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Abstract

Marine viruses are among the most common, abundant and diverse biological entities in seawater columns. Despite this, little is yet know about virus abundance
and distribution in tropical aquatic ecosystems. Here, we evaluated virus abundance
and their relationship to host and environment variables within Arraial do Cabo upwelling system, Rio de Janeiro State, Southeast of Brazil. Seawater samples were
collected in four seasonal campaigns from five sampling sites including different areas of human settlement characterized by anthropogenic activity (sewage disposal/
port activity) and upwelling phenomena. Virioplankton abundance ranged from 0.79
to 7.95 x108.part.mL-1, whereas bacterioplankton abundance ranged from 2.6 to 13.4
x107.cell.mL-1. Viruses distribution was evaluated in relation to their possible hosts,
and viral abundance positively correlated with both bacteria (r = 0.65; p < 0.01) and
chlorophyll-a (r = 0.61; p < 0.01). Additionally, a method of concentration using adsorption/elution into electronegative membrane combined to electron microscopy,
revealed the presence of bacteriophages, belonging to Myoviridae and Podoviridae
families. Principal component analysis showed clear evidence that there is a seasonal influence between Arraial do Cabo biotic and abiotic variables, and that the high
abundance of viruses was correlated mainly with nitrogen inorganic forms (NO2- and
NO3-), PO43-, chlorophyll-a and bacteria. Thus, our study indicated that viral abundance in Arraial do Cabo coastal region depends on host cell abundance, which appears to be controlled mainly by nutrient availability.
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Introduction

Viruses has been described as the most abundant biological and dynamic components in different aquatic ecosystems[1-6]
having their greatest reservoir in oceans, where the concentration ranges from 107 to 109 mL-1 [7-10] .
Several studies on virus abundance and distribution have been performed in polar regions as the Arctic[11-13] and Antarctica[8,14],
and also in different temperate and tropical ocean portions, as Pacific[9,15,16] and Atlantic[4,17,18]. However, few virus ecology studies
have addressed the assessment of virioplankton community in tropical aquatic ecosystems[4,19]. Only two works on the coast of the
State of Sao Paulo[20,21], two in the Amazon region[22,23] and one in the upwelling system of Rio de Janeiro describe about virus ecology in Brazilian aquatic ecosystems[24]. The reason is that environmental virology studies are generally focused on aspects of public
health and disease-causing agents, not on ecological aspects[25-29].
Although it is known that virioplankton plays an important role in ecological and biogeochemical processes such as bacterial mortality and nutrients[30-33], it is yet little known about the influence of Brazilian upwelling system on microbial abundance
present in areas of such upwelling[24,34]. Moreover, the interactions between virioplankton and bacterioplankton have been investigated worldwide, and it is evident that microbial composition of a region can vary due to many environmental factors[13,35,36]. So we
Copyrights: © 2016 Barbosa, J.E.F. This is an Open access article distributed under the terms of Creative
Commons Attribution 4.0 International License.

Barbosa, J.E.F., et al.

1

J Marine Biol Aquacult | volume 2: issue 1

Study of virioplankton Abundance & Morphological Diversity

carried out a seasonal and spatial survey to assess virioplankton abundance and observe their relation to bacterial abundance and
environmental factors in the marine seawater of Arraial do Cabo upwelling coastal region.
In such context, this study is regarded as of great importance, once it presents an attempt to elucidate the abundance of
marine virioplankton in Arraial do Cabo, Rio de Janeiro tropical upwelling region and also this distribution relationship with the
bacterioplankton abundance as well as with environmental variables.

Materials and Methods
Study area and Sampling: The study area is located at the coastal region of Arraial do Cabo (AC) on the North coast of
Rio de Janeiro State, Brazil (Figure 1). This region is known for its elevated marine productivity due to the upwelling phenomenon
occurs more frequently during the summer (from September to April). The phenomenon of coastal upwelling is mainly caused by
wind action consisting of ocean surface waters thermal anomaly, when water becomes cold and nutrient-rich due to deep South Atlantic Central Water (SACW) penetration and upwelling[37-40]. In addition to periodic upwelling, this region is subjected to different
anthropogenic pressures such as sewage discharge from domestic sources, industrial effluents, chemical accidents, drilling spills,
port activities and others anthropic activities that can also influence the distribution and role of viruses within marine environment
under different tropic conditions.

