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Abstract. Urbanization is one of the major causes of the destruction of natural habitats in the world.
Cities are urban heat islands and can thus significantly influence populations of plants and animals.
The research project SPEEDY investigated the effects of urbanization in northern Belgium with
a nested sampling design at local and landscape scales for a variety of organisms. Here, we tested
the effects of urbanization on non-marine ostracod communities, sampling 81 small pools in three
urbanization categories, as defined by percentage built up cover (low, intermediate, high). We identified
17 ostracod species, together occurring in 60 of the 81 sampled pools. We found that urbanization per
se had no significant effect on ostracod communities. Of all the measured local factors, ammonium
and total phosphorus concentrations had a significant effect on the community structure. In contrast,
water temperature had no significant effect, most likely because the ostracod species found in northern
Belgium in the present survey mostly have wide temperature tolerances.

Keywords. Freshwater ecology, anthropogenic impact, nutrients, ammonium, phosphorus, built-up
cover.
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Introduction

Man has influenced natural environments for thousands of years. During the last centuries and decades,
urbanization has become one of the major drivers of evolution and adaptation for natural animal and
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plant populations (LAMBERT & DONIHUE 2020). Urbanization is also the second largest cause of habitat
destruction world-wide (ELLIS et al. 2010). It does not only lead to reduced species richness (MCKINNEY
2008) and diversity (SHOCHAT et al. 2006; BRADLEY & ALTIZER 2007), but cities are in fact also
selective agents (ALBERTI 2015), causing significant micro-evolutionary changes and adaptations over
sometimes very short time frames (BRANS et al. 2017). Animal and plant populations in urbanized areas
have shown a broad range of adaptive responses concerning behaviour, morphology and physiology
(reviewed by ALBERTI 2015 and DONIHUE & LAMBERT 2015). ALBERTI et al. (2017) found a clear
signal of increasing phenotypic change through urbanization in a large meta-analysis of more than 1600
phenotypic trait changes from different animals and plants. Urbanization can furthermore disturb natural
ecosystems through a variety of factors, such as holding higher temperatures than surrounding non-
urbanized areas (hence the term urban heat islands — OKE 1982), changing social and biotic interactions,
climate change, light and noise pollution, food availability, habitat heterogeneity in space and time, and
novel disturbances such as floods, fires, stressors, pollutants or ecotoxins (TUZUN et al. 2015; ALBERTI
et al. 2017). The importance of urbanization as an evolutionary driver is expected to further increase
over the next decades, given that more than two-thirds of the global human population will live in cities
within the next 30 years (UNITED NATIONS 2018) and that the effects of urbanization extend far beyond
city boundaries (BRADLEY & ALTIZER 2007). Thus, investigating the effect of urbanization on different
ecosystems and animal and plant species is essential to understand the role of humans in eco-evolutionary
dynamics of ecosystems and communities, and to develop sustainable management strategies for cities
(LAMBERT & DONIHUE 2020) and their natural populations in an increasingly urbanized world.

Freshwater habitats show high levels of biodiversity in relation to their surface area (DUDGEON et al.
2006). Covering less than 1% of the Earth’s surface, freshwater habitats hold 10% of all known species,
a situation which is known as the “paradox of freshwater”. More in particular, small aquatic landscape
elements such as pools contribute more to regional biodiversity, relative to their cumulative surface, than
larger aquatic habitats such as rivers and lakes with comparable surfaces (DAVIES et al. 2008). In Europe,
25% of all aquatic species diversity depends on pools (DAVIES et al. 2008), but pools remain understudied
freshwater habitats (CEREGHINO et al. 2008; BOIX ef al. 2012). At the same time, “urbanization is one
of the greatest threats to freshwater biodiversity” (HILL et al. 2015) because small aquatic habitats like
pools are especially vulnerable to anthropogenic pressures (BIGGS et al. 2005), including pollution,
drainage and urban development, and receive less legislative protection (THORNHILL et al. 2017). Factors
influencing aquatic biodiversity generally operate at both local and landscape spatial scales (ALLAN
2004) and this further increases the potential influence of urbanization on aquatic biodiversity. The large
variety of urban pools, ranging from small garden pools to larger water bodies in parks (NIELSEN et al.
2014) translates into heterogeneous environmental conditions (HILL et al. 2015) and a large variation
in size and complexity (HILL et al. 2017). Therefore, urbanization has potentially stronger effects on
aquatic than on terrestrial animal and plant communities. Several recent overviews provide guidelines
for promoting biodiversity in urban pools (OERTLI & PARRIS 2019).

