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ABSTRACT

In the Canary Islands, many marine species are suffering the consequences of the human
impacts; one of those species is the alga Gongolaria abies — marina, wich has suffered,
since 1980, a massive decline in Gran Canaria Island, losing more than the 90 % of the
cover. In this work, we updated the regression of this macroalga. Then, we determined
the factors that better predicted the presence of this species at large scale (coastal
perimeter) and at small scales, by considering presence as “open rock™ or in “crevices”.
This species occupied in 1980 a 47% of the coastal perimeter and a 14,08 % in 2016,
nowadays, the alga occupies only a 4,39 %. Our data showed that the small- scale
presence in “open rock” was large when the sector/cell perimeter occupied by the species
was large. We also found that sea water temperature and wave power have significantly
contributed to explain the decline of this species, so a high wave power promote the
persistence of the species, while zones with high temperatures negatively affected the
alga and limited its presence in “open rock”. In brief, this study demonstrated that G.
abies-marina resist in “crevices” as a mechanism of self-protection.

Keywords: Gongolaria abies — marina, open rock, crevices, regression, temperature,
sector/cell.

RESUMEN

En Canarias, muchas especies marinas estan sufriendo las consecuencias de los impactos
humanos; una de esas especies es el alga Gongolaria abies — marina, que ha sufrido,
desde el afio 1980, un declive masivo, perdiendo mas del 90 % de su cobertura. En este
trabajo, actualizamos la regresion de esta macroalga. Luego, determinamos cuéles son los
factores que mejor predijeron la presencia de esta especie a gran escala (perimetro
costero) y a pequena escala, considerando presencia en “campo abierto” o “en grietas”.
Esta especie ocupaba en 1980 un perimetro costero del 47% y un 14,08% en 2016, en la
actualidad sélo ocupa un 4,39%. Nuestros datos mostraron que la presencia a pequefia
escala en “campo abierto” era grande cuando el perimetro de la ocupado por la especie
era alto. También encontramos que la temperatura del agua y la potencia del oleaje han
contribuido de manera significativa a explicar la disminucion de la especie, por lo que un
alto potencial del oleaje promueve la persistencia de la especie, mientras las zonas con
altas temperaturas afectan negativamente al alga y limitan su presencia en “campo
abierto”. En resumen, este estudio demostr6 que Gongolaria abies — marina resiste a
pequefia escala en “grietas” como un probable mecanismo de autoproteccion.

Palabras clave: Gongolaria abies — marina, campo abierto, grietas, regresion,
temperatura, sectores.



1. INTRODUCTION

The Canary Islands are a “hot spot” of marine biodiversity in the North Atlantic (Sanson
etal., 2001; Valdazo et al., 2017). In these islands a great variety of species can be found,
from microalgae, small mollusks, and fishes to cetaceans. The high number of marine
species appears to be the result of the combined effects of the geographical position of
the archipelago, its prevailing oceanographic conditions and paleoclimatic events
(Prud’homme van Reine and van den Hoek, 1990; Silva, 1992; Prud’homme van Reine,
1998; Haroun et al., 2002). The Canary Islands have a rich flora with co-occurrence of
floristic elements from the Mediterranean Sea, the Tropical Western Atlantic Ocean
(mainly the Caribbean Sea) and the Warm Temperate North Atlantic coasts (both
European and American coasts), being this flora composed of 711 species, which are
distributed as follows: 59 Cyanophyta, 385 Rhodophyta, 125 Chromophycota, 117
Chlorophyta, 3 seagrasses and 22 fungi (Haroun et al., 2002). The species of algae
presents in the archipelago play a key role in the water ecosystems of this part of the

Atlantic Ocean.

The brown algae Gongolaria abies-marina (S.G. Gemelin) C. Agardh has been
considered the most abundant fucoid species on rocky shores of the Canarian Archipelago
(Wildpret et al., 1987, Tuya and Haroun, 2006; Valdazo et al., 2017), typically forming
extensive stands in the lower intertidal to shallow subtidal zone of moderately exposed
and exposed rocky reefs (Wildpret et al., 1987; Medina, 1997; Valdazo et al., 2020).
Marine forests of large brown macroalgae, mostly belonging to the orders Fucales and
Laminariales, are unique habitats which support a great variety of organisms in coastal
zones worldwide and are comparable to terrestrial forests for the services they provide
(Steneck et al., 2002; Valdazo et al., 2020). Moreover, Cystoseira spp. can produce
potentially bioactive metabolites like fatty acids, steroids, polysaccharides and
terpenoids, that have diverse benefits for humans (De Souza et al., 2017; Orlando-Bonaca
et al., 2021). Also, numerous species of Cystoseira have antiviral, antibacterial,
antioxidant, anti-inflammatory, and antifungal activities (Mhadhebi et al., 2011; Vizetto-
Duarte et al., 2016; De Souza et al., 2017; Orlando-Bonaca et al., 2021).

