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Abstract
Elevated levels of different contaminants are typical to stormwater management ponds. Despite that, a number of works report
stormwater ponds serving as habitats for a variety of biota. In this study we aimed to examine phytoplankton communities of
urban ponds, as the basis of the aquatic food web, and compare them to those of natural shallow lakes. Stormwater ponds were
selected from two distant geographic locations: three in Denmark and three in Canada. As a reference to natural systems, three
Danish shallow lakes were sampled. The sampling was carried out in the spring, summer and fall of 2014. The phytoplankton
communities in ponds were found to be at least as rich in taxa as natural shallow lakes. Their abundance and biovolume varied
highly among the types of water bodies as well as in each pond or lake individually, depending on the sampling month. We did
not find any significant differences among ponds and natural shallow lakes at the investigated taxonomic level, despite some
distinction observed bymultivariate DCA and CCA analyses. Little difference was found between Canadian and Danish ponds as
well, even though they are separated by a large geographic distance. This study shows that stormwater ponds are habitats for
diverse planktonic algae communities which have some similarities to those of natural shallow lakes. Also, the similarities
observed between Danish and Canadian ponds indicate some consistence with the urban homogenization hypothesis, although
this should be further looked into by future works examining a larger number and distinct types of ponds.

Keywords Stormwater pond . Phytoplankton . Shallow lakes . Diversity

Introduction

Stormwater ponds are common in urban areas as a best man-
agement practice for control and treatment of stormwater run-
off. They serve as reservoirs for surface runoff from impervi-
ous surfaces and as water treatment facilities. A large number
of studies have investigated the potential of stormwater ponds

to treat the received runoff with respect to the pollutant remov-
al processes (Bayley 2007; He and Marsalek 2014), and the
fate of specific substances (Istenič et al. 2011; Stephansen
et al. 2014). Less effort has been put into describing these as
ecosystems from a biological or ecological point of view
(Olding 2000; Vincent and Kirkwood 2014; Williams et al.
2013). It is becoming well acknowledged that urban
stormwater ponds serve as habitats for a variety of biota
(Bishop et al. 2000; Chiandet and Xenopoulos 2016) and
could potentially contribute to the regional biodiversity (Le
Viol et al. 2012). This seems to be the case even though the
ponds are intended as treatment facilities and can receive a
significant pollutant load covering a wide range of toxic sub-
stances (Pitt et al. 1995). Therefore, more attention needs to be
paid to the potential of wildlife to inhabit and persist in such
man-made aquatic ecosystems.

One of the first categories of organisms to colonize a water
body is algae. Different groups of planktonic algae not only
serve as food for organisms on higher trophic levels, but also
serve as water quality indicators with some groups forming
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blooms of toxic cyanobacteria (Olding 2000). Only a limited
number of studies describing phytoplankton communities in
stormwater ponds have been published. It appears that the
dominant groups of phytoplankton found in stormwater ponds
is Cyanobacteria as demonstrated through microscopic counts
(Vincent and Kirkwood 2014) or pigment analysis (Chiandet
and Xenopoulos 2016), some of which might be responsible
for the production of toxins. Given the dynamic nature of
these communities, more studies are needed to understand
their links with the hydraulic regime of the pond (Olding
et al. 2000), stratification patterns of ponds (Song et al.
2013), and internal biogeochemical dynamics (Williams
et al. 2013).

The objective of this study was to examine the phytoplank-
ton communities of stormwater ponds with respect to their
taxonomic diversity, abundance and biovolume. We selected
ponds separated by the Atlantic Ocean but of similar climate
conditions: three Danish ponds and three Canadian ponds, to
test whether large geographic distances yield significantly dif-
ferent phytoplankton communities. Stormwater ponds are dis-
tinct from more natural water bodies due to their relatively
shallow and nutrient-rich water columns and short water res-
idence time. Nevertheless, by their size and appearance they
somewhat resemble natural shallow lakes. With this work we
also aimed to test whether pond phytoplankton communities
could be comparable to those of natural lakes, despite their
man-made nature and their intended purpose as stormwater
management facilities. To do this, we selected three natural
shallow lakes in Denmark.