Most published studies on the effects of urbanization, however, have focused on terrestrial systems
(MCKINNEY 2008; MEINEKE et al. 2013), especially birds and mammals. In addition, studies on the
effects of urbanization on aquatic systems mostly investigate large riverine systems (CALDERON et al.
2014) or special small habitats such as tanks in bromeliads (TALAGA et al. 2017). In addition, the limited
number of studies on urbanized pools mostly focused on a single urbanized area or city (JEANMOUGIN
etal 2014; HILL et al. 2015; NOBLE & HASSALL 2015; HEINO et al. 2017; TALAGA et al. 2017). Only a
few studies have comparatively investigated pools from urbanized and non-urbanized areas (HASSALL
2014; HASSALL & ANDERSON 2015; HILL et al. 2017; PERRON & PICK 2020a, 2020b) or along an
urbanization (BRANS et al. 2017) or land use (THORNHILL et al. 2017) gradient.
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The effects of urbanization on biodiversity seem, to some extent, to be taxon specific, as some species
appear to be more resilient to the effects of urbanization than others (e.g., GIPPET et al. 2017). This
pattern emphasises the importance of investigating a wide variety of different organisms for the possible
effects of urbanization. The effects of urbanization on terrestrial habitats, for example, have mainly
been investigated in birds, butterflies, bees, and other insects (NIELSEN et al. 2014; BENINDE et al.
2015; MERCKX & VAN DYCK 2019; FRANZEN et al. 2020; KUUSSAARI et al. 2021). Likewise, the most
common study objects of comparable aquatic studies on urbanization are aquatic insects (JEANMOUGIN
et al. 2014; TUZUN et al. 2015; BLICHARSKA et al. 2017; HEINO et al. 2017), macroinvertebrates in
general (HILL et al. 2015; NOBLE & HASSALL 2015; TALAGA et al. 2017; THORNHILL et al. 2017), fish
(COTE et al. 2021) or Amphibia (e.g., HAMER & MCDONNELL 2008; VIGNOLI ef al. 2009; JOHNSON et al.
2013; KONOWALIK et al. 2020). Thus, the responses of many aquatic organism groups to urbanization
remain understudied, such as molluscs, zooplankton and other crustaceans, including ostracods.

The research project SPEEDY (SPatial and environmental determinants of Eco-Evolutionary DYnamics:
anthropogenic environments as a model) investigated the effects of urbanization in Flanders and Brussels
(North Belgium) in a nested design at local and landscape scales, studying a wide variety of organisms. As
part of this same project, BRANS ef al. (2017) demonstrated that body size in zooplankton communities
generally declined with increasing urbanization but observed the opposite for communities dominated
by larger species, where also the effects of spatial scales was the largest. MERCKX et al. (2018) showed
in a multiple taxa (aquatic and terrestrial) study of SPEEDY that urban communities generally consist
of smaller species, but that the general trend towards smaller-sized species is overruled by filtering for
larger species when there is positive covariation between size and dispersal, thus demonstrating that
the urban heat island effect and habitat fragmentation in cities are associated with contrasting shifts
in body size. A second multiple taxa study, resulting from the same SPEEDY project, provided strong
support for general negative impacts of urbanization on abundance and species richness within habitat
patches (PIANO et al. 2019). HANASHIRO et al. (2019), finally, studied the freshwater bacterioplankton
communities from the same SPEEDY project and, using a metacommunity approach, concluded
that environmental factors, rather than urbanization, accounted for the variation in bacterioplankton
community structure.

