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Abstract: In tropical lakes, seasonal changes in plankton dynamics are minimal and irregular, since climatic 
conditions are fairly stable throughout the year, in most cases only long-term studies allow observing patterns 
in the dynamics of the plankton. Lake Río Cuarto is a maar-type meromic lake located in the plains of Northern 
Costa Rica, in the past there have been no limnological studies more than a year of sampling, in this work we 
present data on the composition of phytoplankton and zooplankton over four years, from 2013 to 2017, with the 
aim of analyzing changes in the plankton community in a longer period, associated with environmental vari-
ables. Phytoplankton was studied from subsurface samples, preserved in Lugol’s solution and zooplankton from 
20 m vertical hawls of a 64 µm mesh net, and preserved with formaline and later transferred to 95 % ethanol. 
Phytoplankton composition included 54 taxa, most of them were Chlorophyta, followed by Cyanobacteria and 
Bacillariophyta. The most abundant were: Synechococcus spp., Aphanocapsa sp. Coenochloris fotii, Chlorella 
sp. and Discostella stelligera. Total phytoplankton decreased from 2013 to 2017, mainly due to a decrease in 
Cyanobacteria. Zooplankton comprised 14 taxa, 5 cladocerans, 4 copepods, 1 diptera and 4 rotifers. The most 
abundant were: Keratella americana, Brachionus falcatus, Eubosmina tubicen and Arctodiaptomus dorsalis. 
There was a substitution of dominant species through time, at first (2013-2014) K. americana and E. tubicen 
alternated in dominance, and later (2015-2016), A. dorsalis, Diaphanosoma sp. and Ceridaphnia sp. became 
dominant, with a return of K. americana by 2017. The changes that occurred during the time of the study seem 
to be related to changes in the conditions of the lake, since its thermocline deepened with time and became 
more transparent. The abundance, of rotifers and Eubosmina tubicen, decreased associated to a decrease of 
Cyanobacteria. Those changes were not cyclical on an annual basis, but seemed to occur more on a long-term 
basis, as has been recognized earlier in the literature about tropical lakes. 
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The plankton is a one of the main compo-
nents of a lake ecosystem. It includes a great 
variety of forms, from small photosynthetic 
Cyanobacteria and pico eucariotic microalgae, 
to large complex organisms such as dinofla-
gelates and metazoan groups such as Roti-
fers, Cladocerans and Copepods, among other 
organisms. All these interact in complex ways 
with other planktic components or suspended 

organic matter (Suthers, 2009). These organ-
isms depend on the environmental conditions 
in the lake, which are influenced by different 
factors, including seasonal weather variations, 
and other influencing factors such as long-term 
climate variations (Arrieiraa et al., 2016; Zeh-
rer, Burns, & Flöder, 2014). Such variations 
occur mainly as changes in the composition 
of the planktic assemblage, either through 
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changes in species composition, or through 
changes in the relative abundance of the domi-
nant groups.

This seasonality has attracted much atten-
tion from researchers, mainly at mid and high 
latitudes, where seasonality is more evident, 
especially in temperature conditions. In these 
studies, it has been observed that the seasonal-
ity of the plankton follows a fairly predictable 
path of change along the year, which repeats 
almost unaltered from year to year (Reynolds, 
1984b). This situation has allowed the estab-
lishment of models that describe the path of 
change in species composition of phytoplank-
ton according to lake conditions, such as the 
one proposed by Reynolds (1984a), or the 
model of seasonal changes produced by the 
Plankton Ecology Group in Europe (Sommer, 
Gliwicz, Lampert, & Duncan, 1986; Som-
mer et al., 2012). In tropical lakes seasonal 
changes in plankton dynamics are minimal 
and irregular and is mainly related to rainfall, 
because rains induce modifications in the phys-
ical and chemical characteristics of the water 
(Figueredo & Giani, 2001), the interpretation 
of zooplankton dynamics is difficult, mainly by 
changes in the regularity of seasonal patterns 
(Twombly, 1983). 

In tropical lakes long-term studies are 
less abundant, especially; most of studies are 
based on population variation for short periods 
no greater than two years, and the relation-
ship with physical and chemical factors. Some 
important studies in tropics about plankton 
variations are: Lewis (1978a), Lewis (1978b), 
Twombly (1983), and Imevbore (1967). In the 
Neotropical region these kinds of studies have 
been even less common and are mainly focused 
on reservoirs and floodplains (Twombly & 
Lewis, 1987; Simões, Lansac-Tôha, Velho, 
& Bonecker, 2012). In Costa Rica there are 
a few studies focused on zooplankton varia-
tions. For example, in Fraijanes Lake there 
is a study about zooplankton variations for 
one year (Umaña-Villalobos, Avilés-Vargas, 
& Esquivel-Garrote, 2018) and in Barva Lake 
there is a study about the phytoplankton varia-
tions for one year (Umaña-Villalobos, 2010). 

