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Trophic planktonic dynamics in a tropical estuary, Gulf of Nicoya,
Pacific coast of Costa Rica during EI Nifio 1997 event

Dinamica trofica planctonica en un estuario tropical, Golfo de Nicoya, costa Pacifica
de Costa Rica durante El Nifio 1997

Ernesto Brugnoli-Olivera® and Alvaro Morales-Ramirez?

ISeccion Oceanologia, Facultad de Ciencias, Universidad de la Republica. Igud 4225, Montevideo, Uruguay
2CIMAR y Escuela de Biologia, Universidad de Costa Rica. P.O. Box 2060 San Pedro de Montes de Oca, Costa Rica
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Resumen.- Durante las épocas seca y lluviosa de 1997 se
analiz6 la dindmica tréfica del plancton en el Golfo de Nicoya,
costa Pacifica de Costa Rica. En dos profundidades de
penetracion de luz se determinaron la temperatura del agua,
salinidad y oxigeno disuelto. En cada profundidad se
cuantificaron los nutrientes inorganicos, biomasa
fitoplanctonica total y nanofitoplancténica, recolectandose
muestras para analisis taxondmicos fitoplancténicos. Se
realizaron arrastres oblicuos para estimar abundancias,
composicion y peso seco del zooplancton. La estimacion
indirecta de la tasa de herbivoria se realiz6 utilizando el
presupuesto de pigmentos. El estudio coincidié con la
ocurrencia de un evento El Niflo reflejado en cambios de las
caracteristicas fisico-quimicas del agua en la zona de Punta
Morales. La concentracion de algunos nutrientes mostrd una
correlacion con la salinidad y se encontraron diferencias
significativas entre las épocas transicion y lluviosa en las
biomasas fitoplanctonicas. Se identificd un total de 43 taxa
fitoplanctonicos, donde flagelados, diatomeas céntricas y
pennadas representaron el 90% de la abundancia. Los
copépodos fueron el grupo zooplancténico mas abundante y
Acartia lilljeborgii, Pseudodiaptomus sp. y Paracalanus
parvus, los herbivoros dominantes; los valores del peso seco
de herbivoros vari6 entre 0,6 y 50 mg m=. La tasa de herbivoria
mostré un promedio de 0,67 £ 0,83 d'. Se encontrd un
comportamiento estacional con cambios en las concentraciones
de nutrientes, disponibilidad del fitoplancton e incremento de
las temperaturas, donde la predacion y presion de herbivoria
ocasionaron cambios en la estructura de las poblaciones
planctonicas en la zona interna del Golfo de Nicoya.

Palabras clave: Plancton, tasa de herbivoria, Océano Pacifico

Abstract.- The trophic dynamics of the plankton from the
Gulf of Nicoya, a tropical estuary in the Pacific coast of Costa
Rica, was conducted during dry and rainy seasons of 1997.
Water temperature, oxygen and salinity were measured at two
different light penetration depths. Inorganic nutrients, total and
nannophytoplanktonic chlorophyll @ were determined at each
depth and additional samples were taken for phytoplankton
taxonomic work. Oblique zooplankton hauls were done and
abundance, composition and dry weight of zooplankton were
determined. Indirect grazing rate estimate was calculated using
the pigment budget. The study period coincided with an El
Niilo event detected in the Punta Morales zone and reflected
by a change in the physico-chemical water characteristics. Some
nutrient concentrations were correlated to the salinity, and
significant differences were observed between the transition
and rainy seasons in the phytoplankton biomass of the two
fractions. A total of 43 phytoplankton taxa were identified and
flagellates, centric and pennate diatoms represented 90% of
the total phytoplankton abundance. In the zooplanktonic
samples, copepods were the most abundant group and Acartia
lilljeborgii, Pseudodiaptomus sp. and Paracalanus parvus were
the dominant herbivores; dry weight mean values of
herbivorous copepods were between 0.6 and 50 mg m>.
Grazing rate showed a mean of 0.67 + 0.83 d-'. This study
showed a seasonal behavior with changes in nutrient
concentrations, availability of phytoplankton and rising
temperatures through El Nifio. Predation and grazing pressure
produced changes in the structure of plankton (phyto and
zooplankton) populations in the internal zone of Gulf of
Nicoya.

Key words: Plankton, grazing rate, Pacific Ocean

Introduction

Food webs in general show the transfer of energy and
organic materials through various trophic levels of marine
organisms (Lalli & Parsons 1997). A simplified food chain
might be composed of three levels, which includes

