIR[AI YJIM POPIOIAI BXE.) JO ISI]

V XIANAddV

River Res. Applic. 30: 1216-1232 (2014)

Copyright © 2014 John Wiley & Sons, Ltd.

DOI: 10.1002/rra



1229

DIATOMS OF TEMPORARY AND PERMANENT WATERCOURSES

(sanunuoy))
SS'L ¥8°S O nda S ¢ € 0 0 L661 10[e1eg-d3ue (Nruog 29 jo[enag-osue) vjydoidps viafynisty  dVSd
I 89T IS 01 19) ao I ¢ € 0 0 ¥981 1stoquaqey (SuIzny]) njo41ojos viounyg  JOSH
SLOT  9S'LI % T0L 0 T T2 1881 mounin (Surzyny) Lounu vyounyg  NIINA
€'6 Ll €01 €61 D ao 0 T € 0 0 1661 10[e1eg-o8ueT 29 S9[[y ‘ddwoydg-fodioN pmworydun vouny  JINIH
681 660 0 TO0L L 9 € ¥ ¢ ¥€61 SINA (S1equaryy) stvunjiq viouny  TIdd
68’1 86°0 * mm ¥ S € 0 0 0881 unig (S10quoryy) vivpnuv.s “Xea vp1s.ay viuyidy — YOLIH
9C 01 * nda ¥ S € v o€ ¥¥81 Surziny (Srquaryy) vprdam vuudyidy — YNIH
LL'E Wl 0 nd S S T v € Y81 Swany| xa.1os puuayndy  JOSH
€01 ¥'6C 0 nd ¥ S T v € 8¢81 uossiqarg (Surzyny]) viupp vrwayindy  NAVH
SIv9 ey $'19 I'6 0 T0L S ¥ € vt 8661 J0[EMAG-OFURT (JOIMOH UBA Ul mMounin) vuiuiu vuwijog  [INOH
€01 01 z mM I ¢ 0 0 0 L661 IpIeyoIay g % Jowwery] ppnutugns sisdouofouyy  NNSH
YLLE PP 78T T % v 0 ¢ 0 v ¢ GL81 mounin (Ypresy D) wnsodryjuaa puauolouy  JANH
96'€E  SPOI 671 901 z v 0 0 0 0 0 010¢ Deuojue)) 29 10[eMg-I5UR 10[pL2q23uD|qns vuuoduy  gISH
SLOT  90°S 8Tl L€ * v L ¢ I v ¢ UuBjA D' (IsI0quaqey ul yosw[g) wnovisajis vuouolouy  qISH
99°¢ L1 z MM S 12 I 0 0 SH81 syIey (Kopoxieg) wmivaisord vuwauoouy  Oddd
YLLE €191 8Tl 0¢ x v 0 € 0 v ¢ 0661 UUBIA "O"( (Is10yudqey ur os[1y) wmnuiut vutouofouyg  IANA
99°¢ 0’1 LL ST z v 0 ¢ 0 0 0 L66T IoWWeTy 110]v112q-23uv] puduolouy g INH
LL€ (Y 0661 Uue]N 'O'q Cmaosﬁﬁﬂmm ur ﬂom_oﬁmv wnovisaqs "Jo BSMSQ@S@
€6 L€ x mM 0 0 I v T £00T 9903 29 NOH (MOUNID) 29 IAJ[D) 14a31)Ja1s v]j2Isoastq  HLSA