Figure 1: Map for sampling collection. Coastal area of Arraial do Cabo, Rio de Janeiro State, Brazil.
Black spots indicate the position of sampling sites where seawater was collected.

The locations of the sample sites are indicated in Figure 1 and were chosen to represent distinct Influence of hydrological
and physical-chemical parameters. Site AC581 (Anjos Bay) and AC570 (Forno Bay) are more sheltered stations located near area of
dense population and under more influenced anthropogenic activities. The other three sampling sites (AC571, AC582 and AC561)
were located within a more external portion of AC region, therefore receiving lesser input of anthropogenic activities and higher
oceanic environment influence.
A total of 20 seawater samples (25 litres per sample) were collected based on four seasonal Campaigns from five sampling
sites conducted between September 2013 and June 2014, according to the annual occurrence of upwelling phenomenon in Arraial
do Cabo, which usually begins in September and shows a peak in December during the summer season, while down welling periods
are more frequent during the winter.
Subsurface seawater samples were collected with a Van Dorn bottle and performed at neap tide cycle during the day. All
samples were transported in polyethylene bottle, protected from light. For virus and bacteria abundance analyses, samples were
immediately fixed with glutaraldehyde solution (2%, final concentration) and subsequently stored at -80°C until analysis. While
samples for virioplankton characterization, samples were submitted to a concentrated step by the adsorption-elution method, with
negatively charged membranes.
Environmental Parameters: At each sampling site, temperature, salinity and conductivity were measured using a YSI 30 probe.
Dissolved oxygen (DO) and pH were measured with portable probes: an Oxi 330i set mode WTW oximeter and a model 330i WTW
pH meter. In the laboratory, for nutrients and chlorophyll-a analyses, seawater samples (2 L) were directly filtered through cellulose
acetate membranes (0.45 µm, 47 mm Ø, Millipore), using a vacuum pump, to separate the dissolved and particulate material, then
stored at 4°C until analyses. Analyses of the dissolved inorganic nitrogen (DIN) – ammonium (N-NH4+), nitrite (N-NO2-) and nitrate
(N-NO3-) and phosphate (P-PO43-), with aliquots of 100 mL of filtered subsample, were performed following standard colorimetric
techniques according to Grasshoff et al[41]. The material retained on the filters was used for chlorophyll-a analyses, two filters per
sample. The filters were sheltered from light until extraction and chlorophyll analysis. After extraction in 90% acetone for 18 h at
www.ommegaonline.org
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4°C, the chlorophyll concentrations were determined fluorometrically using a fluorescence spectrophotometer as described by Parsons et al. The concentrations were calculated using equations developed by Lorenzen[42].
Bacterioplankton Abundance: Bacterial counts were performed on samples preserved in 2% glutaraldehyde[43]. In the laboratory,
2.0 mL of seawater was stained with acridine orange (0.1% w/v) filtered at 20 kpa onto (replicate) 0.2 µm pore size polycarbonate
(Nucleopore) filters and counted by epifluorescence microscopy under blue excitation with an Axiops 50 Zeiss epifluorescence
microscope.
Virioplankton Abundance: At the beginning, to enumerate seawater viruses, sample triplicates were immediately fixed on board
with glutaraldehyde (2% final concentration) from each sampling site, and stored in darkness at 4°C until analyses. The samples
were counted by EpiFluorescence Microscopy (EFM), as described by to Noble and Fuhrman[44] and by Flow Cytometry (FCM)
following recommendations of Marie et al[45] and Brussard[46]. For both methods we used the label SYBR Green I (molecular ProbeInvitrogen) (Molecular Probes Inc., Eugene, OR, USA), which specifically stains double-stranded DNA.
Epifluorescence Microscopy: Seawater samples (2 mL) for EFM technique were filtered through 0.02 µm pore size (25 mm diameter) anodisc aluminum oxide filters (Whatman, Millipore) under 20–kPa vacuum, stained with a dilution of SYBR Green I (Molecular Probes Eugene, OR, USA) 1:10 by mixing 2.5 µL of 10% of SYBR-Green I working solution with 97.5 µL of sterile deionized
water on the bottom of a sterile plastic petri dish and incubated for 15 min in darkness. Then, each anodisc filter was mounted on