Currently studies related to zooplankton varia-
tion are focused on the trophic level (Pinto-
Coelho, Pinel-Alloul, Méthot, & Havens, 2005; 
Offem, Ezekiel, Ikpi, Ochang, & Ada, 2011; 
Claps, Gabellone, & Benítez, 2011; Rodri-
guez et al., 2015; Pérez et al., 2013; Figuere-
do & Giani, 2001) and climate change (De 
Senerpont et al., 2012).

Lake Rio Cuarto offers the chance to study 
changes in plankton species composition with 
time due to the fact that it has been studied 
frequently since the late 1970’s by different 
authors (Gocke, Bussing, & Cortés, 1987; 
Umaña, 1985; Camacho & Charpentier-Esquiv-
el, 1985; Ramírez-Ramírez, Tabash-Blanco, 
& Charpentier-Esquivel, 1990; Haberyan, 
Umaña, Collado, & Horn, 1995), and has 
been studied again from 2013 to 2017 by our 
team. In the case of phytoplankton, Camacho 
and Charpentier-Esquivel (1985) described 
the changes in the phytoplankton composition 
along one year, in 1984-1985. They found a 
total of 14 microalgae species, most of which 
belonged to the Chlorophyta, and that the most 
abundant species was Mougeotia genoflexa. 
The phytoplankton showed higher abundances 
during the rainy period, when the mixolim-
nion had a more pronounced stratification 
(Charpentier et al., 1988). Umaña-Villalobos 
(1985) also reported the composition of the 
phytoplankton at this lake in the previous 
year (1983-1984) and found a total of 16 spe-
cies of microalgae, but in his case, although 
Mougeotia was present, the most abundant 
species were from the Cyanobacteria, mainly 
three forms of Anabaena sp., which were more 
abundant at in October-November, 1984. In 
their sampling in 1991, Haberyan et al. (1995) 
found that the phytoplankton was dominated 
by Cyanobacteria, a species of Merismopedia 
and several green algae. In the case of zoo-
plankton, Ramírez-Ramírez et al. (1990) stud-
ied its variation for more than one year in Río 
Cuarto, and they reported greater diversity of 
the rotifera with the species: Keratella ameri-
cana, Polyarthra vulgaris, Pompholyx compla-
nata, Hexarthra intermedia, Euchlanis dilatata 
and Lecane sp.; Cladocera was represented by 
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Diaphanosoma spinulossum and Bosmina lon-
girostris. The highest diversity of organisms 
was reported during the rainy season. Haberyan 
et al. (1995) sampled 30 lakes in Costa Rica 
for phytoplankton and 17 for zooplankton, 
among them Río Cuarto, during July and 
August 1991. They only give data on the pres-
ence of zooplankton species, which included: 
Bosmina hagmanni, Ceriodaphnia cornuta, 
Diaphanosoma cornuta and insect larvae.

For this lake, we hypothesize that the abun-
dance and diversity of organisms change over 
time in response to environmental conditions. 
Also, we aim to give a description of the plank-
tic structure in Lake Rio Cuarto at present, dur-
ing a four-year study, and to offer some hints 
of possible explanations of changes in planktic 
composition and the relationships among both 
components of the planktic assemblage.

MATERIALS AND METHODS

Study site: Lake Río Cuarto is a meromic-
tic lake located at the northern low plains of 
Costa Rica (10°35’72’’ N & 84°21’89’’ W). Its 
morphometry was described by Gocke et al. 
(1987). It is located at 380 m above sea level 
and has a surface area of 33.2 ha. Its maximum 
depth is of 66 m with a mean depth of 45. It 
is surrounded by a relatively flat land, mainly 
used for cattle farming and some agriculture. 
Forest cover still remains in the steep shoreline 
that encircles the lake, but the rest of its drain-
age basin was already deforested by 1950’s. 
According to previous studies the lake has 
remained between a mesotrophic to eutrophic 
state during the past 30 years (Umaña-Villalo-
bos & Farah-Pérez, 2018).