As part of the SPEEDY project, we here analyse the effects of urbanization on non-marine ostracod
communities. Ostracods are small (ca I mm long), bivalved crustaceans which can abound in the benthos
and amongst macrophytes in freshwater habitats and which have been used in other studies to correlate
their occurrence to specific environmental factors both in living communities (MEZQUITA et al. 1999,
2005; PIERI et al. 2007) and in fossil assemblages (DE DECKKER 1988; HORNE ef al. 2012; VAN DER
MEEREN et al. 2019). The main environmental drivers of presence/absence of ostracod species thus far
reported are cited in the discussion (see below). Because MERCKX et al. (2018) already showed that
urbanization has no effect on body size in the studied ostracod communities, we expect that urbanization
per se might not have a direct effect on ostracod communities.

Here, we test the hypothesis that environmental factors rather than urbanization influences ostracod
community structure. This implies that changes in environmental factors influenced by urbanization,
rather than the degree of urbanization itself, have an impact on the ostracod community structure.

Material and methods

Study area

We sampled 81 small and shallow pools in Flanders and Brussels Region (Northern Belgium), covering
areas with different degrees of urbanization. Localities were selected using Google Earth and permission
to collect was requested and obtained from private owners or official instances prior to the sampling
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event. Urbanization was quantified as the percentage built-up cover (BUC) and was assessed through a
GIS-based reference map of Flanders, displaying the precise contours of all built-up areas, but excluding
roads and parking infrastructure (LARGE SCALE REFERENCE DATABASE 2013). Three categories of
urbanization were defined: low urbanized areas (0-3% BUC, reference colour green), intermediate
urbanized areas (5-10% BUC, reference colour yellow) and highly urbanized areas (> 15 % BUC, reference
colour red). Sampling sites were selected using a nested sampling design adapted by the entire SPEEDY
consortium (Figure 1). We selected 27 plots, nine plots for each of the three urbanization categories (low,
intermediate, high), at a landscape scale (3 x 3 km). Within each of these 27 landscape scale plots, three
local scale subplots (200 x 200 m) were selected, again one for each of the three urbanization categories.
Thus, every landscape scale plot contains three local scale subplots. One pool per subplot was selected
for sampling, resulting in 81 sampled pools. Within the SPEEDY project the same sampling plots were
used to collect a diverse set of aquatic and terrestrial target organisms (MERCKX et al. 2018). Percentage
built-up cover was defined more precisely at a later stage by seven spatial scales (50 m to 3,200 m radii)
around each pool, allowing the analyses of the effect of urbanization at even finer scales.

Belgium, and by further reduction northern Belgium (Flanders), covers a relatively small area with a
limited number of types of lentic water bodies. Moreover, the fact that these water bodies had to be
found within the boundaries of the (sub-)plots again limited the choice. Water bodies were located

Figure 1 — Map of the study area. The configuration of the landscape-scale sampling plots: nine plots
with low urbanization level (0-3% built-up ratio), nine plots with intermediate urbanization level (5—
10% built-up ratio), and nine plots with a high urbanization level (> 15% built-up ratio). Within each of
these 27 plots (3 X 3 km, landscape-scale), 3 subplots (200 X200 m, local-scale) were selected using the
same criteria of built-up ratio, resulting in 81 sampled subplots.
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using Google Earth. These water bodies could be permanent, semi-permanent (drying in very dry
summers) and temporary (drying annually); vegetated or not, with or without fish, small-medium-large
(see Supplementary Table S1), etc. By the nature of the sampling design, such variability should be
randomized. The degree of urbanization in the different (sub-)plots (green, yellow, red) determined the
degree of artificial versus natural ponds, concrete versus natural sediments, garden versus natural ponds,
etc.

Sampling and sample treatment

Sampling was carried out in the summer of 2014. Water temperature (WT), pH and electrical conductivity
of open water were measured in situ with standard electrodes (WTW LF 340 for conductivity and
temperature and WTW pH 340 for pH measurements) prior to disturbance of the water column. Several
quantitative aspects of the ponds (such as estimate surface) were noted. Depth-integrated water samples
were taken for detailed analyses of water chemistry and suspended solids in the laboratory and were stored
according to standard protocols for transport to the laboratory (see Appendix). Ostracod samples were
obtained using a hand net with mesh size of 160 pm. The hand net was swept in between the vegetation
and forcefully right above the surface of the sediment (MARTENS & HORNE 2016) for a standard period
of time (ca 5-10 min) depending on the amount of emerging and submerged macrophytes. Ostracod
samples were fixed in 99% pure ethanol.

