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Abstract “Ponta da Ferraria e Pico das Camarinhas” is a
protected geosite in Sao Miguel Island in the Azores archipel-
ago, Portugal. Due to its importance for the geoconservation
strategy of the Azores UNESCO Global Geopark, monitoring
actions of visitor impact were implemented in order to assure
that the main geological features of this geosite continue to be
in a favourable status of conservation, taking into account
present public use. Different types of data were collected over
a one-year period aiming at the identification of factors that
may affect the geosite and also the assessment of the eventual
decrease of relevance that this geosite has experienced
throughout that period. Among the many geological features
that occur in the geosite, the littoral cone (or pseudocrater) was
considered the most threatened due to its uniqueness and high
vulnerability. The number of visitors was also analysed with
respect to the geosite’s carrying capacity. The monitoring of
this geosite allowed the definition of practical actions, in par-
ticular to be addressed to the governmental agency who is
responsible for the management of this geosite.
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Introduction

In everyday language, monitoring can be interpreted as the act
of measuring a certain topic. This activity can be based on
systematic observations of certain aspects related to a specific
problem in order to gather information on the characteristics
of'this problem and its evolution over time (Spellerberg 1991).
The repetition of measurements or observations over time for
the purpose of detecting changes distinguishes monitoring
from inventory and assessment. An inventory or assessment
is usually the first step for the establishment of a monitoring
project, since the knowledge of the spatial and temporal char-
acteristics of the study area is essential to develop an efficient
monitoring strategy (MacDonald et al. 1991). A vast range of
features can be monitored in natural sciences, including veg-
etation growth, animals’ behaviour, climate variations, earth-
quakes or volcanic events. Also, geoconservation strategies
(Henriques et al. 2011) use monitoring to understand the evo-
lution of a geosite’s relevance over time (Wimbledon et al.
2004, Garcia-Cortés et al. 2012, Brilha 2016, Diez-Herrero
et al. 2015, Vegas et al. 2015).

Monitoring is an important tool in environmental planning
and management because it provides the necessary information
to determine if a resource or a process continues to be affected
by a certain threat, or otherwise, is recovering due to the imple-
mentation of appropriate management practises (Marion and
Leung 2011; Garcia-Cortés et al. 2012; Vegas et al. 2015).

The monitoring of management plans aims to check if their
objectives are being met, if the selected strategies are the most
adequate to meet the objectives and if the proposed actions
were effectively implemented (Portugal 2002).
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This paper presents and discusses an assessment of visitor
impact between October 2011 and October 2012 at the “Ponta da
Ferraria e Pico das Camarinhas” Natural Monument, one of the
geosites in the Azores UNESCO Global Geopark (Lima 2012).

Azores UNESCO Global Geopark

The Azores archipelago is a Portuguese Autonomous Region
located in the North Atlantic, on the triple junction between
the North American, Eurasian and African (or Nubian) plates.
It is composed of nine islands, some islets and the surrounding
seafloor. The islands can be divided into three groups: the
Western Group with the Corvo and Flores islands, the
Central Group with Faial, Pico, Sao Jorge, Graciosa and
Terceira islands and the Eastern Group with Sdo Miguel and
Santa Maria islands (Fig. 1).

The volcanic islands of the Azores present a wide range of
landforms, reliefs and structures due to the type of eruptions and
rocks produced and subsequent weathering and erosion (Lima
2009). They are characterized by 16 major polygenetic volca-
noes and 11 fissural basaltic systems, nine of them being active
and located in the islands of Sdo Miguel, Terceira, Graciosa,

Sao Jorge, Pico, Faial and D. Jodo de Castro Bank (a submarine
volcano between Terceira and Sdo Miguel islands). On these 27
volcanic systems, there are about 1750 monogenetic volcanoes,
either dispersed along the flanks and inside the depressions in
the summit of the polygenetic volcanoes or on the fissural ba-
saltic systems. These monogenetic volcanoes include domes
and coulées, tuff rings and tuff cones, maars, scoria and spatter
cones and eruptive fissures (Lima et al. 2010).