78T (e z v 0 0 0O 0 0 $00¢ 10[e1eg-a3ue| vpun.ndas s1ouopdiq  JASA
9T01 LI % MM ¢ 12 I 4 $681 2491 (Surziny|) voudya stouopdiq  T1AdA
9T 01 0 MM L 12 v v S 0661 UWUBN "D"'  ([OIMSH UBA Xd MOUNID) piu2juod suusapviq  10DA
681 001 * v ¢ ¥ € ¥ ¢ P81 Swzny| simua) pmoyuaq  NALA
L8881  I¥T % T0L S ¢ T v ¢ €00¢ Jowwery] (SIqIOH Xo PleMsIony) siuLofiinolavu pmajdoquiy — VNI
IT€r 8P€ €01 v x ndg ¥ ¥ I v T G88T—T8ST JOINAY UeA (SUIZINy UL UOSSIQIY) vprun) vjjoquic)  INNLD
LL L1 z v 0 ¥ 0 0 0 200¢ wwery] vawdiad vjjaqui)y  AddD
SS'L 0TT 9C Ty z v S ¥ T v € Y81 Wy vs1x2 vjjPquIKY) XAV
'S L€l x v S ¥ T v € Y81 Swzny suffo vjjaquicy IV
SLOT 0T 8Tl L1 0 nd S 14 T v € Y81 Swzny] puviuydausus v)ja1019L)  NHND
96T €Tl 0 nd S S I S T L861 1P 32 JOL_Y], Ul punoy (L) snignp souvydaisopdy  gndD
9T 01 0 TVH S ¥ € vt 9861 punoy 2 SWeIIp N'd (Surzny] xd sjrey) vjjayond vioydouary — NdLD
¥9'TT  8L'ST 78T 6'€T z v 0 0 0 0 0 “ds s1ou02009)  SDOD
80C¢  I8'SH 01y g6 d MM 0 12 0 v ¢ $00¢ J0[e1eg-d3ue (IRPRD) vivaujopnasd s1o1050)  TddD
LL v'Te 0 T0L S ¥ T €t 8¢81 S1equaryy vymuaovyd s10110220)  VIdD
€'6 61'8 $0T 96 0 nd S ¥ I v ¢ 8¢81 Sroquaiyy smnoipad s19u0220)  AAdD
¥9'cc 019§ 78T 6L 0 MM S 12 T v € $681 S1oquaryy vvaul] 19102209  T'1dD
PLLE  18'89 S'19 9'8L O T0L S ¥ T ¥ € $681 S10quaryy vid{)8na s1210220)  DOHD
9T 08 * v ¢ ¢ ¥ 0 0 “ds puvpnuudovwry)  JSHO
8691 €98 6'L1 Le z v 0 0 0 0 0 9661 PISMOYIM 29 J0[enog-a8ue ] (Z[aydS) pyniaoup] s1uop) 11D
O.N ._u m V4 MM O O O O O ._uOON HO—mﬁumuvwﬂmd QSNMH.EQNN%N: Q&,ﬂ@\u@xm Om—zm
IS 01 * ao I 4 € 0 0 9861 SSOY Y 1uoss1ga.4q vascyovag  TIdd
LL'E St'l z v 0 T 0 0 0 6L61 uasuowrs (pxeeSAN) vjjouas vi1asoovmy LAV
Oddd VIAN Od¥d VIN T Gl I Hd W DO H Quweu UOXE], opo)
JuouBULIDg Arezodwa,