To determine total suspended solids (TSS), water (up to 200 ml) was filtered over a pre-weighed
Whatman GF/F filter (0.7 pm) that had been dried at 105°C for 6 hours. After filtration, the filters were
dried and weighted again following the same procedure. The difference in weight divided by the amount
of filtered water represents the total suspended solids.

Chemical variables measured in the laboratory included nutrients (nitrite, sum of nitrite and nitrate,
orthophosphate, ammonium, silicate), pigments (chlorophyll a (Chl a), chlorophyll b, pheophytin a,
pheophytin b (pheo b)), Total Nitrogen (TN), Total Phosphate (TP), Dissolved Organic Carbon (DOC),
and salinity. Details of the most relevant results are provided in Electronic Supplementary Material
(Supplementary Table S1). Details of full results will be given in the Freshwater Metadata Journal.
Because of privacy reasons, owners of most ponds have requested not to publish exact coordinates, but
approximate positions are visible in Figure 1.

Quality assurance was an integral part of theses analyses, using in-house reference materials, duplicated
measurements and participation in ring tests. Approximately 95% of the obtained results were regarded
as satisfactory when their absolute z-scores (or standard scores) were smaller than 2 (see Appendix).
Here, the z-score is calculated by subtracting the average value of a duplicated measurement from the
true value of measuring the reference material, divided by the target error.

Sorting of the ostracod samples was performed in the laboratory using a binocular microscope (Leica
MZ16). Up to a maximum of 100 ostracods were picked out randomly from each sample using a needle
and pipette. Sorted ostracods were stored in a 1.5 mL microcentrifuge Eppendorf tube in 99% pure
ethanol at 4°C. Species identification was performed using the key of MEISCH (2000), the taxonomy in
MEISCH et al. (2019) and both binocular and light transmission microscopes, the latter after dissection
of selected ostracod specimens.

Data analyses

The ostracod community structure was visualised performing non-metric multidimensional scaling
(NMDS), using relative abundance data based on a Bray-Curtis dissimilarity matrix.
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To analyse the effect of urbanization levels on the ostracod community structure we used Permutational
Analysis of Variance (PERMANOVA) to test for differences in ostracod communities sampled from pools
with different urbanization levels, based on a Bray-Curtis dissimilarity matrix calculated from relative
abundance data. To be able to include the 21 pools without any ostracods present, a dummy variable
was added to the relative abundance data. The nested study design was considered by constraining
permutations for Landscape scale urbanization.

To assess the contribution of individual environmental variables to the observed variability in the
ostracod community structure, we performed a distance-based linear modelling (DistLM) with Bray-
Curtis similarity measure using the stepwise selection procedure and the Akaike Information Criterion
(AICc) as decision criterion. To exclude collinear environmental variables, we performed variance
inflation factor (VIF) selection by sequentially dropping the environmental variable with the highest
VIF from the model, until all VIF values were smaller than 3 (ZUUR et al. 2010). After VIF selection,
16 environmental variables were left (WT, pH, electrical conductivity (EC), suspended solids (TSS),
TP, TN, NH,", Si, NO,, Chl a, salinity, DOC, surface size, BUC for 50 m, 200 m and 3,200 m radius
— see Appendix for clarifications) for DistLM analysis. Chl b and pheo b were removed because of the
high number of measurements below the measuring threshold. When necessary, environmental variables
were log-transformed to stabilize the variance and to reduce outliers. To visualize the DistLM results,
we carried out a Distance-based redundancy analysis (dbRDA).

Next to DistLM analysis, we also performed a PERMANOVA to investigate marginal effects of temperate
and pH on the ostracod community structure. Temperature could be of great importance because of the
urban heat island effect in the highly urbanized plots. pH has a great influence on the ostracod valve
calcification each time after moulting and could therefore have an important influence on the ostracod
community structure (MARTENS & HORNE 2009).

