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The genus Caulerpa J. V. Lamouroux, 1809 (Bryopsidales, Chlorophyta) includes more than 100 species
worldwide and, due to its morphological variation and dispersal mechanism, can colonize different substrates. As
part of scientific surveys, a Remotely Operated Vehicle (ROV) recorded video transects along the southwest side
of Tenerife Island (30000 m,? depth range 6.7-156 m). Out of 55 videos recorded, 24 over sandy bottom were
found with patches of C. prolifera. This represents a first record of C. prolifera in a depth range of 25-83 m in the

1. Introduction

The genus Caulerpa J. V. Lamouroux, 1809 (Bryopsidales, Chlor-
ophyta) has more than 100 species in shallow waters globally distrib-
uted, from circum-tropical to warm temperate geographic area (Zubia
et al., 2020). The highest Caulerpa diversity has been registered in the
Caribbean, Indo-Malay rand in the South of Australia (Zubia et al.,
2020), but species-level identification is still under debate due to mul-
tiple challenges in the identification (Jacobs, 1994; Cacabelos et al.,
2019). This seaweed indeed is characterized by high phenotypic plas-
ticity that leads to the overlap of morphological traits among different
species; these morphological traits, such as thallus appearance or branch
shape, can be strongly influenced by environmental factors, increasing
the blur among species boundaries. In addition, the use of historical
names based on the morphology creates confusion when integrated with
molecular data as in some case the old nomenclature may not corre-
spond to genetically distinct/same species (Belton et al., 2014; de Sen-
erpont Domis et al., 2003; Fernandez-Garcia et al., 2015; Verbruggen
et al., 2013; Zubia et al., 2020). This genus exhibits remarkable adapt-
ability, occupying diverse environmental niches, that sometimes can
overlap with seagrasses like Cymodocea nodosa (Olivé et al., 2021; Zubia
et al., 2020). These niches vary significantly with temperature, light
availability, season, depth, and water movement. The composition and
texture of the benthic substrate also play a crucial role in their
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establishment (Crockett and Keough, 2014; Fernandez-Garcia et al.,
2015; Ohba et al., 1992; Zubia et al., 2020). These factors can affect
growth and nutrient uptake causing different responses even at the
species and population levels, showcasing their ecological versatility in
various marine environments. Caulerpa can spread and colonize various
habitats rapidly, thanks to its dispersal mechanisms, which include
fragmentation expansion and stolon elongation (Parreira et al., 2021),
creating patches or meadows over mud or sandy bottoms but also rocky
or mixed substrata (Cunha et al., 2013). Caulerpa prolifera as other
Bryopsidales is a siphonous green alga (SGA). These algae depend on a
non-cellular cylindrical structure (siphonous), which consists of one
large tubular cell containing a central vacuole, filled with water and ions
that exert pressure against the walls, resulting in a characteristic plump
appearance, with the other cellular components (e.g. multiple nuclei or
a macronucleus, chloroplasts, etc.) arranged around it (Del Cortona
et al., 2020; Vroom and Smith, 2003). Moreover, the distinctive biology
and structural arrangement of Caulerpa species play a significant role in
the proliferation of these macroalgae, complicating their detection
through conventional environmental DNA methods, which have
recently been employed to swiftly identify the presence of invasive
species, thereby exacerbating the challenge in the eradication (Waters
et al., 2023). Caulerpa spp are responsible to declining seagrasses pop-
ulation, increasing sulfide concentration in the sediments and altering
their biogeochemical composition caused ecological disturbances in the
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Mediterranean Sea, Australia, and California (Parreira et al., 2021;
Waters et al., 2023; Holmer et al., 2009). Caulerpa prolifera is distributed
globally across three primary geographical regions: the West Atlantic,
the East Atlantic, and the Mediterranean Sea. Higher diversity and older
ancestral types have been documented in the West Atlantic, implying
that this population may be more ancient than the others
(Varela-Alvarez et al., 2015). Similar to the congeneric Caulerpa cylin-
dracea and Caulerpa taxifolia, C. prolifera can also be considered highly
invasive, outside its native range and in particular within it, by replacing
seagrasses after a disturbance event, modifying the substrate, and
consequently making the recovery almost impossible (Holmer et al.,
2009).

