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INTRODUCTION

Archipelagos are environments of great ecologi-
cal and geological importance, where the waves are 
determining factors for the maintenance of biotic and 
abiotic processes (Tolvanen and Suominen, 2005). 
There are several studies that correlate the exposure 
of waves with the maintenance of the rocky coast 
community (e.g., Dalby et al., 1978; Gaylord, 1999; 
Gibbons, 1988; Jones and Demetropoulos, 1968; 
Prathep et al., 2009; Rattray et al., 2015; St-Pierre and 
Gagnon, 2015; Wright et al., 2018), shaping their dis-
tribution and adaptation, for example. Waves also 
have a primary role of introducing energy in coastal 

regions (Pianca et al., 2010), being able to change the 
morphology of beaches (e.g., Ortega-Sánchez et al., 
2008; Stein & Siegle, 2019), interact with rocky coasts 
(e.g., Hall et al., 2008; Thébaudeau et al., 2013; Vann 
Jones et al., 2018), and other coastal environments. 
Thus, the study of the incident waves in archipelagos 
is of great relevance for the understanding of the 
oceanographic processes acting in these economi-
cally and biologically important ecosystems.

Currently, when no measured data is available, 
the characterization of the wave pattern of a coastal 
region is possible due to the existence of global wave 
generation numerical models, such as WaveWatch 
III(WW3), developed by the NCEP (National Centers 
for Environmental Prediction) of NOAA (National 
Oceanic and Atmospheric Administration), coupled 
with regional models, such as Delft3D, developed by 
Deltares. Usually, data from global numerical models © 2021 The authors. This is an open access article distributed under 

the terms of the Creative Commons license.
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We investigate the distribution of the wave power around the Alcatrazes island, a protected marine reserve in southeastern 
Brazil, located at 20 nautical miles from the coast of São Sebastião/SP. A 14-year wave time series (2005-2018) extracted 
from the global WaveWatch III model, was used to obtain the offshore wave climate. Based on the wave climate, a wave 
propagation model (Delft3D) was applied in order to obtain nearshore information. The most frequent waves are from the 
east, southeast and south, with heights between 1.0 and 2.0 m and periods of 7 to 10 s. Due to dominant wave direction 
incidence, the wave power is higher at the more exposed eastern side of the island, with its lee side becoming shadowed 
from the main wave trains. Magnitudes vary seasonally, with winter and autumn presenting more energetic southerly 
waves and consequent higher wave power along the rocky island. The wave power distribution is a consequence of the 
incident wave characteristics and the geomorphology of the island. Our findings are the first assessment of the local 
wave climate and wave power distribution along the rocky shores of Alcatrazes island, providing important background 
information for understanding different aspects of its functioning and management.
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do not have the high spatial resolution required for 
coastal areas. Such datasets are extracted, reanalyzed, 
and used as input for local models, whose results 
are often compared with data from moored instru-
ments for a shorter period of time to validate them 
(for example in wave energy studies around islands 
conducted by Stopa et al., 2013, 2011). There are also 
those who use long data series extracted from moni-
toring systems for wave quantification and propaga-
tion to the coast with local models (e.g., Lemke et al., 
2017; Ludka et al., 2019), even though, in general, it is 
more difficult to obtain long time series of measured 
data, as a consequence of the high costs and difficul-
ties of keeping moored instruments in coastal areas 
for long periods.

The Alcatrazes archipelago is located nearly 20 
miles (~37 km) off the coast of São Sebastião city in 
the São Paulo state, Southeastern Brazil. Home to en-
demic species with restricted distribution, it is a nurs-
ery and growth area for endangered marine species 
(e.g. Atlantoraja castelnaui) and belongs to two ma-
rine environmental protection areas (ICMBio, 2017), 
which makes it of high relevance for the environment. 
Thereby, although studies on fauna and floristic com-
position of its islands have already been conducted 
(e.g., da Rocha and Bonnet, 2009; Gallo et al., 2001; 
Gibran and de Moura, 2012; ICMBio, 2017; Muscat et 
al., 2014; Rolim et al., 2019, 2017; Visnadi and Vital, 
2001), the incident waves pattern and its power dis-
tribution around the main island, Alcatrazes, have not 
yet been studied.

