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Brazilian oceanic islands are areas of great ientifi ic and ic interest for the country.
A bcller understanding of the thermohaline and hydrodynamic properties is fundamental to complement studies of
hemical and biological p active on the Fernando de Noronha archipelago, located between 03° 52'S and 32°
25'W. The aim of this work was to verify the coastal thermohaline behavior of the most inhabited part of the island,
on a seasonal and spatial scale and how it is associated with the nutrient distribution data. Four campaigns were
conducted in 2013 and 2014, two during the wet season and two during the dry season. For each period, data were

collect at five stations, The results show that during the rainy season temperature increases and salinity decreases in

the surface layer. Spatially no large differences are observed. R
in the waters of the archipelago region. The coastal region was characterized

ations are quite h
by tropical mass water.

to nutrient ation, seasonal
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INTRODUCTION
Time series oceanographic observations are important not
only for identifying processes in ecosystems, but also lhe

Archipelago is a strategic area for monitoring climate change
effects in Northeast Brazil. It also plays a key role in the
process of uproducuon, dispersal and colonization of marine
orgi in the entire Tropical South Atlantic (REVIZEE,

effect of climate variability, water
perturbations and the prognostic models used in future clnnate
projections, Some climate change lmpacts such as increases
in precipitation. y and i sity of storms, and
warmer ocean tcmperature will occur quickly in response to
increasing global temperatures (IPCC, 2013),

Over the long term. increases in sea surface temperature
(SST) could also reduce circulation patterns that bring
nutrients from the deep sea to surface waters, Increases in
SST due to global warming are projected to intensify the
stratification of the water column and strengthen the barrier to
the transfer of nutrients created by thermocline (Gierach,
2013). In the warm pool, projected increases in rainfall will
reduce salinity and i stratifi further (Ganachaud
etal..2011).

The coastal and insular area around Fernando de Noronha
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2006).

Considering the importance of understanding the dynamic
around the archipelago, this study aims to investigate for the
first time changes in the spatiotemporal thermohaline pattern
and the nutrient distributions in the coastal area of the
Fernando de Noronha Archipelago,

Study Area

The Fernando de Noronha archipelago is formed by 21
islands and islets, located in the South Equatorial Atlantic
Ocean, between 03°52'S and 32°25'W. Its main island, which
has the same name of the archipelago, comprises 91% of the
total area of the archipelago (Figure 1).

Due to the morphological layout of the island, that is
composed by two sides which are more or less exposed to the
action of winds and ocean currents, two types of sea can be
highlighted around the island, the inside sea, which is more
protected and the outside sea, more exposed.

The climate of the archipelago is tropical (Awi of Koppen
classification system) and influenced by the Atlantic Ocean,
There are two well-marked seasons, the rainy from March to
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July and the dry from August to January (Almeida. 2006: Mohr
et al., 2009).

The archipelago is washed by the waters brought by the
central branch of the South Equatorial Current (¢SEC), flowing
from east to west. which extends from the surface up to a
nominal depth of 100 m, and by the South Equatorial
UnderCurrent (SEUC). which moves in direction from west to
east. The ¢SEC is located between the SEUC (3°S-5°S), and the
South Equatorial Counter Current (6°S-9°S) (Peterson and
Stramma. 1991).

The structure of the water column that surrounds Noronha
usually presents a characteristic profile of the South Atlantic
waters. with the presence of the following water masses:
Tropical Surface Water (TSW), South Atlantic Central Water
(SACW). Antarctic Intermediate Water (AAIW) and the North
Atlantic Deep Water (NADW) (Stramma and England, 1999;
Silva et al., 2005).
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Figure 1. Study area Fernando de Noront hipel
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Fernando de Noronha is a marine national park protected
legally by the Institute of Environmental Preservation of the
Brazilian government - Chico Mendes Institute for the
Conservation of the Biodiversity - ICMBio. The island is
considered of utmost importance not just for maintenance of
local biodiversity, but also as a feeding and rest area for large
pelagic fishes that perform transoceanic migrations, such as tuna
and billfish.

METHODS
The data were collected during four oceanographic campaigns
in the portion of the inside sea in Fernando de Noronha Island.
Two campaigns were in 2013 (July and December) and two in
2014 (June and November). For each year samples were
collected during both rainy and dry seasons.
The physical parameters (temperature, salinity and density)

depths of the mixed layer, The samples were then stored in
plastic bottles (previously decontaminated) kept frozen until the
analysis. The dissolved inorganic nutrients (ammonia - NH;,
nitrite -NO, and nitrate ~NOs). the phosphorous - PO, and
silicate - Si0, were analyzed through the method described by
Grashoff et al. (1983) and Strickland and Parsons (1972),

RESULTS

Based on in situ observations obtained during four camy
realized in July and December 2013 and in June and November
2014, temperature and salinity profiles were represented for the
five stations distributed in the coastal region of the island
(Figure 2A).