Populations of Caulerpa from the Mediterranean Sea and the Atlantic
Ocean exhibit slight differences, primarily due to their surrounding
environmental conditions; specifically, Atlantic populations are more
adapted to cooler water temperatures compared to their Mediterranean
counterparts (Olivé et al., 2021). C. prolifera in low light conditions, can
increase the leaves surface to improve light exposition in shady zones
but has a limited ability to photoprotect (Collado-Vides, 2002; Brewton
and Lapointe, 2023; Garcia-Sanchez et al., 2012), is indeed, commonly
found in sheltered areas with high organic matter content and low
hydrodynamisms, preferring habitats between 1 and 20 m of depth
(Cacabelos et al., 2019; Emilio Sanchez-Moyano et al., 2001). Its pres-
ence (highly sparse) has been reported down to 50 m in Tenerife Island
in 2005, reporting this depth as the lower limit. Twenty years later, we
found Caulerpa prolifera again at 50 m depth in Tenerife Island (in the
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same area), not thinned but abundant. Moreover, its presence extends to
depths greater than 80 m, beginning to thin out at depths greater than
60 m. This is the first record of C. prolifera in water depths deeper than
generally known in the Canarians, reaching 83.2 m in the southwest
Tenerife Islands.

2. Materials and Methods
2.1. Study area

The study area is on the west side of Tenerife Island, between La
Arena (28,22785° N, 16,84197° W) and the southern part of San Juan
Beach (28.172931° N, 16.807127° W). The coast mainly consists of
rocky cliffs with some sandy beaches along the shoreline. Four polygons
and their surrounding areas were explored to map benthic habitats and
evaluate the conservation and health status of the site selected for
restoration within the Ocean Citizen project framework (Fig. 1).

2.2. ROV survey

On board the OCEANA Catamaran, the ROV survey was carried out
between June 16th and 25th, 2024. ROV transects were performed using
Sibiu Pro Nido Robotics ROV, able to submerge down to —300 m,
improved with a 4 K camera with a tilt angle of 60 degrees. The ROV had
1500-lumen LED lights, 8 motors, and long-lasting batteries. The ROV
was not equipped with a sampling arm; thus, collecting samples was not
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Fig. 1. Map of the study area, with the red polygons indicating the areas selected for restoration in the Ocean Citizen project.
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possible during the campaign. Transects were performed by drifting
together with the boat along the surveyed area. During the last 3 days of
the cruise, laser pointers (20 cm intra-laser distance) were used. The
average speed during the surveys was 0.2/0.3 knots, while the average
width pathway of the ROV’s camera view was 185 cm. The depths of the
ROV dives ranged from 6.7 to 156.8 m. 55 ROV transects were suc-
cessfully performed, covering approximately 31217 m?.

2.3. ROV video analysis and map production

The ROV videos were analyzed using VLC software. The area of each
transect was calculated by QGIS software using the length of the transect
and the width of the pathway defined by the camera view. The density of
the Caulerpa laminae was calculated by dividing their number by the
sampled surface of each transect, covered by the seaweed, to provide the
percentage of occupancy.

3. Results and discussion

Caulerpa prolifera was detected in 24 out of 55 transects, and in 13 of
these transects (54 %), its presence was registered over 50 m in depth, in
a range between 25.7 m and 82.4 m (Fig. 2). It was mainly observed in
the sandy bottom and on mixed sediments, occasionally associated with
Cymopolia barbata and Heteroconger longissimus. Most of the time, this co-
occurrence was at an average depth of 51 m for both species.

C. prolifera presence at 50 m depth is not new for the SW side of
Tenerife island, Barquin-Diez and coworkers reported it in 2005, the
same area surveyed in this work, noticing that the percentage of sub-
strate occupied by the seaweed was decreasing from 27 m down to 50 m,
where it start to disappear completely, they also assumed the possibility
that C. prolifera presence stand down to 60 m (Barquin-Diez et al., 2005).
In contrast to what was observed 20 years ago, this survey revealed
medium-dense C. prolifera patches at depths of 50 and 60 m (Fig. 3).
C. prolifera now appears to start decreasing in the number of laminae and
thus in the surface area of substrate occupied at a depth of 65 m, indi-
cating a shift toward greater depths.

The number of laminas counted in each transect ranged from a few
dozen to several hundred, with varying densities throughout the study
area. Higher values were registered in the bathymetric range between 45
and 55 m, followed by the 25-35 m depth (Fig. 4A-4B). In Cabrera
National Park, deeper populations of C. racemosa (30 m) thrive better
than those in shallower areas (10 m), with higher values of biomass,
frond and stolon length, and number of laminae. However, the opposite
trend was observed in the Northern Tyrrhenian Sea along the Italian
coast with denser C. racemosa populations in the shallow areas (Cebrian,
Ballesteros, 2009; Piazzi et al., 2001). Seawater temperature, light
conditions, season, and depth all affect populations in different ways.
This is particularly true for Caulerpa species that show a lot of variety in
their shape and function, whether among different species or within the
same species in different conditions (Cebrian, Ballesteros, 2009).