Assuming that the influence of seasonal atmo-
spheric events causes different distributions of wave 
characteristics, and that at the lee side of islands 
the offshore wave trains undergo great transforma-
tions (Rusu et al., 2008), reducing their periods and 
heights (e.g., Anastasiou and Sylaios, 2013), here, 
these processes have been analyzed and quantified 
for Alcatrazes with numerical modeling, considering 
the logistic and environmental difficulties for obtain-
ing in situ data. Therefore, based on numerical model-
ing scenarios based on offshore wave characteristics, 
obtained by reanalyzing a 14-year wave time series of 
the global model WaveWatch III, our aim is to assess 
the wave power distribution around the Alcatrazes is-
land. As a precursor for the construction of the mod-
el, the offshore wave climate has also been described 
(and extreme waves evaluated), and could be used as 

input to future studies on the archipelago’s hydrody-
namics. Our findings may provide background infor-
mation to (i) support new studies on marine flora and 
fauna, especially with regard to the distribution and 
adaptation of the benthic communities around the 
island, (ii) provide information for the existing man-
agement plan of the archipelago with more abiotic 
parameters, and (iii) identify areas of higher or lower 
wave exposure for studies related to the exposure to 
pollutants, such as oil; among others.

METHODS

Study Area

Located in the municipality of São Sebastião, 
on the northern coast of the state of São Paulo, the 
Alcatrazes Archipelago (24º10 ‘S, 45º70’ W; Figure 1A) 
includes six islands, five minor islands, three shal-
low flats with granitic rock formation (Martins et al., 
2014), and two reefs. Encompassing two non-take 
marine protect areas, Tupinambás Ecological Station 
(TES, 1987), and the Alcatrazes Wildlife Refuge (AWR, 
2016), with restricted human presence (Hoff et al., 
2015), the archipelago preserves a great biodiversity, 
sheltering the largest Brazilian nest zone of magnifi-
cent frigatebird (Fregata magnificens) and endemic 
terrestrial and marine species (ICMBio, 2017, 2012; 
Lanna et al., 2007; Nogueira et al., 2001).

The Alcatrazes archipelago has its origin related 
to the uplift of the Serra do Mar ridge, and its erosive 
regression during the Superior Cretaceous and the 
Paleocene, and to the subsidence of the Santos Basin 
(Furtado et al., 2008), resulting in a strictly rocky is-
land with peaks ranging from 40 to 266 m in height 
(Muscat et al., 2014). Under complex oceanographic 
conditions, the study area is influenced by three wa-
ter masses transported by the Brazil Current: Coastal 
Water, Tropical Water and South Atlantic Coastal 
Water, the latter related to coastal upwelling, leading 
to physical, chemical and biological consequences 
in the region (Castro et al., 2008; Pires-Vanin et al., 
1993). Besides, flowing in opposite direction, the 
Brazil Coastal Current transports cold waters and 
sediments from the Rio de La Plata and the Lagoa dos 
Patos northwards, defining a transitional zone nearby 
São Sebastião island (Mahiques et al., 2008; De Souza 
and Robinson, 2004; Mahiques et al., 2011). In the ar-
chipelago, sandy sediments are predominant, with 
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greater contribution of gravel sediments in the im-
mediate vicinity of the Alcatrazes island (Hoff et al., 
2015).

There is no detailed bathymetric survey of the 
region, only Brazilian Navy Nautical Charts (DHN 
23100) and local charts. The archipelago is located 
at the continental shelf of the state of São Paulo, at 
depths ranging from 30 and 45 m. Without affecting 
the wave propagation, isolated reefs can be found 
around the islands.

Previous studies of the offshore wave climate in 
the State of São Paulo show predominant waves from 
the south and east quadrant, followed by waves from 
the southeast (e.g., Andrade et al., 2019; Pianca et al., 
2010; Silva et al., 2016). Wave heights range from 1.0 
to 2.0 m and predominant periods of up to 10 sec-
onds. About the wave force, in general, studies such 
as the one by Reguero et al., (2019) show that the 
average wave energy in the South Atlantic is lower 
than in other oceans. Pianca et al., (2010), studying 
the Brazilian offshore wave climate, establishes that 
the wave power in the southern and southeastern 
regions of Brazil is slightly higher than in the north-
ern and northeastern regions, and that seasonally 
the energy peaks in the southeastern region occur in 
Autumn and Winter.

