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ABSTRACT

The first comprehensive study of dinoflagellate flora and their related environmental variables in reservoirs, swamps, and an insular
lake of Colombia is presented. Fourteen Colombian water bodies were assessed. In each, water temperature, electric conductivity,
oxygen saturation, turbidity, and apparent color were the physical and chemical variables measured. Twelve dinoflagellate taxa were
recorded, indicating a considerable richness compared to similar surveys. Ensembles recovered showed a spatial structuration mediated
by the type of the water bodies (reservoirs and swamps); environmental variables and species richness explained equally the differences
among the water bodies. The dinoflagellate flora showed altitudinal segregation, with intermediate altitude systems displaying the
highest richness values. A brief discussion about the geographical distribution of the species collected is offered. The study contributes
to the knowledge of the ecological aspects of dinoflagellate flora and outlines preliminary biodiversity tendencies of ensembles in

tropical water systems.

INTRODUCTION

Dinoflagellates (Dinophyceae) are microorganisms of
worldwide distribution (Taylor et al., 2008). They occur
from the polar zones to the tropics, from lowlands to high
montane lands (Rengefors and Kremp, 2018), inhabiting
all aquatic ecosystems but found mainly in oceans, lakes,
ponds, swamps, and reservoirs. It is common to consider
them ubiquitous; however, most species seem to be sub-
cosmopolitan (Padisak, 2003). In other words, the species
wide distributed usually are restricted to highly
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specialized environments. This generalized assumption
ignores species-specific biology and makes the study of
biogeographical patterns a difficult task (Carty, 2003).

Floristic and ecological studies on dinoflagellates focus
on sea species; most freshwater species are still understudied.
The limited number of studies conducted in freshwater
ecosystems reflects the lack of knowledge about continental
dinoflagellates’ ecological requirements (GrigorszKky et al.,
2003a; Rengefors and Kremp, 2018). Thus, the most relevant
studies have emphasized community composition,
geographical distribution, and blooms (Boltovskoy, 1983;
Ling et al., 1989; Cavalcante et al., 2013, 2017; Craveiro et
al., 2015). Although the biogeographical pattern distributions
have not been unveiled, relevant information about the
species’ biology and life histories has been discussed
(Pollingher, 1987; Moestrup and Calado, 2018). For
example, Ceratium F. Schrank, 1793 and Peridinium
Ehrenberg, 1830 are common and are by far the most studied
taxa. In recent years, temperate-climate Ceratium
hirundinella (O.F.Miiller) Dujardin 1841 (Reynolds, 2006)
have been recorded together with Ceratium furcoides
(Levander) Langhans 1925 in tropical systems (Cavalcante
et al., 2013). Peridinium willei Huitfeldt-Kaas 1900 is
common and widely distributed in continental freshwater
(Boltovskoy, 2003), and Peridinium volzii Lemmermann
1906 and Peridinium gatunense Nygaard 1925 are also of
broad presence in tropical and subtropical regions
(Boltovskoy, 1999). Few species are considered endemic or
of restricted occurrence; one of these, Apocalathium
baicalense (Kisselev & V. Zvetkov) Craveiro, Daugbjerg,
Moestrup & Calado 2016, has only been recorded in Lake
Baikal in Russia (Annenkova et al., 2015). Dinoflagellates
also had been reported of forensic importance in drowing
cases (Diaz-Palma et al., 2009).

Dinoflagellates are highly affected by the
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environmental variables: temperature, salinity, pH,
nutrients, and water turbidity (organic matter content)
influence the presence of the species (Rengefors and
Kremp, 2018). European studies pointed out that
temperature and organic matter content were the main
factors in the appearance of dinoflagellates (Grigorszky
et al., 2003b). However, in Oceania, some species seem
to prefer dystrophic waters (Ling et al., 1989). Finally, in
subtropical regions, higher richness and biomass are
related mainly to low temperatures and high nutrient
content (Cardoso et al., 2010). Dinoflagellates display
high mobility and dispersal capacity in the water column.
It is common for high demographic explosions to cause
blooms, which are more frequently reported as harmful
in the sea (Anderson, 2007). Although freshwater
dinoflagellates are not considered toxic, some studies
warn that species like Apocalathium aciculiferum
(Lemmermann) Craveiro, Daugbjerg, Moestrup
& Calado 2016, have allelopathic toxins (Rengefors and
Legrand, 2001), though others such as Naiadinium
polonicum (Woloszynska) Carty 2014, have been related
to high fish mortality (Roset et al., 2002; Hu et al., 2008).

In South America, dinoflagellate flora are still little
studied; some surveys have been performed in Brazil and
Argentina (Boltovskoy, 1999; Borics et al., 2005;
Cavalcante et al., 2017), but none in the northwest region.
Indeed, most of the Colombian studies regarding
dinoflagellates are embedded in ecological assessments of
the plankton of reservoirs ( Donato-Rondon, 1991; Lopez-
Muioz et al., 2016) or included in checklists of sporadic
studies carried out at different altitudes with different trophic
conditions or in different systems (Ramirez et al., 2005;
Jaramillo-Londofio and Aguirre-Ramirez, 2012; Leon-
Lopez et al., 2012). A very few national studies treat the
autecology and occurrence of C. furcoides (Bustamante-Gil
et al., 2012; Jaramillo-Londofo, 2018). Thus, the ecology
and spatiotemporal distribution of dinoflagellates remain
unknown in a highly diverse water resources region.

We aim to assess the spatial distribution of
dinoflagellates and relate them to the environmental
variables in some typical swamps, reservoirs, and lakes
in Colombia. We are specifically interested in the
distribution of species along altitudinal gradient. Finally,
detailed and updated ecological information for the
species collected is offered.

METHODS

Sampling was performed from October 2016 to March
2017, and fourteen water bodies were assessed (Tab. 1):
four are swamps located in the Caribbean region
(northern); nine are reservoirs located in the Andean
region (central and western); and one is an insular lake in
the Pacific Ocean (southern; Fig. 1).