Gongolaria abies - marina is a perennial, monoecious alga, which produce sperm and
large no mobile eggs in hermaphroditic conceptacles. It has external fertilization few
hours after the gamete release (Guern, 1962; Valdazo, 2021).



Like other species of the genus, thalli are negatively buoyant, and the zygotes are heavy;
for that reason, they tend to sink near the parents (Guern, 1962; Valdazo et al., 2020).
Therefore, the genus or the species have a low dispersal ability (Mangialajo et al., 2012;
Valdazo et al., 2020).

The genus Cystoseira (genus to which actual Gongolaria abies - marina belonged) C.
Agardh (Fucales, Phaeophyta) is distributed in temperate and subtropical coasts around
the world, although 80% of the species live in the Mediterranean Sea (Oliveras and
Gobmez, 1989; Valdazo et al., 2017). In the Mediterranean and the adjacent Atlantic
Ocean, species of the genus Cystoseira are the main group of habitat-forming macroalgae,
from the littoral to the lower limit of the euphotic zone (Giaccone et al., 1994, Garcia-
Fernandez and Bérbara, 2016; Valdazo et al., 2017) and the structure of this algae is
influenced by different environmental variables, like temperature (Tuya et al., 2012;
Valdazo et al., 2020), light availability (Creed et al., 1998; Valdazo et al., 2020), nutrients
(Piazzi & Ceccherelli, 2017; Valdazo et al., 2020) and wave intensity (Engelen et al.,
2005; Valdazo et al., 2020).
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Figure 1. Community of Gongolaria abies — marina in Banderols (north of Gran Canaria)
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Perennial brown macroalgae communities play a very important role in the ecology in the
coastal ecosystems, being one of the main primary producers and recycling the nutrients
of the water (Ballesteros, 1989, 1992; Sales & Ballesteros, 2012; Blanco — Magadan,
2020). It offers a complex structure that provides habitat for a large amount of algae and
invertebrates (Belegratis et al., 1999; Pardi et al., 2000; Montesanto & Panayotidis, 2001;
Sales & Ballesteros, 2007, 2009, 2012; Sales et al., 2012; Blanco — Magadan, 2020)
providing food, shelter and breeding zones for different species (Cheminée et al., 2013,
2017; Blanco — Magadan, 2020) facilitating invertebrate recruitment and growth and
providing protection from wave action, desiccation and visual predators (Chapman,
1995; Wahl et al., 2011; Dijkstra et al., 2012; Jueterbock et al., 2013) and also modulate
the structure of the associated benthic community (Mineur et al., 2015; Falace et al.,
2018). These large perennial macroalgae are considered as “engineering species” (Jones
et al., 1994; Valdazo et al., 2017). Besides, macroalgae beds form an important sink for
CO2 emissions (Gao and McKinley, 1994; Muraoka, 2004; Chung et al., 2011;
Jueterbock et al., 2013), sequestering about 1 gigaton of carbon per year (together with
sea grass beds) (Gao and McKinley, 1994; Chung et al., 2011; Jueterbock et al., 2013),
which is the same of about a quarter of the current yearly atmospheric carbon increase
(Denman et al., 2007; Jueterbock et al., 2013).

Coastal ecosystems are in danger because of the impacts worldwide done by the human
pressure. The Canary lIslands, a “hot spot” of biodiversity (Sanson et al., 2001; Valdazo
et al., 2017), is threatened by human impacts like pollution, overfishing, occupation of
the coast and progressive tropicalization (Riera et al., 2015; Valdazo et al., 2017).
Specially species that belong to the genus Cystoseira have a high sensitivity to
anthropogenic impacts. Due to such sensitivity to external impacts, many species of
Cystoseira are considered indicators of high-quality waters. Habitat destruction,
pollution, eutrophication, species introduction, overfishing and global warming, which
often get together, affecting species, ecosystems, and their ability to provide ecosystem
services (Halpern et al., 2008; Valdazo et al., 2017). Besides, factors like warming and
ocean acidification are causing the reorganization of local communities as species are
added or deleted and as interactions among species change in importance (Wootton et al.,
2008; Harley, 2011; Harley et al., 2012).

Because of all these impacts, many systems have turned from complex and productive to
simpler, less-productive habitat such as barrens, turf-forming algae, and other ephemeral
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opportunistic seaweeds, impacting the provision of ecosystem services (Munda IM, 1993;
Boudouresque, 2004; Marzinelli et al., 2014). For that reason, all species that belong to
the Genus Cystoseira (except C. compressa) are included in the “Spanish catalog of
Endagered species” (Real Decreto 139/2011) (Blanco — Magadan, 2020). Besides,
Gongolaria abies - marina is in the list of species of interest for the Canarian ecosystems

(Law 4/2010; Canary catalog of Protected Species).

