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Abstract

REZNICKOVA PAVLA, TATMROVA LENKA, PARIL PETR, ZAHRADKOVA SVETLANA: Effects of
drought onthe composition and structure of benthic macroinvertebrate assemblages - a case study. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXT, No. 6, pp. 1853-1865

Natural drying up of streams is not common in Central Europe. Nevertheless, the recurrent drying
up of small streams in last decades has shown an urgent need to pay attention to the impact of global
climate change. This strong disturbance influences conditions in streams markedly and causes changes
in the taxonomical and functional structure of biota. The aim of the study was to compare aquatic
macroinvertebrate assemblages of one intermittent and one permanent brook in South Moravia. The
study was carried out in two stretches with otherwise comparable environmental parameters. Lower
densities of macroinvertebrates were found at the intermittent site the difference was statistically
significant. The number of taxa and diversity were significantly higher at the permanent site.
Functional structure of the assemblages also varied. The shares of rheobionts, grazers and predators

differed.

benthic macroinvertebrates, intermittent stream, drought, functional structure, diversity

In this study, we addressed the issue of drying up
of small streams. This phenomenon was not typical
for the Czech Republic and Central Europe in the
past. However, considering the ongoing global
climate change, it can be assumed that it will become
more frequent in the future. Studies dealing with
the effect of natural drought on the aquatic biota
are rather scarce in Central Europe (SOMMERHAUSER
& SCHUHMACHER, 1996; MEYER & MEYER, 2000, MEYER
et al, 2003; PastucHovA, 2006; ReznickovA et al.,
2007; ReznickovA et al., 2010), but several authors
have investigated the influence of fluctuating
hydrological regime caused by human activities.

Hydrological regime of watercourses is influenced
by various environmental factors (e.g. the character
of the catchment, the amount of rainfall and
runoff, soil moisture, groundwater level and flow
rate etc.) and thus drying up has various reasons
(hydrological, climatic or geological). It can be
characterized by its frequency, duration of dry

and watery period, or by a season in which the
watercourses dry up (Lakg, 2003).

Based on a combination of physical and biological
conditions, Hansen (2001) classified three types
of drying streams: perennial, intermittent and
ephemeral. In perennial streams water flows
during most of the time. These streams dry up
only exceptionally in extremely dry years and have
a well-defined river bed, in which substrate moves
and organic matter does not accumulate (HANSEN,
2001). Perennial streams occur on all continents
and are common in Europe (ATTRILL et al., 1996;
Woobp & Perts 1999; PINNA et al., 2004). Intermittent
streams are characterized also by a well-defined
river bed, but they dry up in regular cycles, and this
disturbance can be predicted (Hansen, 2001; LAKE,
2003). Intermittent streams occur on all continents,
especially in arid and semi-arid regions of Australia
(Cross & Lakg, 1994; HirmMan & Quinn, 2002;
Bourron, 2003), North America (STEHR & BRANSON,
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1938; DeruccHi &  Peckarsky, 1989; MiLLEr &
GoLLADAY, 1996; Rosario & ResH, 2000; CovicH ¢t al.,
2003; DAHM et al., 2003; MacouLick & Kosza, 2003;
MaAtTHEWS & MARSH-MATTHEWS, 2003; FrITZ & DODDS,
2004; Cuabpwick & HuryN, 2007) or Africa (Aras et al.,
2004). Within Europe intermittent stream are often
found in the Mediterranean region (Munoz, 2003;
PinNaA et al., 2004; AcuNa et al., 2005; BoNADA et al.,
2007; FeNocLio et al., 2007). Ephemeral streams lack
stable river-bed, water flow is limited to time periods
with extreme rainfall. Organic material does not
move or accumulate in ephemeral streams (HANSEN,
2001).

Drying up isadisturbance with a crucial impact on
both abiotic and biotic factors in aquatic ecosystems.
Physico-chemical parameters and biochemical
conditions change significantly as the water level
decreases; these changes usually include decreasing
oxygen  saturation, increasing  conductivity,
deteriorating water quality etc. (Lakg, 2003; LARNED
et al., 2011). Reduced flow velocity and amount
of water results in reduced quantity and diversity
of habitats and in their changes. The supply of
organic matter and basic trophic elements (carbon,
nitrogen and phosphorus) from the upper part of
the stream is interrupted, the supply of bioavailable
carbon, which is important for the metabolism of
microorganisms, is reduced (Boutton, 2003; DAHM
etal.,2003; AcuNa et al., 2005).