Materials and methods

Three urban stormwater ponds and three natural shallow lakes
located in northern and mid Jutland (Denmark), as well as 3
stormwater ponds in Peterborough (Ontario, Canada) were
selected for the present study (Table 1).

Each pond and lake was sampled for water quality param-
eters and identification of phytoplankton communities.
Sampling was conducted 3 times during the growth season:
late April/May, July and September 2014. For data represen-
tation, each water body is given an ID, where P stands for
pond, L for lake, DK for Denmark, and CAN for Canada.
The ponds and lakes are numbered from 1 to 3. A dash follow-
ed by M, J, or S indicate the sampling month: late April/May,
July and September, respectively.

Field sampling and processing of water samples

Water samples were collected from 5 locations distributed
around the shore line of each pond and lake, approx. 20 cm
below the water surface. The distance from the shore line for
sampling was selected where the water depth was approx.

70 cm. Sampling locations are exemplified for ponds PDK1,
PCAN1, and lake LDK1 in Fig. 1.

Samples from the 5 locations were pooled and mixed well
for each water body. A subsample was preserved with Lugol’s
solution for later phytoplankton identification and enumera-
tion. The water quality parameters: conductivity (μS cm−1),
temperature (°C) and dissolved oxygen (mg L−1), were mea-
sured on site at each of the 5 sampling locations with portable
multimeters: WTWMulti 3430 set G (DK) and YSI-556MPS
(CAN). pH was measured on site as well, but only for Danish
water bodies.

The pooled water samples were also analyzed for chloro-
phyll-a (μg L−1) and total phosphorus (TP, μg L−1) both in
Canadian and Danish water bodies. For Canadian ponds,
procedures described by Song et al. (2013) and McEnroe
et al. (2013) were followed. For Danish water bodies, TP
was measured according to a method adapted from DS 292
(1985). For chlorophyll-a extraction, water samples were fil-
tered through 0.7 μm GF/F filters, and a modified 90% ace-
tone method was applied (adapted from Bellinger and Sigee
2010). Briefly, filters were homogenized in acetone, kept in
dark for 20 min, centrifuged at 2500 rpm for 10 min and
chlorophyll-a measured using a spectrophotometer and ab-
sorption at 750 nm and 664 nm wavelengths. Water quality
parameters, such as suspended solids, NO3 + NO2-N and dis-
solved reactive phosphorus (DRP) were measured only for
Danish water bodies. Water samples for DRP and NO3 +
NO2-N measurements were filtered through 0.7 μm filters.
DRP and NO3 + NO2-N were analyzed according to a method
adapted from Standard Methods 4500-P (SM 1999) and ac-
cording to DS 223 (1975) respectively. Total dissolved nitro-
gen (TDN), seston nitrogen (SN), total dissolved phosphorus
(TDP) and seston phosphorus (SP) were measured for
Canadian ponds only, as described in Song et al. (2013) and
McEnroe et al. (2013). Parameters measured in Danish water
bodies only or Canadian water bodies only were not included
in the statistical analyses.

Phytoplankton identification and enumeration

Phytoplankton identification and enumeration was performed
with an inverted microscopes (GX Optical XDS-3 and Motic
AE31). Samples were analyzed using HydroBios or KC-
Denmark counting chambers. Depending on sample richness,
either 5 or 10 mL chambers were used. When necessary, corre-
sponding sample dilutionsweremadewith demineralizedwater.
Identification was attempted at genus level. In cases where this
was not possible, organisms were assigned to other taxonomic
levels, such as family, order, class, phylum, or to a group of
unidentified organisms. Filamentous green algae were not in-
cluded in the identification and counting. Counting was carried
out either for a whole chamber at 100xmagnification in order to
capture the largest organisms, or in transects at 400x
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magnification when smaller organisms were counted. 600x
magnification was used for identifications or counting of the
smallest organisms. For some samples a somewhat uneven dis-
tribution was unavoidable, which was compensated by doing
the counts in transects. Throughout, a single cell, colony, or
filament was considered as a counting unit. Counting was con-
tinued until 100 counting units of each taxa/group was reached,
but not in more than 7 transects. Organisms which did not reach
a 100, but significantly contributed to the total biovolume, were
taken into account as well. 95% of a sample (by biovolume) was
counted, taking into account the most abundant taxa and taxa
significantly contributing to the biovolume. An approximation
of this contribution was done by counting all organisms in one
transect, estimating their biovolume and that way distinguishing
the significant sample taxa. Biovolume was estimated for every
taxa or group of organisms assigning geometric formulas, as
described in Hillebrand et al. (1999) and Lauridsen et al.
(2005). For organism identification, John et al. (2011) was used
as the reference key. Other identification keys by SPIPHES
(1982), Tikkanen et al. (1992), Kristiansen and Nygaard
(2001), Wehr et al. (2003), Cronberg and Annadotter (2006),
Komarek and Anagnostidis (2007), Komarek (2008, 2013), and
Guiry (2017) were used when additional specifications were
necessary to identify a certain organism.