Three sampling sites were stablished by water body;
in each, a vertical drag was executed along the euphotic
zone by using a 20-um mesh net. The phytoplankton
collected were transferred to a plastic jar and fixed with
formalin (4% final cc).

In each sampling site, environmental variables - water
temperature (°C), pH (pH units), electric conductivity
(uS/cm), oxygen saturation (%), Secchi disk extinction
depth (m), turbidity (nephelometric turbidity units, NTU),
and apparent color (platinum-cobalt units) - were measured
in situ at three depths with a multiparameter (Hach Corp.)
and an MD 600 photometer (Lovibond). The first
measurement was at the water surface, the second at the
Secchi disk extinction depth, and the last at the depth of
twice the Secchi disk extinction depth. These latter three
variables were considered together as an indirect measure
of organic matter concentration (Eloranta, 1999).

The presence or absence of taxa in each system and
the averages of the physical and chemical variables were
used to build the data matrix. A canonical correspondence
analysis (CCA) was performed to detect the relationship
among dinoflagellates with all environmental variables.
A higher value of the R parameter based on canonical
weights and structure correlations between the set of
variables and species for their respective axes is informed.
A Monte Carlo test (499 permutations under the reduced
model, a = 0.05) was used to find the significance of
species’ axes and the relationship between species and
environment.

Finally, a classification analysis was done based on
the Ward minimum variance method (Legendre and
Legendre, 1998), the squared Euclidean distance for
variables, and the Jaccard similarity index for taxa
occurrence (Palacio et al, 2020). The resulting
dendrograms are displayed in a single chart including the
shared species among aquatic systems. These analyzes
were carried out in the CANOCO program for Windows
version 4.5 (ter Braak and Smilauer, 2002).

Photographs from a scanning electronic microscope
(SEM, JEOL-JSM 6490LV) and differential interference
contrast (DIC) microscopy (Eclipse Ni-U, Nikon) were
used to make an atlas of the species surveyed (Fig. 2).

RESULTS

Twelve dinoflagellate taxa were recorded. The highest
species richness occurred at the location Guatapé
Reservoir (5 spp), followed by La Fe and Piedras Blancas
Reservoirs and Zapatosa Swamp (3 spp); at the remaining
sampled sites either two species, or only one species
appeared (El Pijifio Swamp and La Ayantuna Lake; Tab.
2). CCA showed that environmental variables explained
53.4% of variance in dinoflagellates, 29.1% along the
first, and 24.3% along the second axis.
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Three groups of water bodies were clustered according
to the occurrence of certain species. The first, the
reservoirs, contained Ceratium furcoides, Naiadinium
polonicum, Parvodinium cf. inconspicuum
(Lemmermann) Carty 2008, Parvodinium elpatiewsky
(Ostenfeld) Kretschmann, Zerdoner & Gottschling 2019,

Peridinium gatunense, P. volzii, and P. willei. Altitude (R
=—0.78; ax1), Secchi disk depth (R =-0.55; ax1), pH (R
=-0.45; ax1) and oxygen saturation (R =—0.71; ax1) were
the variables that contributed most to the spatial
arrangement. The second group, the swamps, contained
species of Durinskia sp. Carty & Elenor R.Cox, 1986,

Peridiniopsis quadridens (F.Stein) Bourrelly 1968,

Tab. 1. Limnological characteristics of sampling sites.

Locality Locality

number

name

Coordinates

Glochidinium

Elevation Extension Limnology

(m)

(km?)

penardiforme

(Er.Lemmermann)

References

1 El Pijifio 09°19,739’N 24 20 Small swamp
74°25,186° W
2 El Pozuelo 09°12,806° N 23 0.8 Small swamp
74°29,823° W
3 Zapatosa 09°7°58,44” N 39 360 The largest and main swamp (Martinez-Silva, 2015;
73°49°491” W in Colombia, moderate water Sanchez et al., 2015)
quality
4 Ayapel 08° 19N 22 106.4 Eutrophic, polymictic, shallow, (Jaramillo-Londofo and
75°6°W warm swamp Aguirre-Ramirez, 2012;
Zabala-Agudelo, 2017)
5 Piedras Blancas 06°17,646’ N 2,374 0.18 Meso-oligotrophic Reservoir.  (Roldan-Pérez et al., 2001)
75°30,092° W Its main use is to supply
water and generate electrical
energy, as well as recreation
6 Guatapé 06°13°20” N 1,887.5 624 Eutrophic Reservoir. Main use  (Cadavid-Gonzalez, 2018)
75°10°11” W hydroelectric and for tourist,
sporting, and fishing production
purposes
7 LaFe 06° 06’ 50” N 2,100 0.68 Reservoir contaminated (Ramirez Restrepo, 2015)
75°30° 15" W with wastewater, crops,
and livestock. Main use
aqueduct and recreation
8 Riogrande 11 06°33°-6°28’ N 2,150 12.14 Reservoir with high turbidity =~ (Herrera ez al., 2015;
75°32°-75°26° W and waters of excellent Lopez-Muiioz, 2015)
chemical quality
9 Porce 11 06°44°57” - 06°48°45” N7 945 8.90 Hypereutrophic reservoirs. (Villabona-Gonzalez et al., 2020)
5°09°14” - 75°04°59” W Its purpose is to generate
electricity
10 Porce 111 06°54,856’ N 694 4.61 Eutrophic reservoir (Villabona-Gonzalez et al., 2020)
75°09,879° W
11 San Rafael 04°42°10,2” N 2,777 3.71 Reservoir, thermal stratification, (Leon-Lopez et al., 2012)
73°59°14,6” W low concentrations of Total
Phosphorus. Main use aqueduct
12 Chuza 04°34°22,7” N 2,990 5.8 Reservoir, chemical (Ledn-Lopez et al., 2012)
73°42°16,8” W stratification, low
concentrations of total nitrogen.
Main use aqueduct
13 De La Regadera 04°23°4,9”N 2,997 0.41 Reservoir, chemical (Leon-Lopez et al., 2012;
74°10°11,9” W stratification, high Aguirre-Cardenas et al., 2018)
concentrations of Total
Phosphorus and Total
Nitrogen.
Main use aqueduct
14 La Ayantuna 02°57°23,5” N 32 3.21*1073 Small island lake, turbid (Castro-Herrera et al., 2013)