phytoplankton as primary producers, zooplankton as
primary consumers and fishes as secondary consumers.
This basic chain acquires more complexity when other
levels are added, or when one of its components modifies
its feeding behavior in response to those factors, creating
what is called a food web, in which multiple and shifting
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interactions between organisms occur (Begon et al. 1988).
In spite of the complexity of the trophic relationships
between different plankton functional compartments, the
estimation, direct or indirect, of the factors that regulate
primary production is key to determine the matter and
energy fluxes through the trophic webs of an ecosystem.
Also, the grazing pressure (top down theory) or the
nutrients availability in a particular system (bottom up
theory) have been proposed as regulator factors of the
primary production (Lenz 1992). Mesozooplankton,
especially copepods, plays a fundamental role in pelagic
food webs because is a trophic link between primary
producers and higher consumers (Ikeda et al. 2001). They
are known to have a significant impact over
phytoplankton, where diatoms have been considered the
main food for copepods and other zooplankton
herbivorous organisms (Kleppel et al. 1991, Kleppel
1993), although its role in the nutrition of copepods is
controversial (Ban et al. 1997, Irigoien et al. 2002,
Paffenhofer 2002, Tanora et al. 2004, Jones & Flynn
2005). Measurements of herbivory impact on the primary
production are controversial as some authors consider
grazing by herbivorous species to be non significant for
primary production (< 5% of PP) (Morales et al. 1991,
Dam et al. 1993); others have estimated grazing rates of
primary production higher than 25% (Sautour et al. 2000)
or 40% (White & Roman 1992, Lenz et al. 1993). Values
around 25-30% are comparable to the revision made by
Calbet (2001) who compared several grazing studies
worldwide using different methods, giving an estimate
value of 22,6% from the primary production consumed
per day. A first step to obtain information for an adequate
management of fisheries includes the evaluation of the
trophic interactions into the first levels of the food web,
also primary producers and herbivores. The methodology
for determination of grazing rates in situ includes
experiments in the laboratory or the use of allometric
equations (Harris ef al. 2000), as well as incubations
experiments. A proper manageable solution is to work
with biomarkers of the grazing process such as
phytoplankton pigments and their degradation products.
Chlorophyll a and pheopigments are known as direct
products of phytoplankton growth and zooplankton
grazing activity respectively, (Welschmeyer & Lorenzen
1985, Carpenter et al. 1986, Strom & Welschmeyer 1991).

There are numerous descriptive studies on the Gulf
of Nicoya, Costa Rica, however there is a lack of
information about the plankton dynamic of the system,
although it supports one of the most important fisheries
of the country. Most of the studies about plankton in the
Gulf of Nicoya, especially zooplankton studies, have been
carried out to evaluate some ecological aspects about

composition, distribution, biomass (Hossfeld 1996,
Morales-Ramirez 1996, von Wangelin & Wolff 1996,
Brugnoli-Olivera et al. 2004), impact of El Nifio
(Morales-Ramirez & Brugnoli-Olivera 2001) and
biodiversity (Morales-Ramirez & Vargas 1995, Morales-
Ramirez 2001). Some studies have determined seasonal
patterns of the primary productivity of the Gulf of Nicoya,
with particularly high productivity values (up to 1.69 gC
m?d"), becoming one of the most productive tropical
systems in the word (Cérdoba-Muiioz 1993, Gocke et
al. 2001). Such productivity is dominated by micro -
nannophytoplankton (Hargraves & Viquez 1985,
Brugnoli-Olivera 1998).

The goal of this study is to obtain an evaluation of
the planktonic dynamics (phyto and zooplankton) in the
Gulf of Nicoya, Costa Rica. For this purpose, the biomass
and composition of two planktonic communities were
determined through dry and rainy seasons. Also,
environmental factors (temperature, salinity, oxygen,
inorganic nutrients) and indirectly estimating the grazing
rate were measured.

Material and methods
Study area

The Gulf of Nicoya is a tropical estuary (1543 km?),
located at the Pacific coast of Costa Rica (10°N; 85°W)
(Fig. 1). According to Voorhis et al. (1983) two main
regions may be identified: an external zone delimited to
the south by the open ocean, and to the north by a line
from San Lucas Island to Puntarenas peninsula; and a
shallow internal zone which comprises the rest of the gulf.
The external zone is bordered by a rocky coast with sandy
beaches and its bottom drops abruptly toward the mouth.
In contrast, the internal zone is shallow (less than 20 m)
and is bordered by mangroves, muddy or sandy beaches
and rocky headlands (Vargas 1996). The gulf dynamic
structure is principally controlled by salinity variations
(Peterson 1958, Lizano & Vargas 1994) and strong
gradients in physical-chemical parameters during the
rainy season. In particular, the internal region of the gulf
behaves as an estuary, showing stratification during the
rainy season because of reduction in surface salinity
(Epifanio et al. 1983). Lizano (1998) showed that the
strong saline stratification in the internal region may have
an important impact on fisheries in the gulf. The strong
seasonal stratification also influences nutrients and
dissolved oxygen dynamics (Epifanio ez al. 1983, Chaves
& Birkicht 1994) which in turn leads directly to biological
differences between the two regions of the gulf (see Vargas
1995).
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Figure 1

Gulf of Nicoya with study zone (Morales Pt.), Pacific
coast, Costa Rica

Golfo de Nicoya con la zona de estudio (Pta. Morales), costa
Pacifica, Costa Rica

Sampling program

Daily samplings in different tide conditions were carried
out during two days in one station at two depths from
March to May and September to December, 1997 in
Estero Punta Morales, internal zone of Gulf of Nicoya
(Fig. 1). Surface temperature and oxygen content were
measured with an YSI 57 polygraph sensor. Light
penetration was measured using a Secchi disc. Two-
sampling depths were selected: 50% and 10% light
penetration, which was obtained by multiplying the
Secchi depth by the penetration light coefficient (0.40
and 1.35 respectively). In both depths salinity (psu) was
measured with a Sper Scientific 300011 refractometer
and a Niskin bottle (SL) was used to collect samples for
chlorophyll analysis and phytoplankton composition.
Samples for chlorophyll a analysis were determined by
collecting three replicates. Additional samples were taken
at each depth for taxonomic work and were fixed with
acid Lugol’s solution. Oblique zooplankton hauls were
carried out with a plankton net of 280 um mesh size with
a General Oceanics flowmeter mounted at the net mouth
to measure the filtered water volume. Samples were fixed
in 5% formaldehyde.