The international relevance of the Azorean geodiversity,
the high number and scientific importance of the geological
heritage, together with the rich biological and cultural heritage
constituted the background for the Azores government deci-
sion to implement a geoconservation strategy through the cre-
ation of the Azores Geopark (Lima 2009), which was integrat-
ed in the European and Global Geoparks Networks (EGN/
GGN) in March 2013. Lima et al. (2010) have identified
121 geosites in the nine islands and the surrounding sea floor,
with international, national and regional relevance. Based on
this inventory, 57 main geosites were selected to be included
in the management strategies of the Azores UNESCO Global
Geopark. “Ponta da Ferraria e Pico das Camarinhas™ geosite is
one of these geosites.
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Fig. 1 Location of the Azores archipelago, Portugal
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“Ponta da Ferraria e Pico das Camarinhas” Geosite

“Ponta da Ferraria ¢ Pico das Camarinhas” geosite is located
in the westernmost sector of Sdo Miguel Island (Fig. 1 and
Fig. 2). Pico das Camarinhas (Fig. 3) is a basaltic scoria cone
with three craters on the summit, elongated along a general W-
E trend, which defines a radial tectonic alignment of the Sete
Cidades central volcano. Ponta da Ferraria (Fig. 2 and Fig. 3)
is a lava delta formed by basaltic lava flows, which erupted
from Pico das Camarinhas monogenetic volcano 840+ 60 years
ago, during one of the 46 flank eruptions of Sete Cidades
volcano (Moore 1991; Nunes and Lima 2009). This lava delta,
also named as “faja” in the Azores, has a typical triangular
shape, a finger-like shoreline contour, and is characterized by
vertical plunging sea cliffs in most of its contour. It has an area
0f 129,43 Im? and an altitude of about 15 m in the central part
(Nunes and Lima 2009). According to Carvalho et al. (2009),
the Ponta da Ferraria lava flow has a thickness of about 20 m,
with top and bottom clinkery layers.

There is a fossil sea cliff (Fig. 3) where geological forma-
tions of Sete Cidades volcano can be observed, namely, ba-
saltic and trachytic s.1. lava flows, lapilli and pumice deposits,
ignimbrites and sub-vertical dykes (Nunes and Lima 2009).
Near the natural thermal pool at the southernmost part of the
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lava delta, Moore (1991) describes a tristanite lava flow in the
fossil sea cliff with 74,000 + 6000 years B.P. (Fig. 2).

During the movement of the lava flow into the sea, water
steam accumulated underneath the lava flow. This steam pro-
duced small explosions on the top of the lava delta forming a
structure with conical shape, but without a feeding conduit.
This structure known as littoral cone or pseudocrater (Fig. 3) is
extremely fragile and very rare in the Azores archipelago
(Nunes and Lima 2009).

Rocks of Ponta da Ferraria lava flow have a very high
concentration of xenoliths/cumulate with a relatively homo-
geneous mineralogical composition (plagioclase and amphi-
boles) but with diversified textures. Also, at the northern part
of the fossil sea cliff and dispersed in the ankaramitic lava
flow and scoria deposit of Varzea Cone (5000 and
15,000 years), there are ultramafic xenoliths of granular rocks
rich in olivine and pyroxene, which were initially formed deep
in the mantle (Nunes and Lima 2009).

East of Pico das Camarinhas scoria cone, there is an older
volcano, a trachytic dome (Fig. 3) associated with the same
radial fracture of Sete Cidades volcano. Both volcanoes were
fed through the same magmatic chamber, but they represent
two different lithological compositions, trachyte and basalt
(Nunes and Lima 2009).
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Fig. 2 Geological map of the Ponta da Ferraria area (Nunes and Lima 2009)
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Fig. 3 Main geological features
at “Ponta da Ferraria e Pico das
Camarinhas” geosite. a Fossil sea
cliff. b Pico das Camarinhas
scoria cone. ¢ Littoral cone (or
pseudocrater). d Trachyte lava
dome. e Ponta da Ferraria lava
delta. f Natural thermal pool

In addition to these geological features, at the southernmost
part of Ferraria lava delta, water emerges at the sea level with a
temperature of 62.5 °C (Carvalho et al. 2009); (Fig. 3).
Despite the inexistence of subaerial gas emissions in Sete
Cidades volcano, submarine fumaroles are known near the
Ferraria and Mosteiros coastal areas (Carvalho et al. 2009).
The Ferraria thermal water has physicochemical characteris-
tics compatible with an origin resulting from a mixture of
seawater and a deep primary fluid that was characterized by
Acciaiuoli (1953) as sodium chloride with high mineralization
(20 g/1). This thermal water is used in a local spa for health and
well-being purposes.

Besides geological and hydrogeological features, this
geosite has also cultural relevance. In June 1811, a new vol-
canic island was formed offshore through a submarine erup-
tion, about 1 mile away from Ponta da Ferraria. This island
was completely eroded by the middle of October of the same
year, but it was previously named “Sabrina Island” by Captain
Tillard. This official of the British navy who was by chance on
the area raised the British flag on it, while the island was
emerged (Nunes and Lima 2009). Today, the local viewpoint
is still known as “Sabrina Island viewpoint”, even if this is-
land does no longer exist.