78°11°29,1” W
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Boltovskoy 2000, and Sphaerodinium fimbriatum
R.H.Thompson 1950 arranged by temperature (R = 0.82;
ax1), apparent color (R = 0.93; ax1) and conductivity (R
= 0.67; ax1). Finally, the last group, the lake, contained
Parvodinium umbonatum (F.Stein) Carty 2008 with no
variable associated (Fig. 3).

The groups retrieved by the Ward and Jaccard
analyses corroborate the CCA associations (Fig. 4). In the
Ward analysis, all reservoirs clustered in one group, and
the swamps and the lake formed another group. A
preliminary classification was possible to establish an
order according to the altitudinal range (m of elevation)
as follows: lowland systems (0-50 m) comprise all the
swamps and the lake; low montane systems (699-947 m)
comprise the reservoirs Porce II and Porce III;
intermediate montane systems (1,635-2,374 m) comprise
La Fe, Guatapé, Piedras Blancas, and Riogrande II
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Fig. 1. Geographic location of freshwater bodies assessed.

Reservoirs; the high montane systems (2,797-3,022 m)
include Chuza, San Rafael, and De La Regadera
Reservoirs. According to the square Euclidean distance,
the most closely related reservoirs were Chuza and San
Rafael, De La Regadera and Riogrande 11, and Porce 11
and Porce III. Pozuelo and Pijifio were the most closely
related swamps (Fig. 4).

The water systems grouping was similar to the
previous analysis according to the Jaccard similarity
index’s species composition. Based on the dendrogram’s
topology, seven consistent species were retrieved and
displayed in the water bodies as follows: C. furcoides
occurred in all reservoirs; P. volzii occurred exclusively
in the high-elevation Chuza and San Rafael Reservoirs;
P. willei was found in De La Regadera and Riogrande II;
P. gatunense was found exclusively in Porce II, Porce 11,
Guatapé, and La Fe; species of Durinskia spp. were found

“) Magdalena
1 Cesar
Sucre »

27 13, ¥

— e i-*
Bolivar .1-
5 "‘L‘P’ I

Cordoba 74




Dinoflagellates (Dinophyceae) in Colombia

Fig. 2. Atlas of dinoflagellate species surveyed. a) Ceratium furcoides (upper right: plates 1’ and 4°); b) Durinskia sp; ¢) Glochidinium penardiforme;
d) Naiadinium polonicum; ) Parvodinium elpatiewski; f) Parvodinium inconspicuum; g) Parvodinium umbonatum; h) Peridiniopsis quadridens; 1)
Peridinium gatunense; j) Peridinium volzii; k) Peridinium willei; 1) Sphaerodinium fimbriatum.
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in all the swamps except El Pijifio; S. fimbriatum was
found only in Ayapel and Zapatosa; Parv. umbonatum was
found only in La Ayantuna Lake (Fig. 4). The rest of the
species occurred in a single aquatic system; those were
omitted in the figure.

Guatapé Reservoir hold a uniquely diverse flora
composition, while La Ayantuna Lake and Pijifilo Swamp
had only one species each, Parv. umbonatum and G.
penardiforme, respectively. The most common richness
value among all water bodies assessed, regardless of kind,
was two. G. penardiforme was the most frequent species
in lowland swamps, and C. furcoides was found in all
reservoirs. Both species of Peridinium and C. furcoides
were common in montane systems (Tab. 2).

DISCUSSION

Worldwide Floristic studies on thecate dinoflagellate
ensembles have reported richness from seven to twenty-
two species (Ling et al., 1989; Carty, 1993; Borics et al.,
2005; Hansen and Flaim, 2007; Cavalcante et al., 2017).
This study, despite studying fewer systems (14), yielded
evidence for a relative floristic richness (13 spp.) in
tropical systems and provides further evidence that the
environmental complexity of Colombian systems may
influence and generate highly diverse dinoflagellates
communities (Donato-Rondon, 2001; Padisak et al.,
2016). Similarly, Smith et al. (2005) found a positive
relationship between phytoplankton species richness and

Tab. 2. Averages of the environmental variables and species composition in each water body (n=9 in each system).

Locality Locality Secchi Temperature pH

number name disk °C)

depth

Conductivity
(nS/cm)

(0)47%:0911 Turbidity =~ Apparent
(NTU) color

(%) (Pt-Co)

Species

saturation

Pijifio 0.87 30.30 6.82 116.09

22.06 15.00 284.11 G. penardiforme

2 Pozuelo 1.42 30.56 712 172.80

46.28 17.33 252.67 G. Penardiforme

Durinskia sp.

3 Zapatosa 1.17 30.49 6.82 113.88

16.10 15.89 330.56 G. penardiforme
S. fimbriatum

Durinskia sp.

4 Ayapel 0.48 31.97 7.42  302.00

82.90 18.00 234.67 S. fimbriatum

Durinskia sp.

