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Abstract The construction of ponds for irrigation has
proliferated during last decades in Mediterranean
regions. If properly constructed and managed, ponds
may simultaneously meet conservation and agricultural
objectives: the preservation of certain macrophytes
might improve water quality for irrigation purposes.
However, the effects of management are often neglected
when analyzing the main drivers of organisms community structure. Here we investigated the effect of
environmental variables, construction type and management practices on the occurrence of submerged
macrophytes (vascular plants, charophytes, filamentous
algae). Total submerged macrophyte coverage and
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richness did not vary with pond type, but the presence
of submerged macrophytes was significantly higher in
embankment ponds. Artificial ponds showed the highest
charophyte richness but lowest vascular plant occurrence. Total submerged macrophyte occurrence mainly
correlated with conductivity and littoral vegetation,
whilst the relative importance of environmental factors
was higher than variables related to pond type and
management. However, embankment ponds showed the
highest richness of vascular plants and filamentous
algae, and artificial ponds contributed to the regional
pool of charophyte species. Thus, construction pond
type and management levels might be relevant to
understand submerged macrophytes occurrence in manmade ponds, since the three pond types contributed to
the local and regional species pool.
Keywords Macrophytes  Charophytes 
Filamentous algae  Management  Disturbance 
Shallow lakes  Man-made lakes

Introduction
The study of submerged macrophytes (SMs) is crucial
to understand the functioning of shallow aquatic
ecosystems (Carpenter & Lodge, 1986; Jeppesen
et al., 1998; Kosten et al., 2009; Søndergaard et al.,
2010). Firstly, SMs play an important role in the
development and maintenance of clear-water phases
by increasing refuge availability for phytoplankton-
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grazing zooplankton, reducing nutrient and enhancing
light availability above the plant canopy, increasing
sinking losses of phytoplankton, and releasing allelopathically active substances (Moss, 1990; Scheffer
et al., 1993; Hilt & Gross, 2008; Juan et al., 2014).
Secondly, as many macrophyte species have welldefined ecological optima and ranges, they are widely
used as bioindicators of trophic status (e.g., Kohler &
Schneider, 2003). Since the inclusion of macrophytes
in biomonitoring plans in the European Water Framework Directive (WFD; EC, 2000), numerous studies
have used macrophytes as water quality indicators
(e.g., Stelzer et al., 2005; Del Pozo et al., 2010; FlorArnau et al., 2013), and some macrophyte indices have
been adapted to WFD requirements (see Schneider,
2007). Moreover, the key environmental variables
driving coverage and richness of aquatic macrophytes
are of relevance for determining management strategies related to global climate change (Kosten et al.,
2009; Lauridsen et al., 2015).
Identifying the environmental drivers underlying SM
occurrence and community composition has traditionally received much attention due to the strong dependence of macrophyte species on local environmental
factors (Duarte et al., 1986; Duarte & Kalff, 1990;
Rørslett, 1991; Vestergaard & Sand-Jensen, 2000).
Many studies highlight the role of alkalinity and
variables related to water hardness as predictors of
species richness or occurrence (Rørslett, 1991; Vestergaard & Sand-Jensen, 2000; Søndergaard et al., 2010;
Alahuhta & Heino, 2013; Lauridsen et al., 2015).
However, different morphological and physiological
features of SMs should also be considered. For example,
Duarte et al. (1986) found that macrophyte growth form
was important when searching for environmental drivers
of community structure. Among the different morphofunctional groups of SM, vascular plants have been well
studied; for instance, the groups of elodeids and isoetids
have different environmental requirements (e.g., Vestergaard & Sand-Jensen, 2000). Charophytes are ecologically important as colonizing pioneer species (Wade,
1990) because of their rapid dispersal and colonization
by oospores (Wade, 1990) and low sediment requirements (Blindow et al., 2014). Moreover, charophytes are
considered good indicators of clear-water ecosystems
(Coops, 2002; van Donk & van de Bund, 2002) which
maybe due to their high influence on sedimentation, resuspension, and water column nutrients (Blindow et al.,
2014). However, oospores can germinate in highly turbid
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water, as in clear water (De Winton et al., 2004).
Filamentous algae, the less-studied functional group
among macrobenthic primary producers, may play a key
role in ecosystem functioning, since they represent an
alternative stable state in high-nutrient shallow ecosystems (Irfanullah & Moss, 2005; Trochine et al., 2011).
Furthermore, these algae have several reported biotechnological applications (Gallego et al., 2013).
Despite a variety of studies on environmental
drivers of SM communities, the role of human impact
in the structuring of these assemblages has received
less attention. Only a handful of recent studies that
included variables related to anthropogenic disturbance have highlighted their relevance (e.g., del Pozo
et al., 2010; Lemmens et al., 2013). In a previous
study, we suggested that pond management possibly
mediated both environmental and spatial constrains of
primary producer diversity (Gallego et al., 2014).
However, the effect of pond typology (associated to
management practices) on the occurrence of submerged aquatic vegetation was not explicitly tested.
Here, we are interested in analyzing differential
responses of plants and charophytes to pond management, since previous research showed that charophytes reported positive effects on water quality (Juan
et al., 2013, 2014).
In the present study, we aimed to determine the
variables predicting the occurrence of three macrobenthic functional groups: vascular plants (VP), charophytes, and filamentous algae (FA). More specifically,
we hypothesized that SM assemblages would be shaped
by both environmental and pond typology (and pond
management) variables. We also anticipated that highly
disturbed ponds due to management (artificial substrate
ponds) would have lower species richness and occurrence than natural substrate ponds.