Statistical analysis

Statistical data analysis was carried out using Past v. 3.15
(Hammer et al. 2001; Legendre and Legendre 2012) and
Sigmaplot v. 12.3 (Conover 1980; Snedecor and Cochran
1989; Systat Software 2016). One-way ANOVA or one-way
ANOVA on ranks (depending on data normality) tests were
performed on the number of taxa, total number of organisms
as well as total biovolumes of the three types of water bodies –
Danish ponds, Danish lakes and Canadian ponds using
Sigmaplot v 12.3. Algal community similarity among groups
of ponds and lakes were tested using an analysis of variance
on similarities (ANOSIM) between individual water bodies
within the groups (Clarke andWarwick 1994). These analyses
were performed in the Primer Software Package (Primer-E
Ltd. 2016). The different water bodies were also compared
by classical Bray-Curtis Cluster analysis and DCA analysis,
intending to determine community and taxa similarity patterns

among the ponds or lakes grouped together depending on their
phytoplankton community composition using Past v. 3.15.
The tests were performed using log-transformed relative abun-
dance and biovolume data. Relationships among phytoplank-
ton composition and water body related physical and chemical
parameters were evaluated by Spearman’s rank correlations in
Past v 3.15. Phytoplankton community and water quality data
sets were also submitted to CCA analysis in Past v. 4 in order
to test whether there was any urban gradient effect on phyto-
plankton community structure. Lake and pond water quality
indicators were also submitted to a PCA test in Past v 4 in
order to determine which ones were the major drivers of the
differences between ponds and lakes.

Results

Physical and chemical water parameters

Water quality parameters measured during the sampling peri-
od varied between Danish and Canadian water bodies
(Table 2).

The measured conductivity varied over the season in the
ponds, but not the lakes. It is likely related with runoff salt
content due to road deicing applied during the cold season,
although presence of other dissolved ions could have contrib-
uted to the measured values as well. With regard to nutrients,
total phosphorus concentrations in Danish lakes were more
similar to Canadian ponds than to the Danish ponds. Danish
ponds had significantly (Tukey test, p < 0.05) higher total
phosphorus concentrations (48–230 μg L−1), compared to
the other water body types. Also, chlorophyll-a concentrations
were significantly (Tukey test, p < 0.05) higher in Danish
ponds compared with Canadian ponds. In general, all concen-
trations increased during the summer and beginning of au-
tumn, however, less markedly in Canadian ponds. Other pa-
rameters varied depending on the water body or sampling
month and no significant differences were found among the
three water body types, except for total suspended solids with
significantly higher (p < 0.05) concentrations measured in
Danish ponds compared with lakes.

A multivariate PCA analysis performed with pond and lake
water quality indicators showed that ponds and lakes were

Fig. 1 Sampling locations in
ponds PDK1, PCAN1 and lake
LDK1
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quite different with respect to the measured conductivity and
their catchment area. Such result is highly expected due to
typically received higher runoff salt content by ponds and
larger catchment areas of natural lakes.

Phytoplankton taxonomic diversity, abundance
and biovolume

The identified phytoplankton taxa were ascribed to 9 phyla –
Chlorophyta, Cyanophyta, Euglenophyta, Cryptophyta,
Dinophyta, Bacillariophyta, Chrysophyta, Xantophyta, and
Haptophyta. In the whole data set a total of 101 taxa and
specified groups of phytoplankton were observed: 14 to 57
in Danish ponds, 18 to 47 in Canadian ponds and 14 to 30 in
Danish lakes (Table S1, supplementary material).