NMDS was performed in R using the vegan and ggplot2 packages (OKSANEN et al. 2015; WICKHAM
2016), All PERMANOVA were performed in R version 3.6.1 using the adonis2 function of the vegan
package (OKSANEN ef al. 2015). DistLM and dbRDA were performed in PRIMER 6 with PERMANOVA
add-on (ANDERSON et al. 2008). We selected colours (bluish green, yellow and vermillion) from a
colourblind-friendly palette to use in the figures (OKABE & ITO 2002).

Results

Ostracod diversity and community structure versus urbanization

Non-marine ostracods were present in 60 out of 81 sampling locations. Seventeen ostracod species were
recorded (Table 1), of which Cypria ophtalmica and Cypridopsis vidua were most frequent and most
abundant. Only five species occurred in more than two pools. Three species were found in pools of all
three local scale urbanization categories (Figure 2). Two species were unique for pools with high local
scale urbanization. Five species occurred only in pools with intermediate local scale urbanization. Only
one species (Fabaeformiscandona breuili) was restricted to pools with low local scale urbanization.
Most species show very wide temperature tolerances, according to MEISCH (2000) for water temperature
categories and HORNE & MEZQUITA (2008) for air temperature tolerance ranges based on the NODE
(Non-marine Ostracod Distribution in Europe) database (HORNE et al. 1998).

PERMANOVA showed no significant effect of local scale urbanization on the ostracod community
structure (pseudo-F = 1.81, P=0.10, Figure 3).
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TABLE 1

Ostracod species found during the SPEEDY survey, with number of pools, water temperature tolerance
indication following MEISCH (2000) and air temperature ranges following HORNE & MEZQUITA (2008).

Air temperature
Occurrence | Water temperature ranges (°C) (HORNE &
Species in # pools | tolerance (MEISCH MEZQUITA 2008)
(n=60) 2000)

July January
Cyclocypris ovum (Jurine, 1820) 3 thermoeuryplastic 7 26 -17 | 14
Cypria ophtalmica (Jurine, 1820) 49 thermoeuryplastic 6 28 -8 14
Cypria subsalsa Redeke, 1936 2 unknown unknown
Candonopsis kingsleii (Brady & Robertson, 1870) 4 thermoeuryplastic 12 | 28 | -5 | 13
Fabaeformiscandona breuili (Paris, 1920) 1 unknown unknown
Fabaeformiscandona fabaeformis (Fischer, 1851) 1 mesothermophilic 13 25 -8 11
Pseudocandona hartwigi (G.W. Miiller, 1900) 1 polythermophilic 15 23 -5 5
Ilyocypris inermis Kaufmann, 1900 1 cold stenothermal unknown
Notodromas monacha (O.F. Miiller, 1776) 12 warmstenothermal 14 28 -10 | 10
Herpetocypris chevreuxi (Sars, 1896) 2 thermoeuryplastic 10 33 -1 16
Prionocypris zenkeri (Chyzer & Toth, 1858) 1 oligothermophilic 14 26 -4 6
Cypridopsis vidua (O.F. Miiller, 1776) 35 thermoeuryplastic 9 28 -8 17
Plesiocypridopsis newtoni (Brady & Robertson, 1870) 1 warmstenothermal unknown
Potamocypris arcuata (Sars, 1903) 2 unknown 13 | 28 | -4 | 17
Potamocypris unicaudata Schifer, 1943 1 polythermophilic unknown
Limnocythere inopinata (Baird, 1843) 2 polythermophilic 12 30 -12 | 16
Darwinula stevensoni (Brady & Robertson, 1870) 2 thermoeuryplastic 12 30 -10 | 14

Figure 2 — Exclusive and shared ostracod species for the three urbanization categories on local-scale.
There were 21 pools in low (green), 22 pools in intermediate (yellow) and 17 pools in high (red) local-
scale urbanization areas which contained ostracods.

