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Abstract

Cymodocea nodosa is a temperate seagrass that grows in shallow and sheltered waters of the Mediterranean Sea. Although it 
is found in both the western and eastern basins, it was thought to be absent from the extremely warm and salty waters along the 
Israeli coastline, the most eastern part of the Mediterranean. We conducted methodical, seasonal, towed-diver surveys along the 
Mediterranean coast of Israel, recording position, depth, presence/absence of C. nodosa, seabed characteristics, and habitat com-
plexity. We used general additive models (GAMs) to understand how the combination of depth, latitude (space), and season (time), 
explained the distribution of local meadows. We then compared the habitat affinity of these Israeli meadows with other sites in the 
Eastern Mediterranean by conducting a systematic literature review and using Species Distribution Models (SDMs). Underwater 
surveys unveiled the extensive distribution of C. nodosa over a narrow depth range of 8-21m (with peak occurrence at 14m) in 
exposed habitats. These locations are distinct from other Eastern Mediterranean populations, in which C. nodosa is found in shal-
lower and sheltered habitats. SDMs confirmed the increase in the geographical range also reflects an increase in realized niche 
breadth into higher values of temperatures, salinity, and current velocity. Considering that the eastern tip of the Mediterranean is a 
climate change hotspot, finding C. nodosa populations surviving these harsh conditions holds implications for seagrass conserva-
tion and restoration in the entire Mediterranean. However, the low density of observed meadows suggests that these populations 
require careful monitoring to prevent local extirpation.

Keywords: Seagrass; Levantine Basin; Little Neptune grass; Distribution; Climate Change. 

Introduction

Seagrasses are marine flowering plants (angiosperms) 
usually found growing in soft sediments where they can 
form dense and extensive meadows (Short et al., 2016). 
Seagrass provide a range of ecosystem functions and ser-
vices. For example, seagrass enrich surrounding water 
with oxygen, filter nutrients and bacteria, and stabilize 
sediments (Duffy, 2006; Potouroglou et al., 2017). Sea-
grass meadows also provide fish nurseries (Nordlund et 
al., 2016; Maxwell et al., 2017), and it is estimated that 
seagrass areas support ~20% of the global fishery produc-
tion (Unsworth et al., 2018). Seagrasses are also efficient 
at carbon sequestration, and are responsible for the long-
term storing of 15% of the “blue” carbon in the ocean 
(Laffoley & Grimsditch, 2009; Fourqurean et al., 2012; 
Mazarrasa et al., 2015). However, seagrass meadows are 
facing global declines due to both direct (e.g., coastal 

development, damage from anchors) and indirect (cli-
mate change) anthropogenic impacts (Tuya et al., 2014; 
Nguyen et al., 2021).

The Mediterranean Sea contains rich seagrass com-
munities (Marbà et al., 1996a, b) that include four native 
species and one Lessespian migrant (Halophila stipula-
cea; reviewed by Winters et al., 2020). Cymodocea no-
dosa is a small and relatively fast-growing seagrass spe-
cies native to the Mediterranean and common in both its 
eastern and western basins (den Hartog, 1970; Green & 
Short 2003; Orfanidis et al., 2005). Although found in 
many shallow-water sheltered sites in the Eastern Medi-
terranean, the distribution of seagrasses in Israel’s Medi-
terranean coast (the most eastern area of the Mediterrane-
an) has been a mystery (Chefaoui et al., 2016). Lipkin et 
al. (2003) mentioned the existence of C. nodosa in three 
sites along the Israeli Mediterranean shore, yet there have 
been no other records of any seagrasses in the region ever 
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since (Beer et al., 1998). 
The Israeli Mediterranean coastline is characterized 

by a lack of naturally protected shallow bays. In addition, 
this region contains extreme salinity and water temper-
ature conditions (Beca-Carretero et al., 2020). The re-
gion also suffers from changes in the natural movement 
of sand following the building of the Aswan dam in the 
1970s, and the rapid building of wave breakers and ma-
rinas (Almagor et al., 2000; Spanier & Zviely, 2023). Fi-
nally,  the introduction of herbivore alien species such as 
gastropods (e.g., Cerithium spp.) and rabbitfish (e.g., Si-
ganus spp.) (Galil, 2007; Pickholtz 2018), could increase 
grazing pressure (Cebrián et al., 1996; Vizzini, 2009). All 
these may be linked to the absence of C. nodosa along the 
Israeli Mediterranean coast. However, limited sampling 
effort may also have prevented the detection of natural C. 
nodosa meadows. 

