
Regional Studies in Marine Science 41 (2021) 101575

Contents lists available at ScienceDirect

Regional Studies inMarine Science

journal homepage: www.elsevier.com/locate/rsma

Lost and found: A new hope for the seagrass Cymodocea nodosa in the
marine ecosystem of a subtropical Atlantic Island
Susanne Schäfer a,b,⇤, João Monteiro a, Nuno Castro c, Francesca Gizzi a, Filipe Henriques a,d,
Patrício Ramalhosa a,e, Manuela Isabel Parente f, Gil Rilov g, Ignacio Gestoso a,h,
João Canning-Clode a,h

a MARE- Marine and Environmental Sciences Centre, Agência Regional para o Desenvolvimento da Investigação Tecnologia e Inovação
(ARDITI), Edifício Madeira Tecnopolo, Caminho da Penteada, 9020-105 Funchal, Madeira, Portugal
b GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany
c MARE - Marine and Environmental Sciences Centre, Faculdade de Ciéncias, Universidade de Lisboa, Portugal
d Centro de Ciências do Mar, Universidade do Algarve, Campus de Gambelas, PT-8005-139, Faro, Portugal
e OOM-Oceanic Observatory of Madeira, Agência Regional para o Desenvolvimento da Investigação Tecnologia e Inovação, Edifício Madeira
Tecnopolo, Piso 0, Caminho da Penteada, 9020-105 Funchal, Madeira, Portugal
f CIBIO/InBio, Universidade dos Açores, Faculdade de Ciências e Tecnologia, Campus Universitário de Ponta Delgada, Rua da Mãe de Deus,
13A, 9500 Ponta Delgada, Portugal
g National Institute of Oceanography, Israel Oceanographic and Limnological Research, Haifa, Israel
h Smithsonian Environmental Research Center, 647 Contees Wharf Road, Edgewater, MD 21037, USA

a r t i c l e i n f o

Article history:
Received 14 September 2020
Received in revised form 25November 2020
Accepted 29 November 2020
Available online 1 December 2020

Keywords:
Cymodocea nodosa
Seagrass
Madeira Island
Habitat type
Ecosystem services

a b s t r a c t

Seagrass meadows are globally recognized as important coastal habitats due to the various ecological
functions and ecosystem services they provide. Substantial global decline of seagrass habitats has been
recorded over the last decades, underlining the need for extensive studies, including monitoring and
mapping these habitats across their distributional range. Cymodocea nodosa (Ucria) Ascherson is the
only seagrass species reported in the archipelago of Madeira (NE Atlantic) and systematic or reliable
information of its occurrence is very scarce and mostly anecdotal. This study reports the discovery
of a yearly-persistent patch of C. nodosa in the southeast coast of Madeira and provides insights into
key ecological and biological aspects (e.g. density, leaf length, associated fauna and flora). Seasonal
monitoring surveys over a 3-year period, indicate that (1) the patch has increased in size and shoot
density over the study period, and (2) leaf lengths follow a typical seasonal pattern over the year.
Accounts of past destruction of seagrass meadows in the island, underline the importance of continuous
monitoring of the patch and adjacent areas to reveal how the current seagrass patch develops (i.e.
patch continuity and/or disappearance), if it integrates a larger meadow and whether anthropogenic
pressures as coastal development and/or associated terrigenous sediment runoff events will affect its
resilience.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Seagrasses are submersed flowering plants, living in temper-
ate and tropical marine and estuarine environments around the
globe (Green and Short, 2003) and are considered important
coastal habitats, offering a variety of ecosystem services (Cullen-
Unsworth and Unsworth, 2018; Nordlund et al., 2016). Seagrass
meadows provide substrate, habitat, spawning ground, food and
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nursery for a great variety of marine organisms, including several
commercially important species of molluscs, shrimps and fish
(Espino et al., 2011; Jiménez-Ramos et al., 2017; Unsworth et al.,
2019b). Besides interacting with the biotic environment, sea-
grasses also alter their surroundings mechanically, physically and
chemically by decreasing erosion, filtering and purifying water
and by acting as a carbon sink (Lamb et al., 2017; Larkum et al.,
2006; Mazarrasa et al., 2015).