(panunuoD) a[qe],

River Res. Applic. 30: 1216-1232 (2014)

Copyright © 2014 John Wiley & Sons, Ltd.

DOI: 10.1002/rra



M. H. NOVAIS ET AL.

1230

(sonunuoy))
9¢¢ el z am 0 0 0 I ¢ SS61 WpASNY pRUSH ppdlavN  IDVN
96°¢E L'l £ee 8¢ O am ¢ 14 C v o€ LTS UpIESY "D SUDLIDA DS IV AN
68’1 9 0 0L S € 14 v S 0661 UURN "D (Surzay]) poymu vjoounT  LANT
LL'E €Ce O nd S 14 € 0 0 0661 UUBIA "D (IsIoquoqey Ul yosioyg) vuviiaddaos vjoouny — 4OOT
099S  SI'LL T8¢ 'y A 0 1 € € 0 0 £00¢ Teoqy (dnnsg) vjjasuojqo viaadvvy OGO
60°SIT Y'C 9T01 YTl % MM 14 14 I v ¢ 9007 eAoTRANNY (AMOUNID) 1242]0 DI DY HTDY
9T01 1Tl * nd ¥ 14 € v € 9661 DISMOYIA % UN[AZIdIA ‘Jo[ereg-aSue (Mounin) porwsuny vjuopoddiy  NOHH
LLOE €Tl O nda S S ¢ ¥y o€ 6007 AONAYT (Su1ziny]) ppauaa nioyduwppyy NAAH
60°S1 6'v L'L (% z Mm 0 0 0 0 0 S00T IPIeYOIdY g wnoiquioy.rastun vupuoyduio — HIND
6'L1 (e * TOL 14 14 C vy T €81 Sroquaryyg wmpounty vwouoyduwory YLD
YLLE o'y 69 Sle z MM 0 0 0 0 0 €661 IpIeYdIY “H 79 J0[eMAg-25UR] wnuppI0Isuasol puuoyduon — SOYD
[44°7¢ 16°C¢ 9°¢C 6'81 . nm 0 0 0 0 0 7061 IPIWYDS " wndrquioy.t puduoyduon — qHID
9T LEOL £ee 0°0¢ 4 Am 0 0 0 0 0 L661 1o[erndg-a5ue % preyotey g umprsie “xea wnjiumnd puuoyduoy TddD
ev'6 ¥6'l €0l 6'¢ * nd L 0 0 0 0 1661 10[EMg-a5Ue 29 IpIEYDIY H (mounin) wnjiumd puuoyduon — INND
€661 IPIeYdIY H
LLE L6°E O nda 9 S 0 vy € 29 j01e0g-a3ueT wnjydoidps *y wmmaind “1ea wnnaind vwouoyduwiory  SydD
¢6'L9 cs6l ¥'9¢ e O 0L S € € v ¢ 6781 Surzmy] umpnaind vuouoyduon — Yvdo
8¢l ¢C 0 nd S S ! v ¢ 8€81 UOSSIQRI] (UUBWOUIOH) wnaovajo vuduoyduion — 1109
1Tel 99°C 8¢l Le O nd S € 0 0 0 1€81 Upresy D (ypiesy D) wnmmuiu vuwuoyduon — NIND
9¢C €'l z am 0 0 0 0 0 100T IPIeyd1oy “H wnjjooyn] puduoyduon 119
SS'L 86'1 9C L'C d nm 0 0 0 v o€ ¥h81 Sulany] vpnuasv] vuuoyduoy  NOTO
ers 'l 4 MM 0 0 0 0 0 6661 10[erRg-aurT % IPIRYSIRY “H AuLofiusisul puuoyduon ASID
61°0¢ 661 S6LT €T a mm € € € v ¢ 8€8T S10qUAIYH 2719043 vudUoydwion  YIDO
60°SIT 61'8 8Tl 4% A nm I € € 0 0 9661 IPILYOIY H 2% J0[eMRg-a5UL] (MOUNLD) wnuissyixo vuauoyduon — TXHD
9T 66 z M 0 0 0 0 0 1102 10[eMg-o3ueT 29 IpIeydIy “HJ wnuissyunsaja vupuoyduioy — o140
7871 (Al z Mm 0 0 0 0 0 0881 Mounin) wmpinuiuod vupuoyduio)  NODO
681 LO'L % 0L v € 0 v ¢ 981 Is1oquaqey] (Surznyy) wmpisndup vuauoyduoy DNV
LL'E 11 €10T 10104 29 SIRAON] DIIUDJISN] D1LI]SS1I0) —
ev'6 €Ll 0 ndg 14 14 € 0 O 9661 UNPZIO 2 J0[EMRg-dSue (dnnsg) sissnoop vio)ssizn  DAAD
LL'E L1 TS 8€61 UasINRg "g'[ (Swzny]) avriayonva vLD)ISDA
68°1 e S'8¢ 1'C O nHd S 14 ¢ I Q€6 UasINRg "g'[ (SwWziny]) avrayonva pLvsvL] NV Ad
681 LT z Mm L ¥ 1 0 0 1661 101e10g-o3ueT (mounin) vuassysndup uaddi§ vun vrvpdos]  NVOA
8691 80°¢l €0l 6C z L 0 0 0 0 ds puvpsvag SV
€Sve 69°0% 4 nm 0 0 0 0 0 0861 10[E1g-05UET (B[[EM IN'N) DI20S Jo DLDISDL]  DOSA
orer 14% ¢oc 07¢ * T0L S € 0 0 0 €161 uospe) ' MO (Surzny) suaduns vuvpsvay  WNNIA
8¢l 79 z L 0 € 0 0 0 L861 PUNOy 29 SWEIIA A (SWIZINY]) sumppd vLwpsva]  AVIA
60°Gl 8¢°¢l % nd 0 € 0 0 0 $00C 10100 g-o3ue] (mounin) nimnuiuiad puvdndy  INAd]
SS’L ey Z am 0 0 0 0 0 800T SWEI[IM "N'A ¥ M, vauvd pLopsvi] AV
61°0¢ 66'1 A am 4 € 4 0 O 1661 10[eMg-o8ue| puvuvu pLVIEVLL]  NVYNA
€Sy 99T 1'€T ST * T0L T € 0 0 0 0161 dnnsg sijovas vuvIsL] VIO
SS'L 1cc I's [ 0 T0L € 14 I 0 0 6981 UONIY SISUU0JOLD DLDIEDL] QYDA
96°¢cE Ll 9C 0’1 O nAa € € 0 ¥ € G781 Sewizewso vurondpd vLwdvLy  dVOd
0ogdd VIN OF¥d VIN T q L Hd W O H ouieu uoxey, 9poD
JuaURULID] Arezodwa],