The regional government of Azores has designated “Ponta
da Ferraria e Pico das Camarinhas” as a Natural Monument in
2005, due to its unique geological heritage and its historical,
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geographical, biological, scenic and socioeconomic impor-
tance. Concerning the scientific value, this geosite occupies
the 14th position among all the 121 geosites of the Azores
Geopark and the third position among the 27 geosites of Sdo
Miguel island (Lima 2007; Nunes et al. 2011). Presently, it is
used for educational, cultural, tourism and science activities;
its economic importance is related with the existence of a local
spa as a private business (Lima et al. 2010).

Table 1 summarizes the features, sub-features, values and
threats of “Ponta da Ferraria e Pico das Camarinhas™ geosite
(Lima 2012), following the method proposed by Wimbledon
(2004). Features are the main geological elements of the
geosite, and sub-features correspond to specific geological as-
pects that characterize each feature. Threats affect the relevance
of the geosite such as coastal and slope erosion (natural threats)
trampling in the littoral cone, vandalism and littering in the
viewpoint, urban pressure on the lava delta and informal quar-
rying in Pico das Camarinhas scoria cone (anthropic threats).

The Monitoring Strategy

The monitoring strategy presented in this work aims to eval-
uate the eventual impact of visitors on “Ponta da Ferraria e
Pico das Camarinhas” geosite. It also tries to assess how vis-
itors use the interpretative panel available at the geosite. In
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Table 1 Sub-features, values and
threats for each identified feature

in the geosite “Ponta da Ferraria e
Pico das Camarinhas”
(Lima 2012)

Features Sub-features Values Threats
Pico das Camarinhas scoria cone Multiple craters Aesthetic Quarry activities
Volcanic bombs Educational
Ponta da Ferraria lava delta Xenoliths/cumulates Aesthetic Urban pressure
Costal caves and bays Educational Coastal erosion
Columnar jointing Scientific Vandalism and littering
Lava flow aa/pahoehoe
Littoral cone Lapilli deposits Educational Trampling
Scientific
Fossil sea cliff Basaltic lava flows Aesthetic Slope erosion
Trachytic lava flows Educational
Ankaramitic lava flows Scientific
Tristanite lava flow
Lapilli deposits
Pumice deposits
Ignimbrites deposits
Sub-vertical dykes
Ultramafic xenoliths
Trachyte lava dome Siliceous volcanic rock Educational -
Alteration processes Scientific
Natural thermal pool Thermal waters Educational -
Scientific
Cultural
Economic

order to achieve these objectives, (1) the effect of trampling on
the littoral cone, (2) the visitors’ behaviour regarding the in-
terpretative panel and (3) the number of persons who visit the
geosite were observed, measured and registered. For each
objective, the method applied and the obtained results will
be presented.

Littoral Cone

The trampling of the littoral cone/pseudocrater of Ponta da
Ferraria by visitors has been taking place since at least 1997.
However, due to the construction of some barriers in recent
years such as ropes and a small wall, the number of people
climbing the cone decreased. As previously mentioned, this
cone is one of the few and the best preserved examples of this
type of volcanic feature occurring in the Azores archipelago.
Thus, considering its uniqueness and risk of degradation, the
access to the littoral cone was prohibited in 2006, following
the designation of “Ponta da Ferraria e Pico das Camarinhas”
area as Natural Monument. In order to alert visitors about this
restriction, the Azores regional government has installed a
ropy-type fence (Fig. 4) and placed a sign alerting visitors
not to transpose the fence. The fence was later removed due
to vandalism but in July 2012, a new fence was rebuilt. The
results obtained allowed us to have a clear picture of the threat

and to propose the most appropriate management actions to
ensure the conservation of the littoral cone.

Method

The monitoring actions included the surveillance and registra-
tion of the number of people who walked on the cone and the
periodic control of the path changes.

The periodic control of changes in two main paths was done
using photographic records (Fig. 5 and Fig. 6). These were
made in two different scales: with wide photos of the paths
and with detailed photos of specific parts of these paths where
marks were placed in specific spots to register eventual changes
over time. The register of the paths took place between
December 2011 and September 2012, and the record of mark
changes was done between May 2012 and September 2012.

Results

Between October 2011 and September 2012, a total of 726
persons were registered. The sample has a confidence level of
95% and a confidence interval of 5.14. During the monitoring
process, some changes occurred, namely, the installation of
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Fig. 4 Main paths at the littoral
cone. The paths in dotted lines
were monitored with
photographical records and
through marks (small nails)
installed in the edges of the paths.
People in red circles for scale

purposes

the new fence on the littoral cone. The results of the monitor-
ing of this geosite’s features are presented in Table 2. There is
a clear dominance of visitors who do not walk on the littoral
cone (about 95%). Evidence shows that the presence of the
ropy-type fence does not significantly influence the number of
people who trample on the cone (4.4% before construction of
fence, 3.9% afterwards).