Over the last decades, an increasing number of studies have
been describing a worldwide decline of seagrass habitats due
to a combination of natural and anthropogenic pressures (Orth
et al., 2006; Short and Wyllie-Echeverria, 1996; Tuya et al., 2013a;
Waycott et al., 2009). Natural pressures, such as herbivory, waves
and storms or diseases (Eklöf et al., 2008; Kim et al., 2015;
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Sullivan et al., 2013), often interact with each other or with
anthropogenic pressures, which are recognized as major threats
to seagrass survival (Grech et al., 2012; Tuya et al., 2013b). Direct
mechanical processes like anchoring, propeller scaring, dredging
or trawling have been reported to damage seagrasses (Cabaço and
Santos, 2014; Sweatman et al., 2017), but other human mediated
pressures, such as increased sedimentation, pollution, invasive
species and climate change, are also contributing to threaten sea-
grass habitats (Cullen-Unsworth and Unsworth, 2016; Waycott
et al., 2009).

Of the approximately 60 seagrass species described world-
wide, only four are native in European waters (de los Santos
et al., 2019). One of them is Cymodocea nodosa, a fast growing,
dioecious seagrass with the ability of vegetative (clonal) propaga-
tion (Balestri and Lardicci, 2014). This species is known to cover
areas by rhizome elongation that can reach growth rates of up
to 2 m/year (Marbà and Duarte, 1998). C. nodosa mostly occurs
in shallow waters but can reach depths of 35 m (Chefaoui and
Serrão, 2017).

Like other seagrass species, C. nodosa is included in several
international protection lists such as OSPAR, the EU Habitats
Directive and the Bern Convention which call for monitoring
and protection of seagrass meadows (OSPAR Commission, 2010).
Additionally, C. nodosa is also encompassed in several national
and regional regulations like in the Mediterranean Sea (Orfanidis
et al., 2010; Sghaier et al., 2017) or the Canary Islands (Barberá
et al., 2005; Herrera et al., 2014).

C. nodosa is commonly found in the Mediterranean Sea and
adjacent parts of the Northeast-Atlantic Ocean, from Portugal to
Senegal, including the Archipelagos of Madeira, Canary Islands
and Cape Verde (Alberto et al., 2008; Chefaoui and Serrão, 2017).
In the Portuguese mainland, C. nodosa can only be found in a few
locations where it often occurs mixed with the more common
seagrasses Zostera noltii or Z. marina (Cunha et al., 2013). To date,
C. nodosa is the only seagrass species reported for Madeira Island
and systematic information on their occurrence is sparse. The first
record of C. nodosa in Madeira dates back to 1974, collected by
Levring in Baía d‘Abra (on the southeast coast of Madeira) and
latter in 1985 by Augier (Augier, 1985; Levring, 1974). It was
only ten years later that two seagrass meadows were identified
and described, one covering approximately 80.000 m2 in Machico
bay and a second, smaller one in Funchal (Wirtz, 1995a), which
was estimated to cover about 13.800 m2 (Araújo et al., 2012).
Both meadows disappeared during the last decade (Wirtz 2011
in Cunha et al., 2013; Kaufmann and Maranhão, 2017, personal
observation) and despite recent increase in underwater research
and exploration, C. nodosa meadows were thought to be extinct
in Madeira Archipelago. Although some remnants shoots of C.
nodosa were recently reported elsewhere in the island (Ribeiro
and Neves, 2020), the present study reports the discovery of
a previously unknown location with C. nodosa where, for the
first time in decades, evidence suggests that a seagrass patch in
Madeira island is growing and possibly expanding into a meadow.
In this context, we conducted periodic monitoring surveys, both
in summer and winter for three consecutive years to assess C. no-
dosa shoot density and leaf length, to accurately map the seagrass
patch and to compile a list of conspicuous associated fauna and
flora. Additionally, this study represents the first comprehensive
characterization and assessment of seasonal variation patterns in
leaf length of C. nodosa in Madeira, setting baselines for future
relevant studies (e.g. biomass and nutrient cycling).