Changing  conditions  significantly  affect
macroinvertebrate communities. Riffle habitats
disappear with decreasing water flow and
rheobionts and rheophils loose their living space.
Conditions become more lenitic and habitats with
slow current and greater depth, which are more
suitable for limnobionts tolerating lower oxygen
content and water quality, prevail. Drying also
causes marked changes in the trophic network
of the communities. Formation of isolated pools
often leads to a significant increase in the number
of predators. Generally, the availability of natural
food sources is impaired and competition increases.
Interruption of the longitudinal continuum limits
migration of organisms from both upstream and
downstream parts of the watercourse (Lakg, 2003).
Benthic invertebrates are adapted to living in water
and drying acts as a significant stressor that can
eliminate some species from the aquatic ecosystem.
Animals that are unable to adapt to adverse
conditions or unable to find suitable refugia die.
Therefore, abundance and taxonomic composition
and functional structure of the community change.
The impact on biota and the ecosystem depends
on many factors including the presence of refugia
(e.g. Rosario & Resn, 2000; Smitt & Woob, 2002;
Bourron, 2003; Lakg, 2003; MacouLick & KoBpza,
2003) and also on the extent of the impact of human
activities, e.g. river regulation, pollution, water
abstraction etc.

Aquatic organisms react to changing conditions in
accordance with their characteristics and abilities -
they choose different survival strategies (Lake, 2003).

Organisms living in habitats with a rather regular
hydrological regime usually adapt more easily
(LakE, 2003); the same is true for organisms that had
the opportunity to adapt over long evolutionary
development (McmanoN & Fincayson, 2003). In this
case, the animals can have various physiological
and behavioral adaptations or predispositions
to survival. Under the conditions of the Czech
Republic, macroinvertebrate communities are
mostly not adapted to drying from this point of view.

The level of impairment of macroinvertebrate
communities depends on local conditions of the
disturbed stream and the duration and intensity
of drought (Kusicek, 1988). After the dry period,
recolonization takes place. Its rate depends on
the resistance and resilience of the community.
Different recolonization mechanisms exist and
usually they are species-specific (WiLLiams & HynEs,
1976). Organisms can colonize re-flooded habitats
by drifting from up-stream parts of the watercourse
or by active migration from down-stream stretches
or hyporheic zone. An important part of the
colonization cycle of insect species is the aerial
dispersion of egg-laying imagoes. This mechanism
is relevant only during the warmer parts of the
year and therefore, the recolonization of damaged
habitats may be much slower in winter.

Stabilization and full recovery of the communities
can take up to three months to several years
depending on the extent of the damage, sources in
refugia and local conditions (Kusicek, 1978).

Organisms are generally unable to adapt to
sudden and unpredictable drying. This type of
drying is characterized by low resistance and
resilience of organisms (Lake, 2003). Recolonization
after such dry episode takes longer. Overall, there
are only few papers dealing with non-seasonal and
unpredictable drying (LADLE & Bass, 1981; Woop &
PeTTS, 1999; Bourron, 2003; CovicH et al., 2003).

The aim of this study was to determine differences
between macroinvertebrate communities of one
intermittent and one permanent stream. We have
assumed that drying is a fundamental disturbance
that will be reflected in both taxonomic and
functional structure of the communities.

MATERITALS AND METHODS

Study Area

This study was carried out in Granicky and
Klaperuv brooks, both stretches are situated in the
south of Moravia (Czech Republic) and they are left-
hand tributaries of the River Dyje (Thaya), in the
Danube Catchment. This region is one of the driest
parts of the Czech Republic (average annual rainfall
is only 665 mm).

The character of these two brooks is very similar,
environmental parameters (e.g. cachment area,
discharge, substrate, etc.) are comparable. The
distance of both study sites, which are situated in the
middle stretches of the streams, is 10.5 km.
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Klaperuv brook is permanent. Its total length
is 8.5km and its catchment area is 17.6 km?% The
total length of the Granicky brook is 13 km and its
catchment area is 20.5 km?. The study site is situated
within a stretch with a high slope and a cobble-
gravel-sand substratum that meanders through
a deep wooded valley with minimal organic loading
or human impact. This stretch is of an intermittent
character. The hydrological regime is typically
unstable, with regular summer drying up. The dry
period lasted for approximately two weeks in 2002.
In the following year 2003, the whole brook dried
up, study site was dry for more than 3 months, from
mid July to the end of the investigation in October.