Methods: From January 2013 to Novem-
ber 2017 Lake Río Cuarto was visited several 
times along each year, for a total of 22 sampling 
visits; the lake was sampled between 11:00 and 
12:00 each time. In 2013, it was visited in May, 
June, July, August, October and November; in 
2014 it was visited in January, February, May, 
July, August and October; in the year 2015 the 
samplings were carried out in January, March, 

May, July, October and November; in the year 
2016 it was visited only in March and April; 
finally in the year 2017 it was visited in Febru-
ary, May, October and November

During each visit, a single sampling was 
taken in the center of the lake. At the same 
point, samples of phytoplankton, zooplank-
ton and physical-chemical parameters were 
taken by replication. Phytoplankton samples 
were withdrawn from the subsurface (about 
50 cm depth) and preserved with Lugol’s solu-
tion. Samples were later analyzed with the 
Utermöhl technique, sedimenting 50 mL, for 
identification and enumeration of microalgae. 
Zooplankton samples were taken by hauling a 
64 µm mesh-size net; vertically from a depth 
of 20 m. Samples were preserved with 4 % for-
malin, and later transferred to ethanol at 70 %, 
prior to identification and enumeration at the 
laboratory at CIMAR. For the phytoplankton 
identification the following books were used: 
Huber-Pestalozzi (1955, 1961, 1968a, 1968b); 
John, Whitton, and Brook (2005); Komárek 
(1983); Krammer and Lange-Bertalot (1991); 
Wehr and Sheath (2003) and West and West 
(1904, 1905, 1908, 1912, 1923). For zooplank-
ton identification were used: Fernando (2002), 
Kotov and Stifter (2006) and Shiel (1995).

Physical and chemical parameters were 
also sampled in each visit. The parameters and 
the sampling methodology are described in 
Umaña-Villalobos and Farah-Pérez (2018). For 
the purposes of this study, of the mentioned 
parameters we will use Secchi disc depth, ther-
mocline depth and nutrient level (ammonim, 
nitrite, nitrate and phosphate); since, these 
parameters could be related to the abundance 
and diversity of plankton. Thermocline depth 
was obtained from a depth profile of oxygen 
and temperature using a probe (Model YSI 
6600 V2). Nutrient levels (ammonim, nitrite, 
nitrate and phosphate) were measured on fil-
tered water samples. Samples were kept in a 
cooler for transportation to the Marine Chem-
istry Laboratory at CIMAR, where all nutrients 
were determined with an autoanalyzer (Model 
Labchat 8500) based on Parsons, Maita, and 
Lalli (1984).
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In order to detect whether there is any 
pattern of variation in the composition of the 
assemblage of phytoplankton and zooplank-
ton, a Correspondence Analysis (CA) was 
employed. In the case of phytoplankton data, 
it was based on the 17 most abundant taxa, and 
for the zooplankton all species were included. 
A generalized linear model was employed to 
test for tendencies of species richness and total 
abundance of plankton with time. A Canoni-
cal Correspondence Analysis (CCA) was per-
formed to examine separately the relationships 
between phytoplankton and zooplankton and 
the main physical and chemical parameters 
defined before, and also between phytoplank-
ton and zooplankton, taking the phytoplank-
ton data as the environmental variables that 
would explain the zooplankton variation. All 

analysis were performed with the Vegan (CCA 
analysis) and FactoMineR (CA) libraries of the 
R package (R Core Team, 2013), and PAST 
software (Hammer, Harper, & Ryan, 2001). 
All the tests, for both zooplankton and phyto-
plankton were carried out with the density of 
organisms per liter.

RESULTS

Physico chemical variation: Along the 
study period the mixing depth of the lake 
fluctuated, but showed a tendency to become 
deeper with time, it changed from 15 m at the 
beginning, down to 25 m at the end of the stud-
ied period (Fig. 1A). At the same time, Secchi 
depth increased from 2 m at the beginning, 
down to 6 m by the end of the study (Fig. 1B). 

Fig. 1. Temporal variation of several environmental parameters in Lake Río Cuarto for the period 2013-2017. A) Secchi 
depth (m); B) Mixing depth (m); C) Orthophosphate (µg/L); D) Ammonium (µg/L); E) Nitrate (µg/L); F) Nitrite (µg/L). 
Missing points are due to missing data in the data base. Nutrient values are averages over the whole water column.
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In the case of dissolved nutrients, orthophos-
phate and nitrate were not detectable in most 
occasions, but both did attain higher values 
in the period between 2014 and 2015, than 
later on. Ammonium showed a clear tendency 
to decrease with time, as did nitrite (Fig. 1C, 
Fig. 1D, Fig. 1E and Fig. 1F). Weather data 
were taken from a near station that belongs to 
the Instituto Meteorológico Nacional (IMN). 
Annual precipitation is shown in Figure 2, total 

precipitation in the region around the lake was 
higher during 2014 and 2015, than the rest.

Phytoplankton: The microalgae compos-
ing the phytoplankton of Lake Río Cuarto 
belong to at least 54 taxa. Most of the taxa 
belong to Chlorophyta, with 29 taxa, followed 
by Cyanobacteria and Bacillariophyceae, each 
with 6 taxa, and Cryptophyta and Dinophyta 
with five taxa each (Appendix 1). The most 
abundant taxa were all from Cyanobacteria, 
including two unidentified morphotypes con-
sisting of loose, lone coccoid cells, presumably 
of the genus Synechococcus sp. (Cyanobacteria 
1, Cyanobacteria 2), and a species of Apha-
nocapsa sp. Among the green algae, the most 
abundant species were Coenochloris fotii and 
Chlorella sp., and the most abundant diatom 
was Discostella stelligera. 