Eutrophication is a serious and increasing problem in coastal waters worldwide.
Wastewater discharges close to the coastline produce deterioration in water quality and
affects rocky shores macroalgal communities (Bellan-Santini, 1968; Borowitzka, 1972;
Munda, 1974; Littler and Murray, 1975; Arévalo et al., 2007). Nutrient and organic
enrichment because of domestic wasted is nowadays one of the main reasons that explain
the deterioration of marine nearshore ecosystems (Fletcher, 1996; Arévalo et al., 2007)
which causes changes at the population, community or even at the ecosystem level
(Soltan, 2001; Arévalo et al., 2007).

Geppi et al., (2022) reported evidence of the effects of warming waters on species of
brown algae like Gongolaria abies — marina, indicating in their study that, Gongolaria
abies-marina presented morphologic changes caused by the temperature before that other
alga like Cystoseira compressa or Cystoseira humilis, showing a clear sensitivity to this
stressor and a smaller tolerance to warm waters than other species; Geppi et al., (2022)
also said that the fact that the largest algae (of those studied in their work) was the first to
be affected by the temperature, could be an indicated that the species have an inverse
proportionality between the size of the structure and the tolerance temperature limit
(Bennet et al., 2018). Also, Alfonso et al., (2022), reported that the length of the thallus
of Gelidium canariense was reduced by half during the last 40 years; this thallus
shortening coincided with a significant decrease in the number of reproductive structures
in both species of Gelidium (G. canariense and G. arbuscula). These morphological
changes coincide with an important rise of sea surface temperature, sea surface air
temperature and ultraviolet radiation in the study area. When well-structured and diverse
ecosystems are gone, that facilitates the appearance of less complex habitats, like
filamentous algal turfs, ephemeral seaweed assemblages and barren ground dominated by
encrusting algae and sea urchins (Benedetti-Cecchi et al., 2001, Ling et al., 2015; Valdazo
etal., 2017).



Despite the implementation of important conservation efforts, the main part of the
degraded ecosystems has not recovered, emphasizing the urgency to develop a plan to
restore endangered habitats (Marzinelli et al., 2014). The efforts and the work which has
been doing for the conservation of the marine ecosystem is turning to another goal and it
is not conservation anymore, nowadays, we are starting to work for restoration, because
we are losing species worldwide caused by climate change, human pollution and many

others and we cannot conservate if we haven’t got anything for that purpose.

Another and a very important problem nowadays which affects the macroalgae
communities are the high densities of herbivorous organisms, like Diadema africanum
present in al the Canary Islands waters or different kind of fishes. Like says Tuya et al.,
(2004), their study represents another case where low abundance and biomass of top
predatory fish seem to be related to high densities of sea urchins and therefore, low cover
of macroalgae produced by the voracity of those urchins. The overgrazing produced by
sea urchins is responsible, together with other locals and global stressors, for the loss of
Cystoseira beds and the next transformation of this ecosystems to barren grounds
(Pinnegar et al., 2000; Airoldi et al., 2014; Bekkby et al., 2020). Despite this problem has
been minored in the last decade across the Canary Islands (Sangil & Herndndez, 2022),
herbivory is a key driver of macroalgae.




In addition, there is also the herbivory of some fishes whose main food resource are the
macroalgae. In sublittoral communities like the macroalgae, the action done by the
herbivorous organisms is one of the most important mechanisms that determinate
macrophyte species abundance and distribution (Cyr & Pace, 1993, Burkepile & Hay,
2006; Vergés et al., 2009). Gradients in herbivory can really contribute to the vertical
distribution of macrophytes (Witman, 1987, Morrison, 1988; Vergés et al., 2009).

Because of the redistribution of species and novel biological interactions caused by
climate change (Blowes et al., 2019) herbivory in temperate reefs is rising. The
abundance and diversity of different species of herbivores in several temperate regions of
the world are increasing because of the rise of the range extension of tropical species
because of the intensification of warm currents that transport tropical propagules to higher
latitudes (Verges et al., 2014). In addition, the strength of predator-prey interactions that
alter the abundance, biomass, and productivity of primary producers indirectly via trophic
cascades is stronger in aquatic compared to terrestrial systems (Shurin et al., 2002).