Temperature values obtained with CTD for the five stations
distributed on the coast of Fernando de Noronha show that, in
general, there were no large spatial variations of the vertical
profiles within the same period, The minimum and maximum
values during the rainy season of the year 2013 were
respectively 27.42°C (Sta,2) and 27.70°C (Sta.3). For the same
period of the year 2014 (June 2014), the minimum and
maximum values obtained were 27.81°C (Sta.5) and 29.23°C
(Sta. 1), respectively.

The analysis of the profiles shows that, during the rainy
season (Figure 2), sea surface temperature (SST) increased
about 1°C, which was not observed during the dry season,
neither spatially in a same period. As for salinity, temperatures
collected during the rainy season of 2014 showed values slightly
higher when compared to the previous year,

By analyzing the temperature values obtained during the dry
season in 2013 and 2014, no significant difference was observed
from one year to the next. Temperature recorded during 2013
reached maximum and minimum values of 27.53°C (Sta. 1) and
26.66°C (Sta. 5), respectively. It could also be highlighted that
higher temperature values were obtained at stations 1 and 2.
However, their profiles presented opposite patterns, as in Sta.l
temperature decreases with depth, contrary to what happens in
Sta.2. Temperature recorded during 2014 reached maximum and
minimum values of 27.10°C (Sta. 1) and 26.53°C (Sta. 4).
respectively.

Likewise by analyzing the vertical distribution of sea surface
salinity (SSS) in all stations during a same period, no significant
difference was observed. For both years salinity values were
higher during the dry season than during the rainy season.

By the thermohaline peers. adding sigma-t
contours, a characteristic T-S diagram of sea state was obtained
(Figure 2B). This diagram allows analyzing and identifying
water masses, coastal region features the island as well as the
degree of mixing between them. According to the data, the water
mass ding to shall coastal region of the island is the

along the water column were obtained from CTD equip
Sea Bird Electronics (SBE) 911plus. The CTD is equipped with
a centrifugal pump and high resolution sensors for conductivity
measurements  (resolution 0.00004sm™).  temperature
(resolution = 0.0003°C) and pressure (resolution = 0.068db).
Moreover, the raw data were p d. added to a database and
then discussed.

In addition, water samples were collected to analyze the
vertical distribution profiles and concentration of chemical
parameters. Ninskin bottles were used to collect samples in the

Tropical Surface Water (TSW). The T-S diagram shows
different characteristics of TSW. water mass with higher salinity
and lower temperature during the dry season and lower salinity
and higher temperature during the rainy season,

The table 1 p the ion values ob d for the
essential nutrients used in the primary productivity: ammonia
(NH;), nitrite (NO-), nitrate (NO3), phosphate (PO,4) and silicate
(Si0;). The results show that no significant differences were
observed for nutrient ations, both spatially and
temporally.
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Figure 2. A) Intra and inter annual special variation of thermohali in the coastal region of the archipelago Fernando de Noronha. B) T-8

diagram referring to the figure data A. The legend on the right side is related to two images.

Table 1. Nutrient concentrations determined for each of the five stations. Ammonia (NHy). nitrite (NO-). nitrate (NO3), phosphate (POy) and silicates

(5i02) in ymol.L-1. Amounts related the surface Q) and bottom (B). ND refers to values below the detection limit of the apparatus.