The total abundance of phytoplankton 
decreased with time (GLM: G = 37.79, P = 
7.85x10-10), as a result of a decreased in the 
density of Synechococcus sp. (Fig 3A). At the 
same time, species richness per date fluctuated 
between a minimum of 11 species in August 
2013 and a maximum of 27 in January 2015, 

Fig. 2. Annual precipitation (mm/year) at the nearest 
weather station from Río Cuarto. Data from the Instituto 
Meteorológico Nacional (IMN). Station: 69709 San 
Gerardo de Sarapiquí.

Fig. 3. Temporal variation of phytoplankton´s total density (A) and species richness (B) at Lake Río Cuarto 2013-2017.
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and showed a tendency to increase with time 
along the study period (Fig. 3B) (GLM: G = 
15.13, P = 9.09x10-5). Another Cyanobacteria, 
Aphanocapsa sp., showed lower abundance in 
the period between 2015 and 2016, but showed 
an increase in 2017. Other species such as C. 
stelligera, O. lacustris and Amphidinium sp. 
increased with time, but their abundance was 
more than two orders of magnitude lower than 
the most abundant Cyanobacteria. On the other 
hand, some species, like Cystodinium sp. had 
abundance peaks in the samples from 2015 and 
2016 but decreased again by 2017 (Fig. 4).

The Correspondence Analysis (CA) of 
the phytoplankton variation with the 17 most 
abundant and frequent species revealed that the 
changes in these species separated the samples 
in two groups (Fig. 5); the first from 2013 to 
2015 and the second from 2016 and 2017. 

The separation of both groups was explained 
by the changes in Synechococcus sp., together 
they explained 82.3 % of the total variance in a 
SIMPER analysis.

The result of the Canonical Correspon-
dence Analysis (CCA) between the most 
abundant phytoplankton and the physical and 
chemical data reveal that, both, nutrient con-
centrations, and physical conditions of the 
water column, summarized here with Secchi 
depth and mixing depth explained the varia-
tion of the species (λ1 = 0.040, 50.07 % of the 
variance; λ2 = 0.015, 18.33 %). Both morpho-
species of Synechococcus sp. were positively 
related to the nutrient concentrations as they 
were located at the left side of the figure, but 
showed a negative relationship with Secchi 
and mixing depth, O. lacustriss on the contrary 
was positively related with mixing and Secchi 

Fig. 4. Temporal variation of the most abundant and frequent species of phytoplankton at Lake Río Cuarto 2013-2017.
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depth, and negatively with nutrient concentra-
tions (Fig. 6).

Zooplankton: It was composed of 14 taxa: 
five cladocerans, four copepods, one diptera 
and four rotifers (Appendix 2). These groups 
were very abundant in 2013 and 2014, with 
two high peaks mainly due to the abundance of 
rotifers. In 2015, the abundance of organisms 
decreased, and remained at low densities in 
the samplings in 2016 and 2017. From 2015 to 

2016 the average number of organisms per date 
were below 5 ind / L. (Fig. 7A), the decreasing 
tendency however was not significant (G = 
3.30, P = 0.06932). Species richness fluctuated 
between five and ten per date, with no tendency 
with time (G = 1.20, P = 027354) (Fig. 7B).

The decrease in abundance is mainly the 
result of the decline of the most abundant 
species. The most abundant rotifer was Kera-
tella americana with large peaks in November 
2013 and May 2014, and then it presented 

Fig. 6. Result of the CCA of the relationship among environmental parameters and the most abundant species of 
phytoplankton at Lake Río Cuarto 2013-2017.

Fig. 5. Result of the CA of the temporal samplings of phytoplankton, based on the most abundant species at Lake Río Cuarto 
2013-2017.
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small peaks in October 2014 and February 
2017. Brachionus falcatus was abundant only 
until 2013 (Fig. 8). Eubosmina tubicen was 
little abundant in 2015 and 2016, large peaks 
are observed in January 2013 and Febru-
ary 2014. Other species with low abundances 
remained constant or showed an increase in 
recent years. Diaphanosoma sp. and Cerio-
daphnia sp. showed this behavior, these species 
were abundant from 2014 to 2017, with several 
peaks in abundance. The most abundant cope-
pod turned out to be Arctodiaptomus dorsalis, 
this copepod presented constant abundance, 
with a peak of abundance in August 2014. The 
naupli larvae remained constant also during the 
years (Fig. 8). 