Due to high pressures and intensities of herbivory, macrophytes are likely to persist if
they are unpalatable to consumers or settle in habitats which are inaccessible to herbivores
(Lubchenco & Gaines, 1981). This habitats or environmental factors that enhance
resistance and resilience in communities that are exposed to biophysical disturbances can
be considered as “refugia” (Sedell et al., 1990). In this way, substratum topography offers
protection to different organisms against multiple kinds of disturbance, like showed by
accumulating studies from terrestrial (Reader, 1992) and aquatic systems (Bergey, 2005,
Brandl et al., 2014).

Examples of refugia against herbivory exist in different places, including land (Beschta,
2005), freshwater (Bergey, 2005), coral reefs (Bennett et al., 2010; Brandl et al., 2014;
Puk et al., 2020) and temperate reefs (Franco et al., 2015). An example of this activity
can be seen in encrusting algae of the genus Hildenbrandia, which are successful against
herbivory because propagules tend to grow out from small cracks and crevices
inaccessible to grazers (Underwood, 1980). In the same way, Bergey, (2005), described
the importance of crevices to increase algal recovery after disturbance, and Brandl et al.,
(2014) showed the important role of crevices for early life stages of both coral and

macroalgal populations.



Figure 3. Example of Gongolaria abies — marina in crevices.

2. OBJETIVES
- To update the current conservation status of the Gongolaria abies — marina
populations in Gran Canaria Island, to compare our results with previous
cartographic studies and estimate the regression of the species.
- To determinate what are the environmental factors that predict, and therefore,
affects, the large- and small-scale presence of Gongolaria abies - marina in
Gran Canaria Island.
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3. MATERIALS AND METHODS
- 3.1. Study area

Our study was carried out in the island of Gran Canaria, all along the coast of the island
(Fig. 4). Gran Canaria island (28°51'N, 15°36'W) is found 200 km off the northwest
African coast and it is in the middle of the Canary Islands. The shape of this island is
almost circular with 256 km of coastal perimeter. In this island we can found different
kind of coasts, from littoral with coastal platforms and beaches at the south and east to

cliffs, especially at the north and west side of it (\Valdazo et al., 2017).

The interaction between the cold Canary current, which goes through from NNE to SSW
and the African NE upwelling create a longitudinal thermic gradient between colder
eastern islands (Lanzarote, Fuerteventura) and the warmer western islands (La Palma and
El Hierro) (Barton et al., 1998; Davenport et al., 2002; Cuétara, 2020)

- 3.2. Sampling

We performed surveys all around the island of Gran Canaria. We divided the island in 28
“GRIDS” (cells) or sectors of 5x5 km (Fig. 4), following Valdazo et al., (2017), which
have different values of wave exposition, HAPI index and temperature changes. Field
surveys were done between January 2022 and May 2022, trying to reach that maximum
development of the species between the months of march and October. In this work, we
carried out a distribution study of the species Gongolaria abies - marina, focusing
specially on the small- scale presence of this alga (“open rock™ or “crevices”). In this
study, we did a distribution map of this species, and we studied in what kind of habitat it
was situated in each sector. We worked the intertidal zone of the coast of the whole island,
so in this way we covered the distribution bathymetric range of the aim species.
Depending on the features of the coast, we did the field work by foot or on boat (in this
case by snorkeling). We used a high-quality camera to take pictures and videos of the
species; this camera has incorporated GPS, so we could georeferenced each sample during
the study and associate the habitat to the coordinates. Depending on the size of the patches
of Gongolaria abies - marina, we classified them in three categories: points (1 m to 2m),
lines (long band of many meters of the algae along the coast) or a polygon (more than 4
m?) (Fig. 5). All the points found from 1m to 2m where in a hiding habitat, under the
rocks or in crevices, for that reason we considered that all the “points” were affected by

the “refugia effect”; on the other hand, the “lines” and “polygons” were much bigger than
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the “points”, Because of their size they cannot being hiding under the rocks but they were

in open field, so we classified both lines and polygons like open rock habitats.

Figure 4. Gran Canaria island divided in the 28 sectors which have been studied.

Once all the information on “points, lines and polygons” were taken, we store and
analyzed all the data with the open source QGIS software, where we created a Gran
Canaria distribution map of the species with all the information. After that, we measured
and add all the meters of Gongolaria abies marina and then we projected that measure
on the total coastal perimeter of the island, so in this way que could obtain what
percentage of coastal perimeter of Gran Canaria is occupied by this species to have an
update to compare the state of the populations of this alga with past studies, in particular,
Valdazo et al., (2017), where the author had already done the comparison between past
works about GAB distribution (1980, 2008 and 2016). The data obtained by QGIS also
allowed us to calculate the percentage and the presence of GAB, which are either hiding
under rock or crevices (refugia effect) or in open field (open rock).

12
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Figure 6. QGIS map of Gran Canaria with all the presence of lines and polygons in

red color.
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Figure 7. QGIS map with presence of “hidden points” In crevices along the Gran
Canaria Island.