The photographical records show minor changes in one
of the paths. The photo comparison (Fig. 5) between
December 2011 and September 2012 show a slight
decrease of the grain size of the volcanic material and a
smoother surface of the cone. This difference can be
explained by trampling or, more likely, by natural erosion
(e.g. grain flow slope movements), as only about 4% of
visitors walked on the cone. Regarding the photographic
records of marks in specific sections of the paths (Fig. 6),
the main differences are related to the change in the grain
size of scoria fragments.

Fig. 5 Photographical record in
one of the paths showing
differences between December
2011 and September 2012
regarding the grain size of the
lapilli and the cone’s surface

@ Springer

Interpretative Panel

The geosite includes the popular Sabrina Island viewpoint,
which offers the possibility to observe most of the geosite’s
features at the landscape level. The viewpoint includes an
interpretative panel with general information about the site.
Interpretative panels, in general, help to inform and to explain
certain facts of the area, to stimulate the visitor’s interest and
also to raise awareness for a correct behaviour of visitors.

Method

Regarding the interpretative panel, the monitoring carried out
aimed at counting the time each visitor spent looking at the
panel and also registering their behaviour while in front of the
panel.




Geoheritage

Fig. 6 Photographical record in
one of the mark’s (circles)
showing the difference of the
mark’s burial level between
May 2012 and September 2012

Results

In order to read the whole interpretative panel, about 4 min is
needed. The results indicate clearly that people do not spend so
much time in front of the panel. Most visitors (52.4%) spent less
than 1 min, 44.2% stay between one and 4 min and only 3.4%
keep reading the panel for more than 4 min. It was also observed
that a significant number of persons took a photo of the panel,
without even reading it. Some people recognize the image of
Pico das Camarinhas volcano when they take a quick look at it.
It was also verified that some visitors try to interpret the scheme
that is displayed in the panel, which has highlighted some of the
geosites’s features. In total, 206 persons were registered between
October 2011 and June 2012, leading to a sample with a con-
fidence level of 95% and a confidence interval of 6.83.

Number of Visitors and Carrying Capacity

The information about the number of persons who visit a
geosite is an important data for the implementation of a correct
management. The number of visitors must be adapted to spe-
cific characteristics of each geosite, particularly taking into
account the fragility and vulnerability of the geological ele-
ments that are relevant in the geosite and also the safety con-
ditions for visitors. The monitoring done at “Ponta da Ferraria
e Pico das Camarinhas™ geosite allowed the evaluation of the
number of visitors (tourists and locals) during 1 year (between
October 2011 and October 2012). This number was compared

Table 2 Number of
people who walk on the
littoral cone, without
fence and with fence

Trampling in the littoral cone

Without fence ~ With fence

AF  RF (%) AF RF (%)

Yes 16 441 14 3.86
No 347 95.59 349 96.14
Total 363 100 363 100

AF absolute frequency, RF relative
frequency

with the potential number of visitors calculated taking into
account the carrying capacity of the geosite.

Method

The monitoring procedure took into consideration the follow-
ing assumptions:

* The observation spot was the Sabrina Island viewpoint;
this is the only possible entrance to the geosite.

» Counting of visitors by direct observation was carried out
during the observation period, including tourists and locals.

* A separate note was registered whenever one person vis-
ited the geosite more than one time during a day.

* Visitors were counted each day during a six-hour period
(10.00-13.00 h, 13.30-16.30 h). An extra counting was
done during 3 h (17.00-20.00 h) on 3 days during the
summer season in order to be able to estimate the maxi-
mum number of visitors on a full day.

* The monitoring covered 77 days equally distributed over
the whole year to guarantee the representativeness of the
observations.

The obtained data were divided into four different periods:
a first period with a constant low number of visitors, a second
period with many visitors on Sundays, a third period with a
progressively increasing number of visitors and a fourth peri-
od with a progressively decreasing number of visitors (Fig. 7).
For each period, the average number of visitors per day of the
week was calculated by extrapolating the data; thus, filling the
gaps where no counting was done.

Results

Along 1 year, 15,903 visitors were recorded during the 77 days
of monitoring: 7260 visitors during the moring period and
8643 in the afternoon. Based on the extrapolation of these num-
bers as described above, an estimated number of 72,789 persons
visited the geosite “Ponta da Ferraria e Pico das Camarinhas”

@ Springer



Geoheritage

800

4th 15t period
per.