Here we report on the surprisingly wide distribution 
of C. nodosa meadows along the exposed Mediterranean 
coastline of Israel. We (1) quantified the habitat affinity of 
this species and mapped its distribution along the Israeli 
coasts, (2) described seasonal patterns of change in oc-
cupancy and depth, and (3) compared the habitat affinity 

in Israel to known populations elsewhere in the Eastern 
Mediterranean. We use this information to discuss rea-
sons for changes in the distribution of this species along 
the Israeli Mediterranean and implications for the future 
distribution in light of the rapid environmental changes 
in this region.

Methods

Underwater surveys 

We conducted systematic surveys over sandy bot-
toms along the Mediterranean coast of Israel. Surveys 
were conducted in six sites along the Israeli coast (from 
north to south): Haifa-Atlit coastline, Dor-Habonim na-
ture reserve, Gdor nature reserve, Poleg coastline, Tel-
Aviv coastline, and Avtech proposed marine reserve (Fig. 
1A). Sampling took place at all sites seasonally from 
December 2021 to June 2023 (winter 2021-2022, spring 
2022, summer 2022, autumn 2022, winter 2022-2023 and 
spring 2023; a total of six surveys at each site). With-
in each site, and within each season, two transects were 

Fig. 1: A) map of the different study sites compared to the entire Mediterranean and along Israel’s Mediterranean coast (inset). 
B) Typical Cymodocea nodosa segment. C) C. nodosa meadow documented in Dor-Habonim nature reserve, Israel. D) An under-
water visual survey using a towboard.
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performed: a deeper transect (15-20 m) followed by a 
shallower transect (10-15 m). We sampled in the same 
area across different seasons, but did not aim to return 
exactly to the same location. Each survey consisted of 
towed-diver visual surveys (Fig. 1D). Towing allowed 
increasing the length of the transect compared to regular 
diving transects (Miller et al., 2009; Ohayon et al., 2023). 
In each run, a pair of SCUBA-divers were towed behind 
a boat using a 70 m rope, about 1-2 m above the bottom. 
The location, distance, and time of each transect were 
determined according to the GPS on the boat. A commu-
nication system (UDI-14 underwater communication sys-
tem) between the boat and the divers was used to deter-
mine the start and end of each transect as well as meadow 
coordinates (Lino et al., 2018). The divers were towed 
long-shore (north-south) for 1 hour at a sailing speed of 
1.5-2.5 knots (depending on the sea condition), providing 
a 1500-4000 m long transect. Divers recorded each min-
ute (one-minute segments) the following information: (1) 
presence/absence of C. nodosa, (2) depth (m), (3) seabed 
characteristics (sand, rock, gravel, or mud), and (4) habi-
tat complexity, estimated on a 5- point scale: 0- no verti-
cal relief; 1- low and sparse relief; 2- low but widespread 
relief; 3- moderately complex; 4- very complex with nu-
merous caves and fissures; and 5- exceptionally complex 
with high coral cover, numerous caves, and overhangs 
(Polunin & Roberts, 1993). We note that the meadow’s 
coordinates are accurate to a 70 m radius range due to the 
length of the rope (i.e., the distance to the boat’s GPS).

To understand how the combination of depth, latitude 
(space), and season (time), affected the C. nodosa distri-
bution, we used general additive models (GAMs) (Ped-
ersen et al., 2019). The response variable was binomial 
with the number of one-minute survey segments with the 
presences of seagrass (number of successes) relative to 
the number of segments with no seagrass (failures) in the 
same transect (i.e., the probability of finding C. nodosa 
meadows). We used depth and latitude as continuous 
predictors and season as a categorical predictor. We used 
Thin-Plate splines smoothers (Wood, 2017) for the con-
tinuous predictors of latitude and depth. We set the knot 
number (k) as 5 for the depth and 3 for latitude.  