Sampling analysis

Samples for total chlorophyll analyses were filtered

trough Whatmann GF/C filters and the samples for
nannophytoplankton chlorophyll determinations were
previously sieved through a 30pum sieve (Malone 1971)
and filtered (Whatmann GF/C filter). Chlorophyll analysis
was conducted according to Strickland & Parson (1972).
Pigment extraction was done using 90% acetone, and
absorbance was determined by a Shimadzu UV-160
spectrophotometer. Chlorophyll a concentration was
calculated according to the equation of SCOR/UNESCO
(1966, in Strickland & Parsons 1972). Net phytoplankton
chlorophyll a concentration was calculated as the
difference between total chlorophyll a and
nannophytoplankton chlorophyll a. The water filtered for
chlorophyll determinations was collected, refrigerated
(0°C) and inorganic nutrients concentrations (silicate,
phosphate, nitrite, nitrate and ammonia) were determined
by spectrophotometric analyses according to Strickland
& Parsons (1972). The main taxonomic groups of
phytoplankton were determined according to the
Utermohl technique (Utermdhl 1958). Taxonomic
identification was done according to Subrahmanyan
(1946), Cupp (1977), Humm & Wicks (1980) and Tomas
(1993, 1996). Using a Folsom plankton splitter and
depending on the volume of the zooplankton sample,
fractions of 1/16, 1/32 or 1/64 were processed. One
fraction was used to determine biomass dry weight and
one to determine the composition and abundance of the
zooplankton community. Dry weight was measured by
collecting the fraction on a pre-weighed filter (Whatmann
GF/C). Filters were dried (24 hours at 60°C) and weighed.
Total zooplankton biomass is reported as biomass in mg
m3. Herbivore biomass was determined indirectly
according to the seasonal abundance of copepods found
by Brugnoli-Olivera et al. (2004) and reported as mg m=.

The grazing rate was indirectly estimated by using
the pigment budget proposed by Welschmeyer &
Lorenzen (1985), but modified for a mixed environment
(1). According to Brugnoli-Olivera & Morales-Ramirez
(1999), the water column of Punta Morales was mixed
during the study period. In the present investigation a
modification of this budget with some theoretical
considerations was carried out: the pheophorbide @ was
the quantifiable pheopigment, the distribution of
phytoplankton pigments and degradation products in the
euphotic zone were sampled with a Niskin bottle in
different depths at different tides on the same day and,
the majority of pheopigment in the Punta Morales zone
was provided by mesozooplankton grazing (Brugnoli-
Olivera 1998), mainly copepod species that were the most
abundant group during the study period (Brugnoli-Olivera
et al. 2004). With this assumption, the microzooplankton
grazing or lateral advection as pheopigment origin was
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not considered. This grazing rate (g=d') represents the
amount of pheopigments removed daily from the
permanent phytoplankton biomass. Phytoplankton growth
rate (u=d') was determined to evaluate the effect of
grazing pressure on the phytoplankton community.
Calculated grazing rates (g) from equation (1) were
inserted in equation (2) according to Welschmeyer &
Lorenzen (1985). To determine the grazing pressure, it
was assumed that the phytoplankton growth rate is
balanced through the grazing rate. The grazing pressure
was quantified as the daily amount of phytoplankton (p)
removed from the permanent phytoplankton biomass (g)
and expressed as percentage (%). In equations (1) and

(2), S =Sum, 1-50% = light penetration, T = time (inter-
tide period) (d), Chl-a = chlorophyll a (mg m?) and phaeo
= phaeopigments (mg m?).

For statistical analysis non parametric Mann Whitney
and Kruskall-Wallis tests were used to find differences
in temperature, salinity, nutrients concentration,
zooplankton or phytoplankton biomass, grazing rate and
grazing pressure between depths, tides or times (season
or months); Spearman correlation was utilized to find
associations between nutrients concentration and salinity
at P<0.05 level of significance (Zar 1996). Analyses were
performed using SYSTAT software package.

g(d’]) = [(S_phaeo. 10%-50% T1)-(S paheo. 10%-50% T0)] In [(SChl-a 10%-50% T1)y*(SChl-a 10%-50% T(}]’]] 1)

T [(SChl-a 10%-50% T1)-(SChl-a 10%-50% T0)]

p(d 1 )=g+ In [(SChl-a 10%-50% T1)-(SChl-a 10%-50% T0)]

Results
Physical-chemical setting

Surface water temperature showed an average of 29.9 +
0.9°C, a variation coefficient of 0.03; a maximum value
(31.5°C) in April and a minimum (28°C) during March
and October. There were significant differences between
dry-transition and rainy-transition seasons (P=0.0001 and
P=0.0015). In both depths, salinity showed an average
0f 26.6 = 7.2 psu and a variation coefficient of 0.27; the
maximum value was 35 psu in December and the
minimum was 10 psu in October. There were no
significant differences between depths, times or tides
(P>0.05). Sub-surface dissolved oxygen showed an
average of 6.7 + 0.6 mg L' with a variation coefficient of
0.08; the maximum concentration was observed in
November (8.0 mg L") and the minimum in December
(5.8 mg L"). The depth of the Secchi disk had an average
of 1.4 + 0.5 m and a variation coefficient of 0.27; a
maximum value was observed in March (3 m) and a
minimum in October (0.5 m).