5 Piedras Blancas  1.98 17.51 748 53.76

85.38 - - C. furcoides
Parv. insconspicuum

Parv. elpatiewsky

6 Guatapé 4.17 22.94 7.65 40.96

71.94 4.48* 71.78* C. furcoides

N. polonicum

Parv. insconspicuum
Perid. quadridens

P. gatunense

7 LaFe 2.47 19.60 7.01 51.32

73.44 10.60* 51.60* C. furcoides
P, gatunense

P. volzii

8 Riogrande II 1.79 20.23 7.68 61.21

83.27 35.70% - C. furcoides

P. willei

9 Porce 11T 1.75 25.56 7.09 149.60

76.31 6.25 - C. furcoides

P. gatunense

10 Porce II 1.34 24.74 7.85 175.60

114.53 68.48 - C. furcoides

P. gatunense

11 San Rafael 4.71 16.62 7.11  53.99

80.50 0.22 33.00 C. furcoides

P. volzii

12 Chuza 5.07 14.03 736 3522

98.47 0.00 14.33 C. furcoides

P. volzii

13 De La Regadera  1.59 15.63 8.79 26.23

114.33 7.22 107.33 C. furcoides

P. willei

14 La Ayantuna 0.51 27.45 7.20 101.15

71.75 10 161.00 Parv. umbonatum

*Data taken from Montoya (2007) and Ramirez Restrepo (2015).
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the surface area of aquatic system; larger systems
contained a higher number of species; this tendency was
found in the lakes of the United States (Stomp et al.,
2011). The present study has shown that regardless of the
type of the system (reservoir, swamp, or lake), the
richness of dinoflagellates species was congruent to the
size of the water body, Guatapé reservoir and Zapatosa
swamp (the largest systems) had the highest species
richness, while La Ayanatuna lake (the smallest) had the
lowest. However, it is necessary to include more aquatic
systems to validate this tendency in tropical aquatic
environments.

Regarding variables assessed and considered here as a
preliminary robust model by the CCA analysis, it has been
demonstrated that the water temperature and electric
conductivity of water decreases with altitude while the
oxygen saturation percentage increases; all this is explained
by a complex interaction of inherent factors - altitude,
hydrology and geological origin, among others - (Roldan-
Pérez and Ramirez Restrepo, 2008), and this tendency was
evidenced in this survey. Lowland systems (all the swamps,
the lake, and Porce II and Porce III Reservoirs) showed

higher values of temperature, conductivity, apparent color,
organic matter concentration, and turbidity. These results
agree with those of Roldan-Pérez and Ramirez Restrepo
(2008), who recognized elevated turbidity values in tropical
systems (swamps and reservoirs) under 1000 m of elevation
due to a high degree of lixiviation. However, the
dinoflagellate richness values found in these systems were
unexpectedly low (1-3 spp), which is contrary to most
observations that richness is higher in dystrophic systems
(Ling et al., 1989). However, increasing localities to assess
and the sampling effort in lowland systems, might reflect
more precise biodiversity data.

This survey found dinoflagellate species at all the
Andean altitudinal ranges assessed, similarly to Rengefors
and Kremp (2018), who stated that dinoflagellates
occurred at all alpine altitudinal ranges. The richest values
by ensemble (2-5 spp) were evidenced in those systems
categorized as intermediate montane systems (Marquez
and Guillot 1987, 2001), which correlated with
intermediate values of all variables measured and scored
intermediate ranges of temperature (17-22°C). High-
altitude systems, where richness was relatively low (up to

1.0
BOdy waters Parv. umbonatum:I@.;
[l swamp L
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D Insular Lake
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& 7 vorzii . botanicum
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Fig. 3. Representation of the first and second axes of the canonical correspondence analyses for the 14 studied systems (Environmental variables plotted

with A > 0.05).




C. Bustamante-Gil et al.

two species), scored low temperatures (14-16°C), high
oxygen saturation values, and low values of organic
matter. This tendency is in opposition to Ling et al. (1989)
who proposed that dinoflagellates show preference for
high humic acid content. Our findings allow us to
hypothesize that intermediate levels of physical and
chemical variables positively affect dinoflagellates
richness in our tropical Andean systems.

Species composition ensembles formed the same two
groups of systems as those in the Jaccard and CCA
analyses. In other words, swamps and reservoirs showed
distinctive compositions: no species found in swamps was
found in reservoirs and vice-versa. This distinction reveals
the existence of dinoflagellates spatial structuring

Environmental variables
|

Elevation
(m) [ Chuza
S L s. Rafael
A
Regadera
a// {
. Riogrande Il
P. Blancas
_[ Porce Il
2 | Porce Il
3
© e La Fe
Guatapé
// .
Ayantuna
Ayapel
Zapatosa
3
< Pozuelo
Pijino
] 5 10
Distance

regulated by characteristics of the water bodies. The
geographical structuring in our data suggests two
distribution types among species: widespread (occurring
along the largest distance among reservoirs; 300 km) and
restricted (occurring up to 166 km, the largest distance
among swamps). These geographical distribution
tendencies in  organisms like  phytoplankton
dinoflagellates were previously observed by Padisak et
al. (2016) and Rengefors and Kremp (2018) and
explained by biogeographical, evolutionary, and macro-
and microecological aspects (Kim et al., 2004; Cardoso
etal.,2010). C. furcoides and species of Peridinium were
the species most widespread among the reservoirs. C.
furcoides is considered invasive in South America

- L Swamp
Reservoir
. Lake
I
A
i
O
:
<o
|
v
u Species
A O Ceratium furcoides
1' A Durinskia sp.
@® Parvodinium umbonatum
— < Peridinium gatunense
O Peridinium volzii
2\ Peridinium willei
0 0.4 08 M Sphaerodinium fimbriatum
Similarity

Fig. 4. Hierarchical clustering of distance and similarity. On the left: Ward minimum variance method and squared Euclidean distance for variables. On
the right: Jaccard similarity index for taxa occurrence. In the grey square: clustered species.
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(Boltovskoy et al., 2013; Crossetti et al., 2019; Macédo
et al., 2021) and produces blooms in meso- and
hypertrophic systems (Bustamante-Gil et al., 2012;
Almanza et al., 2016; Jaramillo-Londono, 2018). P,
gatunense is widely distributed (Moestrup and Calado,
2018) and also produces blooms in slightly alkaline and
warm temperature (23°C) systems (Boltovskoy, 1983). P
volzii is found at high altitudes (>2,600 m), cold
temperatures (13-16°C) and slightly acid systems
(Hargraves and Viquez, 1981). Finally, P. willei is the
most extensive worldwide species, found in systems
ranging from oligotrophic to eutrophic (L&ffler, 1972;
Cout¢ and Iltis, 1984; Donato-Rondon, 2001; Boltovskoy,
2003; Cardoso et al., 2010).

