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ABSTRACT

The present study aimed to analyze
variations in population dynamics of the
Copepoda Calanopia americana (C.
americana) in a reef area in tropical Brazil.
Diurnal and nocturnal samples were collected
at a fixed station during ebb tide, over four
lunar cycles, and in the dry and rainy
seasons. C. americana presence was very
frequent (94%) and occurred in nearly all
samples. Overall, juveniles presented higher
densities than adults, and females were
more abundant than males. There was a
significant difference (p < 0.001) between
the dry and rainy period for density, biomass
and production, with the largest average
values observed during the dry season (97.2

and 34.20 %= 30.36 pyg C m3 day?,
respectively). In relation to the variation
between day and night, the population
dynamics of C. americana followed a pattern
noted in previous studies, showing density
peaks at (522,3 + 402,68 ind.m™) and lower
values during the day (324,0 = 336,36
ind.m™3). During the dry season, the amount
of available light coupled with a lower
amount of suspended material interferes
with the community by increasing the
density and influencing the productivity of C.
americana. Although some studies have
shown the influence of the lunar cycle on the
migration processes of C. americana, in this
study these variation did not have significant

+ 91.0 ind.m™3, 157.64 + 131.80 pg C m™ influence on population dynamics.
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INTRODUCTION

Copepods are crustaceans that play a key role in the marine ecosystem, and they feature
a great diversity of species adapted to numerous (and variable) aquatic environments (BOULEY &
KIMMERER 2006). Among those occurring, in the tropical and subtropical Atlantic, one important
species is Calanopia americana Dahl F., 1894 (Calanoida, Pontellidae). This species is smaller
than most of the other members of its family and occurs mainly in coastal areas (BowMAN
1971). C. americana performs vertical migrations following a nocturnal or crepuscular pattern in
both shallow coastal environments (areas less than 15 meters deep) and in deeper locations
(oceanic waters greater than 700 meters deep) (BowMAN 1971, CLARKE 1934, COHEN & FORWARD
2002, TurRNER et al. 1979). Individuals of this species, both males and females, are more
frequently found in surface waters at night than during the day (CLARKE 1934).

Although not having very high density values Calanopia americana was a very frequent
and dominant species throughout the study period. So the present study aimed to analyze
variations in population dynamics of Calanopia americana in a reef area through a comparison
of density, biomass and secondary production. Additionally, data were examined based on
whether samples were collected in the dry or rainy seasons, during different phases of the
moon and during the day and night.

MATERIALS AND METHODS
Study area

The municipality of Tamandaré is situated approximately 110 km south of the city of
Recife, State of Pernambuco (Brazil). The climate is warm and humid and has a high annual
rainfall (approximately 2,000 mm), with the greatest concentration from May to September and
e
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in the remaining months of rainfall values are much smaller. The air temperature varies
between 25 and 30 °C (MOURA & PASSAVANTE 1994/95, NIMER 1979). The transparency of the
water fluctuates depending on the amount of rainfall and the terrestrial contribution, with a
visibility ranging between 1 and 20 meters (MAIDA & FERREIRA 1997).

Reef formations (sand stone) are present in the Bay of Tamandaré, which is part of an
Environmental protection area (EPA) called "Costa dos Corais", covering an area of 34 by 135
km long (FERREIRA et al. 2001).

Sample design

Samples were collected at a fixed station inside of the Tamandaré Bay (The latitude 8°45'S
and longitude 35°00'W) during ebb tide, over four lunar cycles (neap tide - crescent and waning
Moon; spring tide - full and new Moon), during the dry (november/december 2010) and rainy
(july/august 2010) seasons and during the day and night time.

Abiotic data

Precipitation data were obtained from the National Institute of Meteorology (INMET). The
surface water temperature was obtained by direct reading using a digital thermometer. The
salinity values were determined by the method of Mohr-Knudsen as described by STRICKLAND &
PARSONS (1965). A membrane filter (47 mm in diameter and 0.45 pm porosity) was used to
collect chlorophyll a samples, and the pigments were extracted using 90% acetone in the dark
over 24 h at -20 ©°C. The readings chlorophyll a were made in accordance with the
Spectrophotometric method of UNESCO (1966), and calculations were performed using the
equation of PARSONS & STRICKLAND (1963), and the results expressed as mg m™. The amount of
particulate material in suspension (PMS) was determined by the method of STRICKLAND &
PARSONS (1972).

Biotics

A total of fourty eight zooplankton samples were obtained through the use of horizontal
subsurface tows using a plankton net (200 pm mesh size). The collected material was fixed and
stored according to the methodology described by SAMEOTO et al. (2000). The samples were
analyzed by counting and measuring the first thirty copepods belonging to the species C.
americana present in the subsamples (>300 individuals). Aliquots were obtained from each
sample with a Motoda type fractionator (OMORI & IKEDA 1984). The aliquots were examined in
Bogorov plates under a stereoscopic microscope.

