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Herbivorous copepods with emphasis on dynamic Paracalanus quasimodo 
in an upwelling region

Coastal upwelling is known to transfer the nutrient-
rich water from the deep ocean to the surface, which 
benefits primary production and consequently 
increases local organic production. Cabo Frio is 
favored by the phenomenon and copepods are one of 
the groups most benefited. According to the results 
presented here, the higher abundances of Pacalanus 
quasimodo relative to other species are due to its 
rapid response to upwelling-dependent blooms. 
Therefore this study aims to assess the herbivory 
and dynamics of many copepod populations with 
emphasis on P. quasimodo. The results showed that 
temperature influences primary production, which 
in turn benefits the seston biomass (R2 = 0.65, p = 
0.008). The dominance of P. quasimodo was due to 
its emphasis on herbivory (R2 = 0.83) and lead to 
a decrease in the planktonic diversity (R2 = 0.63, 
p = 0.002). Our results revealed that predation by 
carnivorous copepods, like Corycaeus spp. and 
Oncaea spp. is the main opposing factor affecting 
P. quasimodo dominance. (R2 = 0.70, p = 0.004; 
βpredators = 0.41, p = 0.04).
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A ressurgência transfere a água rica em nutrientes do 
fundo dos oceanos para a superfície, o que beneficia 
a produção primária e, consequentemente, aumenta a 
produção biológica local. Cabo Frio é favorecido pelo 
fenômeno e os copépodes são um dos grupos mais 
beneficiados. Os resultados mostraram que Pacalanus 
quasimodo foi a espécie mais abundante em relação às 
demais devido sua resposta rápida à floração. Assim, 
este estudo tem como objetivo avaliar a herbivoria e 
dinâmica das populações de copépodes, com ênfase 
em P. quasimodo. Os resultados mostraram que a 
temperatura influencia a produção primária, que, por 
sua vez, favorece a biomassa séston (R2 = 0,65, p = 
0,008). A dominância de P. quasimodo deveu-se à 
disponibilidade de alimento (R2 = 0,83) e a elevada 
densidade da população leva a um decréscimo da 
diversidade (R2 = 0,63, p = 0,002). Nossos resultados 
revelaram que a predação por copépodes carnívoros, 
como Corycaeus spp. e Oncaea spp., é o principal 
fator que afeta a dominância de P. quasimodo (R2 
= 0,70, p = 0,004; βcopépodes predador = 0,41, p = 
0,04).
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INTRODUCTION
Coastal regions cover at least 15% of the global 

ocean surface, and despite their short length (seu curto 
comprimento) these regions contribute about half of 
the overall primary production of the oceans. High 
productivity in coastal waters is due to their proximity to 
land, where runoff from rivers, atmospheric deposition, 
and groundwater can transport nutrients from the earth’s 
land surface to the oceans. However, a large proportion (~ 
50%) of productivity is attributable to coastal upwelling 
that transfers waters rich in nutrients from the deep ocean 
to the surface, fuelling primary production, the carbon 
cycle and the marine trophic web (MACKEY et al., 2012).

The complexity of the planktonic community 
is recognized as one of the main factors affecting 
micropelagic trophic interactions (ZARAUZ et al., 
2009). This complexity is based upon the range of 
the size of a food to be consumed by an organism. For 
most mesozooplanktonic species (> 200µm), feeding is 
constrained by the morphology of the appendages that 
inhibit the consumption of small pikoplanktonic cells. 
Thus, energy is successively transferred through various 
increasing-size trophic levels up to top predators. The 
more trophic levels there are, the greater is the complexity 
and the lower the ecological efficiency of the system as a 
consequence of the energy lost as heat (SAUTOUR et al., 
2000). Seasonally, upwelling brings new nutrients from 
deeper layers and fuels the growth of large cells such as 
Diatoms, which in turns speeds up the energy flow through 
the food web (SAUTOUR et al., 2000; FERNANDES et 
al., 2012).

We know that many organisms, such as barnacles and 
mussel larvae (FERNANDES et al., 2012), benefit from 
that increase in food availability, as also do copepods 
(BRANDINI et al., 1997), by synchronizing their 
reproductive peaks with the spring bloom of phytoplankton, 
which makes them an important target in the global 
scenario. Due to the geographical, meteorological and 
hydrological factors relating to Cabo Frio, the upwelling 
favors the microalgae bloom, influencing the marine 
food web in the region (FERNANDES et al., 2012). 
Paracalanus quasimodo is the most abundant herbivorous 
copepod in the region (BRANDINI et al., 1997) and 
is one of the top-down controllers of the growth of 
phytoplankton. This present study thus seeks to evaluate 
the herbivory and dynamics of copepod assemblies, but 
particularly focusing on the P. quasimodo population.

