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a  b  s  t  r  a  c  t

Saline  lakes  are  threatened  all over  the  world  and  their conservation  has  been  a  key  issue.  Various  diver-
sity  indices  are  available  for ecological  status  assessments,  however,  with  poorly  explored  relevance
and  applicability  in saline,  alkaline  pans.  Therefore,  traditional  diversity  measures  (species  richness  and
Shannon  diversity)  and  taxonomic  distinctness  indices  (Average  [AvTD]  and  Variance  of  Taxonomic  Dis-
tinctness  [VarTD])  were  tested  in  more  than  100  sampling  sites  of 39  soda  pans  in Central-Europe  to
find sufficient  indicators  of the  ecological  condition  and  simultaneously  to  facilitate  their  preservation
according  to the  modern  conservation  practices.  Results  of the  analyses  showed  that  healthy  soda  pan
ecosystems  with  high  level  of  natural  stress  and  reduced  habitat  heterogeneity  are  characterized  by
low  diversity  diatom  assemblages.  In soda  pans  where  the  stress  can  be extremely  high  from  natural
reasons,  oligopoly  of closely  related  species  can develop:  the  average  taxonomic  distinctness  appeared
between  genus  and  family  level.  The  non-DNA-sequence  based  phylogenetic  diversity  measures  (AvTD
and  VarTD),  were  generally  sensitive  to the  trophic  state  of  the lakes,  in contrast  to  traditional  diversity
metrics,  which  were  unequivocally  indicative  for the  special  physical  and  chemical  parameters  (e.g. con-
ductivity,  pH)  of the  soda  pans.  In  some  cases,  when  the  response  of  the  diversity  measures  for  a given
environmental  variable  (pH,  temperature)  overlapped,  the  AvTD  was  found  to be  a more  precise indicator
of the  environmental  changes  (pH)  than  traditional  ones.  The  decreasing  tendency  of  the  AvTD  along  the
intensified  natural  impact  may  be explained  by the  long  available  time  for  the  species  to  adapt  to  these
special  environments.

© 2015  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Alkaline, saline lakes including wetlands and temporary aquatic
environments with their unique species pools, constraints and
resources (Van Dyke, 2008) represent very special, diverse ecosys-
tems (Pullin, 2002). As a consequence of their closed basins (Fritz
et al., 2010), hydrological sensitivity is high (Hammer, 1990;
Zacharias and Zamparas, 2010). Climate change and human activ-
ities on their shores, immediate vicinity or catchments result in
unfavourable water dynamics and threaten not only their ecolog-
ical status (Williams, 2002) but even their existence (Alcocer and
Escobar, 1990). According to the predictions (Williams, 2002), a
number of such habitat types have already disappeared (Hammer,
1990; Shiklomanov, 2000) and their number will further decrease
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by 2025. For this reason, their conservational importance is
undoubted (Boix et al., 2001; Collinson et al., 1995; Tóth et al.,
2014).

Soda pans with HCO3
− dominance and their periodic features

(differ from NaCl dominant, mostly permanent salt lakes) of the
Carpathian basin are Natura 2000 areas of the European Union in
the category of “pannonic saline steppes and marshes” with ex lege
protection. Their physical and chemical features (Boros et al., 2014;
Stenger-Kovács et al., 2014a,b), as well as their biota are unique
indicated by bacterial communities (Borsodi et al., 2013; Rusznyák
et al., 2011), picoplankton (Pálffy et al., 2014), benthic diatoms
(Stenger-Kovács et al., 2014a,b), zooplankton (Horváth et al., 2014),
macroinvertebrates (Horváth et al., 2013) and waterfowls (Boros
et al., 2008). Soda lakes can be characterized by naturally high
conductivity (average: 5500 �S cm−1, maximum value may  reach
76000 �S cm−1; Boros et al., 2014) and pH (average 9.4; Boros et al.,
2014). They are very turbid: Secchi-transparency extends only to
few cm (Horváth et al., 2014). Concentrations of plant nutrient
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forms (N and P) are high (e.g. mean TP is 8 times higher than in fresh-
water lakes of the ecoregion) because of natural reasons: thousands
of waterfowls rest and feed on these pans, and the droppings of the
maintained mammal  populations (beef cattle) of the National Parks
further increase nutrient levels (Stenger-Kovács et al., 2014a,b).
Conservation activities are focused on habitat restoration with spe-
cial emphasis on maintaining waterfowl populations (Boros et al.,
2008; Comin et al., 1999).

Different soda pans in Central Europe have discrete diatom flora
based on the constancy of the species (Lengyel et al., 2012). Diatoms
proved to be applicable indicators for assessment of ecological
status of the soda pans as concluded from the strong correlation
among the diatom composition and the chief limnological vari-
ables (conductivity, dominant anions, temperature) of the water
body (Stenger-Kovács et al., 2014a,b). Application of diatoms in
the conservational management was suggested as an early war-
ning system. As being short-life organisms, they indicate promptly
unfavourable direction of changes in the main limnological features
determined by natural hydrological processes (Stenger-Kovács
et al., 2014a,b).