156




Belg. J. Zool. 151: 149-167 (2021)

+ Low

% High

NMDS2

® absent
A present

2-

0
NMDS1

Intermediate

Local-scale urbanization

ostracod community

Figure 3 — Non-metric multidimensional scaling analysis of the ostracod community structure across
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Environmental variables and community structure

DistLM identified the most parsimonious model predicting ostracod communities as the model containing
the predictors ammonium (NH,") and total phosphorus (TP) (Figure 4). The dbRDA plot shows that
ammonium and total phosphorus structures the pools in one cluster containing all 81 locations. 10.3% of
the variation is explained by the model and 95.2% of the fitted variation is explained by axis 1. Projection
of local scale urbanization shows a (very) slight gradient from highly urbanized areas to intermediate to low
urbanized areas following the first axis. Owing to the association of the ammonium and total phosphorus
vector with axis 1, this implies lower total phosphorus and ammonium values in highly urbanized areas.
PERMANOVA with marginal tests of temperature and pH revealed no significant effect on the ostracod
community structure (temperature, pseudo-F =2.27, P =0.1; pH, pseudo-F = 1.78, P =0.16).

Discussion

Ostracod diversity and community structure

Seventeen ostracod species were found in 60 pools in the studied area. This is a relatively low number.
Comparable surveys have yielded much higher species diversities: 54 species in 48 lentic and lotic
localities in the Upper Parana River floodplain (HIGUTI et al. 2010); 47 ostracod species from 33
European lakes (VIEHBERG 2006), 29 species from 36 Canadian lakes (BUNBURY & GAJEWSKI 2005),
30 species from 100 lakes in Tibet (MISCHKE ef al. 2007) and 47 species from 106 samples in Western
Mongolia, including lakes, springs, streams and pools (VAN DER MEEREN et al. 2010). There can be
several reasons for this low specific ostracod diversity. Firstly, because the type of sampled habitat was
almost invariably shallow pools with small surface area and with comparable morphologies. Individual
lakes often have higher alpha biodiversity levels. Nevertheless, several studies have shown that pool
systems have higher beta diversities than lakes with comparable total surface area (e.g., DAVIES et al.
2008). This does not seem to be the case here. In addition, the present survey was also carried out in a
rather small geographic region, with the pools at the extreme ends of the east-west gradient being only
ca 100 km apart. The study by HIGUTI ef al. (2010) covered a comparable area, but this took place in a
tropical setting, where diversity is expected to be higher, and also covered a wider variety of habitats
and substrates, similar to VAN DER MEEREN ef al. (2010). The present study in a small part of Western
Europe shows a rather depauperate ostracod fauna in pools.

Effects of urbanization on ostracod community structure

There is a fast-growing interest in the potential positive (as a haven for threatened species) as well as
negative (as a haven for invasive species) impacts of pools on regional aquatic biodiversity (HASSALL &
ANDERSON 2015; HOLTMANN ef al. 2018, 2019a, 2019b; SINCLAIR et al. 2020; MELAND et al. 2020;
PERRON & PICK 2020a, 2020b and others). In addition, pools are also stepping stones in landscapes
facilitating dispersal of aquatic organisms. Still, pools remain relatively under-studied, and research
dealing with effects of urbanization on aquatic environments have mostly focussed on larger riverine
systems (e.g., CALDERON ef al. 2014). In addition, the results of the few existing studies on the effects of
urbanization on aquatic pool communities are to some extent contradictory. HILL ez al. (2017), working
on hundreds of pools in the UK, found that in urban environments, pools show high taxonomic (alpha)
richness and form a significant contribution to regional faunal diversity. But JEANMOUGIN et al. (2014)
reported that fine scale urbanization, as determined by density of buildings around a pool, decreased
alpha diversity in dragonflies. NOBLE & HASSALL (2015) found that macroinvertebrate and plant
biodiversity in urban pools in northern England were substantially lower than what would be expected
based on pristine reference sites. Contrary to these findings, our results show no significant effect of
urbanization on the structure (and on alpha diversity) of ostracod communities. Part of this discrepancy
can be related to the way in which the degree of urbanization was determined in the different studies.
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In the present research project SPEEDY, urbanization was determined as percentage built-up cover
(BUC) surface GIS analyses. Such an approach does not necessarily take into account the distance of the
individual structures to the pools, which generally have very small catchment areas and are thus mostly
influenced by close surroundings (HILL ef al. 2015). However, other studies found that land cover and
land use at considerable distances could still influence pool biodiversity (250 m in NOBLE & HASSALL
2015), especially for forested area (up to 400 m in DECLERCK et al. 2006).

