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Abstract Phytoplankton are a complex group, composed of several taxonomic
classes of unicellular or colonial species with great morphological and color vari-
ation, generally drifting with water movement. Some have one or several benthic
life stages. They are mostly photosynthetic but some require organic nutrients.
Color is important for taxonomic classification and depends on the chloroplast
pigment composition. Studies on the biodiversity of marine phytoplankton in
Costa Rican coasts are sparse and mostly confined to the Pacific coast, more
specifically to the Golfo de Nicoya. New records presented here come from the
three most important embayments in the Pacific coast. We report 268 species, 258
for the Pacific coast, 53 for the Caribbean coast, and 43 species common to both
coasts. There are no reports of coccolithophorids, and only few species of flag-
ellates other than dinoflagellates have been identified. Some taxonomic classes
possibly occurring in local waters have never been examined. Phytoplankton
listed for both Caribbean and Pacific coasts is basically neritic and cosmopolitan.
When compared to the floras described for other parts of the world it is evident
that much more work is needed on both Costa Rican coasts. It is important to
monitor the occurrence of potentially toxic species that have proven to be a
danger to human health in Costa Rica, to evaluate possible extinction events of
local endemic flora, and to intensify the search of potentially valuable marine
pharmaceuticals.

Introduction

The great majority of phytoplankton are eukaryotic cells that spend all or most of
their life stages drifting in the water column of the oceans (and lakes). Some may
have a resting stage that sink to the bottom where they await favorable environmental
conditions to restart vegetative growth; some of these, so-called meroplanktonic
species, can have complex life cycles with several bottom-dwelling and/or free-float-
ing stages. The main components of phytoplankton are diatoms (Bacillariophyceae),
dinoflagellates (Dinophyceae). coccolithophores (Prymnesiophyceae), and some
flagellates (Chlorophyceae, Rhaphydophyceae, Cryptophyceae, Dictyochophyceae).
Some ciliates (Myrionecta) or flagellates (Hermesinum) are regarded as heterotrophic
but are autotrophic because they have endosymbiotic algae. Most of them are mix-
otrophic, i.e., they can photosynthesize but also require organic matter (mostly vita-
mins and amino acids) which they get by absorption from the surrounding water or
by consuming entire cells, as some dinoflagellates do. There are some planktonic
photosynthetic prokaryotes: purple and green sulfur bacteria and the blue green algae
(Cyanophyceae) (Raymond 1980).

Perhaps the most striking feature of phytoplankton is the variability in shape and
cell wall constitution (Raymond 1980): cellulose in many dinoflagellates, opal-like
glass in diatoms, calcium carbonate in coccolithophores, organic or silicon scales in
some flagellates. Some show elaborated cell wall projections, such as spines, horns,
or wings; some can live as solitary cells, other can form long chains or colonies. Color
depends on the chloroplast pigments. The pigment composition, along with cell wall
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composition and structure, type of nucleus, chloroplast envelope, thylakoid organiza-
tion, and type of flagella are taxonomic criteria used for class separation,

Studies of phytoplankton species richness on the Pacific coast of Costa Rica
started with the collections of Allen (1925, 1939) and Cupp (1934). In a study of
the annual cycle of potentially toxic dinoflagellates, Viquez & Hargraves (1995)
documented the occurrence of species that were reported as toxic in other areas
such as Gymnodinium catenatum and Pyrodinium bahamense var. compressum.
Brugnoli (1998) and Brugnoli Olivera & Morales Ramirez (2001) studied the
dynamics and structure of the phytoplankton community but did not consider spe-
cies, only higher taxa levels such as genus and family. Vega (1999) records 151
taxa. including 73 species of diatoms, 18 species of dinoflagellates, and 2 other
flagellates that were identified to the species level. Records of single species are
provided by Morales er al. (2001) who reported a red tide by Lingulodinium polye-
drum, and Mata et al. (1990) documented the occurrence of human poisoning due
to Pyrodinium bahamense var. compressum. Vargas (2001) included descriptions,
ultrastructure, and electron microscope photographs of 38 taxa of dinoflagellates,
some of them identified to genus. More recently, Vargas-Montero & Freer (2004a)
provided information on the presence of dinoflagellates of the genus Ceratium spp.
in the Golfo de Nicoya, and they reported also on recent toxic algal bloom in the
Golfo de Nicoya (Vargas-Montero & Freer 2004b, c).