Species restricted to reservoirs, like N. polonicum,
which has previously been reported in alkaline to neutral,
warm (22°C) lakes and oligotrophic to eutrophic systems,
produce blooms in eutrophic systems (Roset et al., 2002;
Craveiro et al., 2015; Ascencio et al., 2018; Moestrup and
Calado, 2018). Perid. quadridens is mostly found in
alkaline (pH = 7.5-7.7) and cold systems (Moestrup and
Calado, 2018). However, it has been a dominant species
in some lakes in the United States during the spring and
fall months (Carty, 2014). In the present study, these two
taxa were found exclusively in Guatapé Reservoir. Parv.
cf. inconspicuum was found exclusively in Guatapé and
Piedras Blancas Reservoirs, but it was previously
recorded in Colombian high montane lakes (Donato-
Rondon, 2001) and in cold, acid, and oligotrophic systems
(Boltovskoy, 1999); altitudinal and temperature ranges
reported agrees with our results (1600-2300m). the
altitudinal (1,600-2,300 m) and temperature range
reported agree with our results. Parv. elpatiewsky is a rare
species, here found only in Piedras Blancas Reservoir;
however, in Europe and South America, it is associated
with warm, eutrophic, and neutral to alkaline systems
(Ascencio et al., 2015; Moestrup and Calado, 2018).

G. penardiforme, which is broadly distributed among
the swamps, was reported to be associated with systems
that are neutral to slightly alkaline (pH = 7-8) and warm
(15-28°C; Boltovskoy, 1999); this tendency is
corroborated here; it also seems to prefer high organic
matter content. Species of Durinskia are rare in freshwater
systems (Hansen and Flaim, 2007; Cardozo ef al., 2010;
Yamada et al., 2017), though Durinskia baltica can
produce blooms under warm and eutrophic conditions
(Lira et al., 2017). Even though the Durinskia specimens
collected here were not taxonomically identified to the
species level, they yielded the physical variables
mentioned above. The more locally distributed swamp
species, S. fimbriatum, has been associated with small
seasonal lakes in North America (Thompson, 1951), but
here it was related to warm, lowland systems with high
organic matter content. While Parv. umbonatum is usually

related to warm systems (24-29°C) that range from
oligotrophic bromeliad phytotelmata to eutrophic systems
(Canosa and Pinilla, 2007; Pinilla et al., 2007; Ramos et
al., 2016; Moestrup and Calado, 2018), here it was
exclusive to the insular lake. This latter species commonly
misidentified as Parv. inconspicuum is nowadays clearly
distinguished by recent diagnostic morphological
characters (Bustamante-Gil ef al., 2021). The ecological
data here obtained among these two taxa suggest that the
best option is to consider them different entities.

This study is the first exploratory and preliminary
attempt to understand the ecological aspects that affect
Colombian dinoflagellate ensembles. It showed that
habitat characteristics of water bodies could be assessed
based on physical variables and the distribution of
dinoflagellate species could be related to water body
types. We argued for the importance of considering an
altitudinal gradient among Colombian water bodies to
better understand the distribution of dinoflagellates. In
future surveys, it will be necessary to include systems
from all biogeographical provinces and measure
additional wvariables such as nutrients, hydraulic
parameters, along with seasonality to further characterize
their influence on the ecological dynamics of
dinoflagellates in tropical aquatic environments.

ACKNOWLEDGMENTS

The authors thank MINCIENCIAS (convocatoria N°
639-2014) for funding. Thanks to Empresas Publicas de
Medellin (EPM) and to Empresa de Acueducto, Agua y
Alcantarillado de Bogota for allowing us to sample in
their reservoirs and to the Parques Nacionales Naturales
(PNN) de Colombia, especially to PNN Gorgona, for
allowing us to sample in La Ayantuna Lake. Thanks to
Dayana Meza Terraza at Centro de Microscopia
Avanzada, UdeA, for taking pictures in the scanning
electron microscope (SEM). Thanks to M. Eng. Diana
Agudelo at UdeA for the statistical analysis. We thank to
the anonymous reviewers for their valuable suggestions
that improve this manuscript. The authors’ contributions
are as follows: CBG conceived the study, sampled in the
field, edited images, and analyzed the data. EA assisted
in the data analysis, drew the map, and edited images. AB
drafted and critically reviewed taxonomic issues. JJRR
assisted and supported the development of the study in all
its phases. All authors contributed to the draft, reading,
review, and approval of the final manuscript.

REFERENCES

Aguirre-Cardenas AD, Almanza-Velazco S, Ivanova Y, 2018.
[Influencia del fenomeno de oscilacion cuasi-bienal en las



C. Bustamante-Gil et al.

afluencias del sistema sur de abastecimiento de
Bogota].[Article in Spanish]. Rev. Ing. Investig. Desarro.
18:16-24.

Almanza V, Bicudo CEM, Parra O, Urrutia, 2016.
[Caracteristicas morfologicas y limnologicas de las
floraciones de Ceratium furcoides (Dinophyta) en un lago
somero de Chile Central].[Article in Spanish]. Limnetica
35:253-268.

Anderson DM, 2007. Ecology and oceanography of harmful
algal blooms: Multidisciplinary approaches to research and
management. UNESCO: 28 pp.