MATERIAL AND METHODS
Plankton samples were collected monthly on days of 

full moon as from January 2011, inclusive, at Cabo Frio 
Island, Cabo Frio, Brazil (238S 042.018W). Details of the 
study site can be found in GUENTHER et al. (2008). Data 
from January to December 2011 have been included herein. 
On each sampling date, three sub-surface (1 m depth) 
horizontal hauls of three minutes each were performed in 
sequence, giving a total of 36 samples (mesh size 100µm, 
mouth opening 40 cm diameter). The phytoplankton 
biomass was estimated by Chlorophyll a concentration 
(mg m-3) from water samples taken weekly (± 1 m depth) 
using a Nansen bottle. Sea surface temperature (SST) was 
measured weekly using a reverse thermometer mounted on 
the Nansen bottle. Chlorophyll a, b, and c were measured 
in accordance with PARSONS et al. (1984) Copepod 
abundance (ind m-3) was estimated from three sub-samples 
taken with a modified Stempel pipette (2.68 ml) to a lower 
limit of 100 individuals (FRONTIER, 1981). All samples 
were weighed (wet weight) with a precision scale (10-5g) 
for calculation of seston biomass.

The community structure was described in terms of the 
Shannon-Weaver (H’) diversity index and Pielou’s evenness 
(J’) (calculated only for adult copepods). In order to check 
the potential lagged and non-lagged relationship between 
sea surface temperature and Chlorophyll, the temperature 
data were shifted backwards up to 4 weeks. The same was 
done with the relationship between temperature and seston 
biomass. All effects were evaluated in accordance with a 
multilinear regression model. A linear regression analysis 
was performed relating temperature and P. quasimodo 
abundance, as also predatory copepods (Oncaea ssp. and 
Corycaeus ssp.) and P. quasimodo. A multiple regression 
analysis was performed in order to check the potential 
relationship between sea surface temperature, predators, 
and P. quasimodo. Herbivory was measured by means of 
the relationship between Chlorophyll a concentration and 
the abundance of P. quasimodo but lagged by one week by 
means of a cross-correlation analysis (PIONTKOVSKI et 
al., 2006). The same analysis was performed as regards the 
relation between temperature and seston biomass.

RESULTS
Within the study period, temperature showed an 

overall average of 21.4 ºC ± 2.1 ºC. Temperature ranged in 
the area from 15ºC to 25.8ºC. The average Chlorophyll a 
was 1.05 mg m-3 and during the study ranged from 0 to 5.9 
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mg m-3. The total average of Chlorophyll was equal to 1.7 
mg m-3 and ranged from 0 to 8.8 mg m-3.

During the study period a total of 4 orders, 18 families 
and 39 taxa were identified and registered. The average 
density values (7,597 inds. m-3) showed a high seasonality, 
with copepod peaks in July (15,804 ± 4,781 inds. m-3) and 
the lowest value in February (1,923 ± 718 inds. m-3). The 
peak of total chlorophyll occurs concomitantly with copepod 
peaks. Shannon diversity changed little throughout the year 
(annual average of 2.3 ± 0.3 bits.ind-1), with a minimum 
of 1.4 bits.inds-1 in November and a maximum of 2.6 bits.
ind-1 in June. The evenness also varied little throughout 
the year, with a minimum of 0.5 in November and 0.9 in 
June with a maximum annual average of 0.7 ± 0.1 (Figure 
1). Paracalanus quasimodo presented the highest relative 
abundance (34%) and frequency of occurrence (100%) 
among all the copepod species found during the year. Other 
species that also stood out in terms of relative abundance 
were: Temora tubinata (14%), Temora stylifera (4%) 
Oncaea subitilis (2%), Oncaea media (8%), Paracalanus 
aculeatus (3%), Oncaea venusta (2%) Oithona nana (2%), 
Oithona oswaldocruzi (2%), Clausocalanus furcatus (2%), 
and Corycaeus giesbrechti (1%).

The seston varied greatly over the year with a 
minimum of 0.9 ± 0.09 gWW.m-3 in March and a maximum 
of 13.5 ± 6.8 gWW.m-3 in September - with an average 
of 3.8 ± 3.5 g WW.m-3. Sea surface temperature was 
negatively correlated to the seston (R2 = 0.65; p = 0.008); 
and positively correlated to the Total Chlorophyll (R2 = 
0.41; p = 0.03); but with a three-week lag (three weeks 
before). In general, any change in sea surface temperature 
and Chlorophyll was expected to influence the seasonal 
changes in seston biomass. The multiregressive model 
included both parameters as good predictors for the 
seasonal changes in seston ((R2adj = 0.40, p = 0.05) (β 
Chlorophyll = 0.41) (β Temperature = -0.40)) (Table 1).