In the Correspondence Analysis (CA) it 
is evident a grouping of the species by dates. 

Fig. 7. Temporal variation of zooplankton´s total density 
(A) and species richness (B) at Lake Río Cuarto 2013-2017.

Fig. 8. Temporal variation of the most abundant and frequent species of zooplankton at Lake Río Cuarto 2013-2017.
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There are three main groups. The rotifers 
Filinia sp., Brachionus falcatus and Eubosmina 
tubicen present greater abundance in some 
dates of 2013 and 2014. Keratella americana 
separates from the rest but was also more 
abundant in some dates of 2013 and 2014. All 

the other species have greater density in the 
samplings of the years 2015 and 2016 (Fig. 9).

The Canonical Correspondence Analy-
sis (CCA) showed that certain relationships 
between the zooplankton and the physical 
and chemical variables described above are 

Fig. 9. Result of the CA of the temporal samplings of zooplankton, based on the most abundant species at Lake Río Cuarto 
2013-2017.

Fig. 10. Result of the CCA of the relationship among environmental parameters and the most abundant species of 
zooplankton at Lake Río Cuarto 2013-2017.
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evident. It is observed that the abundance 
of Brachionus falcatus increases positively 
with the abundance of PO4, Ceriodaphnia sp. 
and Mesocyclops sp. with NO3 and Keratella 
americana with NH4. The increase in depth 
in the Secchi disk and in the depth of the ther-
mocline are positively related to an increase 
in the genera Diaphanosoma sp., Chauborus 
sp., Ceriodaphnia sp., but negatively with the 
rotifers and E. tubicen (Fig. 10).

Relationships between phytoplankton 
and zooplankton: The results of the CCA 
revealed that there are some correspondences 
between some groups of zooplankton and 
phytoplankton (Fig. 11). Keratella americana 
tended to occur when there was a peak of 
Kirchneriella obesa, and the Cyanobacteria 
were in low abundance. Brachionus falcatus 
was more abundant when species of microalgae 
such as Synechococcus spp., and Aphanocapsa 
sp., were more abundant, but also Coenochlo-
ris fottii, Coenocystis cylindrica, Peridinium 
volzii and Chlamydomonas sp. were abundant. 
Eubosmina tubicen was also associated with 
the abundance of Synechococcus sp. and Apha-
nocapsa sp. All other species of zooplankton 
showed higher abundances when the Cyano-
bacteria were in low abundance, and species 
like Oocystis lacustris, Oocystis marsonii, Dis-
costella stelligera, Chlorella sp. were abun-
dant. It is interesting to note that predaceous 

zooplankton such as Chaoborus larvae and 
Mesocyclops sp. had a positive relationship 
with the abundance of the larger herbivores in 
the lake, like Daphnia, Ceriodaphnia, Diapha-
nosoma, and Arctodiaptomus dorsalis, but a 
negative relationship with Brachionus falcatus 
and Keratella americana.

DISCUSSION

Phytoplankton: Its seasonal variation in 
some tropical lakes has been associated with 
changes in the vertical stratification of the 
lake (Lewis, 1978a; Camacho & Charpentier-
Esquivel, 1989; De Leon & Chalar, 2003; 
Lopez, Bicudo, & Ferragut, 2005; Hernández-
Morales, et al., 2011). This phenomenon is 
related to the effects that shape and constitution 
of the algae have on its responses to turbulence 
and their adaptations to remain in suspension 
(cf. Lewis, 1978a; Reynolds, 2006). For exam-
ple, in La Alberca de Tacámbaro, a crater lake 
in Michoacán Mexico, Hernández-Morales et 
al. (2011) observed that diatoms were favored 
during deep mixing events; Chlorophytes were 
benefited during the establishment of stratifica-
tion, Cyanobacteria and Dinophyta later during 
the stratification period (Hernández-Morales 
et al., 2011). Tropical lakes tend to show a 
more dynamic alternation of stratification and 
mixing, since temperature gradients across the 