Inorganic nutrients

During the sampling period, silicate (Si (OH) O*) showed
a mean concentration of 6.79 * 4.40 pmol L with a
variation coefficient of 0.64; the maximum value was
19.08 umol L' observed during May and non detected
values during March and September. Phosphate (P0,>)
showed a mean concentration of 1.12 £ 0.81 pmol L™
and the variation coefficient was 0.72; values oscillated
between a maximum of 3.40 umol L' in December and
a minimum of 0.17 pmol L' during may. In the
nitrogenate chemical species, nitrate concentration

@)

(NO -) showed a mean value of 1.22 + 1.40 pmol L' (VC=
1.143 with a maximum of 9.77 pmol L' in October and
non detected values during the dry season and September.
Nitrites (NO,’) concentration showed a mean of 0.43 +
0.32 pmol L, with a variation coefficient of 0.73,
maximum of 1.64 umol L' (September) and non detected
concentration during the dry season. Ammonia
concentrations (NH4+) were determined only in March,
September, October and December with a maximum of
9.45 umol L' during December and a minimum of 1.39
pmol L in October (Fig. 2a).

No significant differences were observed in the
silicate, phosphate and nitrite concentrations (P>0.05)
among months. However, a significant difference was
found in nitrate concentration between months in the dry
season (March-December, P=0.007), in the dry and rainy
seasons (March-October, P=0.0002) or transition - dry
season (April-December, P=0.0006) (Fig. 2a). A
significant difference in nitrate concentration was found
between the dry-transition season (P=0.0019) and the
transition-rainy season (P=0.0015) (Fig. 2b). Silicate,
phosphate and nitrogenate chemical species, showed a
significant correlation (r,, P<0.05) between their
concentration and salinity during dry and rainy seasons
(Table 1).

Phytoplankton

A total of 43 phytoplankton taxa were identified with 32
taxa of diatoms, 6 genera of dinoflagellates, 3 of
cyanobacteria, one Euglenophyta and one flagellate.
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Figure 2

Season

Mean of inorganic nutrient concentration at Punta Morales zone, Gulf of Nicoya, Costa Rica, 1997.
a) Monthly variability, b) seasonal variability

Promedio de la concentracion de nutrientes inorganicos en la zona de Punta Morales, Golfo de Nicoya, Costa Rica, 1997.

a) Variacion mensual, b) variacion estacional

Table 1

Correlations (P<0.05) between salinity and inorganic nutrient concentrations. Punta Morales zone, Gulf of Nicoya, Costa
Rica, 1997. (n=); NS: non-significative

Correlaciones (P<0,05) entre salinidad y concentraciones de nutrientes inorganicos. Zona de Punta Morales, Golfo de Nicoya,

Costa Rica, 1997. (n=); NS: no significativo

Season Silicate Ortophosphate Nitrate Nitrite Ammonia
Dry 0.796 (26 0.591 (2 0.591 (13 0.850 (ap 0.800 (15
R.ai]'.l.}" NS 0.348 (32) '0.750 (28) NS NS
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Table 2

Relative abundance of phytoplanktonic taxa in Punta Morales, Gulf of Nicoya, Costa Rica, 1997, during the dry, transition
and rainy seasons. 1: Net phytoplankton, 2: Nannophytoplankton

Abundancia relativa de los taxa fitoplantonicos en Punta Morales, Golfo de Nicoya, Costa Rica, 1997 durante las estaciones seca,

de transicion y lluviosa. 1: Fitoplancton de red, 2: Nanofitoplancton

Order Dry season Transition season  Rainy season
Sub Order Genus 1 2 1 2 1 2
Family
Diatoms
Coscinodiscinae 17.5 54 19.8 54 5.6 8.0
Thalassiosiraceae Lauderia 0.0 0.2 04 0.0 0.0 0.0
Skeletonema costatum 45.7 6.6 8.2 2.0 29.2 7.1
Thalassiosira 0.2 0.8 09 1.5 0.0 0.0
Melosiraceae Stephanophyxis 1.0 0.1 0.9 0.3 4.4 14
Leptocylindraceae Leptocylindrus 2.1 5.5 34 3.7 1.3 3.4
Corethron 0.0 0.2 0.0 0.0 0.0 0.1
Coscinodiscaceae Coscinodiscus 0.0 0.2 0.0 0.0 0.0 0.0
Hemidiscaceae Actynocyclus 0.1 0.2 0.3 0.0 0.0 0.0
Asterolampraceae Asterolmphalus 0.0 0.0 0.1 0.4 0.0 0.0
Rhizosoleniineae Rhizosolenia 1.2 0.5 2.5 0.2 0.1 0.0
Rhizosoleniaceae Guinardia 1.2 1.3 0.7 0.3 0.9 0.3
Proboscis alata 0.0 0.0 09 0.0 0.1 0.0
Biddulphiineae Climocodium 0.0 0.0 0.1 0.4 0.0 0.1
Hemiaulaceae Eucampia 0.1 0.7 03 0.5 0.1 0.2
Hemialus 0.1 0.4 0.3 0.1 0.0 0.1
Heliotheca 0.1 0.1 0.1 0.1 0.0 0.0
Chaetocerotaceae Bacteriastrum 0.0 0.0 0.1 0.0 0.1 0.0
Chaetoceros 17.1 21.6 18.6 15.1 26.3 39.4
Lithodesmiaceae Ditylum 0.8 0.5 26 0.2 1.7 0.7
Lithodesmiun 0.0 0.7 0.0 0.0 0.0 0.0
Biddulphia 6.1 2.2 13.7 0.6 14.7 0.3
Bacilariales Asterionellopsis 0.1 0.2 0.5 0.6 0.1 0.4
Fragilariaceae Fragilaria 0.0 0.0 0.0 0.2 0.0 0.0
Thalassionemataceae  Thalassionema 1.6 33 1.5 1.5 27 26
Thalassiothrix 0.0 0.5 0.1 0.4 0.0 0.2
Naviculaceae Navicula 0.4 8.7 0.9 9.0 0.2 7.2
Haslea 0.4 1.4 1.2 3.0 0.5 0.0
Pleurosigma 1.0 0.4 22 0.3 0.2 0.1
Bacillariaceae Cylindrotheca 0.2 16.5 0.6 14.8 0.0 4.1
closterium
Nitzchia 0.8 22 0.1 1.2 0.5 0.6
Pseudonitzchia 0.5 0.3 0.0 1.2 0.7 1.0
Dinoflagellates Ceratium 1.0 0.1 13.4 0.1 25 0.0
Dinophysis 0.1 0.0 02 0.0 0.7 0.0
Gymnodinium 0.0 0.3 0.0 0.6 0.0 0.0
Peridinium 0.1 0.0 0.1 0.0 0.4 0.0
Protoperidinium 0.0 0.0 1.1 0.2 0.0 0.0
Proracentrum 0.0 0.4 0.5 0.2 0.8 0.1
Cyanophytes Anabaena 0.0 1.6 1.3 12 5.4 0.0
Johanebaptista 04 0.9 20 0.2 0.2 0.0
Mycrocystis 0.0 0.1 0.0 0.0 0.6 0.0
Euglenophytes 0.0 0.3 0.0 0.2 0.0 0.0
Others Flagellates 0.0 15.6 0.0 343 0.0 22,6
Total 100.0 100.0 100.0 1000  100.0 100.0
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Flagellates and diatoms (centric and pennate) represented
90% of the total phytoplankton abundance. In net
phytoplankton, centric diatoms were the most abundant
group, while in nannophytoplankton the most abundant
groups were flagellates and small diatoms (centric and
pinnate). Skeletonema costatum and Cylindrotheca
closterium were the species with the highest
concentrations. During both dry and rainy seasons S.
costatum dominated the phytoplankton net fraction, while
C. closterium dominated the nannophytoplanktonic
fraction during the dry season (Table 2).