2. Methods

2.1. Study site

Madeira is an archipelago of volcanic islands located in the NE
Atlantic on the southwest of continental Europe and 700 km off

the Moroccan coast (32� 380 to 32� 520 N and 16�380 to 17� 150

W, Fig. 1a). In August 2017, a C. nodosa patch was discovered
during scuba diving in Quinta do Lorde, Caniçal, located on the
southeast coast of the main island (Fig. 1a, b). Here the seascape
is dominated by rocky substrate, mainly consisting of boulders
and large blocks, down to 10–12 m depth, where it merges into
sandy bottom with a very gentle slope. Madeira Island is an
oligotrophic marine system where coastal surface water temper-
atures typically fluctuate between 15.5 and 26 �C throughout the
year (Schäfer et al., 2019) and salinity is around 36.6 (Narciso
et al., 2019). Biological productivity in the archipelago is low
with generally oligotrophic conditions, but chlorophyll levels can
increase during periods of localized island upwelling or due to
terrestrial runoff (Caldeira et al., 2002; Kaufmann and Maranhão,
2017; Narciso et al., 2019).

2.2. Semiannual monitoring

In total, six monitoring surveys were conducted for three con-
secutive years (Sep 2017–Feb 2020) to evaluate variations over
time in size and density of C. nodosa and to assess the diversity
of fauna and flora associated with the newly discovered patch.
Seagrass shoot density was counted in 50 x 50 cm quadrats (0.25
m2) (n � 6) and the length of the longest leaf per shoot was
measured for 30 shoots, haphazardly chosen across the patch.
Conspicuous associated flora and fauna were identified and listed
based on opportunistic observations made during the dives while
organisms with uncertain identification were sampled and/or
photographed (i.e. Canon G16 in a WP-DC52 housing) for later
inspection and further identification. In order to monitor patch
development over the years and in different seasons, all above
measurements were taken in September 2017, January & August
2018, April & August 2019 and February 2020.

2.3. Mapping and area assessment

An initial mapping and assessment of the total area of the
patch was conducted in September 2017, using three Ground
Control Points (GCP), underwater photography and imagery anal-
ysis. PVC poles were placed by scientific divers in three locations
around the edge of the patch as GCP markers. Following, a GPS
equipped buoy (recording position every 3 s) was positioned
above the marker and attached to each of the poles for a min-
imum time of 10 min to georeference each GCP. A PVC quadrat
(50 x 50 cm) was positioned within the patch (for scale purposes)
and ‘‘fly-over’’ pictures capturing the entire seagrass patch were
taken from over top. Images, in RAW format, were captured
with an underwater photography system (i.e. Olympus OMD-
EM10+Panasonic 8 mm lens in a Nauticam housing) in horizontal
position (using the system electronic levels).

Imagery, compiled in Aperture v3.6, was colour corrected, con-
trast enhanced and inspected (including pitch and roll metadata)
to select the best quality image in horizontal position. Lens distor-
tion of selected image was corrected using lens profile automatic
correction in Lightroom v5.

Image was georeferenced in QGIS v 3.2 using a ‘Thin Plate
Spline’ transformation with nearest neighbour resampling method
and relying on the three GPCs (i.e. average position of the GPS
unit during the 10-minute period it was collecting data over each
of the GCPs). Following, the georeferenced image was classified
using Object Based Imagery Analysis (OBIA) in eCognition Es-
sentials (v1.3) to assess the area coverage (i.e. projected leave
coverage). The Supervised Classification relied on the Multires-
olution Segmentation algorithm (scale set to 400, smoothness
set to 0.2) using all RGB image channels and a selection of
multiple samples (i.e. n� 20 segments manually selected and
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Fig. 1. Map showing (a) the location of Madeira Island in the NE Atlantic, including previous reported locations of C. nodosa and (b) an aerial picture of the study
site at Quinta do Lorde including the location of the C. nodosa patch marked by the red quadrat.
Soruce: Adapted from Monteiro and López (2020). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

labelled) for each of the three classes considered: Seagrass, Sand
and PVC (applied to PVC markers and scale quadrat). Resulting
segments were visually inspected and contextually edited (to
resolve misclassifications), smoothed (set to 0.25) and merged by
category. Resulting estimated areas and shapefile were exported
for integration with georeferenced imagery. Final area estimation
required an additional correction as classification and spatial
analysis relied on a single image transformed to fit a geographic
projection (i.e. EPSG:32628). Area estimation correction used the
25 cm2 quadrat in the image to adjust area values by simple
conversion.