- 3.3. Wave power

Gran Canaria has very different wave exposition depending on which part of the island
we are; the morphology of the island and the average current and wind direction (NE)
makes that it has hard wave conditions at the north of the island, but very low wave power
along the south. We obtained the parameter of wave exposition provide by Chiri, (2011);
from this work we used the data of the average wave power of each part of the island (Fig.

8), so, we obtained an exposition index for each sector of Gran Canaria.
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Figure 8. Spatial distribution of the annual average wave power in the Canary islands, as provided
by Chiri, 2011. “EVALUACION DEL POTENCIAL ENERGETICO DEL OLEAJE EN
CANARIAS; VARIACIONES ESPACIO-TEMPORALES”

- 3.4. HAPI index

In the same way of Valdazo et al., (2017) and Blanfuné et al., (2017), we used the Human
Activities and Pressures Index (HAPI) to estimate the grade of alteration of the coast of
Gran Canaria; the HAPI index was calculated for each of the 28 sectors so we could work
the relation between the external pressures and the decline of Gongolaria abies — marina
meadows.

The HAPI index is formed by six parameters and, combining all of them in a formula
Y (PSixri)/TSj), we obtained the HAPI. The parameters needed to calculate this index are
three for continental pressures and other three for marine pressures. For continental
pressures, we used urban, industrial, and agricultural areas expressed as the percentage of
land area covered (CORINE LAND COVER 2022) for each coastal sector or GRID. For
marine pressures, we calculated the level of coast artificialization, expressed as the
percentage of the artificialized coastline; we estimate the impact of the fish farms
expressing the percentage of rocky coastline potentially impacted (500 m radius) and for
last, we obtained the sewage outfalls impact expressed also like the percentage of rocky

coastline potentially impacted (500 m radius).
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Figure 9. Graphic of the HAPI index in each cell (sector) along Gran Canaria Island.

- 3.5. Temperature data

To calculate the slope of SST temperature trends over the past 40 years, for each of the
28 sectors along the coastal perimeter of Gran Canaria Island, we obtained the daily sea
Surface temperature (SST) from 1982/01/01 to 2022/05/31, the monthly SST from
1982/01 to 2021/12 and the monthly SST anomaly from 1982/01 to 2021/12 and then,
with all that data, a simple linear regression was adjusted. The source of the data is the
CMEMS (Copernicus Marine Service). The monthly SST data have been generated from
daily files in NetCDF format, downloaded from the CMEMS (18500 files).

- 3.6. Statistical analysis

Using the statistics software R studio, we applied a t student to figure out if there was
significant difference between the overall perimeter of Gongolaria abies marina in 1987
and 2022; the same procedure was done between the perimeter of the algae in 2022 and
the presence of the algae in “open rock” or “crevices” (small scale), to see the relation
with this small-scale presence in open rock or crevices. Last, we used a multiple lineal
regression (selection “stepwise”) to model what are the factors (environment factors) that

predict the percentage of algal coverage, as “open rock™ or “crevices”.
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4. RESULTS

The presence of Gongolaria abies —marina in Gran Canaria Island, in terms of the coastal

perimeter occupied, has significantly decreased between 1980s and 2022 (present) (Fig.

10). As we can observe in the figure 10, we see a clear regression of the brown algae

species during all these years, being the total extension occupied by Gongolaria abies -
marina on the coast of Gran Canaria 11,25 km (4,39 %) of 256 km (which is the total
perimeter of the coast). This contrast with the 110,07 km (42,99 %) of total extension

occupied by Gongolaria abies - marina in 1987.
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Figure 10. Presence of Gongolaria (Km of coastal perimeter occupied per cell) in the 80s and the

present (2022).

While the presence (in terms of small-scall cover) of Gongolaria in open rock increased

with the presence of Gongolaria in each cell in 2022 (in terms of the large-scale presence

per coastal perimeter) (Fig. 11) (p value=5,40e%* r? = 0,61), the presence (small-scall

cover) of Gongolaria in crevices was independent of the presence of Gongolaria in each

cell (in terms of the large-scale presence per coastal perimeter) (Fig. 12), (p value=0,82,

2= -0,05).
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Figure 11. Relationship between the small-scale presence (e.g., in terms of small-scall cover) of
Gongolaria in open rock and the large-scale presence of Gongolaria (Km of coastal perimeter
occupied per cell) in 2022 across the island of GC.