The majority of the phytoplankton taxa were present in all
three types of the water bodies, such as, single-celled
Chroococcales, desmids Closterium, Cosmarium and
Stauraustrum of the order Zygnematales, Pseudanabaena fila-
ments, cryptophytes, or pennate diatoms. Comparing ponds
and lakes, several taxa or taxonomic groups of phytoplankton
were more often observed both in Danish and Canadian ponds
than in the Danish lakes. These included the green algae
Ank i s t rode smus , Acu tode smus , Desmode smus ,
Monoraphidium, Pediastrum, Scenedesmus, Crucigeniella,
Dictyosphaerium, all euglenophytes, and most of the chryso-
phytes, centric diatoms, and colonial or filamentous diatoms.

With respect to the geographic locations of the water bod-
ies, three organisms from the green algae order Volvocales –
Eudorina, Gonium, and Pandorina – were only found in
Canadian ponds and only observed a few times in Danish
lakes. Also cysts of euglenophytes, ascribed to a group
“cysts”, were observed in one of the Danish ponds, PDK2,
and one of the Danish lakes, LDK1, while they were abundant
in the Canadian ponds.

One fifth of the identified taxa was ascribed to the phylum
Cyanophyta, which comprises many species capable of pro-
ducing toxins that may cause adverse effects on human health.
Several of the identified cyanobacteria genera, namely
Anabaena, Anabaenopsis , Lyngbya, Microcys t is
Oscillatoria, and Planktothrix are listed as some of the poten-
tial toxin-producing organisms with most significant impacts
on human health (Chorus and Bartram 1999; WHO 2003).
The presence of these genera varied during the sampling sea-
son. A slight difference was found between the analyzed
ponds and lakes: in Danish ponds 0–4 of these genera were
identified, in Canadian ponds 0–3, and in Danish lakes 1–2.

The highest numbers were counted for single-celled
coccoidal and rod-shaped Chroococcales (Fig. S1, supplemen-
tary material), widespread picoplanktonic Cyanophyta, which
are common in the plankton of ponds and lakes (John et al.
2011). In this study, they were dominating numbers of organ-
isms in all samples from all water bodies. Several peaks of
single cells from colonial organisms of Chlorophyta or
Cyanophyta were observed in LDK3-M, LDK1-J, LDK1-S,
PDK3-J, and PDK3-S. The total numbers of organisms showed
a high variability among all water bodies and sampling months:
from 5.7·102 organisms mL−1 to 5.5·105 organisms mL−1 for
Canadian ponds, 1.9·104–4.1·105 organisms mL−1 for Danish
ponds and 2.9·103–1.5·105 organisms mL−1 for Danish lakes.

The estimated total biovolume showed a high variability
among the ponds and lakes (Fig. 2). The biovolume in the
Danish lakes was found to be dominated by cyanophytes (up
to 96%) and chlorophytes (up to 43%). Also, several peaks of
cryptophytes were observed in LDK1 and LDK2 in May or
dinoflagellates in LDK1 in July and September. In some of
the months, Danish ponds were dominated by cryptophytes
(up to 69%), cyanophytes (up to 61%), euglenophytes (up to
78%) and chlorophytes (up to 80%), while in Canadian ponds a
larger part of the biovolume (10% - 15%) was composed of
diatoms (PCAN1-M-J, PCAN2-M, PCAN3-M) or

Table 2 Physical and chemical water quality parameters of the investigated water bodies. The given values are means of the sampling season (Late
April/May, July and September ±SD). NA – not analyzed

Measured parameter, sampling season mean (±SD)

Pond/lake ID pH Conductivity,
μS cm−1

Dissolved
oxygen, mg L−1

Water
temperature, °C

Total suspended
solids, mg L−1

Chlorophyll-
a, μg L−1

Total phosphorus,
μg L−1

PDK1 6.4 (±0.4) 103.3 (±38.9) 4.1 (±2.7) 16.9 (±1.6) 20.0 (±9.0) 111.0 (±69.3) 168.0 (±63.3)

PDK2 8.3 (±0.4) 177.0 (±105.7) 12.5 (±0.4) 17.7 (±2.7) 40.6 (±28.1) 97.0 (±26.3) 118.3 (±13.3)