Sampling Methods

Samples of macroinvertebrates were taken
from April 2002 to May 2003 (8 series). The data
set used in this study was obtained as a part of
the diploma theses of Department of Botany
and Zoology, Masaryk University Brno. Benthic
macroinvertebrates were sampled wusing the
PERLA method (CSN 757701; Kokes et al., 20006)
that comprised semi-quantitative, multihabitat 3
minute kick samples gathered with a hand net (25
x 25 cm aperture, mesh size 0.5mm, sack length 75
cm). Samples were collected from an approximately
20m long, representative stretch of the site and each
type of mesohabitat was sampled proportionally to
its occurrence. Samples were taken only when both
sites were flooded with water.

For the estimation of percentage substratum cover,
the following six size categories were used: boulders
(> 256 mm), cobbles (64-256 mm), coarse gravel (16—
64 mm), fine gravel (2-16 mm), sand (0.1-2 mm) and
mud (< 0.1 mm) (FUrsk et al., 1986).

Basic abiotic parameters were also measured
during the sampling occasions, comprising actual
air and water temperatures, pH, conductivity, mean
stream width and depth. Monthly precipitation data
were provided by the Czech Hydrometeorological
Institute.

Data Analysis

Both abiotic characteristics and biotic metric
values (eg total abundance, taxonomic richness,
Shannon Weaver Diversity Index) of both sites were
compared over the whole sampling period using

nonparametric Wilcoxon tests for paired samples
(Statistica version 7.0. software; StatSoft, Inc. 2009).

The benthic fauna was divided into two groups:
permanent (non-insect fauna: Tricladida, Crustacea,
Nematoda, Enchytraeidae, Oligochaeta, Hirudinea,
Crustacea and Mollusca) and temporary (insect
fauna: of Ephmeroptera, Plecoptera, Trichoptera
(EPT), Megaloptera, Diptera, and Coleoptera,
in the last case including adults). The next step
was the analysis of the assemblage functional
structure: feeding types, current preferences, stream
zonation preferences, saprobity, and microhabitat
preferences. Macroinvertebrates were divided into
six feeding groups: grazers/scrapers, shredders,
gatherers/collectors, filter feeders, predators and
others (Moog, 1995).

RESULTS AND DISCUSSION

Abiotic parameters

Drying significantly affects all abiotic factors
in streams and subsequently the biota. The main
factors significantly affecting local conditions
in temporary streams include discharge, water
temperature, oxygen content and conductivity
(RocHa et al., 2012). Water temperature, pH, and
dissolved oxygen were comparable on both studied
brooks (Tab. I). Only conductivity and depth showed
significant differences.

Generally higher values of water conductivity
in both studied brooks are of natural origin and
result from the geological conditions (sandy clay
sediments and schistose biotic granites with high
concentrations of sulphates), nevertheless, higher
values in Granicky brook are probably caused by low
discharges in summer. Sampling and measurements
of physico-chemical parameters were carried out
during normal water levels and, therefore, no
extreme values were recorded. The character of
the channel and the substrate were similar at both
studied sites.

Abundance

Drying represents a strong disturbance that may
cause significant and long-term changes in the
abundance of benthic organisms in streams. Total
abundance, taxonomic richness and diversity of
both sites were compared using nonparametric
Wilcoxon tests for paired samples (Tab. I1).

L: Minimum, maximum and mean values of the main abiotic parameters at each site, computed for the whole sampling period. The values were

compared using the nonparametric Wilcoxon paired test.

Permanent brook Intermittent brook Wilcoxon test
MIN MAX  Meanvalue MIN MAX  Meanvalue P-values
Water temperature (°C) 3,0 19,0 11,2 4,0 14,7 9,8 0,116
pH 6,3 7,9 7,3 5,7 8,5 7,6 0,484
Conductivity (uS.cm™) 594 692 643 755 930 810 0,012
Dissolved oxygen (mg.l") 8,4 17,4 12,4 9,7 19,5 13,6 0,237
Depth (cm) 7,6 15,2 10,5 2,1 8,6 6,9 0,018
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1L Total abundance, taxonomic richness and diversity of both
sites were compared using nonparametric Wilcoxon tests for paired
samples

z p-value
Abundance 1.960 0.049
Number of taxa 2.521 0.012
Diversity 2.240 0.025

The numbers of individuals in samples taken
from both studied streams were compared and
this comparison shows that the abundance of
macrozoobenthos was higher in the permanent
Klaperuv brook than in the intermittent Granicky
brook (Fig. 1), the difference was statistically
significant (p = 0.049).