After calculation of the density (ind.m-3) and frequency of occurrence (%) of C. americana,
prosome measurements were taken for the first thirty organisms using a stereoscopic
microscope. Then, the weight was estimated from the equation relating the weight to length of
the prosome that is available in the literature. The morphometric equation used to calculate the
carbon dry weight of C. americana was Ln W = 2.67 Ln CP - 15.47 according to CHISHOLM &
ROFF (1990). Organisms were classified by the stage of development (juveniles or adults) and
gender (for adults only). Subsequently, for each sample, direct measurements were made of
biomass (based on the average dry weight) and density. Growth rates were estimated based on
the equation proposed by HIRST & BUNKER (2003) to obtain secondary production data. For each
sample, the production was obtained from the product between the growth rates and the
biomass of the species.

Statistics

The density data were analyzed using a normality test (Kolmogorov-Smirnov). A Student
t-test (when the distribution of the data was normal) and a Mann-Whitney test (for data with a
non-normal distribution) were applied to verify significant differences between the dry and rainy
seasons, between the phases of the moon and between daytime and nighttime periods. The
statistical program SigmaPlot version 12 was used for all analyses, and a p < 0.05 value was
considered significant.
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RESULTS
Abiotics

The rainfall mean values ranged from 23.01 to 202.79 mm during the rainy season and
between 0.50 and 21.62 mm in the dry season. The water surface temperature values ranged
between 25.33 + 0.58 and 27.50 £ 0.50 °C during the rainy season and between 26.00 £ 0.01
and 28.0 £ 0.01 °C during the dry period. Salinity ranged from 34.83 £ 1.61 to 37.16 + 0.76
during the rainy season and between 36.66 = 0.58 and 38.66 * 0.58 during the dry period
(Tables 1a and 1b).

Regarding the chlorophyll a data, the highest mean values were observed during the dry
period (1.49 £ 0.23 mg m™3), and the smallest mean values were found during the rainy season
(0.95 £ 0.25 mg m™). The particulate material in suspension (PMS) data were highest during
the rainy season (23.76 + 2.70 mg L!) and lowest during the dry period (8.65 + 3.12 mg L)
(Tables 1a and 1b).

Table 1a - Abiotic data (mean values and standard deviation) collected during the rainy
season dry (july/august 2010) in the reef area of Tamandaré, Pernambuco, Brazil.

Diurnal New 118.68 27.50 £ 0.50 | 34.83 £ 1.61 | 1.26 £ 0.53 12.91 + 1.65
Nocturnal | New 118.68 27.50 £ 0.50 | 36.33 £ 1.53 | 1.28 £ 0.26 17.11 £ 3.39
Diurnal Crescent | 168.79 27.50 £ 0.50 | 36.66 = 0.58 | 0.956 + 0.25 | 12.01 £ 3.25
Nocturnal | Crescent | 168.79 26.83 £1.15| 36.33 £ 0.58 | 0.93 = 0.14 | 12.01 £ 2.17
Diurnal Full 202.79 26.50 £ 0.30 | 37.16 £ 0.76 | 1.46 £ 0.57 | 23.76 £ 2.70
Nocturnal | Full 202.79 26.50 £ 0.40 | 37.17 £ 0.29 | 1.52 £ 0.23 | 21.46 £ 4.91
Diurnal Waning | 23.01 25.33 £ 0.58 | 36.66 £ 0.58 | 1.18 + 0.06 | 18.70 =+ 3.14
Nocturnal | Waning 23.01 25.33 £ 0.58 | 36.67 £ 0.58 | 0.98 =+ 0.32 | 18.73 £ 3.31

Table 1b - Abiotic data (mean values and standard deviation) collected during the dry period

(november/december 2010) in the reef area of Tamandaré Pernambuco-Brazil.