The abundance of P. quasimodo had an annual 
average of 855 ± 678 ind.m-3 but showed a high intra-
annual variability, with a higher density in November 
(2731 ind.m-3) and a lower one in January (255 ind.m-3) 
(Table 2). Higher densities of P. quasimodo are positively 
cross-correlated to chlorophyll a, but one week lagged (R2 
= 0.83, p < 0.05). Females of P. quasimodo showed an 
annual average of 1208 inds. m-3, one order higher than 
male annual average (220 inds. m-3). As expected, both 
female and male densities were positively correlated, their 

Figure 1. Weekly changes in temperature (A) and chlorophyll (B) during 2011; Monthly abundance of copepods superimposed on the monthly total 
chlorophyll biomass (C); Diversity and Equitability (D); Monthly changes in Seston Biomass (E).
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Table 1. Results of correlations and multiple regression.

Linear Regression  

Temperature versus Seston R2 = 0.41, p = 0.03

Total chlorophyll versus Seston R2 = 0.41, p = 0.03

Multiple Regression R2 = 0.40, p = 0.0508

βTotal chlorophyll 0.41

ΒTemperature - 0.40

peaks occurring during the spring bloom (R2 = 0.66, p = 
0.001). Mostly during those peaks, P. quasimodo was the 
dominant species which led to a great decrease in pelagic 
diversity in the region (R2 = 0.63, p = 0.002) (Figure 
2). According to our results, P. quasimodo abundance 
is negatively correlated to the density of carnivorous 
copepods (e.g. Oncaea subitilis, Oncaea media, Oncaea 
venusta, Corycaeus giesbretis, Corycaeus ovalis, and 
Corycaeus speciosus) and also to temperature. Multiple 
Regression results suggested that predator copepods are 
responsible for controlling the density of P. quasimodo 
(R2 = 0.70, p = 0.004) (β predators = 0.41, p = 0.04) 
(Figura 3).

DISCUSSION
The annual average temperature suggests the 

predominance of warm Tropical Water in the upper layer 
(200 m depth), especially during the austral autumn and 
winter, when the southwestern winds are unfavorable to 
the occurrence of upwelling (VALENTIN et al., 1987; 
LIMA et al., 1996; LORENZZETTI; GAETA, 1996). In 
contrast, from September to December, the cold nutrient-
rich South Central Atlantic Water is brought from a deep 
layer to near the surface and fuels primary productivity, 
increasing the chlorophyll in the region (e.g. BRANDINI 
et al., 1997; CARVALHO; GONZALEZ-RODRIGUEZ, 
2004; FERNANDES et al., 2012).

Temperature is thought to influence the seston as 
has already been revealed in the study of VALENTIN 
and MOREIRA (1978) undertaken in the same region. 
The largest biomass of seston observed from November 
to April in both studies was associated with increases in 
phytoplankton and zooplankton abundances, that in turn 

Table 2. Paracalanus quasimodo density (inds. m-3), males and total population.

Months J F M A M J J A S O N D

Female 177 440 587 880 546 331 664 273 1111 367 1941 317

Male 78 50 65 81 143 72 432 203 330 278 789 114

Total 255 490 652 961 689 403 1095 476 1440 645 2731 431

were fuelled by upwelling. Both seston and temperature 
rhythms were correlated, even though our data revealed a 
delay in the seasonal peaks.

Some studies (e.g. SAUTOUR et al., 2000) reported the 
lack of energy available between phytoplankton standing 
stock and copepods, arguing that picophytoplankton is 
mostly preyed on by additional trophic levels such as 
heterotrophic flagellates, ciliates, and successively by 
mesozooplankton, that causes a great loss of energy 
during the transference to higher trophic levels. Other 
studies (e.g. CALBET et al., 2000; WIGGERT et al., 2005; 
RICHARDSON, 2008; UYE, 2010) defend the idea that 
copepods play an important role in energy flow following 
the classical trophic web, in which energy is transferred 
from phytoplankton to the higher trophic levels primarily 
throughout copepods. The copepod assembly in the region 
more closely resembles that of the classical food web. The 
higher copepod winter (July) density does not corroborate 
the conclusions of the work of MONTEIRO-RIBAS and 
MUREB (1991) undertaken in the same region, since 
higher abundances occurred in May (autumn).