2.4. Data analysis

Data on leaf length was plotted as line graphs showing means
(± SD) for summer and winter in three consecutive years. Shoot
densities were compared between the different sampling events
and plotted as boxplots. Euclidean Distance similarity matrices
were constructed separately for each of the two variables, leaf
length and shoot density, and differences in both variables ac-
cording to season (Winter and Summer) and year (1, 2 and 3)

were independently tested by Permutational (univariate) Analysis
of Variance (PERMANOVA) (Anderson, 2017). The crossed PER-
MANOVA design included the factors ‘‘year’’ (fixed factor, 3 levels:
‘‘1’’, ‘‘2’’ & ‘‘3’’) and ‘‘season’’ (fixed factor, 2 levels: ‘‘Winter’’ &
‘‘Summer’’). Analyses were carried out with 9999 permutations of
residuals under a reduced model. In addition, significant results (p
< 0.05) from the PERMANOVA main tests were further analysed
with pairwise tests to clarify which levels within each factor were
significantly different from each other.

To assess how variations in leaf length and shoot density
could be related to variations in local environmental conditions,
monthly averages for temperature (�C), salinity (ppt), O2 (dis-
solved O2 in mg/l) and pH were compiled from measurements
collected within the frame of a long term monitoring program.
These measurements were taken on a weekly basis in the ad-
jacent pier of Quinta do Lorde using a multi-parameter probe
(YSI Professional Plus). The influence of environmental condi-
tions on each biological variable was independently assessed
using Distance-based Linear Models (DistLM) were based on Eu-
clidean distance matrices of leaf length or shoot density data and
data from the four selected environmental variables. In Euclidean
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Fig. 2. Photographs showing the seagrass patch of C. nodosa at Quinta do Lorde (Madeira Island): (a) diver assessing shoot density of the patch; (b) single plant;
and (c) close up of a leaf.

space, DistLM is equivalent to univariate simple linear regression,
but where the P-value for the test is obtained using permutations,
rather than by using traditional tables (Anderson et al., 2008). The
models were fitted using the best selection procedure with 9999
permutations and assessed using the Aikake’s information crite-
rion corrected for small sample sizes (AICc). BEST analyses were
run with 9999 permutations using Spearman’s rank correlations.
All statistical analyses were performed using the software Primer
v7 with the PERMANOVA+ v1.0.3 (Anderson et al., 2008; Clarke
and Gorley, 2015).

3. Results

3.1. Cymodocea nodosa patch description

C. nodosa was identified in Quinta do Lorde, Madeira
(32�44’25.302’’N 16�42’31.038’’W) in August 2017 (Fig. 2a–c). The
patch is located at 12 m depth on sandy bottom at approximately
50 m from the rocky reef.

During the first assessment in summer 2017, the linear dimen-
sions of the seagrass patch were 7.8 m in length and 5 m in width,
totalling an overall calculated area of 39 m2. The analysis of the
selected ‘‘fly-over’’ georeferenced image revealed that 30% of the
image area (estimated at 40.21 m2 after scaling) was covered by
seagrass (projected leave coverage), resulting in an estimated area
of 12.05 m2 (Fig. 3a, b; Table S1 in Supplementary Material). Over
the next two years, the patch almost doubled in area, reaching an
estimated 23.18 m2 of a total area of 77.25 m2 (10.3 m length, 7.5
m width) in summer 2019.

Observations, imagery and sample identification revealed mul-
tiple fauna and flora species in close association with this C. no-
dosa patch, including some fish juveniles of unidentified species.
Conspicuous taxa recorded during surveys and the inspection of

samples and imagery collected within the patch, allowed the
identification of a total of 47 taxa, including 13 algae, 13 fish
and 21 invertebrates (Table S2 in Supplementary Material), un-
derlining the sheltering and nursery role of this growing seagrass
patch.

3.2. Variation of leaf length and shoot density

In the first assessment of the newly discovered C. nodosa patch
the initial leaf length was 22 ± 15 cm (mean ± SD, n = 30) and
shoot density were 148 ± 36 shoots/m2 (mean ± SD, n = 6)
(Fig. 4).