Material and methods
Study area and pond typology
We studied 87 farm ponds located in Andalusia
(southern Spain, see Fig. 1). Pond selection followed
criteria of geo-climatic and land-use representativeness,
as well as pond construction-management typologies
(Casas et al., 2011b). Since pond construction and
management are closely related in our study area, ponds
were classified according to their construction-
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management type (Gallego et al., 2014): Artificial
ponds (ART) are small-sized ponds with substrate made
of concrete or polyethylene, which were intensively
managed by periodic dredging and biocide treatments,
showing high water renewal rates (Bonachela et al.,
2012; Juan et al., 2012) and scarce littoral vegetation
cover sensu Casas et al. (2011b) that is, helophytes and/
or riparian vegetation; excavated ponds (EXC) with
natural substrate, high renewal rates, high coverage of
littoral vegetation, and moderately managed; and
embankment ponds (EMB), with natural substrate and
large pond area, low water renewal, and rarely managed
(see Gallego et al., 2014 for further details).
Environmental variables
Ten environmental variables were measured in the ponds
during June of 2007 (Table 1). Water samples were
gathered from two pelagic and two littoral randomly
selected locations with a PlexiglasÒ tube sampler (ø
0.15 m, length adjusted to pond depth), integrating the
whole depth profile (Casas et al., 2011b). Conductivity
and pH were measured in situ with a multi-parameter
probe (HANNA HI9828). Three subsamples (0.5 L
each) were taken and preserved at 4°C to be analyzed in
the laboratory later. Two of the subsamples were glassfiltered (WhatmanÒ GF/F 0.7 lm) to determine planktonic Chl a, total suspended solids (TSS), alkalinity
(bicarbonates), soluble reactive phosphorus (SRP), soluble reactive silica (SRSi), nitrate (NO3–N), nitrite
(NO2–N), and ammonia (NH4–N), following Wetzel &

Likens (2000) and APHA (2005). The three inorganic
forms of nitrogen were summed and expressed as
dissolved inorganic nitrogen (DIN). The third subsample, which was unfiltered, was used to determine total
phosphorus (TP) and total nitrogen (TN) (APHA, 2005).
Pond area and belt width of littoral vegetation (LV) were
estimated using ortho-image interpretation. Maximum
water depth was measured in situ using a meter stick.
Submerged macrophytes sampling
and identification
Since our ponds were relatively shallow, total
submerged macrophytes coverage (% SM) was
estimated visually from a boat and/or the surrounding land. SM richness (VP, charophytes, FA) was
determined along two randomly selected transects
from the shore to the center (Casas et al., 2011b)
using a sledge sampler in artificial-substratum ponds
and/or a D-frame dip net in natural substratum
ponds (Fuentes-Rodrı́guez et al., 2013). SM samples
were taken from different points along transects and
fixed with ‘‘Kew Mix’’ (vascular plants and charophytes) or formaldehyde 4% (filamentous algae).
Taxonomic identification was carried out at the
highest resolution, i.e., species level using Valdés
et al. (1987) and Blanca et al. (2011) for vascular
plants, Cirujano et al. (2008) for charophytes, and
John et al. (2002) and Kadlubowska (2009) for
filamentous algae. Specimens were deposited in the
Herbarium of the University of Almerı́a (HUAL).

Fig. 1 Map of study area in Andalusia, S. Spain, showing the distribution of the sampled ponds
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SRSi
SRP
LV
Zmax

Littoral vegetation (m)

Maximum depth (m)

Dissolved inorganic nitrogen
(lg l-1)

Soluble reactive phosphorus
(lg l-1)

DIN

Conductivity (mS cm-1)

Soluble reactive silica (lg l-1)

Chl a
Cond

Chlorophyll a (lg l-1)

Alk
Area

Area (m2)

6.2

1.34

8.6

4864.8

297.9

2

40

17,280.8

124.7

21.76

% SM

Percentage of Submerged
Macrophytes coverage

Alkalinity (mg l-1)

Mean

Variables (units)

1.5

0

0.1

53

4.1

0.1

0.1

95

15

0

Min

17

8

133.5

18,116

2728.5

24

489.2

179,302

415

100

Max

All ponds (n = 87)