These studies relate the wave parameters found 
to the atmospheric dynamics and, in the study area, 
they are influenced by the South Atlantic conver-
gence zone (SACZ), the South Atlantic Subtropical 
Anticyclone (SASA; reviewed by Reboita et al., 2019) 
and the passage of cold fronts to explain the off-
shore wave conditions. Synoptically, the cold front 
affects oceanographic conditions, with winds from 
the south quadrant. Pampuch and Ambrizzi (2015) 
investigation showed that about 25 to 30 frontal 
systems events reach the state of São Paulo. The pre-
dominance of extreme events in winter and minimal 
occurrences in summer is observed in the study of 
Gramcianinov et al. (2020), conducted using a 6-year 
time series of wave data (1999-2004). The work of 
these authors related the occurrence of extreme 
wave events in the southern of Brazil ahead or behind 
of cold fronts or along warm fronts.

Although Alcatrazes has many smaller islands, our 
study will focus on the largest island in the archipelago, 
the Alcatrazes island (24º06 ‘S, 45º43’ W, Figure 1B and C), 
which has an “y” shape (Muscat et al., 2014), with 2.75 km 
in length, and an average width of 0.6 km; the coast is 
oriented northeast-southwest (Gallo et al., 2001), and is 
formed by rocky slopes, which represent 9.18% of its to-
tal area (ICMBio, 2017), without the presence of beaches.

Figure 1. Study area: Alcatrazes archipelago; (A) located in southeastern Brazil, in the state of São Paulo. Focus is on the main island, Alcatrazes 
Island, the Saco do Funil Bay and the Portinho region. The smaller islands and shallow flats are also labeled. (B) Photo of the Alcatrazes island 
coast facing toward the continent. (C) Photo of the Alcatrazes Island coast facing to the open sea. Photos: Leandro Inoue Coelho.
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Wave Climate and Extremes

To determine the wave climate that reaches 
Alcatrazes and surroundings, significant height (Hs), 
peak period (Tp) and peak direction (Dp) for 14 years 
(2005-2018) were extracted from NOAA global model 
WAVEWATCH-III (WW3) (Tolman, 1999), at coordi-
nates closest to the Archipelago (24º 5 ‘S; 45º 5’ W). 
The WW3 spatial resolution is of 1° x 1.25° (latitude 
x longitude) and solves the random phase spectral 
action density balance equation (Tolman, 1999). This 
model has already been used and validated in oth-
er studies (e.g., Alves et al., 2009; Bento et al., 2018; 
Gonçalves et al., 2020; Li et al., 2016; Pegorelli et al., 
2018; Stopa et al., 2013, 2011; Sun et al., 2020).

The wave regime was subdivided into yearly 
and seasonal climate, considering the four climatic 
seasons individually according to the solstices and 
equinoxes of the Southern hemisphere. Initially, we 
estimated basic statistics such as mean, standard de-
viation and maximum and minimum values for each 
wave parameter at each of these subdivisions. Then, 
we analyze each parameter separately, dividing it in-
to classes, also considering the subdivisions adopted. 
For the analysis of the peak direction, the data were 
divided into eight classes, representing the incoming 
wave directions. For the analysis of wave height, the 
data were divided into classes with 0.5 m variation, 
while the peak period data were divided into classes 
with 1s intervals, and we consider two decimal places 
in both cases. From the modal class (most frequent 
interval of a given parameter), the typical events 
were determined. 

Lastly, we also assess the effects of extreme events. 
Therefore, we use Hs values above the 95th percentile of 
the time series, and we consider extreme events as those 
that last for 12 hours or more, to avoid considering spo-
radic undulations in the time series as extreme events. 
The 12-hours duration of the extreme events has also 
been used for the south and southeast coast of Brazil by 
Gramcianinov et al., (2020).

Numerical Experiments

In order to propagate the offshore waves to 
shallower water and at higher spatial resolution, 
needed to solve waves around the island, we ap-
plied the Wave module of the Delft3D numerical 
model, developed by Deltares. It is based on the 
SWAN (Simulating Waves Nearshore) model, based 

on the conservation equation for spectral action 
density (Booij et al., 1999; Holthuijsen et al., 1993; 
Ris and Booij, 1999). Bottom friction, wave refrac-
tion, diffraction, shoaling, breaking and wave 
setup in coastal areas are all considered in the 
model formulation. Modeled output data (signifi-
cant wave height and wave period), extracted at 
around 100 m from the coast, were used to esti-
mate the wave power around the island.