Comparison to other Cymodocea nodosa populations  

To compare the habitat affinity from other sites in the 
Eastern Mediterranean to the local affinity in Israel, we 
conducted a systematic literature review. We searched 
the Web of Science Core Collection database (accessed 
01/06/2023-20/07/2023) for the phrase “Cymodocea 
nodosa” and (“Eastern Mediterranean” or “Tunisia” or 
“Libya” or “Egypt” or “Cyprus” or “Israel” or “Leba-
non” or “Syria” or “Turkey” or “Greece”). We only in-
cluded studies that focused on C. nodosa in the Eastern 
Mediterranean (studies that just mentioned C. nodosa or 
studies that focus on the western basin, were excluded). 
The reference lists of each article were also checked and 
added to the database if relevant. Altogether, this liter-
ature review resulted in a total of 80 studies (Table S1- 

available at https://zenodo.org/records/13120938). From 
each study, we extracted the following information: (1) 
Coordinates (in decimal degrees); Each study was given a 
rank varying between 0-3 to represent the accuracy of the 
location:  0 - no location information apart from country 
information, 1 - location at a regional scale (10s of km), 
2 - location at a study site scale (several km), 3 - specif-
ic coordinates of the study site. (2) Sediment type (sand, 
rock, mud, or combination between the categories), (3) 
Minimal and maximal meadow depth (m), and (4) Hab-
itat type (open-shore, bay, semi-enclosed bay, lagoon, 
protected shore). We then compared the depth and habitat 
type between the newly discovered populations on Isra-
el’s coast to those found in the literature review. 

Environmental profile and mapping of the distribution 
of suitable habitats 

We compared the environmental profiles of the newly 
discovered C. nodosa populations along the Israeli Med-
iterranean coast to those based on the occurrences from 
the literature review in the Eastern Mediterranean (east 
of the Strait of Sicily, excluding the Adriatic Sea; Fig. 
S1). We adopted two approaches to compare these data-
sets to ours: simple environmental profile assessments, 
and species distribution models (SDMs). These compar-
isons were aimed at clarifying whether our findings rep-
resent “just” an increased range distribution or do they 
also represent an expansion in the ecological niche of this 
species.

To assess the environmental profile of each popula-
tion, we first extracted the values of four environmental 
variables considered relevant for the survival of the spe-
cies (Pérez & Romero, 1992; Binzer et al., 2005; Tsio-
li et al., 2021) at all occurrence locations. All variables 
considered were obtained from BioORACLE (https://
www.bio-oracle.org), and we selected the values at the 
maximum depth of the variables because we focus on a 
benthic species: (1) mean temperature; (2) mean salinity; 
(3) mean primary productivity; and (4) mean current ve-
locity. We considered including depth as a variable due 
to its importance for marine photosynthetic organisms 
(Dennison, 1987), however, the coarse resolution of the 
available environmental marine data (Turner et al., 2019) 
hindered this possibility. We then compared the distribu-
tion of values for each environmental variable between 
our data and each of the independent datasets using sim-
ple t-tests.

We generated SDMs to map the distribution of suit-
able areas for C. nodosa in the Eastern Mediterranean   
(full methods provided in Supplementary material SI 1). 
All analyses were conducted in two steps: we first con-
sidered only the occurrences from the literature and then 
re-ran the analysis after including the newly found pop-
ulations. The layers used in the SDMs represent the four 
aforementioned environmental variables. We masked the 
study area by depth to exclude several non-realistically 
deep occurrences (Fig. S2). The presence data used in 
the models underwent pre-modeling steps to ensure their 
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quality for the SDMs. We used additional background 
data to run the models (Barbet-Massin et al., 2012; Itur-
bide et al., 2018).