The lines and polygons that we classified as “open rock” habitat, were found the most in
the west and north sectors of the island, that “points” which are in a hidden habitat were
found all around the island, but in the case of the west and north stations, the presence of
“open rock” (lines and polygons) examples was higher that the presence of hidden
“points”; on the contrary, at the east and south study stations the presence of “points” was
high while the presence of lines and polygons was almost null. Talking about kind of
habitat o presence of Gongolaria abies - marina, the 67,08% of the total presence of G.
abies - marina in Gran Canaria is represented by hidden “points”, while the 32,92 % left

is represented by lines and polygons (“open rock habitats™).
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Figure 12. Relationship between the small-scale presence (e.g., in terms of small-scall cover) of
Gongolaria in crevices and the large-scale presence of Gongolaria (Km of coastal perimeter
occupied per cell) in 2022 across the island of GC.
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Figure 13, represents the percentage of open rock and crevices habitat that we obtained
during the study; as we commented before, we can see how in the east and south of the
island the “crevices” habitats dominate, having high percentages of it and very low or
null percentages of open rock habitats at these parts of the island; on the other hand, we
can check that in the north and west coast of Gran Canaria, the examples of algae in
crevices still be there, but the percentage of open rock Gongolaria abies — marina is in
almost all the cells of north and west higher than the crevices habitat examples. We found
the maximum values of crevices algae habitats on the sectors 2,6,7,8,10 and 13, where
they dominate with a 100% of the presence; the maximum values of open rock habitats
were found in the sectors 23 and 26, where the percentage of open rock Gongolaria abies

— marina reached 88, 89 %.

In the figure can be seen some empty cells without any diagram inside, this is because in

this study we did not find any evidence of Gongolaria abies — marina.

19



Figure 13. Percentages in the presence, in “crevices” or “open rock” in the small-scale
presence of Gongolaria abies — marina in each cell.

In the table 1, we have the results of the multiple regression model to assess which
environmental drivers better predicted the percentage of coverage at small scales (“open
rock” and “crevices”). In table 1, we obtained the model as “open rock”, that states that
the presence of Gongolaria abies - marina was particularly large in areas with a large
wave power (Estimate=6,46; P=0,0003) while this same small scale presence of this algae
was lowered in the sectors /cells with a large sea warming by considering the slope of
SST through the last 40 years, having significance values (Estimate= -6,39; P=0,01). As
it can be seen in the Table 1, the “open rock” presence was large in cells where the large-
scale presence of Gongolaria - abies marina was large (Estimate= 13,10; P=0,05).
Overall, the small scale of Gongolaria in open rock was well explained by the set of

modelled predictors variables with a total ca. 60% of explained variance (Table 1).
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Estimate | Std. Error t value Pr (ItD)
(Intercept) 32.688 32.184 1.016 0.319924
Wp 6.463 1.566 4,128 0.000381
Slope SST -6.393 2.405 -2.658 0.013778
P Gongolaria 13.104 6.377 2.055 0.050910
Multiple R - squared |0.6506
Adjusted R - squared |0.6069

Table 1. Results of the stepwise multiple regression testing the effect of local (cell) wave power,
the area of each cell, the HAPI index per cell, the slope of the linear adjustment of SST through
the last 40 years for each cell, and the large-scale presence of Gongolaria abies - marina (Km
of coastal perimeter) in each cell, over the small-scale presence of GAB in open rock.

On the other hand, Table 2 presents the model to assess environmental predictors of the
small-scale presence of Gongolaria abies - marina in “crevices”. In this case, the set of
modelled predictors variables hardly explain the small-scale presence in crevices of this
algae, with a total ca. 11,7 % of explained variance (Table 2). We can see some
significance value in the slope of SST through the last 40 years though (Estimate=11,51;
P=0,03) explaining this some variance, with a particular larger presence of Gongolaria

abies - marina in crevices (ca. 100% of cover) in cells under SST warming.

Estimate | Std. Error t value Pr (It)

(Intercept) -130,326 65.818 -1.980 0.0603
Wp -2.550 3.029 -0,842 0.4089
HAPI -4.555 5.107 -0,892 0.3820
Area 3.750 2.218 1.691 0.1050
Slope SST 11.513 5.035 2.287 0.032
P Gongolaria 0.072 11.936 0.006 0.995
Multiple R - squared 0.2812

Adjusted R - squared 0.1178

Table 2. Results of the stepwise multiple regression testing the effect of local (cell) wave power,
the area of each cell, the HAPI index per cell, the slope of the linear adjustment of SST through
the last 40 years for each cell, and the large-scale presence of Gongolaria abies - marina (Km
of coastal perimeter) in each cell, over the small-scale presence of GAB in crevices.
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HAPI INDEX

The results obtained on the HAPI index were the expected, having pollution and coast
perturbations and alterations all around the whole island but with some parts of it with
higher levels than others though. As it can be seen in the graphic (figure 9), the sector or
cells with the highest values of pollution, therefore, high values of HAPI index are those
which have more anthropogenic pressure, having big parts of it cell respective areas
urbanized and industrialized, specially at the coast, having the highest values the cells 2,
4 and 14.