7.34

0.41

4.44

8785.36

306.46

1.77

5.31

8600.18

160.40

53.50

Mean

2.20

0.00

0.11

3656.00

4.39

0.53

0.10

95.00

15.00

1.00

Min

17.00

2.00

27.44

18,116.00

1125.22

5.18

14.78

40,265.56

287.00

100.00

Max

Artificial ponds (n = 11)

Ponds with SM (n = 46)

5.36

2.45

7.63

3239.09

130.59

2.69

23.75

11,209.92

93.13

40.91

Mean

3.00

0.00

0.78

72.00

4.06

0.48

0.10

577.94

24.00

5.00

Min

8.00

4.00

29.28

11,511.00

605.06

9.65

90.04

26,218.99

200.00

100.00

Max

Excavated ponds (n = 11)

6.36

1.55

4.33

2902.45

282.89

1.38

45.37

31,213.95

55.57

40.00

Mean

3.00

0.00

1.28

61.00

8.11

0.10

0.91

2627.19

15.00

5.00

Min

10.00

3.00

24.44

12,135.00

2300.33

9.37

367.31

176,554.68

197.00

100.00

Max

Embankment ponds (n = 24)

Table 1 List of environmental variables including mean, minimum, and maximum values for all ponds (n = 87) and those with submerged macrophytes (n = 46), classified per
pond typology
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Statistical analyses
A principal component analysis (PCA) with standardized environmental variables was used to visualize
patterns of environmental variation across pond types.
Prior to the analysis, redundant variables (linear
correlation coefficient r [ 0.7) were omitted to avoid
collinearity. Total nitrogen, total phosphorous, and
total suspended solids were excluded from the analyses because they were highly correlated with DIN,
SRP, and planktonic Chl a, respectively. Significant
PCA axes were selected with the broken-stick model,
e.g., we selected the PCA axes whose eigenvalues
were larger than the length of the corresponding piece
of the stick (Borcard et al., 2011).
Logistic regressions were performed to measure the
influence of pond typology on the presence of total SM
and on the presence of each macrobenthic group. Both
response variables were expressed as binary variables,
i.e., presence/absence data. The analyses were performed on the total set of ponds (n = 87).
We also used logistic regression to determine
whether the pond typology affected the coverage of
SM, and Poisson regression to analyze the influence of
pond typology on the richness of SM. The latter
analyses were performed on the set of ponds with SM,
which was restricted to 46 ponds.
Redundancy analyses, (RDAs) with forward selection (Blanchet et al., 2008) were performed to study
species-environment-pond type relationships of the
SM species recorded in 46 ponds. We did an RDA with
all the environmental explanatory variables (alkalinity, conductivity, chlorophyll a, DIN, SRP, SRSi, and
% SM) and pond type variables (littoral vegetation,
pond area, pond typology, and pond maximum depth),
as well as for each subset of variables. Species
presence/absence data were Hellinger transformed
prior to the RDAs (Legendre & Gallagher, 2001).
Since low R2 adjusted fractions were obtained, we
used R2 adjusted threshold of 0.99 as a stopping
criterion for forward selection criterion (Dray, 2009).
Despite this, we could not use varpart function to
calculate variation partitioning of species–environment–pond type, since no significant variables were
selected for the pond type data subset.
We performed two non-metric Multidimensional
Scaling (nMDS) ordinations of ponds to visualize how
macrophyte assemblage responded to pond type and to
the most important variables selected in RDA (i.e.,

conductivity). To do so, we classified ponds into three
groups based on conductivity, as defined in (Cirujano &
Medina, 2002; conductivity1 \ 0.5 mS cm-1 (freshwater), conductivity2 0.5–2.5 mS cm-1, and conductivity3 [ 2.5 mS cm-1 (hiposaline water). nMDS
ordinations are based on a Bray–Curtis similarity matrix
of presence/absence data of macrophyte species (equivalent to Sørensen similarity). In this ordination, stress
values below \ 0.05 indicate an excellent representation, while stress values [ 0.3 show arbitrary ordinations in the ordination space (Clarke & Warwick, 2001).
We used a one-way Analysis of Similarities (one-way
ANOSIM) to test for differences in macrophyte species
composition (presence/absence similarity matrix)
among groups (based on conductivity). ANOSIM tests
the null hypothesis that the average rank similarity
between samples within a group is the same as the
average rank similarity among samples between groups.
This test produces the statistic R (rho), which fluctuates
between 0 and 1. A value of R = 0 indicates that
similarities of samples between and within groups are
the same, while R = 1 indicates that similarities
between pairs of samples within a group are always
much higher than between groups. A level of significance P value also is produced by this analysis.
Thereafter, we carried out a Similarity Percentage
(SIMPER) analysis to determine which taxa contributed
most to the observed differences in multivariate assemblage structure between pairs of pond types showing
R [ 0.25 (threshold indicating that differences merit
interpretation; Clarke & Gorley, 2006).
Environmental data were log-transformed and standardized to fulfill the assumption of normality. Normalization, correlation matrices, and regression were
performed with STATISTICA v 7.0 (Statsoft, 2001).
RDA was done in R using package ‘vegan’ (Oksanen
et al., 2012). ANOSIM, nMDS, and SIMPER were
done with PRIMER v6.0 (Clarke & Gorley, 2006).