(ponunuoD) dqeL,

River Res. Applic. 30: 1216-1232 (2014)

Copyright © 2014 John Wiley & Sons, Ltd.

DOI: 10.1002/rra



1231

DIATOMS OF TEMPORARY AND PERMANENT WATERCOURSES

(sanunyuo)))

68'1 LT 0 TVH S S € 0 ¢ 7861 1Rdwo) (S1oquaryy) s14op] pasondld AT
9C 414 z am Q0 0 0 0 0 6661 10[eHOg-OFuR ] ([SSery]) wnuissynuiu wnipnjouv]d — NIN'1d
68°6E 199 9¢h a3 0 T0L S ¥ IS 2 6661 10[epog-a3ue ] (SUIZINy Xo uossIqIg) wnipjoaoup] wnipnpoun]d — V1Ld
LLE 61" a v L ¥ € 0 0 6661 10[enog-a3ue ] (IPIUYDSIERYIS) uppudpy wnipnjoun]d — XVHd
LL'E 86°0 . OV S 4 € 0 0 6661 10[eLg-IFuR ] (UBULID[[OH 2 UYOH "H'IN) whup.s wmpnjjoun)d — N¥Dd
OLTL  9T'LE 9Y8 69L 0 ndg L 14 0 0 0 6661 10[e1g-I5ueT (Jo[erog-osue) wnuissyuonbaf wmpnpounyd  YA1d
L'L 07¢ * ame 0 S 0 0 0 9661 eAaoreADYNY 29 punoy (AouoyD) myoaiqgiasud wmpnpouvld  NH1d
99°G YT * v € S € v ¢ 9661 eAorAPINY 2 punoy (Swizny) wmpmvonap wnipnpouvld  4dld
LLE 86°0 z MM L ¢ I 0 0 £00T [80qV (14BN 'Y) wmnordsuod wmpnyiounld — ODNd
SS'L €Tl A ao L € € v ¢ 1681 949D (S10quUaryy) uonvisoLonu vuvnuuld DN
68'1 86°0 0 ndg L € (A €781 S10quUAIyy vqqi8 vuvpuuld  g10d
8691 0T Y96 TTI 0 nd S ¢ ¥y 0 ¢ 6L61 10[R1g-IBueT vaLoypadns vIYOSZIN  NSZN
68'1 66°0 0 ndg L € € 0 0 9,61 10[B1Ig-d3Ue ] "puswd mouni) (Surziny]) vyjisnd viyoszaN  NdIN
IS (43 * T0L ¢ ¥ € 0 0 €061 O[[eSeIxd N (JOINSH UBA Ul Mounin) pinutuiiad viyasziiN — INAIN
IT€T 660 0 nd S ¥ T ¥ ¢ 1881 YOINSH UBA Ul mouniy) »aovajpd viyaosziiN - VAN
IT€r 91’1 0 ndg 9 € € v v 9681 WS ‘M (Surziny]) vajod piydszN - TYIN
I 6P 6'L1 43 0 TVH S ¥ I v ¢ 0881 mounin vypydado.otus DIYISZIN  DINN
ISy 1T1¢ 769 8¢ 0 nd S ¥ € 0 0 7981 mounin pnordsuoour viyasziN  JNIN
LLE 8G°S # TO0L € € vy v ¢ 0981 IsI0qUqey PUDIYISZIUDY PIYISZIN  NVHN