As we can observe in the figure 9, the HAPI index values are more elevated in the east
and south of the Gran Canaria Island than the rest of it (north and west), specially on the
southeast, part of the island, which is the most touristic, for that, the south of the island is
highly urbanized with hotels, apartments and more, all this to have a good touristic offer.
Therefore, the sector 14, which has the highest HAPI index value, as we see, is in the

south, in the middle of a pure and exclusive touristic zone.
SST SLOPE

In the table 3 we can observe the values of the SST slope in each sector of the island over
the last 40 years, giving us information about what are the parts of the island which have
suffering the warming of the waters caused by climate change. As we can observe, the
north, northeast and east of the island are those parts that have experimented a rapid
warming, especially the east, showing values of SST slope of 15 (16 at the Isleta in the
northeast); in the other hand, the coldest part of the island these last years is the west,

seeing the values of the SST slope, having numbers between 10 and 11.

Sector SlopeSsT Sector SlopeSST
1 16,34 15 12,57
2 15,34 16 11,9
3 14,73 17 11,51
4 15,43 18 10,93
5 15,28 19 10,46
6 15,27 20 11,68
7 15,45 21 10,62
8 15,26 22 11,79
9 15,58 23 13,95
10 15,1 24 15,35
11 14,4 25 15,26
12 14,55 26 14,2
13 14,2 27 14,34
14 13,04 28 14,7

Table 3. Results of the SST slope in each sector of the island
in the last 40 years.
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SST slope value
13

Figure 14. Gran Canaria map divided in 28 sectors with the SST slope of the past 40 years in
each cell.
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5. DISCUSSION

Currently, marine forests are in decline in many places worldwide, affecting the
composition, structure, and biodiversity of benthic assemblages (Beck and Airoldi, 2007;
Bernal-lbanez et al., 2021b; Blanfuné et al., 2016; Filbee-Dexter and Scheibling, 2014;
Thibaut et al., 2005; Bernal-lIbariez et al., 2022). As we can observe in our results, the
situation has not changed here; our data show that the percentage occupied by Gongolaria
abies - marina on the coast of Gran Canaria has gone down respect 1987 and respect the
last time Gongolaria abies — marina distribution was studied in this Gran Canaria Island
by Valdazo et al., (2017). Comparing with 2016, where the percentage of G. abies -
marina occupied along the coast was 14,08% (37,8 km), in 2022, there is just a 4,04 %
left (11,29 km). Similar to Valdazo et al., (2017), we did not find a direct relation between
the brown algae regression and the high levels of anthropogenic pressure on the island,
but in the same way that these authors, we think that the pressure produced by the human
could be a factor to keep in mind. However, we have found other environmental variables
related to the regression, or limiting regression, of Gongolaria abies — marina, which
were the wave power and the SST slope of the last 40 years. We observed that the northern
and western sectors of the island are those that showed the greatest presence, at small
scales, of the presence of G. abies - marina in “open rock” and, therefore, according to
statistics, also at large — scales. These sectors are those with the highest average annual
value of wave power, a variable that showed a positive effect on the presence of the
species, particularly favoring a small-scale “open rock” distribution. Intense wave power
allows the correct develop the alga, in addition to making the water cleaner and more
oxygenated, possibly preventing the settlement of epiphytic algae and making the access
to the alga difficult to herbivorous predators, like sea urchins or fishes like Salema (Sarpa
salpa). Bernal-lIbafiez et al., (2022) reported, in another macaronesian island that an
increase of a few degrees can significantly affect similar macroalgal species, being the
temperature one of the main factors that drive their growth. This study agrees with these
results, as our data showed a higher warming (in the last 40 years) in the northern, eastern,
and southern sectors of Gran Canaria, areas where the presence of the algae, at small-
scales, in “crevices” is notable, being able to demonstrate that they are areas where
Gongolaria abies — marina seeks a refuge running away from this gradual rise in
temperature. This affirmations match, at the same time, that of Perello et al., (2021), who

said that several years after heat waves, the brown algae specimens were only found in
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bottom refuges (“crevices” or cavities). Despite our results indicated that the small-scale
presence in “crevices” is independent of the coastal perimeter (large — scale presence)
occupied by the algae (i.e., around the entire island), it can be seen as in those areas
mentioned before where the SST slope has large values, we found 100% algae in
“crevices”, in practically all the sectors, so we can suggest that the temperature has had a
considerable influence on the distribution of Gongolaria abies — marina in Gran Canaria.
It should be noted that, even though the northern sectors appear as areas with considerable
warming, the presence on "open rock™ is large, so, although the temperature has greatly
influenced the populations along this part of the island, the presence of a high wave power
allows this alga to continue its normal development. We can see to see this clear effect of
temperature if we look at the sectors located a little further to the east, where the wave
power intensity decreases and heating keep warming, resulting in a decrease of “open

rock” presence, While the algae, seek protection in crevices.