a glass slide with an anti-fading solution consisting of 0.1% p-phenylediamine (Sigma Chemical Co., made freshly from frozen
10% aqueous stock) in 50% glycerol-50% phosphate-buffered saline (PBS, 0.05 M Na2HPO4, 0.85% NaCl, pH 7.5). All slides were
immediately counted and a total of 30 fields per filter were selected by using an Axiops50, Zeiss epifluorescence microscope under
blue excitation (450 to 480 nm).
Flow Cytometry: Virus concentrations were also measured in parallel in an Accuri C6 flow cytometer (Accuri C6 Flow Cytometer
System) equipped with an air-cooled laser (488 nm) and with a standard filter setup (FL1 at 533 ± 30nm). To enumerate virioplankton, samples were thawed for a few minutes and then diluted 1:10 to 1:200 in TE buffer (10mM Tris-HCl and 1mM EDTA, pH 8) to
avoid coincidence on the flow cytometer, and incubated with SYBR Green I (at a commercial stock solution final concentration of
5 x 10-4, Molecular Probes Eugene, OR, USA), for 10 min at 80°C in darkness, prior to FCM analysis. Sterile seawater and dilution
medium were also used as blank. Samples were run for 1 to 4 min at a delivery rate of 50 µL.min-1 and the discriminator was set on
green fluorescence. Readings were performed on logarithmic scales and analyzed with appropriate software.
Virus Concentration: A total of 20 L of seawater from each sample was concentrated by the method as described by Katayama
et al[47]. Briefly, seawater samples were firstly pH adjusted and subjected to a clarifying process with pre-filters AP-20 ® (142 mm
diameter membrane, Millipore ®) through a filtration system (Millipore ®, Brazil). Then, the same 20 L was submitted to another
filtration through a type HA membrane negatively charged (Millipore) with a 0.45 µm porosity size with a vacuum pump system.
The membrane was washed with 350 mL of 0.5 mM H2SO4 (pH 3.0) solution to ensure the retention of viral particles. The next step
comprised a viral elution which consisted in releasing the virus from the membrane, which was performed using 15 mL of 1mM
NaOH (pH 10.5). The samples were neutralized with the addition of 50 µL each mf 50 mM H2SO4 (pH 3.0) and 100 X TE buffer (pH
8.0). The eluate was concentrated using a centriprep YM 50 (Millipore) and centrifuged at 1.500 x g for 10 min at 4°C, obtaining a
final volume of 2 mL. The samples were stored at -80°C until they were subjected to morphological analyses.
Morphological Characterization: Virioplankton samples obtained after adsorption-elution steps and concentration method were
mixed with glutaraldehyde 2% and examined by electron microscopy. Virus identification was done according to virus particle ultrastructure as outlined by the International Committee for Taxonomy of Viruses[48,49]. Phage samples were incubated for 30 min at
carbon-coated copper grid (400 mesh), and afterwards the grid was negatively stained with 1% uranyl acetate for 1 min. The phage
particles were visualized with a Morgani electron microscopy, operating at 100 kV (FEI Co. Hillsboro, OR, USA) and the electron
micrographics were recorded with a charge-coupled-device camera.
Statistical Analysis: Parameters from each sampling station were separately analyzed applying descriptive statistics. Data integration was performed using multivariate analyses achieved with “STATISTICA (Statsoft®)” software. Arraial do Cabo data was
gathered on a matrix to summarize the environment main characteristics. Normally distributed data correlation coefficient (r) was
calculated by Pearson’s analyses (significant when p = 0.05), then used to assess potential relationships between selected variables.
Principal Component Analysis (PCA) was assessed as an ordering method from correlations between physical, chemical and biological seawater from the sampling sites in different studied periods, in order to indicate the relative significance of predictive variables.
These two ultimate statistical analyzes were performed using the “PAST” software. Furthermore, analysis of variance (ANOVA)
was performed to detect whether analyzed variables as temperature, pH, salinity, conductivity, dissolved oxygen, chlorophyll-a, nutrients, virus and bacteria abundance and virus-to-bacterium ratio (VBR) varied according to seasonal as well as to spatial locations
with different sampling stations. When significant differences were found, the Tukey post-hoc test was applied to determine the
sampling station and season analyzed.
Barbosa, J.E.F., et al.