Results
Environmental variation across pond types
PCA axes 1 and 2 were selected using a broken-stick
model and explained a variance of 41.3% (Fig. 2). Axis
1 explained 23.2% of the total variance with SRSi, DIN,
and alkalinity showing positive loadings (k = 0.74,
k = 0.71, and k = 0.55, respectively) and belt width of
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Fig. 2 Principal
components analysis (PCA)
of the environmental
variables included in the
study (right, top) and
ordination of the sites
(n = 87), classified per
pond type, and occurrence
of submerged macrophytes.
Variable abbreviations as in
Table 1. Solid and empty
symbols represent presence
and absence of submerged
macrophytes (SM),
respectively. ART artificial
ponds, EMB embankment
ponds, EXC excavated
ponds

littoral vegetation (LV) showing a negative loading
(k = -0.61). This axis fundamentally distinguished
EMB and EXC (with littoral vegetation) from ART
ponds (almost denuded of vegetation and high concentrations of DIN, Fig. 2). Axis 2 explained 18.1% of the
total variance and showed high positive loadings for
proxies of trophic state (SRP k = 0.54; planktonic Chl a
k = 0.46) and a negative loading of water depth
(k = -0.52). Axis 2 did not distinguish among pond
types. Only the group of ART ponds without SM seems
to be positively associated to water depth and negatively
to SRP and Chl a, while EMB ponds without SM
showed positive relationships with littoral vegetation
and pond area and negative relationships with DIN and
SRSi (Fig. 2).
Species occurrence and influence of pond type
Submerged macrophytes were restricted to 46 of the
87 sampled ponds. A total number of 14 species of
vascular plants, five species of charophytes, and 20
species of filamentous algae were recorded in 46
ponds (Online Appendix 1). Vascular plants were
present in 59% of the ponds with SM, and Potamogeton pectinatus L., Najas marina L., and Potamogeton
trichoides L. were the most frequent species. Charophytes occurred in 33% of the ponds with SM. The
most frequent charophytes were Chara vulgaris L.,
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Chara connivens Salzmann ex Braun, and Chara
fragilis Desv. Filamentous algae were present in 72%
of the ponds with SM. Cladophora glomerata (L.)
Kützing and Oedogonium sp1 Link ex Hirn were the
most frequent filamentous algae.
Logistic regression showed that the occurrence of
SM was influenced by pond type (v2 = 6.16, P \ 0.05;
Fig. 3); SM occurrence was significantly lower in ART
ponds (Wald statistic = 5.04, P \ 0.05). The occurrence of vascular plants was also influenced by the pond
type (v2 = 6.07, P \ 0.05; Fig. 3) with a lower presence in ART ponds (Wald statistic = 3.88, P \ 0.05),
whereas no significant differences between pond types
were observed for charophytes and filamentous algae
occurrence. The total coverage of SM did not vary with
pond type (v2 = 0.99, P [ 0.05) and neither did the
total species richness (v2 = 0.72, P [ 0.05). Vascular
plants and filamentous algae richness were not significantly different between pond types (both P [ 0.05),
whereas charophytes richness was influenced by pond
type (Wald statistic = 6.04, P \ 0.05; Fig. 3) being
significantly higher in ART ponds.
Despite having only two species of vascular plants
(P. pectinatus, N. marina), ART ponds contributed
notably to the overall richness of charophytes, with four
different species. Moreover, Chara fragifera Durieu
and Chara hispida L. were exclusively recorded in
ART ponds. Six different species of filamentous algae,
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EMB

EXC

ART

average species richness
per pond (n=87)

3

a

2.5
2
1.5
1
0.5
0
VP

CHA

FA

Total SM

b

average species richness
per pond (n=46)

3
2.5
2

**

1.5
1
0.5
0
VP

CHA

FA

Total SM

c

1

average species
occurrence (n=87)

addition, three species of charophytes and six species
of filamentous algae were registered in EXC ponds.
EMB ponds showed the highest contribution to the
regional pool of vascular plants, including 11 taxa, six
of which were exclusively found in this pond type. The
contribution of this pond type to the overall richness of
filamentous algae was higher than in other types: 17
species were recorded, ten of which were exclusively
recorded in EMB ponds. However, charophytes richness was restricted to only two species in this pond type.