The highest abundances were recorded in the
Klaperuv brook in summer 2002; at the same time
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1: Total abundance of macrozoobenthos in the Klaperuv brook
(KB, permanent site) and the Granicky brook (GB, intermittent
site)

abundances were very low in the Granicky brook,
probably due to low water level. Regular drying can
have lasting effects on benthic communities. Most
studies show significantly lower abundances of
macroinvertebrates in intermittent streams (Rosario
& REsH, 2000; SHivoca, 2001; SmitH & Woob, 2002;
SmitH et al., 2003; ReznickovA et al., 2007). Aras et al.
(2004) even found extremely low abundances
in intermittent streams in North Africa. On the
other hand, some authors did not find significant
differences between macrozoobenthos abundance
in temporary and permanent streams (LeciEr &
TALLINN, 1973; MiLer & GoLrapay, 1996). This
inconsistency may be caused by local conditions
and the different character and extent of drying.
Usually there are greater oscillations in the total
abundance during the year at intermittent sites if
compared to permanent locations. Abundance often
decreases with the decreasing water level before
complete drying (Fritz & Dobps, 2004; Munoz,
2003), and the highest abundances are usually
recorded during greater discharge (PastucHOVA,

2006; Reznickova, 2007). In case of slow progressive
drying, the stream gradually becomes discontinuous
and isolated pools form. Benthic invertebrates
can accumulate in these pools and paradoxically
the abundance may significantly increase at such
habitats. This phenomenon was observed at the
study site in Granicky brook during the following
research in 2005 and 2007 (undpublished data).

Taxa richness

Several authors compared the number of taxa
in intermittent and permanent streams and their
results vary. Most authors noted that the number of
taxa is negatively affected by drying and, therefore,
usually significantly lower in intermittent streams
(WRiGHT et al., 1984; MirLer & GoOLLADAY, 1996;
Rosario & Resn, 2000; Munoz, 2003; SmitH et al.,
2003; Woopb ¢t al., 2005). On the other hand some
authors observed lower numbers of taxa only
immediately after drying (Boutron, 1989; GriswoLD
et al., 2008). Munoz (2003) recorded low numbers of
taxa before drying, but high in the autumn after re-
flooding. In contrast to these results, other authors
recorded similar numbers of taxa in permanent and
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2: The number of taxa in the Klaperuv brook (PERM - permanent
site) and the Granicky brook (INT - intermittent site)
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3: Diversity in the Klaperuv brook (PERM - permanent site) and
the Granicky brook (INT -, intermittent site)
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temporary streams (LeciEr & TALLINN, 1973; BouLToN
& SUTER, 1986; MiLLER & GoLLADAY, 1996; BoNADA
etal., 2007).

In our case study, the number of taxa was higher
in the permanent stream (Fig. 2) and this difference
was statistically significant (p = 0.012).

Diversity (Shannon-Wiever) was also significantly
higher (p = 0.025) in the Klaperuv brook at all
sampling dates (Fig. 3).

The total number of taxa was almost twice
higher in Klaperuv brook (117 taxa) if compared to
Granicky brook (only 67 taxa). The lowest number of
taxa was recorded at the intermittent site in autumn
(i.e. in the first samples collected after drying).
Comparing to oscillations on intermittent site no
trends or greater fluctuations in the number of taxa
were recorded in the permanent Klaperuv brook.

Taxonomic composition

Disturbances usually negatively affect taxonomic
composition of macroinvertebrate assemblages.
Regardless of the abundance or the number of
taxa, taxonomic composition was different at both
studied sites. Appendix gives the list of recorded
taxa. Only 30 taxa were found at both sites (e.g.
Gammarus fossarum, Micropsectra sp., Plectrocnemia
conspersa, Baetis rhodani). The freshwater shrimp G.
fossarum was most abundant in both streams and
eudominant in almost all samples. Lower numbers
were recorded only in samples collected at the
intermittent site during summer just before drying.
A total of 55 taxa were found only in Klaperuv
brook (e.g. Brillia flavifrons, Baetis muticus, Hydropsyche
sp.); and 37 taxa were exclusively found in the
intermittent Granicky stream (e.g. Chaetopteryx sp.,
Isoperla tripartita, Amphinemoura sulcicolis). In contrast
to our findings, BecHe et al. (2006) reported similar
structure and composition of macrozoobenthos
communities in intermittent and perennial streams.
They found that most taxa were common for both
stream types, nevertheless, more unique taxa
occurred in intermittent streams.