The lowest average leaf length, 11.9 ± 2.3 cm (mean ± SD, n
= 30), was measured in the first winter. In summers leaf length
increased steadily, reaching the highest leaf length in 2019 with
30.3 ± 14.4 cm (mean ± SD, n = 30). The leaf length of C. nodosa
varied significantly between seasons, being lower in winters than
in summers, and among years (Fig. 4, Fig.5, Table 1). Subsequent
pair-wise tests revealed that differences in leaf lengths were only
significant between years when comparing the first and the third
year (Table 1).

In terms of shoot density, after an initial average of 148
shoots/m2 in summer 2017, mean shoot density decreased
slightly in the following winter, reaching the lowest average
shoot density measured (123.3 ± 32 shoots/m2, n = 6). In the
following years, summer densities progressively increased and
reached 255 ± 67 shoots/m2 (mean ± SD, n = 7) in 2018 and
almost tripled in summer 2019, reaching its maximum with
730 ± 135 shoots/m2 (mean ± SD, n = 8). This increase in
shoot density was significant (p < 0.05) among years, with all
years being different from each other, however no significant
differences were found among seasons (Table 1).
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Fig. 3. ‘‘Fly-over’’ imagery and automated detection of seagrass: (a) geo referenced, lens distortion corrected and colour enhanced image, and; (b) seagrass selection
under Object Based Imagery Analysis in eCognition Essentials (v 1.3) with multiresolution-segmentation and supervised classification (3 classes: Sand, Seagrass and
PVC). PVC scale quadrat can be seen on the centre left of the patch on each image. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)

Fig. 4. Seasonal patterns of seagrass morphology measured in the C. nodosa patch over summer (S) and winter (W) between 2017 and 2020. (a) Mean leaf lengths
in cm ± SD (n = 30) and (b) mean shoot densities in shoots/m2 ± SD (n � 6).

Table 1

Statistical analysis for leaf length and shoot density of C. nodosa. (a) Results of two-way, univariate PERMANOVA
testing for differences among years and between seasons. (b) Results of subsequent pairwise comparisons for
significant variables. Significant results are highlighted in bold.
(a) PERMANOVA (b) Pair-wise comparisons
Source df SS MS Pseudo-F P Groups t P
Leaf length Leaf length
year 2 650.98 325.49 3.36 0.0368 year 1 vs 2 1.72 0.0890
season 1 7797.30 7797.30 80.54 0.0001 year 1 vs 3 2.36 0.0185

year x season 2 449.64 224.82 2.32 0.1021 year 2 vs 3 0.96 0.3464
Residuals 174 16846 96.82 season S vs W 8.98 0.0001

Shoot density Shoot density
year 2 2200100 1100000 106.16 0.0001 year 1 vs 2 5.59 0.0002

season 1 36401 36401 3.51 0.0634 year 1 vs 3 11.67 0.0001

year x season 2 41681 20841 2.01 0.1399 year 2 vs 3 9.65 0.0001

Residuals 37 383390 10362

Note: df — degrees of freedom; SS — sums of squares; MS — mean squares; Pseudo-F — pseudo-F ratio; P — P-value;
t — t-value.

When assessing possible correlations between seagrass bi-
ological indicators and variations in environmental conditions,
seagrass leaf length seasonal variation was positively correlated
with higher temperature, salinity and pH found in summer and
inversely correlated with dissolved O2, higher during winter (Ta-
ble 2). All four environmental variables were significant in pre-
dicting variation in leaf length under a DistLM (Table 2), where
salinity and temperature were the predictor variables that ex-
plained the largest proportion of variation in leaf length (Table 2).
Under this Distance-based Linear Model, the overall best solution

with lowest AICc was a combination of monthly average temper-
ature, dissolved oxygen and pH explaining ⇠33% of the variation
(Table 2).