Fig. 11. Result of the CCA of the relationship among the most abundant species of phytoplankton and of zooplankton at 
Lake Río Cuarto 2013-2017.
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water column are small (Lewis, 1996; Roldán-
Pérez & Ramírez-Restrepo, 2008). Under such 
conditions, Lewis and Riehl (1982) proposed 
that the onset of phytoplankton succession in 
tropical lakes occurred when the stratification 
was reestablished, and that the events should 
follow a general pattern: diatoms, chlorophytes, 
blue-green algae, dinoflagellates. However, as 
precipitation and wind are the main seasonal 
drivers of change in the tropics (Lewis, 1996), 
and these affect the stratification of the lakes, 
even at short times scales (Talling & Lemoalle, 
1998), other authors have found that there are 
shifts in the species composition according 
to shifts in precipitation (Figueredo & Giani, 
2001; González, Ortaz, Peñaherrera, & Matos, 
2004). In other Costa Rican lakes, where phy-
toplankton composition has been evaluated 
weekly for at least one year (Arenal, Barva, 
Fraijanes, Bonilla), the situation has shown 
that this sequence not always occurs, and that 
changes are mainly in the relative contribution 
of dominant species, rather than a complete 
change in species composition (Umaña & Col-
lado, 1990; Umaña-Villalobos, 2010, 2014, 
2016). Lopez, Bicudo, and Ferragut (2005) 
also found a shift in relative contribution of a 
few dominant species in a shallow subtropical 
reservoir in Brazil, and González et al. (2004) 
also reported a similar pattern of small changes 
in the relative contribution of a few dominant 
species in El Salto Reservoir, Venezuela.

In the case of Lake Río Cuarto, its phy-
toplankton has been reported previously as 
composed of green algae, mainly the filamen-
tous Mougeotia genuflexa, diatoms such as the 
long and slender Synedra acus, and Nitschia 
sp., Peridnium inconspicuum, and Anabae-
na sp. (Umaña-Villalobos, 1985; Camacho & 
Charpentier-Esquivel, 1989). Later, in 1991 
the lake showed a different phytoplankton 
composition, with dominance by Cyanophyta, 
particularly Merismopedia and Dactylococ-
copsis sp. (Haberyan et al., 1995). However, 
in this study, species composition has changed 
again, and it was dominated by Cyanobacteria 
again, but mainly picocyanobacterial of the 
genus Synechoccocus and Aphanocapsa, and 

later with the dominance of small coccoid 
green algae. These changes reflect a change in 
the conditions of the lake, which was stratified 
at more shallow depth than in previous years 
but showed a deepening of the thermocline and 
chemocline during the course of the study peri-
od (Umaña-Villalobos & Farah-Pérez, 2018). 
The changes were not cyclical, but showed a 
monotonic tendency of decline, mainly due 
to the decline of Synechoccocus sp. by 2016, 
which seems to be related to a more deep-
mixing of the lake that took place at the begin-
ning of that year, which reached more than 20 
m by then (Umaña-Villalobos & Farah-Pérez, 
2018). At the same time some green coccoid 
algae such as Oocystis lacustris, Discostella 
stelligera and Amphidinium sp. increased with 
time. Concomitant with these changes, there 
was also a shift in the nutrient concentrations 
in the lakes, with a tendency to decrease with 
time (Umaña-Villalobos & Farah-Pérez, 2018). 
What these data reveal is that year to year vari-
ation can be more important in some tropical 
lakes, even in lakes with very low seasonality 
and great limnological stability such a Lake Rio 
Cuarto. Melack (1979) proposed that there are 
three patterns of fluctuation in phytoplankton 
of tropical lakes, a seasonal one according the 
precipitation, a muted variation in lakes where 
diel variation is greater than seasonal one, 
and a third one with abrupt changes between 
persistent algal assemblages. Figueredo and 
Giani (2001) related temporal changes in phy-
toplankton community of a tropical reservoir 
to fluctuations in the local weather (Figueredo 
& Giani, 2001). González et al. (2004) found 
that in their case, an increase in water level at 
the reservoir during the rainy season, produced 
a decline in phytoplankton abundance and 
productivity, as a result of the dilution of the 
nutrient concentration. A similar pattern was 
observed in Lake Fraijanes (Umaña-Villalobos, 
Avilés-Vargas, & Esquivel-Garrote, 2018).

In our case, data from the nearest stations 
from the IMN (Station 69079 San Gerardo de 
Sarapiquí) show that in the region seasonal-
ity of precipitation is not clearly distinct, and 
there is variation between years, as years 
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2014-2015 were wetter than the rest. Also, 
average daily temperature showed a small 
tendency to increase even in this brief period 
of time (2013-2017). These changes in weather 
parallel a shift in the ENSO conditions that 
occurred during the study period, when an El 
Niño event took place. So, even small changes 
in local weather can trigger changes in phyto-
plankton composition. However, in the case of 
Río Cuarto, it seems to conform to Melack’s 
(1979) third pattern of variation. Whether these 
changes in phytoplankton composition are also 
related to global climate change is not clear, 
since the lake has roughly maintained its 
limnological conditions in the past 35 years 
(Umaña-Villalobos & Farah-Pérez, 2018).