Larvae of family Chironomidae (especially
Micropsectra sp., Tanytarsus sp.) were abundant in
the Granicky brook in summer before drying. This
group is often abundant in intermittent streams
(Munoz, 2003; AraB et al., 2004; RocHa ¢t al., 2012).
Some of its representatives such as the genus
Polypedilum are able to produce drought-resistant
cocoons (Grisworp et al, 2008). Baetis vhodani
(Ephemeroptera) is also regularly reported from
intermittent streams (BoHLe, 2000; MEYER & MEYER,
2000; MEver et al., 2003; PastucHovA, 2006). This
species is unable to survive dry periods and has no
drought-resistant stages. It occurs in intermittent
streams because it is an ubiquist and a good
colonizer with a flexible life cycle. Habrophlebia fusca
is another mayfly species that commonly occurs
in intermittent streams in Europe (Bonrg, 2000;
MEvER & MEYER, 2000; MEYER ¢t al., 2003; Acuna et al.,
2005; Burracni et al.,, 2007; SARrIQUET et al., 2007).
This species survives dry periods in the form of

drought-resistant eggs (BurracnI et al., 2007). In some
intermittent streams other mayfly species were
recorded, e.g. Electrogena cf. ujhelyii (Mever et al., 2003;
PAsTUCHOVA, 2000) or Siphlonurus aestivalis, which is
considered to be an indicator of intermittent streams
duetoitsflexible life cycle, rapid larval development
and egg or larval diapause (BoHLE, 2000).

Some Trichoptera species are also regularly found
in intermittent streams, e.g. carnivorous larvae of
Plectrocnemia conspersa (SOMMERHAUSER et al., 1996;
MEevER & MEYER, 2000; MEYER ¢t al., 2003; PASTUCHOVA,
2006; STUBBINGTON ¢t al., 2009) that are able to colonize
temporary water habitats and are often regarded as
indicators of intermittent streams (SOMMERHAUSER
et al., 1996; BouLE, 2000), or Micropterna nycterobia
(Borre 2000, MEevEr & MEYER, 2000; MEYER et al.,
2003; PasTucHOVA, 2006,). M. sequax, which belongs
to typical inhabitants of karst intermittent streams in
Germany (Mever & MEYER, 2000; MEYER et al., 2003)
and England (Smits & Woob, 2002; Woob et al., 2005;
STUBBINGTON ¢t al., 2009).

Remarkably few representatives of Plecoptera
were recorded at the intermittent site in the
Granicky brook. In the Klaperuv brook, stoneflies
were more abundant and a higher number of taxa
was recorded (cf. Appendix). According to present
knowledge, Ephemeroptera and Trichoptera are
much more common in temporary waters compared
with Plecoptera (WiLLiams, 1996).

Functional structure

Not only the abundance and taxonomic
composition of the macroinvertebrate
communities but also their functional structure
can be significantly impaired by drying. However,
a few studies have dealt with the functional and
structural response of aquatic communities to
drought (Boutton & Lake, 1992; Woop & PErTs,
1999; CrurcHEL & BATZER, 2006; BoNADA ¢t al., 2007;
GriswoLp et al., 2008). Therefore, we analyzed the
functional structure of the communities from both
studied streams and focused on the representation
of species living temporarily or permanently in
the aquatic environment, current preferences and
feeding groups (Tab. I11).

Permanent and temporary fauna

Species living permanently in water (permanent
fauna) should logically be more affected by drying
if compared to species that depend on water for
only a certain part of their life cycle (temporary
fauna, typically insects) and have the opportunity
to complete their development in the aquatic
environment before the stream dries up. Generally,
these species are also able to colonize reflooded
habitats faster.