Diurnal New 8.49 27.66 £ 0.58 | 36.66 £ 0.58 | 1.05 + 0.18 | 9.09 £+ 0.54
Nocturnal | New 8.49 26.33 £1.15 | 37.00 £ 0.01 | 1.24 £ 0.30 | 8.65 + 3.12
Diurnal Crescent | 8.50 27.33 £ 0.58 | 38.00 £ 0.01 | 1.83 £ 0.72 | 11.79 £ 0.74
Nocturnal | Crescent | 8.50 27.00 +£0.01 | 38.00 £ 0.01 | 1.47 £ 0.27 | 10.45 £ 0.93
Diurnal Full 21.62 26.00 £ 0.01 | 38.66 £ 0.58 | 1.4 £ 0.53 | 10.72 £ 0.84
Nocturnal | Full 21.62 27.33 £ 0.58 | 37.33+£0.58 | 1.49 £0.23 | 11.02 £ 0.98
Diurnal Waning | 0.50 28.00 £ 0.01 | 38.00 £ 1.00 | 1.38 £ 0.57 | 9.07 £ 0.55
Nocturnal | Waning | 0.50 27.66 £ 0.58 | 38.66 £ 0.58 | 1.47 £ 0.35 | 9.92 £+ 1.07
Biotics

C. americana was very frequent (94%) during both the dry and the rainy seasons and
was found in virtually all phases of the moon but also during the day and night time periods.
When comparing the density values of C. americana with those of other species found in the
study area, during the dry period, C. americana represented nearly 13.5% of the total density
value during the day and 20% during the night (Figure 2). In the rainy season C. americana
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reached approximately 2.1% and 5.9% of the total density values for the day and night,
respectively (Figure 2).
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Figure 2 - Comparison of average density values (with standard deviation) between Calanopia
americana and others Copepods found during the dry (november/december 2010)
and rainy (july/august 2010) seasons in the reef area of Tamandaré, Pernambuco,
Brazil.

Calanopia americana presented higher density mean values in the dry season (97.2 +
91.0 ind.m™) (Mann-Whitney, p < 0.001) and at night (58.2 + 55.5 ind.m™) (Mann-Whitney
test; p = 0.020) then in the rainy season and during the day, respectively (Figure 3). In relation
to the influences of the lunar phases, the average values did not show significant differences
(Kruskal-Wallis p = 0.653) (Figure 3). The average observed for the daytime period reflects the
high density observed in a subset of samples that were associated mainly with the full moon
phase.
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Figure 3 - Overall average with standard deviation of the density values of C. americana
showing the differences observed between day and night, during the dry
(november/december 2010) and rainy (july/august 2010) seasons and the lunar
phases in the reef area of Tamandaré, Pernambuco, Brazil.

Considering the different development stages (juveniles and adults) and gender (males
and females), the average density values showed that during all seasons, the juveniles
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presented higher densities, especially in the dry season, during a full moon and during both the
day and night. The lowest density value was observed in the rainy season during the daytime
period and the crescent moon phase. The number of adult females was always higher than the
number of males when any factor analyzed was compared (Figure 4). Table 2 presents the
values related to the calculation of the male/female ratio, where it can be observed that the
highest proportions were associated with the dry period and daytime in the crescent moon
phase and that the smallest proportions occurred during the rainy season.

There was a significant difference (p < 0.001) between the dry and rainy period for the
biomass and production values of C. Americana, with the largest average values observed in the
dry season (157.64 + 131.80 pg C m™ and 34.20 + 30.36 pg C m> day?!) and the lowest in the
rainy season (0.30 + 0.27 ug C m3and 0.08 = 0.07 ug C m™ day™) (Table 3).

There was no significant difference in the production values of C. americana among the
moon phases. A significant difference was observed for the production values between diurnal
and nocturnal periods (p = 0.028). This indicates that the diurnal and nocturnal periods of the
rainy season are different (p < 0.001), while this difference was not observed in the dry period.

The correlation between the biotic factors (density and biomass production) and abiotic
factors (rainfall, temperature, salinity, chlorophyll @ and PMS) can be observed in Table 4. All of
the biotic factors showed a negative correlation with rainfall and PMS. However, there was a
positive correlation between salinity and chlorophyll a.
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Figure 4 - The ratio of juvenile, male and female C. americana in the dry (november/december
2010) and rainy (july/august 2010) seasons, in different moon phases and during
the day and the night at the reef area of Tamandaré, Pernambuco, Brazil.

Table 2 - Ratio of male and female of C. Americana in the the dry (november/december 2010)
and rainy (july/august 2010) seasons, in different moon phases and during the day
(D) and night (N) at the reef area of Tamandaré, Pernambuco, Brazil.

Male/Female
New D 0.00 0.00
N 0.50 0.45
Crescent D 0.00 14.00
N 0.25 0.98
Full D 1.00 0.08
N 0.00 0.88
Waning D 0.00 0.00
N 0.00 1.67
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Table 3 - Variation in the biomass and production of C. americana (mean values and standard

deviation) in the the dry (november/december 2010) and rainy (july/august 2010)
seasons, in different moon phases and during the day and night at the reef area of
Tamandaré, Pernambuco, Brazil.