Studies on the phytoplankton in the Costa Rican Caribbean are even sparser,
and limited information exists on the flora. The only published annual cycle
analysis of the phytoplankton assemblage of the Caribbean coast of Costa Rica
was provided by Vargas (1991), and this information is included in Species List
1.1 (on CD-Rom). Another study (Silva 1986) on the photosynthesis and standing
crop of phytoplankton in Cahuita identified phytoplankton to the genus level.

Most of the phytoplankton records for the Pacific coast (Species List 1.2 is
included on the CD-Rom) come from Bahia Culebra (Golfo de Papagayo) in the
north, Golfo de Nicoya in the central part of the country (Fig. 1.1), and Golfo Dulce
in the south. Species reported by us as new records (indicated as NR in the first col-
umn in Species Lists 1.1 and 1.2, both on CD-Rom) are from bottle samples and net
tow collections obtained from 1980 to 2001 (projects UNA-921002, UNA-021066
and UNA-023433 granted to R. Viquez). These samples were preserved with Lugol’s
solution. Dinoflagellates were identified from water mounts and diatoms from perma-
nent resin mounts (Hyrax, Aroclor, or Melmount). All samples and resin mounts on
duplicate glass slides were catalogued and deposited in the Plankton Collection at
Estacién de Biologia Marina, Universidad Nacional, Puntarenas (R. Viquez collec-
tion), or at the Graduate School of Oceanography, URI (PEH collection). Here we
report 268 species, 258 species for the Pacific coast, 53 species for the Caribbean
coast, and 43 species occurring along both coasts (Table 1.1).

As in most compilations of species lists and surveys, the accuracy of identifica-
tions depends on the individual skills of the surveyor, which is unfortunately varia-
ble, and the adequacy of available literature. This compilation is no exception, and
we have chosen not to judge the accuracy of the identifications of others. In addi-
tion, advances in taxonomic opinion may change rapidly, and the names in this list
are always subject to modification.



Fig. 1.1 Actinoptychus senarius, a diatom, from the Golfo de Nicoya, Costa Rica. Photo: Paul E.
Hargraves

Table 1.1 Summary of phytoplankton species reported for each coast of Costa Rica

Pacific Caribbean Pacific Caribbean

Bacillariophyceae 151 46 Gymnodiniales 14 0
Coscinodiscales 40 6 Noctilucales 2 0
Rhizosoleniales 14 6 Peridiniales 30 0
Bidduphiales 56 plus 2 14 Cyanobacteria 4 genera, 2 3 genera, 2

subspe- species species

cies
Fragilariales 11 plus 1 2 Ebridea 2 0

subspe-

cies
Bacillariales 27 18 Ciliata 1 0
Dinophyceae 96 3 Prymnesiophyceae | 0
Prorocentrales 11 1 Raphydophyceae | 0
Dinophysiales 10 1 Dictyochophyceae 2 |
Gonyaulacales 29 1 TOTAL N° OF 258 53

TAXA
Species reported only 215 Species reported 10
from the Pacific only from the
coast Caribbean coast

Number of species 43

occurring along
both coasts

TOTAL NUMBER 268
OF SPECIES
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Discussion

None of the above mentioned publications considered coccolithophorids,
although these carbonate-secreting species are known to be diverse in other tropi-
cal coastal areas. When any local area is examined in detail for microalgae, spe-
cies richness increases dramatically. In Florida, for example, an intensive survey
of protists by one of us (PEH) tripled the number of reported species (www.sms.
si.edu/irlspec/Species_Rpts.htm) based on a 3-month survey. Likewise. entire
taxonomic groups of microalgae (Prymnesiophyceae, Cryptophyceae,
Prasinophyceae, and several other classes) have never been examined in Costa
Rican waters, and only occasional anecdotal observations are available. In other
temperate and tropical coastal regions these (mostly) nanoplankton-sized organ-
isms frequently make significant contributions to primary productivity and can
form harmful algal blooms. They are neglected mostly because they are destroyed
in common preservatives. their study requires electron microscopy, molecular
techniques or both, and competent taxonomists for these difficult groups are
scarce. Most species listed in this part are either easily preservable, identifiable
by light microscopy, or both.