The proportion of permanent a temporary fauna
fluctuated at both studied localities during the
sampling season; greater fluctuations were recorded
in the intermittent Granicky brook. Permanent
fauna, represented mainly by Gammarus fossarum,
mostly prevailed in the Granicky brook, but its
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IIL: Comparison of permanent versus temporary fauna, current preferences and feeding types - both sites were compared using nonparametric

Wilcoxon tests for paired samples

4 p-value
permanent 0,56 0,575
Permanent versus temporary fauna
temporal 1,96 0,05
limnophil 0,14 0,889
limnorheophil 1,68 0,093
Current preferences rheolimnophil 1,26 0,208
rheophil 1,4 0,161
rheobiont 2,366 0,018
grazers/scrapers 2,38 0,017
shredders 0,28 0,779
Feeding type gatherers/collectors 0,14 0,889
filter feeders 1,82 0,069
predators 0 1

proportion decreased markedly in summer before
drying. PastucHovAa (2006) recorded significant
decrease in the number of temporary fauna
representatives in Slovak streams during summer
when drying typically occurs. However, this
decrease may be the result of natural life cycles of
insects and may not necessarily be related to drying.
Temporary fauna prevailed in the permanent
Klaperuv brook. During summer its dominance
was even more marked as, similarly to the Granicky
brook, the share of permanent fauna (G. fossarum)
was very low. When comparing the two studied
streams, no significant difference in the number
of the representatives of permanent fauna was
recorded (p = 0.575), but lower share of temporary
fauna was recorded in the intermittent Granicky
brook and this difference was statistically significant
(p = 0.050). Other authors, on the contrary, reported
the superiority of the representatives of temporary
fauna at intermittent locations (e.g. SmitH & Woob,
2002).

Current preferences

At both studied localities rheobionts and
rheophils prevailed, which corresponds to the
nature of both streams and their hydrological
regime. There were no significant differences in
the shares of limnorheobionts, rheolimnobionts
and rheophils between the two sites. Significant
difference were recorded for rheobionts (p = 0.018),
which were missing at the intermittent site, probably
due to drying. With the decreasing water, level riffle
habitats gradually disappear and isolated pools
are formed. This process is connected with the
loss of living space for rheobionts and rheophils.
Under such conditions limnobionts dominate as
the remaining aquatic habitats represent lenitic
environment in which survivors and new colonizers
gather. Stream continuity is interrupted and the
migration of organisms (both downstream drift and

upstream active movement) is no longer possible
(LakE, 2003). Fluctuating hydrological regime is not
suitable for rheobiont species that require faster
current and high oxygen content. Generally, taxa
with pool-like strategies dominate in intermittent
streams (BoNADA et al., 2007).

Feeding groups

The trophic network in benthic assemblages
changes during drying up as the competition
for natural food sources increases. The supply
of organic matter from the upper parts of drying
streams is interrupted; the loss of riffle habitats
with coarse and stable substrate leads to the
disappearance of filtrators and scrapers. Isolated
pools are more suitable for gatherers or (if there is
enough of coarse organic matter) for shredders.