Annenkova N V, Hansen G, Moestrup @, Rengefors K, 2015.
Recent radiation in a marine and freshwater dinoflagellate
species flock. Int. Soc. Microb. Ecol. 9:1821-1834.

Ascencio E, Rivera P, Cruces F, 2015. [Morfologia de
Peridiniopsis  elpatiewskyi ~ (Ostenfeld)  Bourrelly
(Dinophyceae) encontrada por primera vez en aguas
continentales de Chile].[Article in Spanish]. Gayana Bot.
72:42-46.

Ascencio E, Rivera P, Cruces F, Vila I, 2018. [Estudio
morfologico de Naiadinium polonicum (Dinophyceae)
reportado por primera vez en aguas continentales de
Chile].[Article in Spanish]. Gayana Bot. 75:438-446.

Boltovskoy A, 1983. [Peridinium cinctum f. westii del Mar de
Galilea, sinonimo de P. gatunense (Dinophyceae)].[Article
in Spanish]. Limnobios 2:413—418.

Boltovskoy A, 1999. [Contribucién al conocimiento de los
dinoflagelados de la Republica Argentina].[PhD Thesis in
Spanish]. Universidad de La Plata.

Boltovskoy A, 2003. [Peridinium willei (Dinophyceae) y sus
formas: ecologia y distribucion en la Argentina].[Article in
Spanish]. Boletin Soc. Argentina Botanica 38:175-184.

Boltovskoy A, Echenique RO, Guerrero JM, 2013. [Sucesivas
invasiones de especies de Ceratium (Dinophyceae) en
Sudamérica: un proceso que lleva dos décadas].[Article in
Spanish]. Bol. Soc. Argentina Botanica 48:27.

Borics G, Grigorszky I, Padisak J, Barbosa FAR, Z.-Doma Z,
2005. Dinoflagellates from tropical Brazilian lakes with
description of Peridinium brasiliense sp. nova. Arch.
Hydrobiol. Suppl. Algol. Stud. 118:47-61.

Bustamante-Gil C, Boltovskoy A, Rengefors K, Tavera R, Amat
E, Ramirez-Restrepo JJ, 2021. Checklist, new records, and
taxonomic annotations of freshwater thecate dinoflagellate
(Dinophyceae) in Colombia. Phytotaxa 509;135-167.

Bustamante-Gil C, Ramirez Restrepo JJ, Boltovskoy A, Vallejo
A, 2012. Spatial and temporal change characterization of
Ceratium furcoides (Dinophyta) in the equatorial reservoir
Riogrande II, Colombia. Acta Limnol. Brasil. 24:207-219.

Cadavid-Gonzélez S, 2018. [Taxonomia y dinamica temporal de
las Cyanobacterias presentes en la zona de ingreso del Rio
Nare (cola) al Embalse El Pefiol-Guatapé, Antioquia].[PhD
Thesis in Spanish]. Universidad de Antioquia, Medellin.

Canosa A, Pinilla G, 2007. [Relaciones entre las abundancias
del bacterioplancton y del fitoplancton en tres ecosistemas
Iénticos de los Andes Colombianos].[Article in Spanish].
Rev. Biol. Trop. 55:135-146.

Cardoso LS, Fagundes PB, Becker V, 2010. Spatial and temporal
variations of Dinophyceae in subtropical reservoirs in
southern Brazil. Hydrobiologia 654:205-214.

Cardozo de Souza L, Braga Fagundes P, Becker V, 2010. Spatial

and temporal variations of Dinophyceae in subtropical
reservoirs in southern Brazil. Hydrobiologia 654:205-214.

Carty S, 1993. Contribution to the dinoflagellate flora of Ohio.
Ohio J. Sci. 93:140-146.

Carty S, 2003. Dinoflagellates, p. 685-714 In: J.D. Wehr, R.G.
Sheath and J.P. Kociolek (eds.), Freshwater Algae of North
America. New York: Academic Press.

Carty S, 2014. Freshwater Dinoflagellates of North America.
New York, Cornell University Press: 272 pp.

Castro-Herrera F, Valencia-Aguilar A, Villaquiran D, 2013.
[Evaluacion de la poblacion de babillas en los humedales
del Sur-Occidente de la Isla Gorgona, Pacifico
colombiano].[Article in Spanish]Herpetotropicos 9:19-23.

Cavalcante KP, Craveiro SC, Calado AJ, Veiga Ludwig TA, de
Souza Cardoso L, 2017. Diversity of freshwater
dinoflagellates in the State of Parana, southern Brazil, with
taxonomic and distributional notes. Fottea 17:240-263.

Cavalcante KP, Zanotelli JC, Miiller CC, Scherer KD, Frizzo
JK, Veiga Ludwig TA, de Souza Cardoso L, 2013. First
record of invasive Ceratium (Schrank, 1973) species
(Dinophyceae) in Southern Brazil, with notes on their
dispersive patterns in Brazilian environments. Check List
9:862-866.

Couté A, Iltis A, 1984. Peridiniales (Algae, Pyrrophyta) de
Bolivie. Rev. Hydrobiol. Trop. 17: 279-280.

Craveiro SC, Daugbjerg N, Moestrup @, Calado AJ, 2015. Fine-
structural characterization and phylogeny of Peridinium
polonicum, type species of the recently described genus
Naiadinium (Dinophyceae). Eur. J. Protistol. 51:259-279.

Crossetti LO, Bicudo D de C, Bini LM, Dala-Corte RB, Ferragut
C, Mattos Bicudo CE de, 2019. Phytoplankton species
interactions and invasion by Ceratium furcoides are
influenced by extreme drought and water-hyacinth removal
in a shallow tropical reservoir. Hydrobiologia 831:71-85.

Diaz-Palma PA, Alucema A, Hayashida G, Maidana NI, 2009.
Development and standardization of a microalgae test for
determining deaths by drowning. Forensic Sci. Int. 37:3741.