**

0.8
0.6

**

0.4
0.2
0
VP

CHA

FA

Total SM

Fig. 3 Average species richness of submerged macrophytes
(SM), vascular plants (VP), macrophytes (MAC), and filamentous algae (FA), considering the 87 studied ponds (a) or only
ponds with SM (b), and average species occurrence of
submerged macrophytes (SM), vascular plants (VP), macrophytes (MAC), and filamentous algae (FA) (c). *** P \ 0.001;
** 0.001 \ P \ 0.01; * 0.01 \ P \ 0.05; § 0.05 \ P \ 0.1

most of which in the families Cladophoraceae and
Zygnemataceae, were recorded in ART ponds.
Eight species of vascular plants were reported from
EXC ponds, three of which were exclusively found in
this pond type (Potamogeton pusillus L., Ruppia cf
maritima L., and Zannichellia peltata Bertol.). In

Environment-macrophytes relationships
RDA on species occurrence data and all the abiotic
variables explained a total inertia of 32.0% (Table 2).
After forward selection procedure, two environmental
variables (conductivity and coverage of SM) and one
variable associated to pond type (littoral vegetation)
were selected (R2 = 13.7%; Adj R2 = 7.1%; Table 2).
When the subset of environmental variables was
considered, a total inertia of 22.4% was explained
(P \ 0.05). However, when the subset of variables
related to pond type (i.e., Area, LV, Zmax, and the
different pond type categories) were taken into account,
the explained total inertia was much lower (11.9%;
Table 2) and not significant (P [ 0.1). Among the
strongest species-environment associations, we found
that species of vascular plants such as N. marina, P.
pectinatus, R. cf maritima, C. vulgaris, Zannichellia
obtusifolia Talavera, Garcı́a-Mur. & H. Smit, and
Zannichellia pedunculata Reichenb., as well as the
filamentous alga Enteromorpha intestinalis (L.) Nees,
were positively associated with conductivity (Fig. 4).
Ceratophyllum demersum L., P. pusillus, species from
the genera Callitriche L. and some Zygnemataceae were
negatively associated to conductivity (Fig. 4). Species
from the genera Myriophyllum L., Ranunculus L., and
Oedogonium, as well as Rhizoclonium hieroglyphicum
(C. Agardh) Kützing, were positively associated to
littoral vegetation and submerged macrophyte cover,
while certain species of genera Spirogyra Link, Mougeotia C. Agardh, and Chara showed a negative association
with LV and % SM. ART ponds seemed to be associated
to the negative part of Axis 1, which correlates with
conductivity. On the contrary, EXC ponds seemed to be
associated to the positive part of Axis 1. EMB ponds
were distributed randomly, although most of the sites
were located in the positive part of Axis 1 (Fig. 4
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Table 2 Redundancy analyses (RDA) on submerged macrophyte occurrence and abiotic variables following forward selection
procedure. Variable abbreviations as in Table 1. E environmental variables, P pond type variables. E ? P environmental ? pond
type variables. *** P \ 0.001; ** 0.001 \ P \ 0.01; * 0.01 \ P \ 0.05; § 0.05 \ P \ 0.1
Set of variables
R

Variables retained after forward selection

2

Adj R

2

R2

Adj R2

F, P value
5.8** (Cond), 4.2* (% SM), 3.7* (LV)

32.0

4.8

Cond, % SM, LV

13.7

7.1

Only E

22.4

6.9

Cond, % SM, SRSi

13.6

7.0

5.8** (Cond), 4.2* (% SM), 3.6* (SRSi)

Only P

11.9

0.1

–

–

–

–

0.5
0.0

Rhi_hie

Mir_alt

Oed_sp1

Rup_mar
Oed_sp2
Naj_mar Ent_sp
Zan_obt
Mir_spi
Spi_sp4
Pot_tri
Bul_sp2
LV
Cond
Zan_ped
Ran_tric
Oed_und Ran_trip
Cla_glo
Bul_sp1
Zan_pelSpi_sp3
Cha_his
Mou_sp2
Spi_sp5
Cal_sp
Pot_pus
Cha_frf Ulo_sp
Tri_sp
Cha_vul
Cer_dem
Cha_con
Cha_frl

0

1.0

% SM
Pot_pec

-0.5

1

E?P

Zyg_sp

similarity between conductivity groups was 5.1 (groups
1, 2), 9.9 (groups 2, 3), and 1.9 (groups 1, 3). N. marina
and P. pectinatus were the species with the highest
average abundance in group 3 (Table 3), while Oedogonium sp1 and P. trichoides showed the highest
average abundance in group 1 (Table 3). Although
ANOSIM test did not show significant differences
between the three groups defined by conductivity
(Global R \ 0.25), group 1 and group 3 differed
significantly (R1,3 [ 0.25, P \ 0.01).