PDK3 7.8 (±0.2) 579.7 (±251.3) 8.0 (±1.0) 16.3 (±2.9) 11.3 (±6.2) 44.7 (±29.5) 115.3 (±47.7)

PCAN1 NA 288.3 (±20.8) 10.1 (±2.7) 16.5 (±4.9) NA 5.0 (±1.4) 23.7 (±2.1)

PCAN2 NA 276.7 (±116.8) 8.7 (±2.4) 17.1 (±4.7) NA 27.3 (±8.2) 59.0 (±19.8)

PCAN3 NA 333.0 (±64.9) 15.6 (±1.5) 18.4 (±5.2) NA 27.3 (±9.2) 51.3 (±15.8)

LDK1 9.3 (±0.5) 159.0 (±0.5) 13.8 (±2.0) 17.7 (±1.9) 5.6 (±2.4) 47.3 (±27.0) 73.7 (±18.4)

LDK2 7.3 (±0.8) 84.3 (±1.2) 9.9 (±0.8) 16.7 (±2.1) 4.3 (±2.1) 41.7 (±31.5) 55.3 (±9.1)

LDK3 5.9 (±0.2) 44.3 (±0.5) 10.1 (±0.4) 17.5 (±2.6) 3.6 (±0.3) 24.7 (±20.7) 29.0 (±11.3)
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chrysophytes (PCAN1-M-J, 35% and 9% respectively). An
apparent contribution of euglenophyte cysts to the biovolume
was also observed in Canadian ponds PCAN1-J, PCAN3-J,
PCAN2-S, 32% – 39% and 76%, respectively.

With respect to the potential toxin-producing genera, blooms
of Anabaena were observed in all Danish lakes in July and/or
September. The genus contributed 54% - 90% to the total
biovolume. Microcystis colonies were also observed in LDK1-
J-S, but to a smaller extent – up to 2%. Although a slightly larger
variety of these genera was present in Danish ponds, only PDK2
had a notable contribution to the phytoplankton biovolume by
Anabaena (PDK2-M) andMicrocystis (PDK2-S), 46% and 26%
respectively. In Canadian ponds, potentially toxic genera
(Microcystis, Oscillatoria, Planktothrix) comprised up to 7% of
the total biovolume, with an exception of PCAN3-S, where 89%
of the biovolume were Microcystis colonies.

Statistical analysis

Total taxa numbers, total numbers of counted organisms and
estimated total biovolumes in Danish lakes, Danish ponds and
Canadian ponds for the three sampling months were not

different between water bodies (ANOVA, p > 0.05, F ≠ 1).
Similarities in algal communities among the three groups of
water bodies for each sampling month were also tested using
ANOSIM tests. Similar to the ANOVA tests, the ANOSIM
test did not reveal any significant differences among the three
types of the water bodies, neither with respect to number of
organisms or biovolumes (ANOSIM, porg = 0.072; pbiovol =
0.077).

The multivariate DCA test did not show distinct grouping
of the three types of water bodies either (Fig. 3; Fig. S2,
supplementary material). Only with respect to the DCA on
the estimated biovolumes (Fig. 3), the two axes of the respec-
tive plot were found to explain 26% and 17% of the pond and
lake distribution and have significant correlations with several
pond and water chemistry parameters. Axis 1 was found to
significantly correlate with the surface area of the water bodies
(rs = −0.54; p = 0.004), and mean water depth (rs = −0.42; p =
0.03), while axis 2 correlated with chlorophyll-a concentra-
tion (rs = 0.5; p = 0.008) and temperature (rs = 0.48; p = 0.01).
To some extent, lakes were different from ponds, evidenced
by their position on the lower part of axis 1 (Fig. 3). However,
the observed differences are rather small, and it cannot be

Fig. 2 Phytoplankton biovolume in Danish ponds, lakes, and Canadian ponds counted in late April/May, July and September. Note the differences in scales
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excluded that the observed differences between ponds and
lakes are due to random variations.