3

J Marine Biol Aquacult | volume 2: issue 1

Study of virioplankton Abundance & Morphological Diversity

Results and Discussion
Brazilian coast presents a great variety of ecosystems. We have chosen Arraial do Cabo region because it contains several
climatic, geological and ecological peculiarities and stands out as the location in southeastern Brazilian coast where upwelling
events occur[24,37,50], more frequently between spring and summer. Studies have demonstrated the ecological importance of these
systems with nitrogen loss by nitrification, and increased biological productivity caused by deep waters out cropping[24,51-53].
Table 1 depicts the environmental parameters in Arraial do Cabo sampling sites. Through a seasonal overview, the samples
collected during spring and summer periods, were characterized by temperatures below 21°C, higher dissolved oxygen value, concentration of nutrients and chlorophyll-a concentration and salinity variation between 34 and 35 indicating the rise of South Atlantic
Central Water (SACW). In the other hand, autumn and winter periods presented temperatures above 21°C, salinity between 33 and
34 and lower dissolved oxygen values, nutrients (nitrate and phosphate) and chlorophyll-a.
Table 1: Description, by sampling station, of environmental parameters in Arraial do Cabo, coastal region of Rio de Janeiro State, Brazil.

Sample group and parameter
Water temp. (0C)
pH
Salinity (%0)
Conductivity (mS)
O2 (mLliter-1)
Ammonium (µM)
Nitrite (µM)
Nitrate (µM)
Phosfate (µM)
Chl.a (µg L-1)

AC571
18.1 - 23.3
8.2 - 8.55
33.5 - 34.6
46.1 - 51.7
6.1 - 11.6
1.69 - 3.84
0.08 - 1.14
1.21 - 12.67
0.08 - 0.7
0.46 - 3.49

AC582
18.4 - 22.8
8.11 - 8.41
33.5 - 34.5
48.3 - 50.8
6.2 - 10.8
2.07 - 2.73
0.07- 1.18
0.94 - 12.04
0.11 - 0.53
0.54 - 2.7

Results
AC581
17.4 - 24.1
8.13 - 8.46
33.3 - 34.6
47.4 - 51.1
5.8 - 8.78
2.56 - 5.98
0.16 - 4.13
1.25 - 12.63
0.16 - 3.41
1.01 - 7.52

AC570
17.6 - 23
8.14 - 8.42
33.4 - 34.5
48.2 - 50.8
6.6 - 9.8
2.64 - 4.24
0.23 - 1.17
3.8 - 10.39
0.06 - 2.09
0.42 - 6.87

AC561
19.1- 23.6
8.15 -8.4
33.1 - 34.6
48.7- 51.4
6.6 - 9.4
1.35 – 2.5
0.03- 0.75
0.63 - 10.68
0.09 - 0.5
0.47 - 2.86

Spatially, the highest values of inorganic nutrients and chlorophyll-a, were observed in sampling sites AC581 and AC570,
both located near anthropogenic activities, such as sewage discharge and port activities. While the lowest values of these same parameters were found in location AC561, which represent the less impacted area[54,55] .
Microbial abundance observed in the Arraial do Cabo (~ 107 bacteria mL–1 and 108 viruses mL–1) were in agreement with
previously published values for coastal tropical waters[2,50,56]. Virioplankton abundances were highest in the same sampling sites that
presented the highest levels of bacterial,in this study virus abundances ranged from 0.79 to 7.95 x 108.part.mL-1 (mean of 2.46 x
108.part.mL-1) (Figure 2).