In contrast, shoot density had weaker correlations with mea-
sured environmental conditions, with temperature and pH
slightly increasing and salinity and dissolved O2 slightly decreas-
ing over the three-year period. In fact, none of the four envi-
ronmental predictors were significant in explaining the observed
variation in shoot density under a DistLM routine (Table 3).
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Table 2

Results of DistLM analysis for fitting environmental variables (Temperature,
Oxygen, Salinity and pH) to C. nodosa leaf length. Significant results are
highlighted in bold.
Marginal tests
Variable SS(trace) Pseudo-F P Prop
Temperature 7580.0 74.282 0.001 0.294
Oxygen 7585.2 74.354 0.001 0.295
Salinity 4492.7 37.631 0.001 0.175
pH 1734.5 12.859 0.002 0.067
Best solutions
Best result for each number of variables

AICc R2 RSS No.Vars Selections
834.58 0.295 18159 1 2
829.84 0.321 17485 2 1;4
828.48 0.334 17153 3 1;3;4
830.45 0.334 17139 4 1–4
Overall best solutions

AICc R2 RSS No.Vars Selections
828.48 0.334 17153 3 1;3;4
829.49 0.330 17249 3 1–3
829.84 0.321 17485 2 1;4
830.3 0.319 17529 2 1;3
830.45 0.334 17139 4 1–4

Note: SS(trace) — sum of squares; Pseudo-F — pseudo-F ratio; P — P-value; Prop
— proportion of explained variation; AICc — small-sample-size corrected version
of the Akaike information criterion; R2 - proportion of explained variation; RSS —
residual sum of squares; No. Vars — number of variables; Selections — selection
of variables.

Table 3

Results of DistLM analysis for fitting environmental variables (Temperature,
Oxygen, Salinity and pH) to C. nodosa shoot density. Significant results are
highlighted in bold.
Marginal tests
Variable SS(trace) Pseudo-F P Prop
Temperature 1.1553E+05 1.855 0.184 0.043
Oxygen 1.69E+05 2.773 0.115 0.063
Salinity 82072 1.300 0.239 0.031
pH 61319 0.964 0.346 0.023
Best solutions
Best result for each number of variables
AICc R^2 RSS No.Vars Selections
476.05 0.063 2.5006E+06 1 2
426.63 0.719 7.5088E+05 2 1;3
402.5 0.848 4.0475E+05 3 2–4
402.74 0.856 3.8347E+05 4 1–4
Overall best solutions
AICc R^2 RSS No.Vars Selections
402.5 0.848 4.0475E+05 3 2–4
402.74 0.856 3.8347E+05 4 1–4
426.63 0.719 7.5088E+05 2 1;3
427.08 0.731 7.1699E+05 3 1;3;4
428.9 0.720 7.4787E+05 3 1–3

Note: SS(trace) — sum of squares; Pseudo-F — pseudo-F ratio; P — P-value; Prop
— proportion of explained variation; AICc — small-sample-size corrected version
of the Akaike information criterion; R2 — proportion of explained variation;
RSS — residual sum of squares; No. Vars — number of variables; Selections
— selection of variables.

4. Discussion

This study represents the first record of a persistent seagrass
patch in Madeira Island after the disappearance of known mead-
ows and constitutes the first multi-annual seasonal assessment of
C. nodosa in the archipelago.

The surveyed patch showed clear seasonal patterns like other
seagrasses that undergo large seasonal changes in their mor-
phological features (Ondiviela et al., 2018; Tuya et al., 2006).
Leaf lengths of C. nodosa on the above-ground compartment
vary significantly over seasons being highest during summer and