Based on the area of interest and available ba-
thymetry, a regular rectangular grid was created and 
used (Figure 2). In order to decrease the computa-
tional modeling effort, the grid has cells of 500 x 500 
m in areas far from the archipelago, and in the region 
of interest, maximum refinement, reducing the size 
of the cells to 55 x 55 m. Four open boundaries have 
been used (northeast, southeast, southwest and 
northwest), where the most frequent wave events 
were included as initial condition for the simulation. 
This wave scenarios refer to cases with frequency of 
occurrence equal or greater than 5% according to 
the direction and significant wave height and the 
most frequent peak period associated, as applied by 
other studies (e.g., Ambrosio et al., 2020; Lavenère-
Wanderley & Siegle, 2019; Siegle & Costa, 2017; Silva 
et al., 2016). Thus, here we consider 43 cases defined 
after analyzing the general climatology of the waves 
(7 for the interannual period, 7 for autumn, 9 for sum-
mer, and 8 for spring and 8 for winter) and 4 cases for 
the analysis of extreme events.

Wave Power

Wave power was estimated through the relation 
that considers the synergistic effect between wave 
heights and periods. From the linear wave theory 
(Holthuijsen, 2007), the wave energy flux can be ob-
tained by the product between its energy per unit 
area and the wave group speed (Equation 1). P is giv-
en in Watts per meter [W m-1], ρ is the water density 
(defined as 1,027 kg m-3), g is the acceleration of grav-
ity (approximately 9.8 m s-2), H is the wave height (in 
meters) and T is the period (in seconds).

Modelled Hs and Tp results were extracted af-
ter the wave propagation to the island, at points 
covering the coast around the island. The wave 
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Figure 2. A) Numerical grid used for numerical modeling, with interpolated bathymetry, in meters. The blue regions are the shallowest and the 
green ones are the deepest. The data extraction point of WaveWatch3 is represented by the red star. B) Refined grid around Alcatrazes island.

power equation was applied to each simulation at 
each point, and a weighted average (Equation 2) 
was calculated using P of each point and scenar-
io to determine the average wave power around 
Alcatrazes island. Lastly, we replicate the points to 
the edge of the island, and interpolate the P values 
for each point using the nearest neighbor meth-
od, generating the interannual and seasonal wave 
force around the island.

RESULTS

Wave Climate and Extremes

Analyzing the summarized wave climate statistics 
from the WW3 data (Table 1), we notice differences 
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Parameter Season Min. Max. Range Mean Var Std

Hs (m) 

Yearly 0.38 5.18 4.8 1.66 0.36 0.6

Summer 0.44 3.82 3.38 1.41 0.25 0.5

Autumn 0.38 5.18 4.8 1.52 0.38 0.62

Winter 0.52 4.88 4.36 1.63 0.45 0.67

Spring 0.62 4,49 3.87 1.71 0.28 0.53

Tp (s) 

Yearly 3.18 19.86 16.68 9.36 4.33 2.08

Summer 2.68 18.43 15.75 8.59 3,99 2.00

Autumn 3.38 19.23 15.85 9.63 4.35 2.09

Winter 3.91 19.86 15.95 9.7 4.52 2.13

Spring 3.31 19.28 15.97 8.8 3.45 1.86

Table 1. Yearly and seasonal wave parameters (Hs and Tp) statistics (minimum, maximum, range, mean, variance and 
standard deviation) from 2005 to 2018.

between the yearly and seasonal directional wave 
histograms (Figure 3). The amplitude of the Dp, Hs 
and Tp data indicates that there is a considerable 
variability in WW3 simulated wave data, as expected. 
Most energetic waves reach the area from southeast, 
reaching maximum heights and periods of 5.2 m and 
18.9 s, respectively. The average wave height tends 
to be slightly higher during spring and winter, while 
summer has the lowest average (Table 1). The inter-
annual mean wave height is 1.66 m, which is lower 
than mean height at spring, and the peak period av-
erage seems to be remarkably similar seasonally and 
interannually, resulting in 9.4 s mean in the interan-
nual wave climate. Southern quadrant waves are 
dominant during the year and during most seasons. 
Only during summer months are the easterly waves 
equivalent to the southern waves. 