Various diversity indices (rarity, species richness, metrics for
taxon diversity and phylogenetic diversity) are available for the
characterization of diversity patterns and ecological processes
(Winter et al., 2013). As emphasized by many authors (e.g. Harper
and Hawksworth, 1994), biodiversity is not equivalent with species
diversity, and it is more than the number of species. Rather, bio-
diversity can be regarded as the outcome of taxonomic, genetic,
ecological, historical and phylogenetic diversity (Van der Spoel,
1994). From this point of view, phylogenetic diversity and espe-
cially community-based measures (Winter et al., 2013) as proxies
for functional and evolutionary diversity were repeatedly sug-
gested for nature conservational (Srivastava et al., 2012; Winter
et al., 2009) and environmental monitoring (Warwick and Clarke,
1998) purposes. However, conservationists do not have adequate
information on what metrics are sufficient for which conservational
purpose, and in which cases is there or what is the additional value
of the measures of phylogenetic diversities compared to traditional
diversity metrics (Winter et al., 2013). Moreover, the importance of
considering different measures of biodiversity at regional scale in
conservation planning receives increasing emphasis (Heino et al.,
2005).

In this context, we aimed to test the applicability of diatom
based diversity metrics in detecting different ecological status of
soda pans from conservational and limnological point of view. For
this purpose, we characterize the range of the diversity metrics in
the different status of soda pans and select the chief environmental
variables which determine the diatom composition, as follows the
diversity metrics. To preserve these ecosystems we have to ensure
the characteristic limnological features of the pans, namely, which
can be guaranteed that the unique wildlife of these pans will be
retained. Hence, two traditional diversity metrics (species richness
and Shannon diversity) and two measures of community based, non
DNA-sequence based phylogenetic diversities (average taxonomic
distinctness [AvTD] and its variation [VarTD]) (Warwick and Clarke,
1995) were selected to detect the changes in taxonomic structure
and to explore ecological alterations. Taxonomic distinctness index
provide information on the relatedness of the individuals on the
taxonomic tree in a given community. The variance of it is the mea-
sure shows how a certain species is over- or underrepresented in
a sample. The average taxonomic path length between two ran-
domly chosen species (closely or distantly related species) from the
community and its variance can correlate with the anthropogenic
impacts and stress (Warwick and Clarke, 1995, 1998).

Our assumption was that, the phylogenetic diversity metrics
will be more indicative for the limnological characters of the soda
pans because of the ecologically and evolutionary mechanisms,

Table 1
Soda pans (39) investigated between 2006 and 2012, their assessed status (P, pris-
tine, RA, under active conservation activity, D, degraded) and number of samples.

Lakes Status Samples Lakes Status Samples

Ágasegyházi-rétek D 1 Kurjan-tó D 1
Akasztói-rétek D 1 Lázár-tó D 1
Albersee P 2 Legény-tó RA 12
Bába-szék P 5 Neubruch P 3
Bíbic-tó D 1 Nyéki-szállás RA 7
Borsodi-dűlő  RA 10 Orgoványi-rétek D 2
Böddi-szék P 5 Ősze-szék P 2
Büdös-szék P 1 Pap-rét RA 6
Cikes RA 3 pirtói Nagy-tó D 1
Csárda-szék P 1 Büdös-szék Pusztaszer P 1
Fehér-szék P 1 Sárkány-tó P 1
Fülöp-szék P 1 Szappan-szék P 1
Hattyús-szék D 1 Szarvas-tó D 1
Herrnsee P 3 Szívós-szék D 1
kardoskúti Fehértó P 5 Újlakói-rétek P 1
Kelemen-szék P 5 Untersee P 3
Kirchsee P 3 Vörös-mocsár D 1
Kisréti-tó D 1 Zab-szék P 7
Kolon-tó D 1 Zicklacke P 3
Kondor-tó D 1

therefore, taxonomic distinctness (TD) measures based on benthic
diatoms will enrich the modern conservation practices applied in
these unique, aquatic environments.

2. Materials and methods

Benthic diatom and water samples were collected from soda
pans of the Carpathian basin in Central Europe between 2006 and
2012. Most of the lakes lie in protected areas of National Parks.
As having closed basin, the water body of soda pans originates
basically from two  sources: (i) underground water stock with ele-
vated salt content and (ii) rainfalls. Their salinity determines their
ecological status, which varies from high levels (in natural pans)
through areas under active conservation or habitat reconstruction
to low levels (in degraded pans – Table 1). A soda pan was consid-
ered as natural (first type), if it had a natural origin and was not
strongly affected by human modification (e.g. abstraction, fresh-
water supply). There are several pans (second type), which were
reconstructed in the last decades. Their water levels and salin-
ity are highly regulated by nature conservation activities through
constructed channel systems, which are built to ensure adequate
amount of water for waterfowls or on the contrary dry area for the
grazing beef cattle or buffalo. These channels collect their water
from rainfalls and the streaming or seeping waters from the sur-
rounding areas or directly from Lake Fertő with higher water level
on average (Lake Fertő [Neusiedler See] is one of the biggest, but less
saline shallow lake of the region compared to the soda pans). The
third type of soda pans was considered as degraded, and includes
lakes, which used to be typical soda water bodies in the last cen-
tury but because of human alterations they lost their main habitat
characteristics (open water surface, reduced vegetation, seasonal
drying, high salinity, sodium and bicarbonate dominance (Boros,
2013)).

Diatom samples were collected between 2006 and 2012 from
the natural substrate type (mud and macrophytes) of the pans
according to the recommendations by King et al. (2006). The samp-
ling time and its frequency were determined by the water supply
of the pan (i.e. during dry periods when there was no water in
the lake bed sampling was not possible). The water depth at the
sampling sites was 5–10 cm in the “littoral” (shoreline) region of
the pan, and there was no light limitation. Higher number of sam-
ples from the reconstructed pans can be explained by the higher
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