-1

-1.0

Mou_sp1
Spi_sp2

-1.0

-0.5

0.0

0.5

Fig. 4 Ordination plot of redundancy analysis (RDA) on
submerged macrophyte species occurrence (n = 46 ponds)
and three selected environmental variables (conductivity,
percentage of submerged macrophyte coverage, and littoral
vegetation). Pond types are shown by various symbols. Species
abbreviations as in Online Appendix 1

Despite using adjusted R2 value of 0.99 as a forward
selection stopping criterion, no variables related to
pond typology were selected when only this dataset
was analyzed. Thus, we could not use variation
partitioning.
nMDS provided a good ordination (stress \ 0.05) of
ponds based on their assemblage composition. However, construction-management pond types did not form
consistent groups regarding their SM species composition (Online Appendix 2). ANOSIM test did not show
significant differences between pond types (Global
R \ 0.25, all Partial R \ 0.25). nMDS based on conductivity classes showed a certain separation between
group 1 and group 3 (Fig. 5). The average similarity
within conductivity groups was 10.2 (group 1), 13.5
(group 2), and 12.1 (group 3), while the average
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Discussion

1.0

Our study revealed that submerged macrophyte
occurrence and composition are shaped by environmental variables and, to a lesser extent, by pond
typology and pond management. This is consistent
with observations for other organism groups studied in
the same area (Fuentes-Rodrı́guez et al., 2013; Gallego et al., 2014).
In general terms, submerged macrophyte richness
was lower than in natural ponds from cold temperate
(e.g., Hinden et al., 2005; Søndergaard et al., 2005) and
Mediterranean regions (e.g., Chappuis et al., 2014),
suggesting that disturbance is detrimental for submerged macrophyte richness and occurrence. We also
found differences in charophyte richness and vascular
plants occurrence between pond types, possibly due to
the different disturbance levels associated to management. These results concur with previous studies that
pointed to the role of management as a predictor of
aquatic diversity (e.g., Markwell & Fellows, 2008;
Lutton et al., 2010; Chester & Robson, 2013).
Furthermore, significant differences across submerged macrophyte functional groups and pond types
were obtained. Although the percentage of coverage
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Fig. 5 nMDS plot of sites based on conductivity classes defined by Cirujano & Medina (2002): group 1 (\0.5 mS/cm), group 2
(0.5–2.5 mS/cm), and group 3 ([2.5 mS/cm)

Table 3 Results of similarity percentage analyses (SIMPER) comparing the three groups of ponds based on conductivity classes
after Cirujano & Medina (2002): group 1 (\0.5 mS cm-1), group 2 (0.5–2.5 mS cm-1), and group 3 ([2.5 mS cm-1). Species
abbreviations as in Online Appendix 1
Average abundance

Average dissimilarity (%)
Group 3

1 versus 2

1 versus 3

Contribution (%)