The modal intervals of Hs, Tp and Dp allowed 
the identification of wave incidence patterns in the 
region adjacent to the Alcatrazes archipelago, espe-
cially when we observe Hs and Tp distributed accord-
ing to the direction (Figure 3). During interannual 
events there is a contribution from eastern events 
that is confirmed during seasons, except in autumn, 
when there is less contribution from the east and pre-
dominantly from the south. Regarding wave heights, 
there is a constancy of predominant values in the 
range of 1.0 - 1.5 m in three of the four seasons of 
the year (only in spring the typical height is above 
other seasonal events). However, the frequencies ob-
served in these intervals decrease from summer to 
winter, while waves of 1.5 - 2.0 m tend to increase in 
frequency until reaching maximum in spring, when 

they predominate. This also happens with waves of 
2.0 to 2.5 m, which reach the maximum frequency of 
occurrence in the same season.  Interannual waves 
have typical periods of 8-9 s that predominate for the 
eastern quadrant. Although the seasonal waves vary 
between 7-8 s in summer, 9-10 s in autumn and 8-9 s 
in winter and spring, we can notice that most wave 
periods of up to 10 s are typical for eastern waves. 
Waves with longer periods (>10 s) usually come from 
the southern (dominant) or southeastern quadrants.

From the 95th percentile onwards, waves above 
2.8 m are considered extreme for the region. When 
there are successive waves with Hs above 2.8 m for a 
minimum period of 12 hours, we identify an extreme 
event. Thus, with a total of 170 extreme events identi-
fied (an average of 12 events per year), in Table 2 we 
present the average duration of the events, as well as 
mean Hs, mean Tp and mean Dp of these events in 
each year of the time series. In general, all 170 events 
are associated with waves from the south quadrant 
and with periods greater than 10 s.

Wave Power

Even if summer has shown to be the season with the 
lowest wave force, with autumn and winter being the 
seasons with greatest amplitude in wave power (Figure 
4), spatially, variability of the wave power distribution is 
small over the seasons (Figure 5 C to F). This means that 
the regions where the waves are weakest or strongest 
are always the same: the portion facing the open sea 
receives stronger waves in all seasons of the year, while 
the portion facing the continent and the inner portion of 
Saco do Funil Bay receive the weakest waves throughout 
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Figure 3. Directional histograms for the offshore yearly and seasonal wave climate for the period of 2005-2018. Right column: Significant wave 
height (a to e); Left column: Wave peak period (f to j).

the annual cycle. However, some subtle variations can 
be noted in wave power. During autumn and winter, 
the southern region of the portion facing the continent 
receives waves with a slightly greater force than during 
summer and spring. During autumn, the wave power 
also decreases at the outer portion of Saco do Funil Bay. 
Furthermore, in the portion facing the open sea there is a 
small bay whose wave power tends to be noticeably less, 
especially in summer and spring. 

Yearly (Figure 5A), on the portion facing the open 
sea, waves arrive with the greatest power, between 
11,000-17,000 W m-1. However, the small bay at the 
northern portion of the island has a lower mean wave 
force than at the other areas, varying approximately 
between 11,000 and 13,000 W m-1. On the other hand, 
regions where the waves arrive with less energy are 
in the innermost region of Saco do Funil Bay and in 
the portion facing the continent, although there is 
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Year Nº of Events
Average 

duration (h)
Mean Hs (m) Mean Tp (s) Mean Dp (º)

Mean Power 
(W m-1)

2005 8 36.75 3.16 10.44 179.56 103458.36

2006 10 40.80 3.31 11.60 172.79 126746.76

2007 16 29.75 3.33 11.25 185.93 125491.90

2008 14 28.50 3.24 10.32 160.06 107269.47

2009 18 29.00 3.18 11.63 179.04 116640.13

2010 20 40.95 3.36 10.75 161.61 122085.24

2011 12 37.00 3.34 11.98 173.31 134660.89

2012 13 23.31 3.24 10.90 181.13 113226.22

2013 17 27.35 3.22 11.00 180.88 112495.28

2014 16 37.69 3.13 11.04 171.73 106874.27

2015 8 25.88 3.16 10.97 175.67 108122.41

2016 7 24.86 3.25 11.63 188.86 123347.73

2017 6 38.00 3.34 11.10 141.84 122581.45

2018 5 23.40 3.17 10.51 176.71 104624.86

Table 2. Basic statistics on extreme events in the Alcatrazes wave climate, per year of the time series. Significant wave 
height (Hs – m), wave period (Tp – s) and direction (Dp – degrees North).