Zooplankton: In general, there is a change 
in zooplankton abundance, during the sampling 
period, with a decrease starting in 2015. This 
is common because zooplankton organisms 
are very sensitive to environmental changes, 
so, abundance, species composition and com-
munity structure change drastically according 
to mixing, rainfall, drought, physical-chemical 
parameters and trophic state parameters (Pinto-
Coelho et al., 2005; López-López & Serna-
Hernández, 1999). In this case, as was noted in 
the results, the changes observed in Lake Río 
Cuarto may be related to the changes in the tro-
phic levels of the lake, according to the analysis 
of canonical correspondence. Numerous studies 
show that nutrients directly influence the com-
position and abundance of zooplankton com-
munities. For example, the greatest abundance 
of plankton in all latitudes has been reported 
in eutrophic ecosystems (Geller & Müller, 
1981; Sládeček, 1983; Bays & Crisman, 1983; 
Mäemets, 1983; Manickam, Bhavan, & Santha-
nam, 2017; Horppila et al., 2019).

One of the main changes in Lake Río 
Cuarto zooplankton was the decrease of the 
two most abundant rotifer species, between the 
samplings made in 2013 and 2015. Changes in 
the rotifer community are commonly used as 
an indicator of water quality; this is so because 
rotifer sensitivity to the environmental condi-
tions and characteristics like: short life cycles, 

high population growth rate, great geographic 
distribution and sensitivity to trophic state, 
make them good environmental indicators. It 
is common that the rise in the concentration of 
nutrients produces an increase in the commu-
nity of tolerant rotifers (Horppila et al., 2019). 
The dominant species in lake Río Cuarto, Bra-
chionus falcatus and Keratella americana are 
generally dominant in eutrophic systems; both 
species are tolerant to pollution and indicate 
high concentration of organic matter and eutro-
phication (Manickam et al., 2017; Mäemets, 
1983; Sládeček, 1983).

On the other hand, the success of the roti-
fers is also due to the fact that most of them are 
suspensivorous and feed on unicellular algae, 
bacteria and detritus suspended in water, which 
they centrifuge with the help of their crown. 
This is an advantage for this group since the 
nanoseston is the most common source of food 
in the water column, mainly in eutrophic sys-
tems (Gliwicz, 2004).

Eubosmina tubicen was the most abundant 
Cladocera in Lake Río Cuarto and follows the 
same pattern of change observed for the roti-
fers, since its population decreases from the 
samplings made in 2015 forward. Bosminidae 
family is usually associated with high concen-
trations of nutrients (Bays & Crisman, 1983; 
García Chicote, 2015; Havens, Beaver, Manis, 
& East, 2015), where Cyanobacteria are very 
abundant (Carpenter, Kitchell, & Hodgson, 
1985; Carpenter & Kitchell, 1996). This family 
has advantages over other cladocerans because 
it presents flexible eating habits, thanks to 
their thoracic appendages, which allow them to 
catch particles of different sizes. Besides, it can 
feed on unicellular bacteria and algae (Bleiwas 
& Stokes, 1985). On the other hand, it has the 
capacity to use less nutritive food and some-
times even to feed on toxic phytoplankton, 
so this may explain the positive relationship 
with Cyanobacteria in Río Cuarto (Beaver, 
Renicker, Tausz, & Vitanye, 2018). From the 
above, it can be assumed that the change in the 
abundance of the rotifers and the small cladoc-
erans is due to a bottom-up control, however 
it is necessary to take into account also the 
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top-down control, since the communities of 
small cladocerans and rotifers are predated 
by some copepods of the subfamily Cyclop-
oida and larvae of Chaoborus sp. (Wen, Xue, 
Zhang, Xiang, & Xi, 2019). Both present in the 
Río Cuarto Lake. 

In canonical correspondence analysis it 
is also evident that other groups of organisms 
have an inverse relationship with the rotifers, 
these organisms are Arctodiaptomus dorsalis, 
Chaoborus sp., Ceriodaphnia sp., Diaphano-
soma sp. and in less abundance Mesocyclops 
sp. Of these organisms Arctodiaptomus dorsa-
lis, Ceriodaphnia sp. and Diaphanosoma sp. 
are not considered predators, they are herbivo-
rous filter feeders, and therefore the effect in 
these organisms is related to changes in phy-
toplankton, generated by changes in nutrients 
(Tordesillas et al., 2017).

Changes in zooplankton community in 
Lake Río Cuarto are mainly associated with 
specific lake conditions. It can be said that to 
analyze zooplankton variation in tropical lakes, 
it is necessary to have data from several years 
of sampling, since changes in the conditions 
of each lake are generally subtle and occur 
slowly (Twombly, 1983). On the other hand, 
the climate tends to be very stable throughout 
the year, so it does not affect zooplankton com-
munities drastically. It is also always important 
to analyze biotic and abiotic factors; in future 
studies it is also recommended to include fish 
predation and interspecific competition.