lowest during wintertime. With smaller leaves in 2017 and 2018,
the average leaf length of about 30 cm (measured in Summer
2019) fall within comparable values to those described in the
Mediterranean and in the Canary Islands during summer (Sghaier
et al., 2017; Tuya et al., 2006). The initial low shoot density of 150
shoots/m2 found in summer 2017 is considerably higher than the
 90 shoots/m2 previously reported for Madeira (Araújo et al.,
2012). In the two following years, shoot density increased five-
fold, reaching ⇠730 shoots/ m2 in the summer of 2019. Despite
this increase, average shoot density in 2019 is still slightly lower
than those reported in the neighbouring Canary Islands (⇠900
shoots/m2; Tuya et al., 2015, 2006), mainland Portugal (⇠1200
shoots/m2; Cunha and Duarte, 2007) and the Mediterranean Sea
(⇠800 shoots/m2; Sghaier et al., 2017). Over the next years,
this difference may be narrowed down if shoot density on this
patch continues to increase, however, differences may also be
partially explained by different depth and light conditions. In fact,
this newly found patch in Madeira is located at 12 m depth,
similar to other patches previously described in Madeira (9–16 m
depths; Araújo et al., 2012; Cunha et al., 2013), but deeper than
those reported on in the previously cited studies (4–8 m in the
Canary Islands, Tuya et al., 2006; ⇠2 m in Portugal mainland
Cunha and Duarte, 2007; <1 m in the Mediterranean Sea, Sghaier
et al., 2017). Depth is known to have a great influence on light
conditions and available nutrients for seagrasses and other sub-
mersed plants and algae greatly conditioning their photosynthetic
processes (Lee et al., 2007). A previous study conducted in the
Mediterranean, compared C. nodosa shoot densities and other
morphological features at different depths, and revealed that
shoot density can be inversely correlated with depth (Terrados
et al., 2006). One key discovery revealed in this study is that,
while other studies found seasonal variation in shoot densities
(Cancemi et al., 2002; Sghaier et al., 2017), shoot density in this
patch only displayed a small, non-significant seasonal pattern
with a clear and significant inter-annual increase in shoot density,
which suggests that this newly found patch is likely growing. This
observation is as well supported by the recorded increase in patch
area. The growth rate of >50 cm per year found in this study is
rather high, but not necessarily unexpected. Rhizome elongation
for this species can exceed the measured values by far (⇠2 m/year
in Marbà and Duarte, 1998; up to 68 cm/year in Cancemi et al.,
2002). However, rhizome elongation was not monitored in the
present study, thus we cannot verify if the increase in area is due
to active growth via rhizome elongation or whether the patch
is recovering from a previous burial event. In fact, despite the
seasonal variation in leaf length (which can be linked to seasonal
variations in environmental conditions), the absence of major
seasonal fluctuations and the yearly increase in shoot density,
accompanied by an expansion of the patch area, suggest that pre-
vailing environmental conditions in the area are well within the
range for a growing meadow of C. nodosa. The possibility of this
location becoming a hot spot for the (re)appearance of a seagrass
habitat may have serious positive impacts in the area, as seagrass
beds and meadows provide numerous ecosystem services includ-
ing providing shelter and nursery grounds to numerous species
(McDevitt-Irwin et al., 2016; Unsworth et al., 2019b).

The analysis of associated flora and fauna in this seagrass
patch revealed 47 taxa comprising algae species, fish, crustaceans,
echinoderms and other invertebrates. The inventory (Table S2
in Supplementary Material) includes a mix of species typical in
the seagrass itself and from Madeira’s rocky reefs and sandy
bottom habitats (Wirtz, 1995b, 1994). Of the 13 fish species found
in association with the patch most individuals were juveniles
from commercially important species such as Mullus surmulletus,
Serranus atricauda, Sparisoma cretense or Spondyliosoma cantharus,
suggesting the patch is acting as nursery ground for commer-
cially targeted fish, contributing to these species’ conservation
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and local re-stocking. As expected due to its proximity, most
of the fish species recorded in the described C. nodosa patch
match the typical diversity found in seagrass meadows in the
neighbouring Canary Islands (Espino et al., 2015a,b,c, 2011). Our
findings underline that local C. nodosa patches do provide habitat
for numerous associated fauna and flora which can be especially
relevant in oceanic islands, where habitat suitability can often be
constrained by steep slopes, substrate availability and other local
environmental conditions and where habitat heterogeneity can
be key for local biodiversity (Foley et al., 2010).

C. nodosa is the only seagrass present in Madeira Island (Neto
et al., 2001). During the last decades small sparse patches of C.
nodosa have been reported in few locations along the south coast
of Madeira Island (Araújo et al., 2012; Cunha et al., 2013; Ribeiro
and Neves, 2020). The largest C. nodosa patch that was known
to exist in the island was a dense meadow of approximately 200
x 400 m located in the bay of Machico at a depth of 7 to 16 m
(Cunha et al., 2013). After the extension of the wall of Machico
harbour including the redirection of the water from the close-by
river, the entire area got covered with sediments, leading to its
disappearance (Cunha et al., 2013). In addition, the construction
work associated with the extension of the airport runway in the
late 1990s, partly over the ocean, and supported by 180 concrete
columns may have also contributed to the decline of C. nodosa in
Machico.