RAINY SEASON DRY SEASON
STATION YEAR NH3 NO2 NO3 PO4 5102 NH3 NO2 NO3  PO4 $I02
1 2013 s 0.02 0.07 0.05 0.24 0.80 0.02 0.07 0.05 0.24 0.80
B - 0.08 ND 0.06 2.68 0.00 0.05 0.13 0.32 1.77
2 2013 s 0.01 0.02 0.10 0.23 116 0.01 0 0.03 0.23 L16
B - 0.03 0.05 0.10 1.55 - - - - -
3 2013 S 0.01 0.12 0.10 0.12 144 ND 0.12 ND 0.12 1.44
B - 0.17 022 0.12 1.55 0.01 0.04 ND 0.18 0.76
4 2013 s 0.02 0.03 0.03 0.14 265 0.02 0.03 0.03 0.14 265
B - 0.01 ND 0.09 149 0.01 0.0l ND 0.18 1.09
s 2013 s 0.01 0.02 0.1 0.23 116 0.01 0.01 ND 0.17 1.03
B 0.03 ND 0.08 250 0.01 0.00 0.21 0.13 0.96
1 2014 B 010 0.13 041 015 398 011 0.02 0.28 0.41 254
B - - - - - - - - - -
2 2014 S 0.06 0,05 0.01 0.23 202 0.02 0.02 0.11 0.12 548
B - - - - - 0.08 0.02 ND 0.14 1.62
3 2014 S 0.03 0.17 022 0.12 155 0.02 0.02 0.11 0.12 205
B 005 0.05 ND 0.13 1.96 0.04 0.02 ND 0.14 ND
4 2014 s 0.02 0.01 \D 0.09 1.49 0.02 002 0,01 0.11 191
B 003 0.02 ND 0.09 0.95 0.02 0.02 0.07 0.13 125
5 2014 S 0.04 0.03 ND 0.08 250 0.02 0.02 ND 0.07 0.92
B 002 0.03 ND 0.08 228 0.02 0.02 0.59 0.12 871
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DISCUSSION
Data of precipitation (obtained by the Agéncia Pernambucana
de Aguas e Clima — APAC, a state agency on water and climate)

greater or lesser use. according to population growth (Flores
Montes. 2003).

are presented in Figure 3. By comparing the seasonal variation
of monthly precipitation between 2013 and 2014. we could
observe that for both vears, higher levels of average
precipitation for the rainy season were observed during the same
period corresponding to higher SST and lower salinity values. In
2013 it presented a delay in the rainfall period compared to the
year 2014 and the historical series (years 2003-2012).
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Figure 3. Monthl of precipi during the years 2013-2014

and during the nine previous years (2003-2012).

Analysis of the SST monthly averages obtained by the
MODIS-Aqua Satellite images with 4km resolution provided by
NASA (Figure 4). corroborates the values found in this study,
by identifying a warming of surface water during the rainy
season (June and July) compared to the dry season.

Near Fernando de Noronha Archipelago. the SST obtained
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Figure 4. Satellite images showing the average variation of Sea Surface

during the rainy season, for the month of June 2014. sh |
higher average value (27.8°C). compared to average monthly
SST obtained for the month of July 2013 (27.5°C).

In June 2013 (not demonstrated in the figure) the SST near
Fernando de Noronha Archipelago is 27.9°C.

During the rainy season low SSS is associated with warmer
sea temperatures in the Atlantic Tropical. The salinity in the
tropical ocean is projected to decrease due to the intensified
hydrological cycle (Durack et al.. 2012).

The nutrient contents analyzed in the mixed layer exhibited
concentrations  specific to oligotrophic areas. The values
obtained are near to the minimum detection level, and in many
cases below this value, especially in relation to ammonia
concentrations. This is one of the first products of organic matter
mineralization. which is quickly oxidized to the more stable
form, nitrate, also found in low concentrations, however higher
than ammonia.

By ing the ions of nutrients, a subtle
rise could be observed during the rainy season for both years,
except for phosphate. Silicate was the nutrient that showed the
highest variation between seasons. as well as greatest
concentrations.

Silicate is an essential component, however, it does not enter
into the cycle of organic matter but is an important component
in the composition of the di shells and exoskel
of other organisms. Silicate does not fit between the most
utilized p from a biological point of view, further, this
element degrades slower, depending on alternating periods of

p (SST) ot d during the months related to the four
campaigns conducted in this study. A) July 2013; B) December 2013, C)
June 2014; D) November 2014, The location of the archipelago (star) is
identified in the images.

In terms of interannual seasonality, higher nutrient
ations were d 1in 2014, d for phospl

Phosphate was the second nutrient with larger proportions.
According to Aidar et al. (1993). phosphate ion regeneration is
very fast in the water column, and can act as the limiting
nutrient.

The variation of nutrient concentrations in the water column
was quite low, however, there was, in general a small positive
gradient from the bottom to the surface of the stations.

CONCLUSIONS

Variations of temperature and salinity in the surface layer
were collected and analyzed during dry and rainy seasons,
Results show that lower temperatures and higher salinity values
were observed during the dry period for both years of 2013 and
2014. During rainy season low salinity was observed, which
could be associated with warmer sea temperatures in the

Atlantic Tropical near Fernando de Noronha Archipelago.
The nutrient data showed a nutritional deficit. Changes in
nutrient concentration were very small from one period to
her, t the and in the water column. Therefore
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it is not possible to identify correlations with changes of the
thermohaline properties.

The coastal region of Fernando de Noronha, in the inside sea
region is characterized by the presence of Surface Tropical
Water.
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