Net phytoplankton biomass showed a mean of 3.1 +
1.7 mg Chl-a m™ and a variation coefficient of 0.5.
Maximum values were found in September (7.6 mg Chl-
a m?) and minimum in December (0.1 mg Chl-a m™)
(Fig. 3a). Nannophytoplankton chlorophyll @ had a mean
of 2.5 £ 1.2 mg Chl-a m* and showed a variation
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Figure 3

Phytoplankton biomass average at Punta Morales zone,
Gulf of Nicoya, Costa Rica, 1997.
a) Monthly variability, b) seasonal variability

Promedio de biomasa de fitoplancton en la zona de Punta
Morales, Golfo de Nicoya, Costa Rica 1997.
a) Variacion mensual, b) variacion estacional

coefficient of 0.4. During May we observed the maximum
concentration (5.9 mg Chl-a m?®) and in September the
minimum (0.5 mg Chl-a m?) (Fig. 3a). Non significant
differences were observed in the biomass of the two
fractions between the sampling depths. However, there
was a significant difference for the two fractions between
the transition and rainy seasons (P=0.0000, P=0.0001),
for net phytoplankton between the dry and rainy seasons
(P=0.003), and for nannophytoplanktonic biomass
between the dry and transition seasons (P=0.009) (Fig. 3b).

Zooplankton

The mesozooplankton community was characterized by
the presence of holo and meroplanktonic groups, such as
copepods, chaetognaths, crustacean larvae, ostracods,
cladocerans, fish larvae, molluscs, appendicularians,
echinoderms and brachiopods larvae (Brugnoli-Olivera
et al. 2004). In this community, copepods were the most
abundant group with a maximum of 5877 ind. m~ during
May, a minimum of 438 ind. m™ in March and a mean of
2602 +2021 ind. m?. A total of 12 species were identified,
with Acartia lilljeborgii, Pseudodiaptomus sp. and
Paracalanus parvus being the dominant herbivores
(Table 3).

Total zooplankton biomass showed a mean of 66.4 +
45.5 mg m? and a variation coefficient of 0.69. A
maximum value (215.9 mg m~) was obtained during April
and a minimum (20.7 mg m>) in September (Fig. 4a).
During the study, we observed a significant difference
between the dry and the transitional seasons (P=0.014)

Table 3

Mean abundance (ind m) of copepod species in Punta
Morales, Gulf of Nicoya, Costa Rica, 1997

Abundancia promedio (ind m?) de las especies de copépodos en
Punta Morales, Golfo de Nicoya, Costa Rica, 1997

Species Mean
Acartia lilljeborgii 2154
Pseudodiaptomus sp. 319
Paracalanus parvus 150
Canthocalanus pauper 52
Euterpina acutifrons 23

Hemyciclops thalassius 11
Corycaeus sp. 4
Centropages furcatus 1
Pseudodiaptomus wrighti 1
Subeucalanus monachus 1
Paracalanus panamensis 1