Recent observations and studies on subtidal communities at
Madeira suggest an equally dramatic decline of large habitat-
forming multi-specific canopy stands formed by the brown sea-
weeds Sargassum sp. and Cystoseira sp. since the late 1980s
(Bianchi et al., 1998; Sangil et al., 2018). A similar trend has also
been reported for the Canary Islands where a massive decline
of Cystoseira abies-marina and C. nodosa meadows has been de-
scribed (Fabbri et al., 2015; Valdazo et al., 2017). In both cases,
the complexity of interplaying factors and the lack of consistent
data obscures the ability to further assess and understand the
role of the numerous factors, but human-related pressures have
surely contributed to the decline and demise of these submersed
grassland habitats.

In fact, past decades have shown that main threats for seagrass
are often linked to coastal construction, sedimentation events and
climate change (Ugarelli et al., 2017; Unsworth et al., 2019a). In
the Canary Islands (Manent et al., 2020) described a 93% reduc-
tion of area in a C. nodosa meadow as well as decreases in shoot
densities and clonal and allelic richness after the construction of
a port in its vicinity. In Madeira, a study from Kaufmann and
Maranhão (2017) on the Funchal seagrass meadow showed that
light conditions were often and for several consecutive weeks
below the 7%–10% (% of surface irradiance) limit of light required
to assure sustainable growth in C. nodosa (Lee et al., 2007). The
authors linked the low light conditions to frequently occurring
terrestrial runoff events leading to increases in turbidity, which
might have triggered the disappearance of C. nodosa in that area.
Studies at the neighbouring Canary Islands have experimentally
investigated different factors that could potentially affect C. no-
dosa meadows and found that increases in nutrient levels as
well as frequency of such events can play a role in decreases of
above-ground biomass (Tuya et al., 2015, 2013c). These processes
also pose an immediate threat to the seagrass patch in Quinta
do Lorde, due to its proximity to a hotel, marina and a small
river that carries high sediment loads during heavy rains into
the bay (Schäfer, personal observations). Taken into account that
the resilience of C. nodosa differs across its distributional range
and seems to be more vulnerable at its biogeographic edges
(Tuya et al., 2019), the presently described seagrass patch may
be particularly vulnerable to disturbance, whether from natural
or anthropogenic nature. Considering forecasts predicting further

increases of extreme events (i.e. temperatures, storms, precipi-
tation) in the future, climate change may pose a growing threat
for C. nodosa. Climate change can also have other unforeseen
effects. It is not clear that an increase in seawater temperatures
in the region would have a negative impact in local seagrass
meadows. Current maximum summer temperatures in Madeira
(26 �C, Schäfer et al., 2019) are close to the maximum tem-
perature found suitable for C. nodosa by Chefaoui et al. (2016),
however, C. nodosa meadows have been reported in locations
with higher temperatures (Sghaier et al., 2017) making it hard
to predict the tolerance of local C. nodosa to rising temperatures.
Another possible effect of climate change is the occurrence of pro-
longed droughts and decreased rainfall, which in Madeira, could
contribute to lower sediment load, sustained lower turbidity of
coastal water and favour seagrass photosynthesis. These possible
unforeseen effects underline the need of continuous monitoring
programs for effective management and conservation efforts. In
a recent study by de los Santos et al. (2019), monitoring revealed
that despite recent efforts to flatten the curve of seagrass decline
in Europe, C. nodosa is still declining in the assessed areas.

Overall, our findings on the monitored C. nodosa patch brings
hope for coastal habitats in Madeira Island, suggesting that lo-
cal conditions are compatible with the persistent presence of
C. nodosa and with a growing seagrass meadow. This is also
supported by the discovery of additional patches in 2019, during
exploratory surveys of the surrounding sandy bottoms. After the
disappearance of two large C. nodosa meadows in the south coast
of Madeira Island in the past decades (i.e. Machico and Funchal),
the discovery of this growing seagrass meadow constitutes a new
hope of vital importance for the conservation of this species in
the island and for the diversification of shallow coastal habitats
in Madeira. Finally, this study has created an important baseline
for further studies and a continued monitoring program target-
ing this important habitat, but it has also taken the first step
towards a well-founded discussion about possible management
and conservation and/or restoration measures that will be needed
in order to preserve this unique habitat in Madeira.
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