All the disturbances that upwelling-downwelling 
rhythms represent in the region could impact the 
biodiversity. We found rapid changes in the diversity 
index, from a sudden increase relative to phytoplankton 
fueling to a subsequent decrease due to the P. quasimodo 
dominance. In general, January shows higher zooplankton 
diversity than do other months (BRANDINI et al., 1997), 
driven by the influence of the Tropical Water on the 
Brazilian shelf. A similar diversity index had previously 
been found by VALENTIN and MONTEIRO-RIBAS 
(1993) in the same region and some kind of dominance 
was also revealed.

In the coastal zone of Cabo Frio, as well as in other 
subtropical seas, copepods usually exhibit the highest 
relative abundance during most of the year (BRANDINI et 
al., 1997; VALENTIN; MONTEIRO-RIBAS, 1993; LIAO 
et al., 2006). Specifically in the Cabo Frio region, from 1974 
to the present day, differences in the copepod assembly 
have revealed inter-annual changes in zooplankton 
structure, with the replacement of some frequent and 
abundant species, like Oncaea media, Paracalanus 
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Figure 2. Correlation between Male and Femeia of P. quasimodo; Correlation analysis demonstrated that P. quasimodo is occasionally the dominant 
species and lead to a strong decrease in pelagic diversity (B)

quasimodo, Microsetella sp, Euterpina acutifrons, Oncaea 
venusta, Calanoides carinatus, and Temora stylifera 
(MUREB et al., 1976), by others such as P. quasimodo, 
Oithona oculata, and E. acutifros (MONTEIRO-RIBAS; 
MUREB, 1991), in 1983. Currently P. quasimodo is still 
the dominant species. By contrast, over the years, species 

like E. acutifrons and O. oculata became less and less 
frequent/abundant. This succession of species with the 
passing of the years may be due to climate change, because 
copepods are very sensitive to any kind of physical and 
chemical change (RICHARDSON, 2008; KAARTVEDT, 
2008). The lack of available information concerning 
those populations does not permit that we go further 
into details. Another factor that may also be influencing 
the composition of the assembly is the introduction of T. 
turbinata. This introduced species is well adapted to the 
environmental conditions found in the South Atlantic 
Ocean and is expanding its area of distribution along the 
Brazilian coast very rapidly (SANTOS et al., 2009). T. 
turbinata is a highly efficient competitor with the native 
species Temora stylifera (ARA, 2002) and probably also 
with P. quasimodo.

Paracalanus quasimodo was the species with the 
highest relative abundance in this study and this copepod 
has been cited as one of the most abundant species 
in coastal waters of Brazil (BRANDINI et al., 1997. 
Temperature was a factor that influenced the population 
density of P. quasimodo, according to our data. In Japan 
the genus Paracalanus reveals increases in population 
density at higher (summer) temperatures (TURNER, 2004). 
In Brazil, the species Paracalanus quasimodo has been 
mentioned as indicative of cold water (RESGALLA, 2011). 
This information corroborates the data presented herein, in 
accordance with which high abundances are concomitant 
with cold newly-upwelled waters. The adaptation of the 
genus Paracalanus to cold temperatures, means that adults, 
young and eggs may maintain a high density even in the 
presence of predators (TURNER, 2004).

Figure 3. Black arrows - Dominance of P. quasimodo: (1) Upwelling 
event leading to a decrease in temperature and starting fueling 
phytoplankton; (2) increases in phytoplankton growth rate and 
consequent increase specifically in chlorophyll a after one weeks; 
(3) peak of P. quasimodo density in the following week and marked 
evidences of top-down control; (4) dominance of P. quasimodo 
and consequent decrease of diversity index; (5) increase in predator 
density (Oncaea media and Corycaeus giesbrechti) (6) the population 
of P. quasimodo decreases by higher-level top-down control and 
consequently relaxing phytoplankton grazing, and diversity increase 
back. Other copepod species benefits and diversity index increase 
back again.Gray - Absence of dominance: (1) Upwelling event leading 
to a decrease in temperature and starting fueling phytoplankton; (2) 
increases in the total chlorophyll (a+b+c)followed in the next month 
(3) by an increase in whole copepod assembly density. Blue: The 
temperature three weeks before influences the seston by increasing 
the density mainly of the gelatinous groups, as salpa, doliolida, and 
jellyfish.
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of their predators (Oncaea and Corycaeus). When 
this species stands out in terms of relative abundance 
it affects the entire dynamic of the assembly, thus 
decreasing diversity.
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