When comparing the relative representation
of feeding groups at both studied sites, only the
share of grazers/scrapers was significantly different
(p = 0.017). Shredders represented mainly by G.
fossarum prevailed in most samples collected at the
intermittent site and collectors/gatherers were also
abundant there. In summer the share of shredders
dramatically decreased for the benefit of collectors/
gatherers. The same conclusion was reached by
scientists during the research of intermittent streams
in Ttaly (Fenoctio et al., 2007). The share of predators
increased just before complete drying, which is
a common phenomenon linked to the abundance
of prey (Munoz, 2003). Isolated pools and dry stream
bottom are quickly colonized by a large number of
predators, both aquatic (Heteroptera, Coleoptera,
etc) and terrestrial (spiders, ants, beetles,
amphibians and birds). In the Klaperuv brook the
shares of feeding groups were more or less stable
throughout the year; gatherers/collectors, grazes/
scrapes and shredders prevailed.
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Appendix
PERM INT
Tricladida Dugesia gonocephala (Duges, 1830) + -
Galba truncatula (Mtiller, 1774) + +
Pisidium casertanum (Poli, 1791) + +
Mollusca Pisidium personatum Malm, 1855 + -
Pisidium subtruncatum Malm, 1855 + -
Bythinella austriaca (Frauenfeld, 1857) - +
Aulodrilus pluriseta (Piguet, 1906) + -
Criodrilus lacuum Hoffmeister, 1845 + -
Eiseniella tetraedra (Savigny, 1826) - +
Fridericia sp. Folli, 1658 + -
Limnodrilus hoffmeisteri Claparede, 1862 + -
Limnodrilus sp. - +
Lumbriculus variegatus (Miiller, 1774) + -
Nais communis Piguet, 1906 + -
. Nais elinguis Miiller, 1773 1 4
Oligochaeta o )
Pristina aequiseta Bourne, 1891 + -
Pristina longiseta Ehrenberg, 1828 + -
Pristina rosea (Piguet, 1906) + -
Psammoryctides barbatum (Grube, 1861) - +
Stylodrilus parvus (Hrabe & Cernosvitov, 1927) -
Stylodrilus brachystylus Hrabe, 1928 + -
Stylodrilus heringianus Claparede, 1862 +
Tubificidae g.sp.juv. + +
Rhyacodrilus sp. - +
Erpobdella octoculata (Linnaeus, 1758) % -
Hirudinea Glossiphonia complanata (Linnaeus, 1758) + -
Haemopis sanguisuga (Linnaeus, 1758) + -
Gammarus fossarum Koch, in Panzer, 1835 +
Crustacea
Gammarus roeselii (Gervais, 1835) + +
Baetis muticus (Linnaeus, 1758) + -
Bacetis rhodani Pictet, 1843-1845 + +
Brachyptera risi (Morton, 1896) - +
Electrogena ujhelyii (Sowa, 1981) + +
Ephemera danica Muller, 1764 + -
Habroleptoides confusa Sartori & Jacob, 1986 + -
Ephemeroptera Habrophlebia fusca (Curtis, 1834) + +
Habrophlebia lauta Eaton, 1884 + -
Paraleptophlebia submarginata (Stephens, 1835) + -
Paraleptophlebia werneri Ulmer, 1919 + -
Rhithrogena carpatoalpina (Klonowska et al., 1985) + -
Rhithrogena semicolorata (Curtis, 1834) + -
Siphlonurus aestivalis (Eaton, 1903) - +
Amphinemura sulcicolis (Stephens, 1836) -
Isoperla goertzi Illies, 1952 + -
Isoperla grammatica (Poda, 1761) + -
Plecoptera ) .
Isoperla rivulorum (Pictet, 1841) + -
Isoperlatripartita Illies, 1954 - +
Leuctra albida Kempny, 1899 + -
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Leuctra digitata Kempny, 1899 + -
Nemoura cambrica Stephens, 1836 + -
Nemoura cinerea (Retzius, 1783) + +
Plecoptera
Nemoura flexuosa Aubert, 1949 + -
Nemurella pictetti Klapalek 1900 - +
Protonemura auberti Illies, 1954 -
Protonemura intricata (Ris, 1902) + -
Halesus digitatus (Schrank, 1781) + -
Halesus tesselatus (Rambur, 1842) + -
Hydropsyche instabilis (Curtis, 1834) + -
Hydropsyche saxonica McLachlan, 1884 + +
Chactopteryx fusca/villosa + -
Chactopteryx maclachlani Stein, 1874 - +
Chaetopteryx major McLachlan, 1876 + -
Tronoquia dubia (Stephens, 1837) + -
Limnephilus lunatus Curtis, 1834 - +
. Lype reducta (Hagen, 1868) + -
Trichoptera ) )
Micropterna nycterobia (McLachlan, 1875 - +
Micropterna sequax (McLachlan, 1875) -
Odontocerum albicorne (Scopoli, 1763) + -
Plectrocnemia conspersa (Curtis, 1834) + +
Potamophylax cingulatus + +
Potamophylax rotundipennis (Brauer, 1857) + -
Rhyacophila fasciata Hagen, 1859 + -
Sericostoma sp. + +
Synagapetus moselyi Ulmer, 1938 - +
Stenophylax vibex (Curtis, 1834) + -
Tinodes rostocki McLachlan, 1878 + -
Megaloptera Sialis fuliginosa Pictet, 1836 +
Apsectrotanypus sp. -
Apsectrotanypus trifascipennis (Zetterstedt, 1838) + -
Brillia modesta (Meigen, 1830) - +
Brillia flavifrons Johannsen, 1905 + -
Ceratopogoninae g. sp. + +
Cladotanytarsus sp. Kieffer, 1921 + -
Corynoneura ct. celeripes Winnertz, 1852 + -
Corynoneuralobata Edwards, 1924 + -
Cricotopus tremulus-Gr. + -
Diptera Diamesa sp. + +
Dicranota sp. Zetterstedt, 1838 +
Dixasp. + +
Empididaeg. sp. + -
Epoicocladius flavens (Malloch, 1915) + -
Eukicfferiella claripennis (Lundbeck, 1898) + -
Eukicfferiella minor/fittkaui + -
Eukicfferiella sp. - +
Heleniella ornaticollis (Edwards, 1929) + -
Heleniella sp. - +
Chaetocladius piger-Gr. (Goetghebuer, 1913) + -