Paracalanus crassirostris 1




82 Revista de Biologia Marina y Oceanografia Vol. 43, N°1, 2008
2500 2500 30 30
a)- + a)-
+,_ 2000 mo T +
-
‘s £
g = + 20 20 —.:
= 3 2
g 1500 F1s00 Z - P
= . = =
z g 2 E
M £ % &
5 1000 E000 é £ £
E E § o 0 i
= < £
g 2 &
3 500 Fsoo £ £
2 £
= =
5
00 00 00 - . : - : : : 00
March  Apil  Msy St Ot Nov D
Monih
2500 2500 30 30
b).- |1 b).-
I 2000 1 - 2000 e I
by =
‘s ES -t
g B ::i, I 20 2 7y
£ 1500 RE T _— 2
= = .,
2 & = g
z s 2 %
£ 1000 Fooo E g 2
g T Ewo RE
=3 -] =
8 2 Ed
g H :
E 5004 i Fsoo S hd
= &8
= £
)
Ij -
a0 . 00 0.0 00
Dry Transiton Rainy Dry Transition Rainy
Season Season
Figure 4 Figure 5

Total and herbivorous zooplankton biomass at Punta
Morales zone, Gulf of Nicoya, Costa Rica, 1997.
a) Monthly average, b) seasonal average

Biomasa total y del zooplancton herbivoro en la zona de
Punta Morales, Golfo de Nicoya, Costa Rica, 1997.
a) Promedio mensual, b) promedio estacional

(Fig. 4b). Herbivore biomass showed a mean of 48.8 +
37.8 mg m?, and a variation coefficient of 0.77. The
maximum value was obtained in April (146.8 mg m™)
while in September the biomass was 7.1 mg m™ (Fig. 4a).

Indirect grazing pressure

Grazing rate showed a mean of 0.67 + 0.83 d! and a
variation coefficient over 1. During May the highest and
lowest grazing rate were obtained (3.82 d!' and 0.004 d”!,
respectively) (Fig. 5a). Phytoplankton growth rate showed
a mean of 0.77 £+ 0.66 d°!, with a maximum of 3.16 d!
and a minimum of 0.04 d!, both in May (Fig. 5a).

Primary biomass removal by grazing pressure was

Zooplankton grazing (g) and phytoplankton growth (u) at
Punta Morales zone, Gulf of Nicoya. Costa Rica, 1997.
a) Monthly average, b) seasonal average

Forrajeo de zooplancton (g) y crecimiento de fitoplancton
() en la zona de Punta Morales, Golfo de Nicoya, Costa
Rica, 1997.

a) Promedio mensual, b) promedio estacional

57.65 £ 35.1%, with a variation coefficient of 0.57; the
minimum value was in May (9.79%) and there was over
100% consumption during September and October. There
was a marginal difference in the grazing rate and the
grazing pressure between seasons (P=0.05).

Discussion

Environmental and abiotic factors

Vargas (1996) classified December to April as a dry
season and May to November as a rainy season. However,
according to the average monthly precipitation data of
1997 at the Punta Arenas meteorological station, this
study classified December and March as dry season,
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April-May as transition season and September to
November as rainy season.

During the 1997-1998 El Nifio event, McPhaden
(1999) found great physical and biological changes in
the Equatorial Pacific. According to Brugnoli-Olivera &
Morales-Ramirez (1999) and Morales-Ramirez &
Brugnoli-Olivera (2001) an El Nifio event was detected
in the Punta Morales zone during the sampling period
reflected by a change in the physico-chemical water
characteristics and by a possible dynamic plankton
modification (phyto and zooplankton). Furthermore,
correlations between salinity and nutrient concentrations
during the dry season suggest an input of oceanic water
into the sampling zone (Brugnoli-Olivera & Morales-
Ramirez 1999). Brenes et al. (1996) found and oceanic
influence in the Gulf of Nicoya and Viquez (1983)
suggested that this occur principally during dry seasons.
Moreover, during the rainy season an inverse correlation
between nitrate and salinity (Table 1) occurred, suggesting
nutrient inputs by the rivers situated near Punta Morales
zone. In this season nitrate concentration showed its
maximum and minimum values with a high variation
coefficient suggesting a pulse of nutrients input to the
Punta Morales zone.

Phytoplankton community behavior

During this study, flagellates and diatoms (centric and
pennated) represented 90% of the total phytoplankton
abundance. The most abundant group of the
phytoplankton sampled by Niskin bottle, were centric
diatoms, while in the nannophytoplankton the flagellates
and diatoms were the most abundant. Changes in the
phytoplankton structure through nutrient competition
result in an ecological succession through time, while
changes originated through advection or water mass
transport, produce a phytoplankton sequence (Margalef
1997). Phytoplankton communities dominated by centric
diatoms are characteristic of coastal regions (D’Croz et
al. 1991) and dominate rich nutrient environments
(Ishizaka et al. 1986) although small diatoms and
flagellates are very common in other latitudes (Booth &
Smith 1997). Diatoms, which depend on water movement
to remain suspended in the water column and access to
microzones rich in nutrients (Margalef 1997), show a
major nutrient absorption in turbulent systems (Kierbe
1993) and dominate the environment with high nutrients
concentrations, light availability and turbulence (Stolte
1996). In this study, during rainy and dry seasons the
phytoplankton communities exhibited higher biomass in
the net phytoplankton fraction (Fig. 3b), where higher
nutrient values were found (Fig. 2b). These results suggest
the existence of ecological succession of phytoplankton

in the Punta Morales zones (Brugnoli-Olivera & Morales-
Ramirez 2001). The absence of significant differences
between sampling days and between days in the same
season, suggests the existence of a typical net phytoplankton
community. However, the nannophytoplanktonic cell
number showed significant differences between seasons
(Brugnoli-Olivera & Morales- Ramirez 2001).