Environmental variables and community structure

Several local environmental factors can affect the occurrence and abundance of ostracod species
and therefore also the structure of the ostracod communities at various spatial scales. Examples of
such environmental variables include water chemistry and temperature (MEZQUITA et al. 2005;
KULKOYLUOGLU et al. 2018), dissolved oxygen, pH and salinity (VAN DER MEEREN et al. 2010;
IGLIKOWSKA & NAMIOTKO 2012; RUIZ et al. 2013; CASTILLO-ESCRIVA et al. 2016; RUMES et al. 2016),
pool morphometry and hydro-regime (VANSCHOENWINKEL et al. 2009; PEREIRA ef al. 2017), vegetation
and substrate including different macrophytes (Kiss 2007; HIGUTI e al. 2010), eutrophication (MEZQUITA
et al. 1999; POQUET et al. 2008), altitude and water chemistry (POQUET & MESQUITA-JOANES 2011) and
biotic interactions such as predation (MAGNUSSON & WILLIAMS 2009), to give a few examples.

In general, temperature and pH are often identified as important significant factors driving non-marine
ostracod communities. However, a PERMANOVA test found no significant effect of these factors in the
present survey. Possibly, the study area was too uniform with regard to geology, altitude and climate to
allow for significant differences. But HILL et al. (2015), working on urban pools in Loughborough (UK),
found quite different environmental conditions, even between pools in close proximity. Especially the
fact that temperature was apparently not a relevant factor across three levels of urbanization is surprising,
as cities are considered to be urban heat islands. Within the same SPEEDY project, MERCKX et al. (2018)
illustrated the reality of this urban heat island effect, while a community shift towards thermophilic
species in carabid beetles as a consequence of urbanization was demonstrated by PIANO et al. (2019).
However, an analysis of the existing literature (MEISCH 2000; HORNE 2007) on temperature preferences/
tolerances of the ostracod species found in the present survey shows that the majority have relatively
wide temperature tolerances (Table 1), so that the relatively minor temperature differences between the
urbanization levels might not have caused a shift in the structure of the ostracod communities.

A dbRDA analysis of the present ostracod data showed that ammonium (NH,") and total phosphorus (TP)
were the main factors predicting ostracod communities (Figure 4). Here, pools in urbanized (built-up)
areas were compared to non- or less urbanized areas. Given the nature of land-use in northern Belgium,
the non-urbanized areas are generally agricultural areas (crops, cattle). Although such surroundings have
different effects than the urbanized heat islands that cities are, they should also be considered anthropized
areas, where fertilisation practises would contribute effectively to exactly these two variables of water
chemistry (TP and NH,"). ROSSETTI ef al. (2020) described that lowland springs in the Po river plain
(Italy) had unusually low ostracod diversity, with mostly common and temperature-tolerant species.
Springs are often ecotones, in which a mixture of surface and subterranean faunas can lead to high alpha
(individual springs) and gamma (regional) diversity of more specialised taxa. ROSSETTI et al. (2020)
found that their springs had high nitrate levels, which they also interpret as a result of agricultural
practices. SHEN et al. (2021) also identified TP and NH,"besides TN and Chromium as the main factors
driving zooplankton species diversity in urbanized river wetlands. In their study, zooplankton species
richness was negatively affected by the concentration of these nutrients and of heavy metals, but also by
urbanization (estimated as distance to the nearest city). The present research project SPEEDY compared
urbanized areas with differently anthropized surroundings, which might explain the lack of significant
differences in ostracod community structure.
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Other potential drivers of pool biodiversity for other faunal groups are pool size (BLICHARSKA et al.
2017 on insects in Stockholm pools); submerged macrophytes (HILL et al. 2017 on hundreds of UK
pools) and connectivity (NOBLE & HASSALL 2015 on pools in Bradford, UK). None of these factors
showed up as relevant in the present analyses of ostracod communities.