Franco et al., (2005) reported that the difference in the consumption of algae between
open reefs and crevices is mediated by the local topographic features, which affect the
heterogeneous spatial distribution of the marine algae (large-size brown algae). In their
study, the distribution of marine algae inside the reefs showed a strong association with
high complex structures (crevices) where the herbivory pressure was high. Similar to
Franco et al., (2005), our study indicates that the distribution of marine algae showed a
strong association with high complex structures (“crevices”) but in our case, we cannot
relate these results with the high herbivory pressure, but we can do with, at least, with
raising temperatures, seeing in our results, that large values of presence of Gongolaria
abies — marina in “crevices”, are significant influenced by the temperature, showing the
small -scale presence in “crevices” a relation with high values of SST slope (Table 2).
This is particularly acute in the intertidal, where our study focused, because it is subjected
to large temperature fluctuations between tides.

The results of our study indicate a strong decline of the species Gongolaria abies-marina
during the last years, with the current specimens (most of them) being found in crevices
or cavities of the intertidal bottoms. This result agrees with those results obtained in the
works of Franco et al., (2015) and Perello et al., (2021), where they demonstrated the
increasingly frequent presence of important macroalgae for ecosystems in shelters of high
structural complexity such as crevices in the sea bottom. Perello et al., (2021) also
mentioned that the shelters of the seabed can simulate the understory (“Soto bosque”),
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promoting recruitment and survival of frondose macroalgae (Steneck et al., 2002), so
there are large possibilities that these crevices act as spore retainers, increasing the density
and the chances of success of the specimens. If we compare our results with what was
previously stated by these authors, they are in complete agreement, because the density
of specimens of this brown alga in areas of high structural complexity were high, allowing
us to demonstrate that in these kinds of habitats, the algae find a refuge to survive and

develop.

Filbee et al., (2020) said that kelp forest has declined in cover, biomass and in extent
globally, and in many regions have been replaced by turf algae. Often, these declines and
habitat transformations have been associated with increased sea temperatures at warm
range edges. Analyzing this, our data can be related with these affirmations; although in
our results we cannot confirm with total security that the changes in the distribution of
Gongolaria abies marina occurred in Gran Canaria during the last 40 years are caused
only because of the temperature increases. Filbee et al., (2020) also showed that declines
in sugar kelp (Saccharina latissimi) and shifts to structurally simplified turf seascapes
over the last two decades in southern Norway and the eastern USA coincided with strong
increases in the frequency and accumulative intensity of marine heat waves; lack of
measures don’t let them relate directly these marine heat waves and algae loss, but the
data shows that marine heat waves can get the conditions of temperature beyond the limits

of tolerance of the species.

Filbee and Wernberg, 2018 indicated that there is strong evidence that warming has
played an important role in most shifts to turfs documented in the last decade. Ultimately,
kelps are cool-water organisms, and, toward the warmer ends of their distribution,
warming will reduce their growth, weaken their tissue, and negatively affect how they
deal with other perturbations such as grazing, epiphytism, or mechanical damage
(Wernberg et al., 2010, Simonson et al., 2015), saying as well it is clear that both periods
of extreme warming and/or gradual increases in temperature are having increasingly
severe direct or indirect effects on the reproduction, growth, and survival of kelps (Airoldi
and Beck, 2007; Wernberg et al., 2010, Filbee-Dexter et al., 2016). Our results are in
completely agree with these authors, showing our data that the variable which most
significantly contributed to the decline of Gongolaria abies — marina was the temperature
(SST slope), having become a long time ago an important problem for the survival and

conservation of our oceans.
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CONCLUSIONS

The decline of the brown algae species Gongolaria abies marina is a very urgent
problem nowadays; the tendency from 1980°s keeps going down and, if the
situation doesn’t change, Gongolaria abies marina will end disappearing.

In this study, we have found two environment factors that predict, better than
others, the decline (or buffer the decay) of the brown algae Gongolaria abies
marina during the last decades; wave power and the temperature, are the main
environmental drivers on the distribution of the species across the island.

. A high wave power naturally benefits the persistence of Gongolaria abies —
marina. Even in areas under warming, the persistence of G. abies — marina is
facilitated by high wave power.

. Under a situation of progressive disappearance, hiding into “crevices” seems as a

survival mechanism to guarantee survival.
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