Figure 4. Box plots of yearly and seasonal wave power. Maximum, median and minimum wave power values are presented for each period.

an area of the southwestern region where the wave 
power varies between 2,000-4,000 W m-1 throughout 
the year. The same is observed in the outermost areas 
of Saco do Funil bay, annually and seasonally.

Extreme events (Figure 5B) reach the region from 
the south (~90 %) and southeast (9.7%). During such 
events, wave power is increased around the entire 
island, with the exception of the Saco do Funil Bay. 
However, as for the other scenarios, highest wave 
power is observed on the coast facing the open sea 
and at the southwest region of the island.

DISCUSSION
Wave exposure is decisive for the biotic and abi-

otic processes in archipelagos (e.g. Tolvanen and 
Suominen, 2005). Our results describe the wave 
power distribution around the main island of the 
Alcatrazes archipelago. Although being located on 
the continental shelf, there is an abrupt change in 
the bathymetry in its surroundings. As the waves 
approach the island and propagate from deeper to 
shallower waters, they change according to the ba-
thymetry, dissipating energy by breaking or friction 
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Figure 5. Seasonal wave power around Alcatrazes island. A) Yearly; B) Extremes; C) Summer; D) Autumn; E) Winter; F) Spring. Coordinates are 
given in UTM (Zone 23).

with the bottom, processes considered in the applied 
model. Also, as expected, the lee side of the island 
(coast facing toward the continent) showed major 
transformations in the offshore wave train, decreas-
ing its heights and periods, resulting in lower wave 
forces on almost all the Alcatrazes island side facing 
the continent. Nevertheless, we were able to ob-
serve that the greatest wave force variation around 
Alcatrazes was mainly in the Saco do Funil Bay and at 
the southwestern region of the island. This is the re-
sult of the island’s Y-shaped morphology, and domi-
nant direction of incident waves, which vary through-
out the seasons.

Although being the less energetic waves, easterly 
waves contribute most to the wave power along the 
Saco do Funil Bay. Since the mouth of Saco do Funil 
Bay faces northwards, even extreme waves and the 
most energetic southerly waves do not change the 
wave power along the margins of the bay. Therefore, 
during extreme events and during the energetic 
autumn months (Figure 3), this area of the island is 
subjected to lower wave power than during the peri-
ods when easterly waves dominate (spring and sum-
mer). Inside the bay, there is an inwards weakening 
of waves due to its V shape that shadows the inner 
portions of the bay from the incoming waves. The 
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outermost region, in turn, is an area of wave power 
concentration due to convergence by refraction. As in 
Saco do Funil Bay, on the coast facing the mainland, 
the lower wave forces in its central part are the result 
of wave shadowing, with diffracted waves reaching 
the region. Due to the dominant incidence direction 
of the most energetic waves, the southwestern re-
gion of the island becomes exposed to higher wave 
power, mainly during autumn and winter months.

During extreme events, when compared to the 
other scenarios, wave power is increased substan-
tially around most of the island, mainly at its most 
exposed areas. As mentioned previously, only the 
Saco do Funil bay is protected from the most ener-
getic southerly waves. The occurrence of extreme 
events in the region is important not only for pres-
ent conditions, but also when considering increasing 
trends in the number and intensity of storms, added 
to sea level and ocean temperature rise as a result of 
climate change (e.g. Losada et al., 2019). A relation-
ship between those events and an increase in wave 
energy has been described by several authors, in-
cluding Reguero et al. (2019), who established a posi-
tive correlation between global ocean temperature 
and wave energy. Our results may provide important 
background information for other types of studies 
regarding climate change and its consequences for 
the Alcatrazes archipelago and similar environments 
elsewhere.