A somewhat clearer result was obtained by CCA analyses
(Fig. 4). Both when performed with community abundance

and biovolume data, it could be observed that lakes grouped
more distinctly from ponds, despite a few outliers. In Fig. 4 it
can be seen that conductivity is one of the most important
water quality indicators deciding the separation between the

Fig. 3 DCA analysis based on
relative biovolumes of different
phytoplankton phyla and groups

Fig. 4 CCA analysis based on the water quality indicators and the estimated phytoplankton community biovolumes
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investigated ponds and lakes. Regarding the community com-
position, the main difference between ponds and lakes was a
larger part of biovolume taken up by phyla Cyanophyta in
lakes.

Discussion

Stormwater ponds and natural shallow lakes are fundamentally
different water bodies. Ponds are designed and constructed
according to the needs and requirements to manage surface
runoff from impervious areas, while lakes are a consequence
of long-term natural processes. Also, compared to lakes, ponds
have a rather short water residence time (Table 1). It means that
water exchange with new loads of nutrients and pollutants,
collected from impervious surfaces, occurs on average every
2–4 weeks, while in lakes the water turnover is typically count-
ed in years. On the other hand, with regard to their morphology,
stormwater ponds somewhat resemble natural shallow lakes.
Also, despite frequent inputs of nutrition or contamination, in
time ponds serve as habitats for a variety of species of fauna
and flora and form their own particular ecosystems.

We compared phytoplankton communities of stormwater
ponds from distinct geographic locations with those of natural
shallow lakes. We found similar communities in the investigat-
ed Danish and Canadian ponds, despite the measured water
quality differences and the distance of about 6000 km between
them. This result shows some consistence with the predictions
of urban homogenization hypothesis (Groffman et al. 2014;
McKinney 2006), even though such theory should be further
tested with a larger number of different water bodies. Also,
comparing ponds and lakes, despite the absence of statistical
significance, an indication of distinction between natural and
artificial environments was observed through the conducted
multivariate analysis. The DCA and CCA analyses showed that
most of the lake samples clustered and were somewhat separate
from the ponds, which weremore randomly interspersed (Fig. 3
and Fig. 4). This could be a result of differences in surface area
and volume between ponds and lakes (DCA), as well as higher
conductivity in ponds and Cyanophyta abundance in lakes
(CCA). Alternatively, the homogenization aspect could be
looked at as well, which points to biological communities in
urban environments beingmore similar to each other than to the
natural ones (Groffman et al. 2014).

Phytoplankton communities and their dynamics in urban
ponds are likely to be influenced by urban stormwater flow
which is expected to be of lower chemical quality compared to
lakes. To our knowledge, only a few authors (e.g., Olding
et al. (2000), Vincent and Kirkwood (2014), and Chiandet
and Xenopoulos (2016)) have to a larger extent examined
phytoplankton composition in stormwater ponds. These stud-
ies documented dominance of cyanobacteria and
euglenophytes in most of these man-made ecosystems.

These past results were to a certain degree corroborated by
the present study – the largest difference observed between
stormwater ponds and natural shallow lakes was the presence
of euglenophytes.

For the samples collected, euglenophytes varied from a
relatively small to a big part of the biovolume in both
Danish and Canadian ponds, while in the Danish lakes they
contributed either very little to the biovolume or were absent.
In the stormwater ponds, wind or rain induced resuspension of
sediments, as well as presence of organic matter might result
in the high euglenophyte abundance in the water column
(Olding et al. 2000; Leander 2008; John et al. 2011). The
ponds of the present study were also quite widely inhabited
by submerged plants, especially PDK1 and PCAN3, which
could have favored the observed euglenophyte abundance as
well (Morris et al. 2006).

With respect to Cyanophyta (blue-green algae), we found a
greater proportion of potential toxin-producers in the ponds
than in the natural lakes namely, Anabaena, Anabaenopsis,
Lyngbya, Microcystis Oscillatoria, and Planktothrix.
Nevertheless, their contribution to the total phytoplankton
biovolume was notable only in PDK2-M-S and PCAN3-S.
The blooms of Anabaena were observed in all Danish lakes
in July and/or September. Anabaena forms blooms in eutro-
phic waters and prefers environments with high phosphorus
concentrations (Sandgren 1988). Thus, the observed blooms
in lakes could be related with possible phosphorus inputs from
the surrounding agricultural activities in Denmark. On the
other hand, ponds are also characterized by high N and P
concentrations (Chiandet and Xenopoulos 2011, 2016; Song
et al. 2017), which is a preferred environment of bloom-
formingMicrocystis. To a smaller or larger extent it was found
present in most of the Danish and Canadian ponds.