99°¢ vT1 0 ndg S 14 € v v 0881 mounin (Swizyny)) wmpmsnif vuyoszN — YAIN
60ST  ¥6'8 €0l LT 0 nd ¥ 14 I v o€ 1881 mounin (mounin) vjoonuof viydsziN  NOAN
SL0T  9ST 0 ndg ¥ ¥ € v ¢ 7981 mounin) (Suziny)) vpodissip vuyoszN  SIAN
€r's €Tl 0 ndg S ¥ € 0 ¢ 0981 YoszZiuey usnopo viyssziN — VIIN
€76 98°1 0 ndg 9 ¥ € 0 ¢ 7261 WpAsny vivjjandvd viydosziN  TdON
LL'E L1T 0 TVH S € € v € 1881 MmounID puissiaaLg viydsziN - FIIN
€Y L9T 96T 91 * TO0L S ¥ € v v 7981 mounin viquydwp viyosziN  JINVN
L8'8T  8SY 8Tl 01 * T0L ¢ ¢ € 0 0 9L61 10[eMg-ISURT DIVULI0PIOL DIYISZIN  ADVN
ISy 09°€ L'99 L€ 0 ndg S ¥ € v ¢ vb81 Swziny mauad vjnaavN  NAAN
8691  €T'ST 8Tl 43 0 ndg S ¥ € v ¢ LT81 A1og (R[N “d'0) pivpoundii vpndtavN  LJLN
681 €Tl 9701 TP 0 nd S ¥ € v ¢ PP61 Yored "N porgauuds vpnoavN  INASN
96T 66°0 % ndg 0 0 0 0 0 0S61 PpASNY pjnp1onigns vpndotavN — (1ISN
IT€1 LYT 96T Tl 0 nd S ¥ T 0 T Y81 Wy pwjjaisol vy SOUN
L88T  L¥T 0 T0L L ¥ (A ¥¥81 Swzny| vpwydasoyoudys vinoavN  XHIN
99°¢ 66°0 0 ndg 0 ¥ 0 0 0 6861 10[eMG-OFUR] DUDYPDYDIL DINJIADN  HOUN
S0T (A% 0 TO0L ¥ € € v ¢ ¥¥81 SUIZINy| vsorpvs VAN  AVIN
Y97 069 L'L 0¢ 9] 0 4 4 0 0 0 0961 39B[[eA\ "H'[ pyiou vjndtavN  LONN
€6 98°¢ 0 ndg S 14 € v € $¥81 SUIZIy| (YpIe3y D) vivjo2ouv] vpndoavN  NVIN
wYs  Se¢ L8t 671 0 TVH S 14 € v € 1981 unjuo( vLv8aL3 vid1aN  FYON
80C¢ 9Tl 1S0T 8T 0 T0L L ¥ T ¥ € G861 Io[eiag-osueT vjjaudsordiid> vindtaN  gIJN
7€l L6'1 €0l 49 0 ndg L ¢ (A ¥¥8T Suzns| vjpydadoidied> vinotavN  XIDN
IS T d D0 0 0 0 0 0 €661 10[BMg-o8UrT 1YL-DIODIDID DINJIUDN  LLON
IS0 +T1 0 nd S 14 0 ¥ ¢ 000¢ 101e10g-08ue T 11uoup vma1avN  INVN

Oddd VIAN Od¥d VIN T4 q L HI W D H ouIeU UOXE], opoD

JuoUBULIO] Arezodwo],

(panunuoD) 9[qe],

River Res. Applic. 30: 1216-1232 (2014)

Copyright © 2014 John Wiley & Sons, Ltd.