Figure 2: Mean abundance of virioplankton (columns) and VBR (solid circles - spring, open circles - summer, solid triangles – autumn, and open
triangles - winter) for each sampling site in coastal region of Arraial do Cabo.

As previous studies[57-59], we recorded significant seasonal change in virioplankton abundance related to temperature, with
higher viral concentrations during spring and mainly in summer period, ranging from 1.47 to 7.95 x 108.part.mL-1 (mean of 3.61
± 2.74 x 108.part.mL-1) with the peak of Upwelling phenomenon occurrence and lower concentrations during autumn and winter,
www.ommegaonline.org
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means of 1.9 ± 1.13 x 108.part.mL-1 and 1.37 ± 0.45 x 108.part.mL-1, respectively. This seasonal behaviour was also found by Pereira
et al[24], in the same upwelling area, however with lower averages of virus abundance ranged from 6.21 x 105.part.mL-1 to 2.86 x
106.part.mL-1. According to the present result we suggest that upwelling phenomenon could be exerting influence on the viral abundance through the resuspension produced by ACAS bringing to the surface viruses, in addition to organic matter and possible host
cells[60,61].
According to the location sites AC581 (4.44 ± 2.62 x 108.part.mL-1) and AC570 (3.23 ± 1.87 x 108.part.mL-1) both influenced by anthropogenic activities presented higher virus abundance than in the other three sampling sites (one-way ANOVA; p <
0.001). It is assumed that more viruses are produced when conditions favour high host growth and production rates[62]. Previous
works noticed a decreased in virus abundance with decreasing trophic status[63,64]. So followed by results above we could verify that
both anthropic activities and upwelling phenomenon in Arraial do Cabo region represent important sources of nutrient input implying on increasing of the productivity and consequently in the increased amount of viruses in this peculiar aquatic ecosystem.
The virus to bacteria ratios (VBR) observed in this study (1.17 to 5.93) didn’t fell in the range of values recorded for
tropical waters, once we found a low VBR ratio (Figure 2). One of the reasons to explain this fact could be a non-significant rate of
infection, either a low number of viruses by host cell, or high virus decay rate[17,56]. Besides those, another alternative hypothesis for
the low VBR may be due specifically to viral infection on its host[65,66].
Our research also employed a valuable tool to study viral communities, a method based on adsorption-elution with negatively charged membranes to concentrate viral particles present in seawater samples, a necessary step for virus isolation, which can
also be used as a step for viral community’s molecular analyses[28,58]. Through this technique established by Katayama et al[47], used
in a number of studies[26-28] to concentrate viruses in order to obtain virus-free water and viral concentration to observe viral abundance and its distribution from different aquatic systems. Thus, this method allowed us to identify that in our study area the dominant
virioplankton capsid diameter was found in the range of 30 – 60 nm, and this result is in agreement with other studies[56,67-69], suggesting according to virus capsid diameter and morphological data that most virus that we obtained in this study were tailed phages
of the Myoviridae and Podoviridae families (Figure 3), both belonging to the Caudovirales order, which represent the most abundant
phages in nature, and account for 96% of the phages described so far[70].

Figure 3: Transmission electron micrographs of negatively stained phages isolated from seawater obtained from Arraial do Cabo. (A) Myoviridae
and (B) Podoviridae families isolated from AC581 (Anjos Bay). Myoviridae and Podoviridae families (C) isolated from AC570 (Forno Bay) and
other morphologicalvirioplankters (D). Electron micrographs were taken using a transmission electron microscope and negatively contrasted with
2% uranyl acetate dihydrate. Bar, 100 nm.