Regarding the other phytoplankton phyla that we observed
in the studied water bodies, only chrysophytes (golden-brown
algae) and diatomswere found to exhibit differences among the
lakes and ponds. Higher abundances of chrysophytes in ponds
compared to lakes could be explained by their preference of
smaller water bodies and ability to form cysts or shift nutrition
acquirement strategies depending on the environmental condi-
tions. Diatom presence in higher numbers in ponds could be
favored by water column mixing (Sandgren 1988).

Overall, we observed that seasonal phytoplankton variabil-
ity in each individual pond and lake was as high as the vari-
ability among the investigated types of water bodies. A similar
result was observed in a study by Vincent and Kirkwood
(2014). Their work did not show significant differences of
algal biomass between the compared stormwater ponds and
selected reference ponds. In our study, we found no statisti-
cally significant differences among the phytoplankton com-
munity composition and biovolume in ponds and lakes either.
Future work with environmental genomics (e.g., Joly and
Faure 2015; Rengefors et al. 2017) should be useful to better
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understand the relatedness of phytoplankton in urban ponds
and lakes within and between geographic regions, such as
those studied here.

Our study shows that ponds serve as habitats for a variety
of phytoplankton taxa, and indicates that they are at least as
diverse in algal taxa as natural shallow lakes. Ponds are dy-
namic systems with individual hydraulic regimes that rather
frequently receive loads of pollutants (Hvitved-Jacobsen et al.
2010), which is generally not the case for natural lakes. Even
though these pollutants could negatively affect the presence
and survival of phytoplankton, the present study points in the
direction that such effects are likely overshadowed by other
environmental factors. For instance, high nutrient concentra-
tions, irradiance, and foodweb structure together with the
physico-chemical conditions in ponds likely create the envi-
ronmental template against which these phytoplankton com-
munities develop (Pal and Choudhury 2014).

This study also indicates that stormwater ponds, despite their
use as technical water treatment systems, in time become
habitats, and are to some degree comparable to natural shallow
lakes. Similarly, Hassal and Anderson (2015) studied macroin-
vertebrate communities of stormwater ponds and natural
wetlands and concluded that while the water quality of ponds
was very different from that of the wetlands, the biodiversity of
the richest pondswas similar to that of the natural wetlands. Also,
Hassal (2014) in a review of the biodiversity and ecology of
urban ponds has stated that “aquatic urban biodiversity appears
to persist despite anthropogenic stressors”.

Taking all into account, the analysis of phytoplankton func-
tional diversity is increasingly being recognized as a better
tool to describe and interpret the ecosystem processes
(Borics et al. 2012). Whether it could provide a deeper insight
into differences and similarities between man-made and natu-
ral aquatic systems should be addressed in future studies.

Conclusions

Phytoplankton communities of stormwater ponds – Danish
and Canadian – and natural shallow lakes in Denmark were
investigated in spring, summer, and autumn 2014, and were
compared with respect to their taxonomic diversity, organism
counts, and biovolume.

Phytoplankton taxa observed in ponds were found to be at
least as diverse as in lakes. Their abundance and biovolume
showed a high variability both among the types of water bod-
ies, as well as in each pond or lake individually, depending on
the sampling month. No statistically significant differences
were found among the ponds and lakes at the investigated
taxonomic level, although the multivariate DCA and CCA
analyses showed some distinction between ponds and lakes,
mainly driven by the measured conductivity and presence of
Cyanophyta.

Our results did not show much difference between the
Canadian and Danish pond phytoplankton communities, de-
spite the distant geographic locations. Such findings point to
the urban homogenization hypothesis, addressed in recent
studies as a consequence of the expansion of cities and
human-caused disturbance-similarities around the world.
Nevertheless, in order to draw firm conclusions about such
hypothesis future works should focus on examining a larger
number and distinct types of ponds.

Overall, our study manifests that stormwater ponds in time
become habitats for a diversity of planktonic algae, despite
their man-made nature, and to a certain degree can be compa-
rable to those of natural shallow lakes.
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