DOI: 10.1002/rra



M. H. NOVAIS ET AL.

1232

§86e Tl $0T 9'8 * v L ¥ (A Y 100¢ 21dwo) (YoszyN) vupn vrvuj) — NN

9T 9°¢l z v 0 0 0O 0 0 $00T BATIS "D'd 2 [80qQY (PIWS M) vuassyvolap vuwuj  THAN

0€'8C  L¥'E '€ 9T 19) o) S ¥ 0 0 0 100¢ 9Rdwo) (Surziny) sdooig vrvuy) DI

6'L1 01 * mm S ¥ (A £00T [e0qV (Suizyny) snov vuwvuj)  NDVN

4 A 0 ndg S ¥ I v ¢ 0661 WUB "D (Mounin) vouvsuny vjjpuonqdi]  NOHL

96T 66°0 0 TO0L € 4 € v ¢ Y81 SNy (Yoy) vsojnoooy vuwjjagry  OTIL

S} ¥9°C €01 a3 0 T0L L ¥ E v v L86T punoy 2 swer[Ip ‘N'd (31equarys) vipuuid vjjaasomvis  NIAS

wWIT  0€£9¢ 78T L'6T 0 T0L ¥ ¥ I v ¢ 200¢ 1seAeqoy] "H (810qualyy) 12juad naisoinvis  ASS

LL T z v 0 0 0 0 0 “ds parsoampig g4SS

SS'L 960 9T ST * mm 12 ¥ T v € 110 10[e10g-o3ue ] (S10qUaIyy) sipoulq viisoinvis  ANLS
9661 punoy

681 109 ¢ MM I ¢ 4 0 0 29 SQUO[ ‘IomO[] (Jo[erg-a3ue]) SuLI0find1Xa DULIOfOND]S OXAS

€§$SYe YTl €ee Sy 0 ndg S € I A 6861 UUBIN "D'( (mounin) wmnnunuas vLoydvijss  NHASS

L'L 01 0 nd 12 € 4 v € 2061 ASMONYISIIIN (Surzny]) vpndnd vioydvjas  dNdS

9T LT # nd S S € v o€ S681 IO[MA O (31quaryy) vgqrs vipojpdoyy IOy

68°1 9Ty z mm 0 0 0 0 0 010T AOYAYT 29 OI[eYIN Inde) poupLipy piudydsodtoyy  1AVY

L88T 96 78T Sy 0 ndg S ¥ 4 € ¢ 0861 10[eMg-d3ue (YpIesy D) piviaaiqqy viusydsodloyy g4V

L8881  TLT €ee Szl z mm 0 0 0 0 0 €661 OLELIS] 29 OIRLAND N[ ‘B[eS "H'S piwLasiun vLowdy  INNY
€66 OLIBLId 29 OJaLIaND) N[

8€°09 0009 $'19 997 0 TO0L € ¢ € v € ‘e[eS H'S "PUSWD JOULDOIS 29 JO[O100Y (A103910) “A\) vivnuls vLou1y  NISY
900¢ 3urp[neds

€'6 ¥$°S * mm ¥ ¥ I 0 0 V'S % SI[eION “H ‘pun[pg (uuewnyds) voudijjo vasonvisopnasqd  HSSd

681 PI°ST 0 T0L L ¥ (A L86T PUNOY 29 SWEIIA "N (MOUNID) DIVLUSINILG DAISOMDISOPNIS]  YISd

8691 10°T€ S0 LS z nm 0 0 0 0 0 110 1010H 29 SS[BION “H ‘Se1on3ri-opn(o) avizaavap vasonvisopnasqd — ATVd

Ogdd VIAN OFgdd VIN  0Td q I Hd W D H SWIEU UOXE, Elve)
JusUBWLID] Arezodwa ],

(ponunuoD) Aqe,

River Res. Applic. 30: 1216-1232 (2014)

Copyright © 2014 John Wiley & Sons, Ltd.

DOI: 10.1002/rra