Light plays a significant role in the spatial distribution of C. prolifera.
A recent study (Olivé et al., 2021) compared two populations of this
seaweed: one from the Mediterranean Sea and its counterpart in the
Atlantic region; the former displayed increased photosynthetic rates.
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Conversely, the population from the Atlantic region, specifically in the
Canary Islands, exhibited high photosynthetic efficiency adapted to
lower saturation irradiance levels (Olivé et al., 2021). This seaweed has
been demonstrated to be a shade-adapter (Garcia-Sanchez et al., 2012;
Olive et al., 2021; Sangil and Juan, 2020). In addition, C. prolifera can
change its morphological lamina shape as a response to different light
intensities; laminae from a shade environment are elongated, while in
high light conditions, laminae become shorter and broader, respectively
increasing and reducing the lamina surface area (Collado-Vides, 2002).
The clear waters of the Canary Islands probably let the light filter down
to 90 m of depth, with low irradiance, resulting in the lamina’s adap-
tation in a slender and thinner shape of the ramets in deeper waters (as
shown in Fig. 2).

Temperature is also a crucial factor in determining the distribution of
species in seawater. In 2024, global sea surface temperature (SST) and
upper 2000 m ocean heat content reached unprecedented record highs,
a result of a continuous (and recently accelerated) ocean warming trend
observed over the last decades (Cheng et al., 2025). The genus Caulerpa
spp. is known for its adaptability, and local conditions can influence how
populations acclimate to temperature changes (Schoepf et al., 2015).
Increases in seawater temperature may affect populations of the same
species differently, especially if they are adapted to different thermal
environments (Vinagre et al., 2018). For instance, C. prolifera commu-
nities from Mar Menor have a threshold above 30 °C for both photo-
synthesis and metabolism (Terrados and Ros, 1992). The Mediterranean
ones instead are adapted to mean sea surface temperatures (SST)
ranging from 25 to 27 °C in Summer, compared to around 24 °C in the
Atlantic near the Canary Islands (Garcias-Bonet et al., 2019; Tuya et al.,
2014).

In the Canary basin, a warming trend has been registered over de-
cades both in the oceanic and coastal areas, even if it is highly more
evident in the open ocean with respect to near-shore stations, probably
due to the upwelling region, which can influence the values
(Vélez-Belchi et al., 2015; Varela et al., 2022). As a result, C. prolifera
populations in the Mar Menor and Mediterranean Sea may be better
equipped to handle changes in temperature than their Atlantic coun-
terparts. The ocean warming and the variation in SST in the North
Atlantic region are the result of complex multifactor interactions (e.g.
winds, oceanic currents, upwelling phenomenon, global climate
change), which can lead to a reorganization of biological communities
(Taboada, Anadon, 2012; Haroun et al., 1993). This vegetational shift
toward deeper waters was already reported for the Canary Islands in the
early 1990s, due to the more stable conditions of deeper water (Haroun
et al., 1993). The updated distribution records can further reinforce the
idea that the deep-water flora of the Canary Islands is closely connected
to the warm-temperate flora of the western Atlantic and the western
Mediterranean (Haroun et al., 1993), with the Macaronesia archipelago
serving as a bridge among them. Additionally, the recent discoveries of
C. prolifera population in the Azores with a West Atlantic origin may also
lend support to this idea, suggesting an expansion towards northern
areas and supporting the hypothesis that the Western Atlantic still can
represent an origin of this species (Cacabelos et al., 2019; Varela-Alvarez
et al., 2015). However, as it is well known that during periods of
glaciation, a temperature change could shift the northern boundaries of

Fig. 2. C. prolifera detected at 82.4 m (A), 77.1 m (B), 71.3 m (C).
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Fig. 3. Frame from the videos of ROV dive 13 and 24. Patches of C. prolifera were found at depths of 62 m (left) and 49.1 m (right).
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Fig. 4. A. Dispersion graph of the recorded number of C. prolifera leaves at different depths in the survey area. B. The data plotted as a concentration map referred to

the transects performed in the study area.

some strictly subtropical or tropical-subtropical species south of the
Macaronesia islands (Haroun et al., 1993), global warming could shift
boundaries northward or to deeper waters.

4. Conclusions

This is the first record of C. prolifera down to more than 80 m, in the
Canarian archipelago. Our data indicate the presence of C. prolifera in
Atlantic waters (SW Tenerife Island) at a higher depth than previously
observed. This could represent a concerning condition if linked to
climate change, as seawater temperatures are rising, indicating a
possible shift of seaweed to deeper waters compared to 20 years ago. The
study presents a snapshot of the actual situation. Further studies are
needed to expand knowledge about the ecology of these algae, including
collecting samples from the field to characterize it at laboratory level
and improving effort in broaden the area of study, investigating other
sites in the Tenerife Island with focus on different depths, to understand
any possible distribution scenario around the island, and if there are any
possible linkage with the ocean warming.
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