Correlation analyses showed in Table 2 highlighted a strong correlation found between viral and bacterial abundance as
reported in a majority of other studies[2,64,71]; taken together (r = 0.65, n =20, p < 0.01) or separated by season (r spring-summer = 0.60, n =
20, p < 0.01); r autumn-winter = 0.56, n = 20, p < 0.05), our results confirmed that bacterial abundance was a good predictor variable for
virus in the upwelling region of Arraial do Cabo. According to previous work where abundance of virus and bacteria are correlated,
most of the viruses present within research locations are considered bacteriophages[30,36,58,59,63].
Another relevant result on the same direction aimed to results of previous works[6,69] was the Positively correlation between
virus and chlorophyll-a (r = 0.61, p < 0.01) (Table 2). This strong correlation between chlorophyll-a concentration and virus supports a significant correlationbetween bacterial production and virioplankton abundance, as higher levels of chlorophyll-aindicate
a more productive system increasing bacterial abundance, and also indirectly viral abundance[35,63]. A possible explanation for this
observation is due to the fact that tropical ecosystems chosen for this work contain high concentrations of algae and cyanobacteria
increasing phytoplankton biomass, and consequently more algal viruses[63,72]. These data can be linked to the fact that bacteria and
phytoplankton comprises the major viral host and consequently they are subjected to viral infection[44,73,74].
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Table 2: Two-tailed Pearson product–moment correlation between abiotic and biotic variables in the five sampling sites of Arraial do Cabo
through four different seasons.
Variable

Temp

pH

Sal

Cond

OD

NH4

NO2

NO3

PO4

N:P

Chl-a

Bacteria

Virus

Temp
pH

*Neg

Sal

***

-

Cond

**

**Neg

***

O.D

* Neg

***

-

*Neg

NH4

-

-

-

**Neg

-

NO2

* Neg

-

-

*Neg

-

-

NO3

***Neg

*

***Neg

***Neg

-

-

**

PO4

** Neg

-

*Neg

*

-

-

***

**

N:P

-

-

-

-

-

-

-

-

*Neg

Chl-a

***Neg

-

**Neg

**Neg

-

-

**

**

***

-

Bacteria

***Neg

-

*Neg

***Neg

-

-

**

***

**

-

***

-

-

-

***

*

***

-

**

Virus
*** p < 0.001; **p < 0.01 e * p < 0.05.

**

Additionally, virioplankton present a negative correlation to temperature (r = -0.43, n = 20), to salinity (r = -0.39, n =
20) and to conductivity (r = -0.42, n = 20), suggesting that upwelling process may be one of the factors that could controls virus
abundance in AC region (Table 2). Previous works also verified a decreased in virus abundance with increasing salinity[57,64] and
temperature[61].
In relation to nutrients, a high correlation between virus and nitrite (r = 0.81, n = 20, p < 0.001), virus and nitrate (r = 0.55,
n = 20, p < 0.05) and virus and phosphate (r = 0.79, n = 20, p < 0.001) were observed (Table 2). Once nutrients can stimulate bacterial growth[75-78], and indirectly increaseviral abundance, they could be sensitive to nitrate and phosphate. Interestingly, in relation
to nitrogen forms, viral and bacterial abundance were more highly correlated to nitrate during warmer periods, once high levels of
DO favoured nitrification. This fact may be linked to the upwelling Phenomenon that happens in later spring and summer.
The variation of physical-chemical and biological parameters was also analyzed using principal component analysis
(PCA)[79,80] providing robustness to data correlation. Data matrix included 20 samples from Arraial do Cabo over different seasons
(Figure 4), and analyzed a total of 13 variables (seawater temperature, pH, salinity, conductivity, dissolved oxygen, ammonia, nitrite,
nitrate, phosphate, N:P ratio, chlorophyll-a, bacteria and viruses). Relationship between allmeasured variables, using PCA, showed
that the first and second axis have been together able to explain the majority of the total variance observed in this study (71.52%).
Thus, the first axis analyses (PC1) showed that nitrogen inorganic forms (NO2- and NO3-), chlorophyll-a, bacteria, PO43-, viruses,
pH and DO, had positive loadings. In contrast, temperature, salinity, conductivity, and N:P ratio had negative loadings. This first
principal component summarizes the seasonal effects evidenced on bacterioplankton and virioplankton distribution presented by a
clear division between the warmer seasons (Group I) and the colder seasons (Group II).