Donato-Rondon JC, 1991. [Fitoplancton y aspectos fisicos y
quimicos de la laguna de Chingaza en Cundinamarca,
Colombia].[Article in Spanish]. Caldasia 16:489-500.

Donato-Rondon JC, 2001. Fitoplancton de los lagos andinos del
norte de Sudamérica (Colombia): Composicion y factores de
distribucion. [Book in Spanish]. Bogota, Academia
Colombiana de Ciencias Exactas, Fisicas y Naturales: 232 pp.

Eloranta P, 1999. Humus and water physics, p. 67-70 In: J.
Keskitalo and P. Eloranta (eds.), Limnology of humic
waters. Leiden: Backhuys Publ.

Grigorszky I, Borics G, Padisak J, Totmérész B, Vasas G, Nagy
S, Borbély G, 2003a. Factors controlling the occurrence of
Dinophyta species in Hungary. Hydrobiologia 506-509:203—
207.

Grigorszky I, Krienitz L, Padisak J, Borics G, Vasas G, 2003b.
Redefinition of Peridinium lomnickii Woloszynska
(Dinophyta) by scanning electronmicroscopical survey.
Hydrobiologia 502:349-355.

Hansen G, Flaim G, 2007. Dinoflagellates of the Trentino
Province, Italy. J. Limnol. 66:107-141.

Hargraves PE, Viquez MR, 1981. Dinoflagellate abundance in
the Laguna Botos, Poas Volcano, Costa Rica. Rev. Biol.
Trop. 29:257-264.



Dinoflagellates (Dinophyceae) in Colombia

Herrera NA, Florez MT, Echeverri LF, 2015. [Evaluacion
preliminar de la reduccion de microcistina-LR en muestras
de florecimiento a través de sistemas sedimentarios].[Article
in Spanish]. Rev. Int. Contam. Ambient. 31:405-414.

HU S, Guo-Xiang L, Guang-Jie Z, Ong M, Zheng-Yu H, 2008.
Peridinium polonicum, a new record of freshwater toxic
Dinoflagellate from China. J. Wuhan Bot. Res. 26:454-457.

Jaramillo-Londofio  JC, 2018. [Ceratium  furcoides
(Dinophyceae): Un dinoflagelado invasor en un embalse alto
andino ecuatorial en Colombia].[Article in Spanish]. Rev.
U.D.C.A Act. Div. Cient 21:265-269.

Jaramillo-Londofio JC, Aguirre-Ramirez N, 2012. [Cambios
espacio-temporales del plancton en la Ciénaga de Ayapel
(Coérdoba-Colombia), durante la época de menor nivel del
agua].[Article in Spanish]. Limnologia 34:213-226.

Kim E, Wilcox L, Graham L, Graham J, 2004. Genetically
distinct populations of the Dinoflagellate Peridinium
limbatum in neighboring Northern Wisconsin lakes. Microb.
Ecol. 48:521-527.

Legendre P, Legendre L, 1998. Numerical ecology. Elsevier,
Amsterdam: 853 pp.

Leén-Lopez N, Rivera-Rondén CA, Zapata A, Jiménez J,
Villamil W, Arenas G, Rincon C, Sanchez T, 2012. Factors
controlling phytoplankton in tropical high-mountain
drinking-water reservoirs. Limnetica 31:305-322.

Ling HU, Croome RL, Tyler PA, 1989. Freshwater
dinoflagellates of Tasmania, a survey of taxonomy and
distribution. Br. Phycol. J. 24:111-129.

Lira B, Parrow MW, Tavera R, 2017. Morphology and ecology
of freshwater-blooming Durinskia baltica (Dinophyceae:
Peridiniales) in Xochimilco, Mexico. Microbiol. Res. J. Int.
18:1-15.

Léffler H, 1972. Contribution to the limnology of high mountain
lakes in Central America. Int. Rev. gesamten Hydrobiol.
Hydrogr. 57:397-408.

Lopez-Muiloz MT, 2015. [Aspectos taxondmicos y ecologicos
del fitoplancton eucariotrico el Embalse Riogrande II
(Antioquia, Colombia)].[PhD Thesis in Spanish].
Universidad de Antioquia, Medellin.

Loépez-Muiioz MT, Ramirez-Restrepo JJ, Palacio-Baena JA,
Echenique RO, Mattos-Bicudo CE De, Parra-Garcia EA,
2016. [Biomasa del fitoplancton eucariota y su
disponibilidad para la red tréfica del embalse Riogrande 11
(Antioquia, Colombia)].[Article in Spanish]. Rev. Acad.
Colomb. Ciencias Exactas Fisicas y Nat. 40:244-253.

Macédo RL, Clara A, Franco S, Corréa RF, Costa N, Pereira LG,
Daniela F, Oliveira M De, Klippel G, Cordeiro BD, Guedes
M, Thiago R, et al., 2021. Spreading of the invasive
dinoflagellate Ceratium furcoides (Levander) Langhans
throughout the Paraiba do Sul ecoregion, South America,
Brazil. Limnetica 40:233-246.

Martinez-Silva P, 2015. Variacion espacio-temporal
de microalgas acuaticas del Embalse de Betania - Huila y
su relacion con la calidad del agua. Rev. Intropica
10:11-19.

Moestrup @, Calado AJ, 2018. [Silisswasserflora von
Mitteleuropa. 6. Dinophyceae].[Book in German]. Springer,
Berlin: 561 pp.

Montoya M Y, Ramirez Restrepo JJ, 2007. [Flujos de
mineralizacion en el embalse tropical Rio Grande II

(Antioquia, Colombia)].[Article in Spanish]. Limnetica
26:39-51.

Padiséak J, 2003. Phytoplankton, p. 251-308. In: O’Sullivan PE
and CS Reynolds (eds.), The Lakes Handbook 1. Limnology
and Limnetic Ecology. Oxford: Blackwell Publ.