Moreover, nannophytoplanktonic biomass showed a
reduced variation compared with net phytoplankton
biomass and these results are in agreement to Hopcroft
& Roff (1990). These authors suggested a major stability
in this nannophytoplanktonic fraction than in the net
phytoplankton. It is possible that the water surface
temperature in the Punta Morales zone determines this
phytoplankton biomass behavior and may be associated
with the El Nifio event during the sampling time.

The phytoplankton growth rates found in this study
(mean 0.77 d') were between expected ranges (0.093-
1.03 d', 0.46-0.92 d') for phytoplankton in coastal areas
(Ryther 1969, Harvey et al. 1953 fide Ketchum 1954),
and agreed with the phytoplankton growth rate (0.53-
0.815 d") reported by Welschmeyer & Lorenzen (1985)
for tropical ocean zones. Furthermore, the maximum
phytoplankton growth observed during this study (3.16
d'), was similar to those measured in artificial
phytoplankton cultures at 26°C and continuous light
regimes (Eppley et al. 1972 fide Cullen et al. 1992).
However, these growth rates were calculated indirectly
on the basis of a theoretical model adding the grazing
rates and the chlorophyll a increasing to a time range
corresponding to a inter-tidal period. This could be an
important aspect of variability for phytoplankton growth
rates, especially in Punta Morales where the tide
amplitude can vary between 0 and 3 m.

Zooplankton dynamics

The zooplankton community composition corresponds
to Raymont’s (1980) description of estuarine zooplankton
communities. These results fit with the estuarine status
suggested for the Gulf of Nicoya by Peterson (1958) and
Voohris et al. (1983). In the holoplankton, copepods were
the more abundant group and the number of copepods
species (=12) agreed to that reported by Morales-Ramirez
& Vargas (1995). Others studies showed similar trends
of lower diversity in bays and estuaries in the copepod
community (Uye 1994), with few species dominant in
abundance terms (Hopcroft et al. 1998). During the study
period, Acartia lilljeborgii, Pseudodiaptomus sp. and P,
parvus were the most abundant species (Table 3) and these
species are typical of estuarine regions (Bjonberg 1981).
Acartia is a very common genus in neritic coastal areas
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(Palomares-Garcia & Goémez-Gutierrez 1996) and
generally dominates such environments (Kimmerer &
MacKinnon 1987). It is probable that Acartia spp.
dominate these environments through their ability to
maintain high clearance rates (Paffenhofer & Stearns
1988), increasing reproductive rates (Turner, 1984), by
euryphagous feeding habitats (Palomares-Garcia &
Gomez-Gutierrez 1996) or their adaptation to turbulent
environments (Kierbe & Saiz 1995).

In the present study, three of the most abundant species
of copepods (4. liljeborgii, Pseudodiaptomus spp. and
P. parvus) are considered herbivorous and responsible
for the mesozooplankon grazing pressure. Acartia spp.
feed on phytoplankton (Paffennéfer & Stearns 1988) and
Paracalanus is also mainly herbivorous (Turner 1984).
On the other hand, although there is no information on
the feeding behavior of Pseudodiaptomus spp., they are
commonly associated with Acartia spp. in coastal areas
(Walter 1989) with high phytoplankton concentrations
(Malone 1980). Other important herbivorous organisms
in the pelagic environment are appendicularians and
microzooplankton (Tonnesson et al. 2005). In this
research, appendicularians showed relative abundances
less than 1% (Brugnoli-Olivera et al. 2004) and we did
not consider the effect of microzooplankton as potential
grazer on the nannophytoplaktonic fraction.

Mean values of dry weight biomass found for
herbivorous copepods coincided with those found in other
neritic tropical areas (0.6-50 mg m) (Hopcroft et al.
1998), but they were different from the mean values for
oceanic tropical areas (10 mg m?) (Chisholm & Roff
1990). Seasonal differences in herbivore biomass (Fig.
4b) suggest a change in copepod biomass and coincide
with the patterns found by von Wangelin & Wolff (1996)
in the Gulf of Nicoya. In our study, maximum averages
were found in transitional season and minimum in dry
season (Fig. 4b), different from those found by von
Wangelin & Wolff (1996). It is possible that the maximum
zooplankton biomass found in transitional season was a
direct effect of the grazing on the nanophytoplakton
fraction and indirect effect of EI Nifio (Morales-Ramirez
& Brugnoli-Olivera 2001). Predation on herbivores
influences both their biomass and abundance (Marazzo
& Nogueira 1996, Wiafe & Leslie 1996). During the dry
season chaetognath populations increased in the Gulf of
Nicoya (Hossfeld 1996), and a significant fraction of the
herbivorous copepods can be preyed upon (Kimmerer
1991), decreasing their biomass and size structure
(Sterner et al. 1992). Von Wangelin & Wolff (1996) found
a discontinuous biomass in the upper part of Gulf of
Nicoya during December, which was concentrated in the
smallest size class. In the present study, during the dry

season herbivorous copepods showed their lowest
biomass (Fig. 4b), which could be associated with
predation by chaetognaths or gelatinous zooplankton.
Predation could be an important aspect in the regulation
of herbivorous copepods in the Punta Morales zone.

Phyto-zooplankton coupling

In Punta Morales, the indirect theoretical estimation of
the herbivory by the three most abundant copepod species
(A. liljeborgii, Pseudodiaptomus spp. and P. parvus)
reached an average of 57.6%, and a variation coefficient
of 0.57 of phytoplankton biomass. This value is higher
than that reported for the equatorial Pacific (47%) (Zhang
et al. 1995), but agrees with the variations found in the
grazing pressure (between 35 and 68%) (Sautour et al.
1996) with high variability (5-100%) (Perissinotto 1992).
On the other hand, some studies (Paffenhofer et al. 1995)
have shown feeding rates similar to our calculated grazing
pressure (35%-65%, V.C.= 57%). Feeding rate can be
considered an estimate of grazing pressure because both
are influenced by size, concentration, food quality (De
Mott 1988, Kleppel 1993) and clearance rate, which
varies with feeding characteristics of the herbivorous
species (Paffenhofer 1988).