Phytoplankton so far reported for the Caribbean and Pacific coasts of Costa Rica
can be defined as basically neritic and cosmopolitan. Communities of microplank-
ton-sized cells (i.e.., 20-200um) were dominated by diatoms, and Skeletonema
costatum was repeatedly identified as an abundant and ubiquitous species (although
this name may represent a complex of several species: Sarno et al. 2007, J. Phycol.
43:156-170). The species-rich genus Chaetoceros played a prominent role in deter-
mining the diversity of the Costa Rican flora (Viquez 1983; Brugnoli 1998; Vega
1999; Brugnoli Olivera & Morales Ramirez 2001).

The phytoplankton in the Golfo de Nicoya shared around 50% of species with
the Gulf of Panama, the Gulf of California, the Gulf of Guayaquil in Ecuador, and
the summer flora of Narragansett Bay in the east coast of the United States
(Hargraves & Viquez 1985). Although this suggests a high degree of cosmopolitan
species, it is also true that five centuries of interoceanic ship travel makes it difficult
to decide which species are truly cosmopolitan, and which are invasive species on
a century-long time scale. In other words, many cosmopolitan species could be
more accurately described as cryptogenic.

When compared to the floras described for other parts of the world it is evident
that much more work is needed on both Costa Rican coasts. As an example, here
we report only 13 species of the genus Ceratium for the Pacific coast and two spe-
cies for the Caribbean: however, in the Gulf of California 83 taxa have been
described. close to the total number of species reported worldwide (120 spp.)
(Cortés-Altamirano & Nufiez 2000).

Knowledge of phytoplankton species richness for the Caribbean coast of Costa
Rica (Species List 1.1: 53 spp.) is rather incomplete, probably because the single
study (Vargas 1991) was carried out at the mouth of two estuaries with strong fresh-
water influence, thus excluding many oceanic stenohaline species. It is also note-
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worthy that for some of the species listed, few or no references from other tropical
areas were found, whereas other taxa were ubiquitous and common according to a
survey of published records from other areas. In Venezuela, Diaz-Ramos (2000)
compiled a total of 461 species (275 species of diatoms, 162 species of dinoflagel-
lates, and 24 species of coccolithophores) based on 40 years of studies by several
authors.

Since harmful algal blooms have an impact on public health and economy of
Costa Rica (Mata er al. 1990; Morales et al. 2001), it is necessary to monitor more
closely the occurrence of those species known to be toxic to both humans and
marine animals of economic importance. Moreover, it has been estimated that
hundreds or thousands of species become extinct before they are discovered
(which is a non-verifiable statement). It is likely that extinctions and biodiversity
loss also take place at some level in coastal marine environments. Before evalua-
tions of such extinction events can be made, it is necessary to know the number of
endemic species in marine areas of Costa Rica. Widespread species may be in
danger of local extinction, but not necessarily global eradication; in contrast,
endemic species are much more susceptible. Given the common occurrence of
allelopathy (i.e., biochemical warfare) amongst microscopic organisms, it is likely
that potentially valuable marine pharmaceuticals may be found in phytoplankton
species, waiting to be discovered. The first step is the establishment of biotic
inventories, and there is much to be done. This is contribution # 1695 from Harbor
Branch Oceanographic Institution of Florida Atlantic University, and contribution
#728 from Smithsonian Marine Station/Ft Pierce, FL. PEH acknowledges support
from both institutions.
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