Additionally, our results provide relevant in-
formation regarding environmental influences 
on Alcatrazes biological communities. Stresses 
caused by incident waves, especially during ex-
treme conditions, control the establishment, dis-
tribution, composition, and richness of marine 
organisms (Aued et al., 2018; Corte et al., 2017; 
Madin and Connolly, 2006; Williams et al., 2013). 
Friedlander et al. (2003) related higher species 
richness, biomass and diversity in fish assem-
blages in the sheltered locations in the Hawaiian 
archipelago. Similarly, the sheltered zones of 
the Alcatrazes island (Saco do Funil Bay and the 
Portinho face) seem to play an important role in 
local biodiversity, which does not exclude the 
relevance of exposed zones for conservation pur-
poses. For instance, higher numbers of the two sea 
turtle species found in the Alcatrazes archipelago, 
Chelonia mydas and Eretmochelys imbricata, were 

recorded in sheltered zones, inversely related to 
rocky shore declivity (ICMBio, 2017). Our results 
highlight the differences in wave power that reach 
each portion of the island according to incoming 
wave characteristics and local morphology. In ad-
dition to the understanding of the seasonal wave 
power distribution around the island, such data 
forms background information for further studies 
that aim to assess different aspects of the func-
tioning of this environment.

CONCLUSION

This study presents the seasonal wave power dis-
tribution around the Alcatrazes island. Through the 
application of a numerical model of wave propaga-
tion, we investigate the level of exposure to wave 
power distribution around the island. Wave climate 
characteristics interact with local topography, creat-
ing an irregular wave power distribution around the 
island. There is a clear difference between the exposed 
side of the island and its shadowed lee side, although 
most energetic waves from the southern quadrant can 
reach its southwestern area. The magnitude of wave 
power distribution varies throughout the year. Less 
energetic waves in summer contrast with the higher 
winter and autumn waves. Additionally, the island’s 
Y-shaped morphology displays a bay facing north. This 
V-shaped bay is shadowed from the most energetic 
southerly waves, having its wave climate defined by 
the less energetic easterly waves, mainly during spring 
and summer months. Only the outermost portion 
of the bay is subjected to waves, while its innermost 
portion is well protected throughout the year. These 
findings are the first assessment of local wave climate 
and wave power distribution along the rocky shores 
of Alcatrazes island, providing important background 
information for the understanding of different aspects 
of the functioning of such environment.
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Supplementary material

Hs Tp Dp Percentage 
(%)

1.25 7.71 94.55 14.3

1.71 7.90 94.83 8

1.26 09.02 133.66 9.8

1.72 9.29 135.76 6.93

1.28 10.27 178.47 12.25

1.73 10.46 179.97 13.78

2.22 10.68 181.36 8.68

Table S1. Modeled scenarios for the yearly time series. 
Significant wave height (Hs - m), wave period (Tp - s) and 
direction (Dp - degrees North).

Hs Tp Dp Percentage (%)

Summer

0.84 7.29 93.90 11.7

1.23 7.33 93.39 19.9

1.69 7.21 92.51 5.32

0.85 7.86 130.80 5.52

1.24 8.26 132.97 10.9

1.69 8.40 135.31 5.31

1.26 10.16 178.73 14.95

1.72 10.32 180.10 11.35

2.18 10.80 181.62 05.02

Autumn

1.22 7.81 98.60 9.68

1.24 9.60 134.41 11.4

1.72 9.76 136.50 7.34

1.28 10.45 178.53 15.1

1.73 10.73 180.57 16.73

2.22 10.77 182.27 10.92

2.72 11.23 181.96 5.6

Winter

1.27 7.99 93.27 13.3

1.72 8.27 94.55 10.7

1.27 9.50 134.96 8.11

1.73 9.83 135.77 6.25

1.29 10.52 177.99 9.9

1.75 10.60 179.57 13

2.24 10.89 181.51 11.17

2.72 11.30 181.28 6.73

Spring

1.27 7.89 94.53 14.66

1.72 7.87 95.03 12.53

2.19 7.66 95.60 5

1.29 8.70 132.19 8.9

1.71 09.02 135.38 8.85

1.29 9.87 178.48 9.12

1.73 10.09 179.50 13.9

2.22 10.16 179.72 8

Table S2. Modeled scenarios for each season. 
Significant wave height (Hs - m), wave period (Tp - s) and 
direction (Dp - degrees North).