Figure 4: PCA analysis of biotic and abiotic variables in Arraial do Cabo. There is a clear seasonal division between Group 1 (warmer seasons)
and Group 2 (colder seasons). The different seasons are represented by open triangles - spring, open squares - summer, solid triangles - autumn,
and solid squares - winter.
www.ommegaonline.org
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The PCA provided a noteworthy biotic (bacteria and chlorophyll-a) and abiotic factors such as temperature, pH, salinity,
conductivity, dissolved oxygen data and also nutrient availability that can influence viral distribution and abundance in Arraial do
Cabo region. Previous works in the ocean have also showed that viral distribution and abundance could be controlled by environmental factors[71,81,82].
This multivariate analysis also showed a clear seasonal separation between the sampling spring- summer versus autumn-winter periods (Figure 4). According to this correlation results, we can suggest that the distribution of virioplankton abundances could also be defined by different water masses characteristics, which may influence higher abundances of their possible
hosts, mainly in warmer periods. This data is in accordance with other seasonal studies that showed higher numbers during the warm
periods of summer and spring[57,83]. In fact, our study demonstrated that virus abundance in Arraial do Cabo upwelling area appears to
vary slightly more seasonally than in a spatial scale mode. This fact could be explained specially because Arraial do Cabo undergoes
the upwelling phenomenon during spring-summer periods when we observed higher viral numbers compared to numbers observed
during the absence of this phenomenon.
However, the spatial and seasonal distribution of virioplankton on Arraial do Cabo did not have significant variation between sampling stations or different seasons (ANOVA, p > 0.05). Interestingly, all five sampling sites had a high similar trend in virioplankton, bacterioplankton and chlorophyll-a increase on summer and spring periods. However, bacterioplankton and concentration of chlorophyll-a were significantly influenced by seasonality (ANOVA, p < 0.05), showing a high decrease from summer-spring
to winter-autumn samples.
Table 3: Spatial and seasonal ANOVA1 analysis on viral and bacterial abundances and virus- bacterium ratio (VBR) samples from
Arraial do Cabo.
Parameters
Virus
Bacteria
Chlorophyll-a
SS
DF
F
P
SS
DF
F
P
SS
DF
F
P
Site
26.52
4
3.02
0.05
46.28 4
1.41
0.27
33.47
4
2.35
0.100
Season
10.64
3
1.15
0.35
91.64 3
6.29
0.00
52.65
3
8.22
0.001
SS, sum of squares; DF, Degrees of freedom; F, F-distribution value; P, p value.				

1

Significant differences in spatial and seasonal analyses (ANOVA, p < 0.05) were detected for all physical and chemical
parameters, and the Tukey test among stations and seasons highlighted the significant differences (data not shown). Spatially biotic
analyses indicated that no significant difference was observed in viral, bacterial and chlorophyll-a concentrations between the different sampling stations of Arraial do Cabo (ANOVA, p > 0.05). Whereas in seasonal data only viruses have no differences in their
abundance, (ANOVA, p > 0.05) just bacteria and chlorophyll-a (ANOVA, p < 0.05) (Table 3). Additionally, no significant statistic
difference in VBR was found both spatially and seasonally (ANOVA, p > 0.05).

Conclusion
In conclusion, the integration of all data allowed us to indicate that the abundance of viruses in the Arraial do Cabo upwelling region was positively influenced by both biotic factors, such as bacteria and chlorophyll-a, as well as abiotic factor, mainly
nitrogen inorganic forms (NO2- and NO3-) and PO43-. Correlation of virus with bacteria and chlorophyll-a suggests these cells were
the principal hosts and supported the viral distribution and abundance.
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