Effects of drought on the composition and structure of benthic macroinvertebrate assemblages — a case study 1861

PERM INT
Chelifera sp. + +
Limnophila sp. Macquart, 1834 + -
Limnophyes cf. gurgicola (Edwards, 1929) + -
Micropsectra sp. 3 +
Microtendipes pedellus-Gr. + -
Molophilus sp. Curtis, 1833 + -
Nanocladius rectinervis (Kieffer, 1911) + -
Natarsia sp. + =
Neolimnomyia batava (Edwards, 1938) + -
Nilotanypus sp. + -
Odontomyia sp. - +
Orthocladius obumbratus Johannsen, 1905 + -
Orthocladius rubicundus (Meigen, 1818) + -
Orthocladius sp. Wulp, 1874 - +
Orthocladius thienemanni Kieffer, in Kieffer, & Thienemann 1906 + -
Paracladopelma camptolabis-Gr. + -
Parametriocnemus stylatus (Kieffer, 1924) -
Paraphaenocladius sp. - +
Paratrichocladius nivalis Goetghebuer, 1938 + -
Paratrichocladius rufiventris (Meigen, 1830) + -
Paratrissocladius excerptus (Walker, 1856) + -
Paratrissocladius sp. -
Pedicia sp. Latreille, 1809 + +
Pneumia stammeri Jung, 1956) + -
Diptera Polypedilum convictum (Walker, 1856) + -
Polypedilum laetum-Gr. (Meigen, 1804) + +
Polypedilum nubeculosum-Gr. + -
Polypedilum pedestre-Agg. + -
Prodiamesa olivacea (Meigen, 1818) + +
Prosimulium tomosvaryi (Enderlein, 1921) + +
Psychodidae g. sp. + +
Ptychoptera sp. + +
Rheocricotopus fuscipes (Kieffer, 1909) + -
Rheocricotopus sp. - +
Rheotanytarsus sp. + -
Scleroprocta sp. Edwards, 1938 + -
Simulium ornatum Meigen, 1818 + -
Simulivm vernum Macquart, 1826 + -
Stempellinella sp. - +
Stempellinella brevis-Gr. + -
Stictochironomus sp. + -
Tanytarsus sp. + +
Thienemannia sp. Kieffer, 1909 -
Thienemanniella cf. vittata (Edwards, 1924) + -
Thienemannimyia Gr., Gen. indet. -
Tipula maxima Poda, 1761 - +
Twetenia calvescens (Edwards, 1929) + -
Toetenia discoloripes/verralii + -
Zavrelimyia sp. + -
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Elmis sp. + +
Elodes sp. Lv. + +
Hydraena sp. Ad. 4 -
Coleoptera o
Limnius sp. + -
Orectochilus villosus Lv. (Mtiller, 1776) + -
Platambus maculatus Lv. (Linnaeus, 1758) + -

SUMMARY

The present paper focuses on the impacts of drought on stream macroinvertebrate assemblages.
Drying up of watercourses is a strong disturbance that significantly affects both abiotic and biotic
conditions in streams. Two brooks in southern Moravia were investigated — the permanent Klaperuv
brook, and the intermittent Granicky brook that regularly dries up in summer periods. The study sites
were situated only a few kilometres far from each other and except for drying of one of them were very
similar. The main objective of the study was to compare the taxonomical and functional structure of
the macrozoobenthos communities of both streams. Marked differences between the two assemblages
were clearly demonstrated. The total abundance, the number of taxa and diversity were significantly
lower in the intermittent Granicky brook. The taxonomic composition of both communities was also
different. In total, 151 taxa were recorded, but only 30 taxa were found in both studied streams. 37
taxa were found only in the Granicky brook and 55 taxa were found only in the Klaperuv brook. The
two studied communities also differed in their functional structure. The proportion of permanent
atemporary fauna fluctuated at both studied localities during the sampling season. When comparing
the two streams, no significant difference in the number of the representatives of permanent fauna
was recorded, but significantly lower share of temporary fauna was recorded in the intermittent
Granicky brook. Rheobionts that require faster current and high oxygen content were completely
missing at the intermittent site. Rheophilic and rheolimnephilic species prevailed at both sites, which
corresponded with the nature of both streams and their hydrological regime. The trophic network
in macroinvertebrate assemblage was also affected by drying. Lower proportions of filtrators and
scrapers were recorded in the intermittent stream, but statistically significant difference was observed
only in case of grazers/scrapers.
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