Padisak J, Vasas G, Borics G, 2016. Phycogeography of
freshwater phytoplankton: traditional knowledge and new
molecular tools. Hydrobiologia 764:3-27.

Palacio FX, Apodaca MJ, Crisci JV, 2020. Analisis multivariado
para datos bioldgicos: teoria y su aplicacion utilizando el
lenguaje R].[Book in Spanish]. Fundacion de Historia
Natural Félix de Azara, Ciudad Autébnoma de Buenos Aires:
268 pp.

Pinilla GA, Canosa A, Vargas A, Gavilan M, Loépez L, 2007.
[Acoplamiento entre las comunidades planctonicas de un
lago amazoénico de aguas claras (lago Boa, Colombia)
].[Article in Spanish]. Limnetica 26:53-65.

Pollingher U, 1987. Ecology of Dinoflagellates: Freshwater
ecosystems, p. 502-529. In: Taylor FJR (ed.), The biology
of dinoflagellates. Oxford: Blackwell Publ.

Ramirez JJ, Gutiérrez FL, Vargas A, 2005. [Respuesta de la
comunidad fitoplancténica a experimentos de eutrofizacion
artificial realizados en la represa La Fe, El Retiro, Antioquia,
Colombia].[Article in Spanish]. Caldasia 27:103-115.

Ramirez Restrepo JJ, 2015. [Comportamiento diario y estacional
de las estructuras dOptica y térmica en un embalse tropical
colombiano].[Article in Spanish]. Rev. Acad. Colomb.
Ciencias Exactas Fisicas y Nat. 39:77-90.

Ramos GJP, Bicudo CE de M, Moura CW do N, 2016. First record
of Parvodinium umbonatum (Stein) Carty (Peridiniaceae,
Dinophyta) for northeast Brazil. Check List 12:1-6.

Rengefors K, Kremp A, 2018. The ecology of freshwater
dinoflagellates, p. 27-36 In: Moestrup @ and AJ Calado
(eds.), Flora of Central Europe. Berlin: Springer.

Rengefors K, Legrand C, 2001. Toxicity in Peridinium
aciculiferum - an adaptative strategy to outcompete other
winter phytoplankton? Limnol. Oceanogr. 46:1990-1997.

Reynolds CS, 2006. Ecology of Phytoplankton. Cambridge
University Press, New South Wales: 535 pp.

Roldan-Pérez G, Posada-Garcia JA, Gutiérrez JC, 2001.
[Estudio limnoldgico de los recursos hidricos del Parque de
Piedras Blancas].[Book in Spanish]. Academia Colombiana
de Ciencias Exactas, Fisicas y Naturales, Bogota: 137 pp.

Roldan-Pérez G, Ramirez Restrepo JJ, 2008. [Fundamentos de
Limnologia neotropical].[Book in Spanish]. Editorial
Universidad de Antioquia, Medellin: 440 pp.

Roset J, Gibello A, Aguayo S, Dominguez L, Alvarez M,
Fernandez-Garayzabal JF, Zapata A, Mufioz MJ, 2002.
Mortality of rainbow trout Oncorynchus mykiss (Walbaum)]
associated with freshwater dinoflagellate bloom Peridinium
polonicum (Woloszynska)] in a fish farm. Aquat. Res.
33:141-145.

Sanchez DA, Pérez-Pérez DL, Ortiz-Guerrero P, Mercado-Diaz
OA, Moreno-Munar AA, Batista-Morales MF, 2015.
[Caracterizacion biologica y ecoldgica de las comunidades
de plantas acuaticas, plantas terrestres y macroinvertebrados,
y caracterizacion fisico-quimica de aguas de la ventana de
estudio de la Ciénaga de Zapatoza].[Report in Spanish].
Instituto de Investigacion de Recursos Biologicos Alexander
von Humboldt; Bogota: 127 pp.



C. Bustamante-Gil et al.

Smith VH, Foster BL, Grover JP, Holt RD, Leibold MA, de
Noyelles F, 2005. Phytoplankton species richness scales
consistently from laboratory microcosms to the world’s
oceans. P. Natl. Acad. Sci. USA 102:4393-4396.

Stomp M, Huisman J, Mittelbach G, Litchman E, Klausmeier
C, 2011. Large-scale biodiversity patterns in freshwater
phytoplankton. Ecology 92:2096-2107.

Taylor FJR, Hoppenrath M, Saldarriaga JF, 2008. Dinoflagellate
diversity and distribution. Biodivers.Conserv. 17:407—418.

ter Braak CJF, Smilauer P, 2002. Canoco reference manual and
CanoDraw for Windows user’s guide: software for canonical
community ordination (Version 4.5). Microcomputer Power,
Ithaca.

Thompson RH, 1951. A new genus and new records of fresh-
water Pyrrophyta in the Desmokontae and Dinophyceae.
Lloidia 13:277-299.

Villabona-Gonzalez SL, Benjumea-Hoyos CA, Gutiérrez-
Monsalve JA, Lopez-Muioz MT, Gonzalez EJ, 2020. Main
physicochemical and biological variables in the trophic state
of five Colombian Andean reservoirs. Rev. Acad. Colomb.
Ciencias Exactas Fis. y Nat. 44:344-359.

Yamada N, Sym SD, Horiguchi T, 2017. Identification of highly
divergent diatom-derived chloroplasts in dinoflagellates,
including a description of Durinskia kwazulunatalensis sp.
nov. (Peridiniales, Dinophyceae). Mol. Biol. Evol. 34:1335—
1351.

Zabala-Agudelo AM, 2017. [Diagnodstico ambiental de la
Ciénaga de Ayapel a través de la variacion temporal de los
aspectos morfo-funcionales del fitoplancton y un indicador
de calidad ecoldgica].[PhD Thesis in Spanish]. Universidad
de Antioquia, Medellin.