Phytoplankton - zooplankton relation-
ships: It is a general assumption that phy-
toplankton serves as the bases of the food 
chain in lakes (Wetzel, 2001; Roldán-Pérez, & 
Ramírez-Restrepo, 2008), and McCawley and 
Kalff (1981) developed empirical equations to 
relate zooplankton biomass to phytoplankton 
biomass. However, not all zooplankton spe-
cies can be classified as herbivores (Gliwicz, 
2004), and not all suspended particles in lake 
water are microalgae (Wetzel, 2001; Lewis, 
2009). Umaña et al. (2018) did not find a close 
relationship between phytoplankton and zoo-
plankton in Fraijanes Lake, Costa Rica. Gavlas 

(2012) examined the diet of two species of zoo-
plankton in Arenal Reservoir and concluded 
that both were feeding mainly on particulate 
organic detritus rather than phytoplankton in 
the lake water she used for her feeding experi-
ments. A similar conclusion was given by Pace, 
McManus, and Findlay (1990) who found that 
zooplankton can feed both on microalgae and 
bacteria. However, in Lake Río Cuarto, some 
relationship between given species of phyto-
plankton and zooplankton was observed, as 
Eubosmina tubicen showed a decrease that 
paralleled the plummeting in the abundance 
of picocyanobacterial such as Synechococcus 
spp. Nevertheless, these changes were not 
cyclical on an annual basis. In the tropics, the 
temporal variation in the abundance of either 
phytoplankton and zooplankton seem to be less 
pronounced and predictable than in temperate 
lakes, since selective pressures on composi-
tion due to trophic relationships are at work all 
year round, and that the effect of the presence 
or absence of a consumer is masked by the 
constancy of the environmental conditions. 
On the other hand, it is generally accepted that 
predator-prey relationships are cyclical accord-
ing to theoretical reasoning (Gotelli, 2001), so 
the lack of clear correlations might also be an 
artifact from low frequency of sampling, given 
that planktic species have fast growing rates, 
especially at the high temperatures in this low 
land tropical lake.
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RESUMEN

Variación del plancton en el lago Río Cuarto, 
Costa Rica (2013 al 2017). En los lagos tropicales, los 
cambios estacionales en la dinámica del plancton son 
mínimos e irregulares, ya que las condiciones climáticas 
son bastante estables durante todo el año, en la mayoría 
de los casos solamente estudios a largo plazo permiten 
observar patrones en la dinámica del plancton. El lago de 
Río Cuarto es un lago meromícto tipo maar localizado en 
las llanuras del norte de Costa Rica, en el pasado se han 
realizado estudios limnológicos no mayores a un año de 
muestreo, en este trabajo presentamos datos de la composi-
ción del fitoplancton y del zooplancton a lo largo de cuatro 
años, del 2013 al 2017, con el fin de analizar cambios en 
la comunidad del plancton en un periodo de tiempo mayor, 
asociados a variables ambientales. Para el fitoplancton se 
tomaron muestras subsuperficiales y se fijaron con lugol, 
y para el zooplancton se hicieron arrastres verticales de 
20 m con una red con 64 µm de poro, que se preservaron 
con formalina y luego se pasaron a alcohol de 95 %. El 
fitoplancton incluyó 54 taxa, la mayoría fue Chlorophyta, 
seguidos por Cyanobacteria y Bacillariophyta. Las taxa 
más comunes fueron: Synechococcus spp., Aphanocapsa 
sp. Coenochloris fotii, Chlorella sp. y Discostella stellige-
ra. La abundancia total del fitoplancton disminuyó de 2013 
a 2017, principalmente debido a una disminución en las 
Cyanobacteria. El zooplancton estuvo compuesto por 14 
taxa: 5 cladóceros, 4 copépodos, 1 díptero y 4 rotíferos. Los 
más abundantes fueron: Keratella americana, Brachionus 
falcatus, Eubosmina tubicen y Arctodiaptomus dorsalis. 
Se observó un cambio en la diversidad y abundancia del 
zooplancton, al principio (2013-2014) K. americana y E. 
tubicen se alternaron en dominancia, y luego (2015-2016) 
A. dorsalis, Diaphanosoma sp. y Ceriodaphnia sp. fueron 
dominantes, con un regreso de K. americana en el 2017. 
Los cambios observados en el periodo de estudio parecen 
estar relacionados con cambios en la condición del lago, 
pues la termoclina se hundió y el lago se volvió más tras-
parente durante el estudio. La abundancia, de rotíferos y del 
cladócero Eubosmina tubicen, disminuyó asociada a una 
disminución de Cyanobacterias. Esos cambios no siguie-
ron un ciclo anual, más bien parecen cambios que ocurren 

a largo plazo, tal y como se ha propuesto en la literatura 
sobre lagos tropicales.

Palabras clave: fitoplancton, zooplancton, variación tem-
poral, lagos meromícticos, Costa Rica.
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