2nd period

600
500
400
300

200

1 TTTTHITY u.:.;]....L..uJ.ILu.LI.uLLI.IJ l

3 period 4t period

L

May Jun. Jul. Aug. Sep. oct.

2011

2012

Fig. 7 Number of visitors per day along 1 year (absolute frequency) divided into four periods

between October 20, 2011 and October 21, 2012 (Lima 2012).
The highest number of visitors registered during 1 day was 850
(between 10.00 and 20.00 h on August 27, 2012).

The carrying capacity of this geosite was calculated using an
adaptation of the method presented by Cifuentes (1992). This
method takes into account several parameters, such as the area
available per visitor, the weather conditions, the erosion rate of
geological materials, the possible influence of humans on flora
and fauna and the frequency of maintenance works that might
disturb visitors. The necessary information was gained through
data collection at the site (e.g. quantity of maintenance works)
and by values available in the literature (e.g. erosion rates of
geological materials). The application of this method shows that
this geosite can support 2050 visitors per day (or 748,250 per
year) roughly ten times the number of visitors that was regis-
tered during the fieldwork (Lima 2012). It should be empha-
sized that the carrying capacity was calculated for the whole
area of the geosite and not for each one of the geological fea-
tures (presented in Table 1). For example, the area of the littoral
cone is just X% of the total area of the geosite. This means that
the result of the carrying capacity should be used as a general
indicator for the whole geosite, and that it gives no direct hints
for the management of geosite’s features.

Conclusions

In spite of the designation in 2005 of the “Ponta da Ferraria e
Pico das Camarinhas” geosite as a Natural Monument, no
management plan has ever been implemented in order to en-
sure the maintenance of its natural and cultural features.
However, due to a relatively high number of visitors (taking
into consideration the average number of tourists in the island)
and consequent pressure on geological elements, some man-
agement actions were implemented (e.g. partial fence at the
littoral cone). Before this study, these management actions
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were never validated or monitored in order to assess their
efficiency.

During this work, several features and sub-features were
identified in the geosite. The littoral cone is the one with
higher vulnerability and for this reason, it was chosen to be
monitored during a one-year period in order to evaluate even-
tual impacts of visitors. Erosion caused by trampling the cone
by visitors was assumed to be one of the major threats.

However, the results of monitoring showed that the per-
centage of visitors who climb the cone is very small (around
4% of all visitors) probably due to the existence of a sign that
prohibits it. The presence of a ropy-type fence on the littoral
cone seems to have no significant influence on the tourist
behaviour, since the number of visitors walking on the littoral
cone is almost the same with or without the fence. Thus, the
existence of a fence on the littoral cone seems to be necessary
only in limited areas (e.g. near old paths), which also mini-
mize the visual impact on the geosite. During the monitoring
period, photographical records show that the paths on the cone
are in constant evolution, mainly due to erosion caused by
natural and/or anthropogenic factors.

The evaluation of the effect on visitors of the information
provided by the interpretative panel located in the viewpoint
was not a major aim of this work. However, the research
showed that most visitors did not spend enough time to read
the panel and that some of them took pictures of it, perhaps to
read it in another occasion.

A total of 15,903 visitors were registered during the mon-
itoring period (77 days). A total of 72,789 visitors (tourists and
locals) are estimated to visit this geosite annually. A maximum
of 850 persons visited the geosite in a single day. This number
of visitors is well below the geosite’s carrying capacity of
2050 visitors per day determined in this research. However,
it should be taken into account that the carrying capacity is
calculated in relation to several factors (physical, social, envi-
ronmental, biological and management) that could change
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over time. The carrying capacity values should be considered
provisory and dynamic, and they ought to be reviewed in case
of significant changes in any of the above mentioned factors
and also when the conservation status of the geosite shows
signs of apparent decline. Concerning the obtained values for
the carrying capacity, it is highly unlikely that the 2050 visi-
tors per day will ever be reached under the present conditions
of the geosite due, for instance, to the limited number of
allowed vehicles in the car park or to the size of the natural
thermal pool that is an important attractor of visitors. In addi-
tion, that the figure would represent the total number of visi-
tors a day in the geosite and not the number of visitors in the
same time in the geosite.

The analysis of the evolution of the conservation status of a
geosite plays a very important role in the control of its even-
tual decline. This decrease of relevance could be caused either
by direct degradation of geological features or by deficient site
maintenance. The results of the monitoring carried out in this
particular geosite of the Azores UNESCO Global Geopark are
a major asset for site managers. It is expected that the main
conclusions of the study will contribute for the improvement
of the geoconservation strategy for the Geopark.
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