Group 1

Group 2

Bul_sp1

0.23

0

0

3.71

3.75

3.91

3.82

Cal_sp

0.23

0.05

0

5.47

5.25

5.76

5.35

Cha_con

0.15

0

0.18

3.98

6.61

3.93

4.2

6.74

4.37

Cha_fgl

0

0.18

0

3.89

3.98

4.1

Cha_vul

0

0.27

0.18

5.69

5.13

8.48

6

5.23

9.41

Cla_sp1

0.08

0.36

0.18

8.54

4.87

9.44

9

4.97

10.49

Mir_alt
Mou_sp1

0.23
0

0.05
0.14

0
0

3.97
3.43

3.67

4.19
3.61

3.75

3.5

Naj_mar

0

0

0.36

1.8

7.05

7.82

1.9

7.19

8.69

Oed_sp1

0.31

0.23

0

7.14

4.86

4.34

7.53

4.95

4.82

Pot_pec

0

0.27

0.36

4.78

7.05

8.91

5.04

7.19

9.9

Pot_tri

0.31

0.05

0

6.02

5.67

6.35

5.78

Ran_tric

0.23

0.05

0

4.33

4.06

4.57

4.14

Ulo_sp

0

0

0.18

Zyg_sp

0.15

0

0

4.59

4.52

4.69
4.35

4.43

2 versus 3

1 versus 2

4.7

1 versus 3

2 versus 3

4.42

3.89

4.78

5.22
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did not vary with pond type (Gallego et al., 2014), in
this study we found that species occurrence and
richness (clustered in three functional groups of
submerged macrophytes) differed with pond type.
Artificial ponds showed a lower occurrence of submerged macrophytes especially of vascular plants
(only N. marina and P. pectinatus occurred). Charophytes, on the other hand, showed a higher richness in
artificial ponds. Charophytes are rapid colonizers
(Fernández-Aláez et al., 2002; van Donk & van de
Bund, 2002), which may provide them competitive
advantages over submerged angiosperms, despite their
lower growth rates (Baastrup-Spohr et al., 2013).
Charophytes have shown a high reproductive potential, and thus they can colonize disturbed and resourcepoor habitats (Baastrup-Spohr et al., 2013). Second,
high alkalinity may enhance charophytes, as well as
other submerged macrophytes, since they can use
bicarbonates as an additional source of carbon
(McConnaughey, 1991). Third, the scarce and soft
sediment in artificial ponds may benefit charophytes,
since they show lower sediment requirement than
vascular plants. Moreover, the other two species of
vascular plants present in artificial ponds (see Online
Appendix 1) may thrive in soft substrate for root
establishment (e.g., N. marina: Sanderson et al., 2008,
Handley & Davy, 2002) or, in the case of P.
pectinatus, showing a rapid growth from starch-filled
tubers (Vestergaard & Sand-Jensen, 2000). Although
P. pectinatus is commonly associated to eutrophic
hard waters, this species also occurs at low nutrient
concentrations (Søndergaard et al., 2010).
Several environmental variables, such as dissolved
inorganic nitrogen, dissolved reactive silica, and the
belt of littoral vegetation, were related to pond
typology, since artificial ponds showed a clear separation of natural substrate ponds in the PCA ordination. However, pond type may not always be the main
cause of environmental variability, which in turn may
be related to the spatial distribution of ponds, as
reported by Gallego et al., (2014). For instance, high
nitrogen levels in artificial ponds might be caused by
aquifer contamination with agricultural lixiviates
(Casas et al., 2011b; Bonachela et al., 2012; Casas
et al., 2012; Juan et al., 2012; Fuentes-Rodrı́guez et al.,
2013). Also, low denitrification rates could be caused
by the scarce or poorly structured sediments in these
ponds. Regarding the silica content, a spatial effect
could explain the correlation with pond type: most
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artificial ponds are located in a region with an
important degree of metamorphism in which silica is
likely to dissolve in the aquifers from which these
groundwaters are pumped (Khan et al., 2015). On the
contrary, the width of littoral vegetation was directly
influenced by pond type and management, since
artificial ponds lack buffer areas around the concrete
or polyethylene layer where sediment can accumulate
(Casas et al., 2011b). Also the pond area might depend
on management, since pond area is related to pond use
and hence pond construction type (Casas et al., 2011b;
Chester & Robson, 2013; Gallego et al., 2014)
The low direct effect of pond type and management
controlling macrophytes community composition was
somehow unexpected. However, when the total
amount of variables, i.e., environmental and pond
type variables, were included, results revealed that
both littoral vegetation—variable related to pond typeand conductivity—environmental variable not related
to pond type- were drivers of submerged macrophyte
that explained variability in submerged macrophyte
occurrence. Indeed, the coverage of submerged
macrophytes was positively associated to the littoral
vegetation, suggesting an association between management and environmental variability, although
species occurrence seems to be mainly driven by
environmental factors.
The crucial role of conductivity in the prediction of
macrophyte occurrence has been pointed out in
previous studies (Rørslett, 1991; Vestergaard &
Sand-Jensen, 2000; Heegaard et al., 2001; Capers
et al., 2010). Although conductivity is commonly
related to the bicarbonate and carbonate concentration, we did not obtain strong correlations between
alkalinity and conductivity, due to a high concentration of sulfates and chlorides in many ponds (Casas
et al., 2011b). We obtained relatively congruent
groups of ponds after classifying our sites according
to conductivity (following Cirujano & Medina, 2002).
Furthermore, results demonstrated a high dissimilarity
in macrophyte species composition between lowconductivity (freshwater) and high-conductivity
(hiposaline water) ponds. The first group included
filamentous algae from the genera Oedogonium and
Bulbochaete C. Agardh, typically recorded in soft
waters as epiphytes (Cambra & Aboal, 1992), as well
as Callitriche sp and R. trichophyllus, which are
reported to show some preference for unaltered, cold
and softwater lakes (Flor-Arnau et al., 2013), although
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R. trichophyllus also occurs in high-alkalinity water
(Lumbreras et al., 2009). On the other hand, ponds
with high conductivity were mainly represented by N.
marina, a submerged macrophyte that occurs in both
freshwater and brackish-water ecosystems (Handley
& Davy, 2002), and P. pectinatus, a common species
in alkaline waters (Vestergaard & Sand-Jensen, 2000)
that is also frequent in Spanish natural wetlands
(Chappuis et al., 2011; Lauridsen et al., 2015)
Our results contrast with previous findings that
demonstrated that water-level fluctuations and drawdowns enhance macrophyte diversity (Rørslett, 1991;
Van Geest et al., 2005), although the effect of waterlevel fluctuations on macrophytes is rather complex
(Leira & Cantonati, 2008). The artificial hydrology of
our ponds, independent of seasonal hydrologic variability, might be related to a higher degree of disturbance, if compared to natural ecosystems (Casas et al.,
2011a; Juan et al., 2012). Disturbance processes are
apparently amplified in small, shallow, and isolated
ponds and lakes (Søndergaard et al., 2005). Moreover,
disturbance via management was suggested as the
cause behind the unexpected patterns of increasing
dispersal limitation with larger propagule size (Gallego
et al., 2014). In that study, artificial ponds had a lower
b-diversity of filamentous algae due to a higher
nestedness in the partitioning of b-diversity, suggesting
that filamentous algae had a smaller species pool in
artificial ponds than in excavated and embankment
ponds (Gallego et al., 2014). Here, we have not
obtained significant differences between pond types
regarding the occurrence of filamentous algae. This,
along with the other main results, i.e., lower vascular
plants occurrence and higher charophyte richness in
artificial ponds, suggests that the effect of management
and disturbance depends on the macrophyte functional
group. Important implications for both conservation
and irrigation purpose can be inferred: Although
artificial ponds had the highest disturbance levels,
charophyte species richness was higher than in
embankment and excavated ponds. Charophytes are
known to have lower light requirements than vascular
plants (De Winton et al., 2004), which could explain
these patterns detected in artificial ponds, where water
fluctuations are relatively high (Juan et al., 2012).
Intensive management practices carried out in artificial
ponds seemed to be detrimental for vascular plants, but
not for charophytes, which can report positive effects
on water transparency (Scheffer et al., 1994; Coops,