New Diurnal 0.30 £ 0.27 0.08 £ 0.07 43.23 + 58.72 9.57 + 12.80
Nocturnal 9.91 + 3.18 2.39 £ 0.86 83.98 + 79.32 15.62 + 18.49
Crescent Diurnal 1.44 £1.26 0.36 £ 0.32 56.05 + 31.89 13.87 £ 7.33
Nocturnal 6.23 + 3.99 1.63 £ 1.04 64.78 + 30.95 15.28 £ 7.50
Full Diurnal 5.62 £ 7.58 1.34 £1.79 157.64 £ 131.80 | 34.20 + 30.36
Nocturnal | 21.36 + 26.50 4.92 + 6.25 107.66 + 23.30 24.35 + 4.88
Waning Diurnal 11.49 + 10.10 2.72 £ 2.40 11.11 £ 7.62 2.42 £ 1.43
Nocturnal 19.17 £ 9.31 4.99 £ 2.95 57.95 + 25.59 12.91 + 4.96

Table 4 - Correlation between the values of density, biomass, and production and the abiotic
factors (rainfall, temperature, salinity, chlorophyll a and particulate material in
suspension) in the the dry (november/december 2010) and rainy (july/august 2010)
seasons, in different moon phases and during the day and the night at the reef area
of Tamandaré, Pernambuco, Brazil.

Rainfall Temperature Salinity Chiorophyll MPS
a
Density -0.675*** 0.0999 0.386** 0.348%* -0.399**
Biomass -0.566* ** -0.0809 0.509*** (.334% -0.436%**
Production -0.559*** -0.0844 0.493*** (0.334% -0.425**

*p<0.05 **p<0.01 ***p<0.001
DISCUSSION

In northeastern Brazil, the water temperature variation between the rainy and dry
periods rarely shows significant differences enough to directly influence the distribution of
pelagic organisms. However, the difference in the intensity of rainfall between these two periods
in many respects affects the aquatic environment, directly interfering with aquatic communities,
especially in planktonic communities that are sensitive to changes in salinity, turbidity of the
water and food availability. The patterns observed in this study were corroborated by previous
studies (CAVALCANTI et al. 2008, MeLo et al. 2012, NASCIMENTO-VIEIRA, et al. 2010,
NEUMANN-LEITAO et al. 2009).

Some studies suggest that the density of the zooplanktonic organisms may suffer due to
light variation caused by the moon (HERNANDEZ-LEON 1998, HERNANDEZ-LEON et al. 2001) .
There is a positive correlation between the abundance of some species of copepods and the
cycles of the moon (HERNANDEz-LEON 1998), and some species of copepods can accomplish
vertical migrations exceeding 200 m influenced by moonlight (HERNANDEZ-LEON et al. 2001).
Previous studies have shown obvious effects of the full moon on some communities of pelagic
copepods; however, in this work, the different lunar cycles did not seem to significantly
influence the distribution of C. americana.
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In this study, the density, biomass and productivity of C. americana were mainly higher during
the night time. It is common for marine Copepods to exhibit vertical movements in the water
column during the diurnal cycle. The most common pattern is a rise in the water column (to
near the surface) at sunset and a descent to the maximum depth around sunrise (MELO et al.
2010). Studies conducted with C. americana show that this species is sensitive to light intensity
variation throughout the day and it is found among plankton surface samples at night (COHEN ;
FORWARD 2002). This diurnal vertical migration is hypothesized to decrease mortality risk by
functioning as a refuge from visual predation in weak light areas at depth and provide nighttime
access to food-rich surface waters (DE ROBERTIS et al. 2001, FORWARD 1988, FROST 1988).
C. americana shows strong nocturnal vertical migration characteristics (CLARKE 1934) and has
also shown a seasonal shift in distribution off the coast of North Carolina (USA). This species
has previously shown high near shore numbers in the summer and fall months but is found
largely offshore in the winter and spring months near Cape Hatteras and southern Florida
(BOWMAN 1971).

Variations in the population dynamics of C. americana in tropical Brazil, mainly in a
coastal reef region, appears to be directly related to the seasonal variation due to the regional
interference effect of rainfall. The significant increase in suspended material caused by
excessive rains reduced the availability of light and food. In addition, these rains interfered with
the influence of light on vertical movement ability in the water column.

During the dry season, the amount of available light coupled with a lower amount of
suspended material interferes with the community by increasing the density and influencing the
productivity of C. americana. Although previous studies have shown the influence of the lunar
cycle on the migration processes of C. americana, in this study, the lunar cycle variation did not
cause a significant influence on population dynamics.

In relation to the variation between day and night, the population dynamics of C.
americana in this study follow the pattern already noted in previous studies: density peaks were
observed at night, and lower values were observed during the day. This fluctuation strategy is
associated with reproduction, the search for food and protection against predation.
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