Conclusions

The survey of non-marine ostracod communities in 81 SPEEDY pools in northern Belgium showed
a rather impoverished fauna of only 17 species. No direct effect of urbanization on these ostracod
communities was detected. Only some local factors of water chemistry, chiefly nutrients related to
eutrophication, appeared to have an effect on community structure, namely TP and NH,". These factors
are most likely resulting from the fact that pools situated in un- or less urbanized plots were predominantly
in agricultural areas. The urban heat island effect of urbanized plots in cities could not be detected in the
ostracod communities, which consisted mainly of species with wide temperature tolerances.
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Appendix
Details of methods for analysing water chemistry variables

Water samples were stored in a cold box and processed within 24 h in the laboratory.

Filtration for nutrient analysis was performed using cellulose acetate membrane filters (47 mm, porosity
0.2 um) and the filtrate collected in PE bottles, samples were stored deep frozen (-20°C) until analysis.
Samples for salinity analysis were not filtered, and stored in amber glass bottles at room temperature
until analysis. Samples for pigment analysis were filtered on Whatman GF/C filters, each filter folded
and transferred into a cryovial, flash frozen in liquid nitrogen and stored at -80°C until analysis.

Nutrient concentrations were determined with a Skalar auto-analyser system. The concentration of
Nitrite (NO,) was measured through diazo-coupling with sulfanylamide and naphtylene diamine
di-hydrochloric acid and measuring the extinction of the complex at 540 nm. The sum of nitrite and
nitrate (NO,) was analysed by reducing the nitrate catalytically over a Cd-Cu column followed by
the same methodology as for nitrite. Result subtraction was used to determine Nitrate concentrations.
Orthophosphate (PO,*) was determined by its reaction with molybdate and ascorbic acid, followed by
acidification in the presence of Sb, and measuring the resulting blue complex subsequently at 880 nm in
a spectrometer. For ammonium (NH,"), the reaction was conducted in EDTA (ethylene diamine tetra-
acetate) buffer, with sodium salts of salicylate, nitroprusside and hypochlorite. In alkaline conditions,
the formed emerald green was measured spectrophotometrically at 630 nm. To reduce any interference
of phosphate, oxalic acid was first added to the samples for analysing Silicate (Si), followed by the
addition of molybdate and ascorbic acid. The amount of formed blue compound (molybdene blue) was
measured in a spectrometer at §10 nm. Pigments (chlorophyll a (chl a), chlorophyll b (chl b), pheophytin
a (pheo a) and pheophytin b (pheo b)) were extracted by adding 90% acetone (diluted with ultrapure
water) and blended with glass pearls in a Bullet Blender with dry ice cooling, followed by centrifugation.
The clear supernatant was analysed by UPLC (ultrahigh pressure liquid chromatography) with fluoro-
metric detection (excitation at 430 nm and detection at 660 nm). For measuring total Nitrogen (TN),
potassium peroxodisulphate in a borate buffer was added to the samples and then exposed to UV to
convert organic nitrogen into inorganic nitrogen. Next, ammonium chloride was added and the mixture
was distilled through a gas exchange membrane. Nitrate was converted to nitrite by reducing the nitrate
catalytically over a Cd-Cu column followed by the same methodology as for nitrite. Similar to the analyses
of TN, also Total Phosphate (TP) was determined by first adding potassium peroxodisulphate in a borate
buffer and the mixture then exposed to UV light to convert organic phosphate to orthophosphate followed
by the same methodology as for orthophosphate (see above). To remove inorganic carbon for measuring
the concentration of Dissolved Organic Carbon (DOC), sulphuric acid was added first, followed by
potassium peroxodisulphate in a borate buffer and UV exposure converting organic carbon to CO,.
The resulting mixture was distilled through a gas exchange membrane into a colouring reagent.
The associated drop in pH is reflected by a reduced colour intensity, and this is measured in a
spectrometer at 550 nm. The concentration of chloride was measured with a Guildline Portasal 8410
Salinometer by comparing the conductivity of a sample to a reference solution. This ratio combined
with temperature allows to calculate salinity using Practical Salinity Scale Equations (LEWIS 1980).
The salinometer consists of glass cells containing the samples, which are placed in a strictly thermally
stabilized environment, and it is equipped with 4 Pt-electrodes coupled to a microprocessor controlled
measuring bridge.
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