2002; Blindow et al., 2014) and water quality for drip
irrigation (Juan et al., 2013). Thus, conservation
strategies should focus on the three pond types, since
all of them contributed to the regional species pool of
submerged macrophytes.
In conclusion, submerged macrophytes are more
responsive to environmental gradients (particularly
conductivity) than pond construction type and management practices. Moreover, the relative effect of pond
type varies with each macrophyte functional group.
Embankment ponds showed a high contribution to
vascular plants and filamentous algae regional richness,
and also artificial ponds contributed to the regional pool
of SM since charophyte species was relatively high in
these ponds, compared to embankment and excavated
ponds. This may be desirable for good water quality for
irrigation, since charophytes can promote clear-water
ecosystems (Coops, 2002; van Donk & van de Bund,
2002; Juan et al., 2013), and savings in terms of effort
and economic costs can be obtained because the use of
biocides to increase water transparency (a requirement
in intensive agriculture ponds (Bonachela et al., 2012;
Juan et al., 2013) would not be needed.
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Casas, J. J., J. Toja, P. Peñalver, M. Juan, D. León, F. FuentesRodrı́guez, I. Gallego, E. Fenoy, C. Pérez-Martı́nez, P.
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Fuentes-Rodrı́guez, M. Juan & J. J. Casas, 2014. Disturbance from pond management obscures local and regional
drivers of assemblages of primary producers. Freshwater
Biology 59: 1406–1422.
Handley, R. J. & A. J. Davy, 2002. Seedling root establishment
may limit Najas marina L. to sediments of low cohesive
strength. Aquatic Botany 73: 129–136.
Heegaard, E., H. Birks & C. Gibson, 2001. Species–environmental relationships of aquatic macrophytes in Northern
Ireland. Aquatic Botany 70: 175–223.
Hilt, S. & E. M. Gross, 2008. Can allelopathically active submerged macrophytes stabilise clear-water states in shallow
lakes? Basic and Applied Ecology 9: 422–432.
Hinden, H., B. Oertli, N. Menetrey, L. Sager & J. B. Lachavanne, 2005. Alpine pond biodiversity: what are the related
environmental variables? Aquatic Conservation: Marine
and Freshwater Ecosystems 15: 613–624.
Irfanullah, H. M. & B. Moss, 2005. Allelopathy of filamentous
green algae. Hydrobiologia 543: 169–179.
Jeppesen, E., M. Søndergaard, M. Søndergaard & K. Christoffersen, 1998. The structuring role of submerged macrophytes in lakes. Springer, New York.

Author's personal copy
Hydrobiologia
John, D. M., B. A. Whitton & A. J. Brook (eds), 2002. The
Freshwater Algal Flora of the British Isles: An Identification Guide to Freshwater and Terrestrial Algae. Cambridge
University Press, Cambridge.
Juan, M., J. Casas, S. Bonachela, F. Fuentes-Rodrı́guez, I.
Gallego & M. A. Elorrieta, 2012. Construction characteristics and management practices of in-farm irrigation
ponds in intensive agricultural systems - agronomic and
environmental implications. Irrigation and Drainage 61:
657–665.
Juan, M., J. J. Casas, S. Bonachela, I. Gallego, F. FuentesRodrı́guez, E. Fenoy & M. A. Elorrieta, 2013. Management
effects on fungal assemblages in irrigation ponds: are
biodiversity conservation and the control of phytopathogens compatible? Fundamental and Applied Limnology/Archiv für Hydrobiologie 183: 259–270.
Juan, M., J. J. Casas, M. A. Elorrieta, S. Bonachela, I. Gallego,
F. Fuentes-Rodrı́guez & E. Fenoy, 2014. Can submerged
macrophytes be effective for controlling waterborne phytopathogens in irrigation ponds? An experimental approach
using microcosms. Hydrobiologia 732: 183–196.
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