The variation in the grazing pressure may be
originated from changes in turbulence intensity (Costello
et al. 1990), mixture effects of tides and/or wind (Lara-
Lara & Matus-Herrera 1997) or the non-synchronous and
intermittent feeding of Acartia spp., with respect to the
spatio- temporal availability of food (Sautour ez al. 1996).
Brugnoli-Olivera & Morales-Ramirez (1999) found
temporal changes in turbulence of the water column in
the Punta Morales region, dominance of 4. lilljeborgii in
the mesozooplankton (Brugnoli-Olivera et al. 2004) and
this study showed seasonal changes in the availability of
phytoplankton food (Fig. 3b). The herbivore pressure and
rate of herbivory showed marginal differences among
seasons (Fig. 5b), suggesting a seasonal behavior in the
herbivore community, as it was observed in biomass (Fig.
4b). This seasonal behavior in the herbivory rate should
be explained by a direct effect of food availability, food
quality, or both, and indirect effects of the El Nifio that
modifies the environmental conditions. These results
suggest a coupling between herbivores and phytoplankton
in the internal zone of Gulf of Nicoya during this study.

During both the dry and rainy seasons, phytoplankton
growth rates were higher than grazing rates (Fig. 5b),
suggesting that herbivorous copepods were not playing a
main role in controlling phytoplanktic biomass. When u
(phytoplankton growth rate) is higher than g (grazing
rate), phytoplankton growth rate can be determined
mainly through the environmental properties which
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control cell division rate (e.g. light availability and
nutrient concentration, Frost 1980). During the rainy and
dry seasons phytoplankton communities exhibited higher
biomass in the net phytoplankton fraction (Fig. 3b), where
higher nutrients values were found (Fig. 2b). On the other
hand, Acartia spp., e.g. A. tonsa, can discriminate between
cells having different growth rates and chemical
composition (Cowles et al. 1988). Probably, during most
of the year, herbivorous copepods selectively consumed
cells with higher growth. If there is a major selective
grazing pressure, phytoplankton shows a major growth
but its composition will depend on herbivory and some
species can dominate (Frost 1980), as observed in this
study with Skeletonema costatum during the dry and rainy
seasons, when the net phytoplankton fraction dominated.
S. costatum shows high growth rates and competes better
in environments with high nitrate concentrations (Eppley
et al. 1969). Probably, during these periods S. costatum
had a high growth rate with large cells (Turner & Roff
1993), and were consumed by herbivorous copepods
(Martin 1970 fide Smayda 1980). This suggests that the
three species of copepods may present selective grazing,
which regulates the species composition of
phytoplankton, but not its biomass. Selective grazing
agrees with the optimal grazing theory, which predicts a
major discrimination on the basis of food quality when
the latter is abundant (De Mott 1988).

On the other hand, during the transition season the
grazing rate overcomes the phytoplankton growth rate
(Fig. 5b). In this case, if the grazing pressure is higher
than growth rate, x4 is not strongly related to the
environmental properties that affect cell division (Frost
1980). During this season, maximum phytoplankton
biomass was found in the nannophytoplankton fraction
(Fig. 3b) with a possible limitation of nutrients for the
net phytoplankton fraction (Brugnoli-Olivera 1998).
Acartia species are opportunistic and prefer large particles
(Turner 1984) because of their mouth appendices, which
prevent feeding effectively on small cells (Irigoien et al.
1993). Furthermore, it appears that Acartia lilljeborgii is
a non selective consumer of net phytoplankton, during
the transitional season when food is found in low
concentrations, which was also observed by De Mott
(1988). Non selective grazing produces slower
phytoplankton growth than no grazing, but phytoplankton
composition depends more on relative growth rates than
on grazing pressure (Frost 1987). We observed a higher
number of taxa of net phytoplankton during the
transitional period in comparison with the other seasons
(Brugnoli-Olivera & Morales-Ramirez 2001), which
suggests that during the transitional season herbivorous
copepods controlled net phytoplankton biomass, but its

structure was regulated through differential phytoplankton
growth rates. For this period, phytoplanktonic population
parameters change rapidly and the communities are
dominated by small species groups (Viquez 1983).

During the study, an El Nifio event was detected
through the change of the environmental and biological
conditions (Brugnoli-Olivera & Morales-Ramirez 1999,
Morales-Ramirez & Brugnoli- Olivera 2001). This event
could explain the no normal phyto-zooplankton coupling
pattern observed in the Gulf of Nicoya.

Although the Gulf of Nicoya is situated in a tropical
zone, this study showed a seasonal behavior in the
different components (biotic and abiotic) analysed.
Furthermore, the results suggested that changes in nutrient
concentrations, availability of phytoplankton, rising
temperatures through the El Niflio event during 1997-
1998, predation and grazing pressure produced changes
in the structure of natural plankton (phyto and
zooplankton) populations in the Punta Morales zone, Gulf
of Nicoya. Future studies including in sifu sampling and
experimental analysis, are necessary to determine the
importance and the regulation factors for the plankton
trophic dynamics in this system under normal and no-
normal conditions (El Nifio event).
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