The prediction of suitable areas for C. nodosa was as-
sessed by an ensemble forecasting approach (Araújo & 
New, 2007), which combines results from different algo-
rithms in one consensus model. We generated 25 models 
for each algorithm (GAM, GLM, MARS, DOMAIN, RF 
and BRT), amassing 300 SDMs, 150 considering only 
the occurrences from the literature, and 150 using those 
combined with the presences found in our surveys. We 
evaluated the models according to the area under the re-
ceiver-operator curve (AUC) and the true skill statistics 
(TSS). AUC ranges from 0 to 1, and values ≥ 0.7 are 
considered robust predictions (Swets, 1988; Lobo et al., 
2008). TSS ranges from -1 to 1, with values ≥ 0.5 indi-
cating useful predictions (Zhang et al., 2015). We com-
bined the models with TSS ≥ 0.5 in the ensemble forecast 
models. Finally, we verified whether the occurrence re-
cords from each dataset could be predicted correctly by 
the corresponding final model. We considered the models 
to predict correctly when more than half the successful 
models indicated suitability. 

Results

Occurrence of Cymodocea nodosa across space and 
time along the Israeli coast

Altogether, 56 transects were performed, covering a 
total length of 120 km. We found C. nodosa to be sur-
prisingly common (Fig. 2A). Cymodocea nodosa was 
documented in multiple locations along the Israeli coast; 
the northernmost point in which we saw plants was in 
front of Haifa-Atlit coastline (34.94412° N, 32.75678° E) 
and the southernmost was in front of Tel Aviv (34.57189° 
N, 31.72122° E). We found a higher probability of oc-
currence (occupancy) in the northern sites with 30% of 
all one-minute transect segments containing seagrass, 
compared with 1% of all one-minute transect segments 
containing seagrass in the more southern sites such as in 
Tel-Aviv and Poleg (Fig. 2A). However, no C. nodosa 
was found in the southern Israeli coastline (i.e., south 
of Tel Aviv). All observed C. nodosa were documented 
growing in exposed habitats, only on sandy bottoms at 
a depth range of 8.5-21m (a median of 14 m). In terms 
of seasonality, the highest probability of occurrence was 
found in the summer 22% (June-August) followed by the 
autumn 19% (September-November), winter 10% (De-
cember-February), and lastly spring 5% (March-May; 
Fig. 2B). 

The GAMs confirmed the single response analyses 
and showed that depth had a strong effect on the distri-
bution of C. nodosa, with peak occurrences at 14-15 m 
deep (Fig. 2C) (P-value: < 0.001; Table S2). The model 
also supported a latitudinal change in the distribution of 
the seagrass (P-value: < 0.001) with higher occurrences 
in higher latitudes (Fig. 2D).

Comparison to other populations 

We extracted data from 80 studies (Table S1) that 
documented C. nodosa growing in 134 Eastern Mediter-
ranean sites. This data (Table S1) was compared to 292 
1-minute sections where we documented C. nodosa in 
the Israeli Mediterranean. For depth (Fig. 3C), we found 
that in documented sites in the Eastern Mediterranean, 
the median minimum depth was 1.2 m and a maximum 
of 4 m. This is significantly shallower than the depth pro-
files found for the Israeli populations, which was found 
to be deeper at 14 m (p < 2.2e-16, t-test). In terms of 
habitat type (Fig. 3B), in Israel we documented the pres-
ence of C. nodosa only in open shore habitats, compared 
with populations in the rest of the Eastern Mediterranean 
where C. nodosa was documented almost exclusively in 
sheltered habitats, with only one observation from open 
shore habitat (0.7% from the observations).    

Analysis of habitat characteristics found that popula-
tions discovered along the Israeli coast had a different en-
vironmental profile from those present in other portions of 
the Eastern Mediterranean. Although the primary produc-
tivity values in Israel were nested within the values found 
elsewhere, all other three variables analyzed (means of 
temperature, salinity, and current velocity) showed sig-
nificantly higher values in the Israeli sites compared with 
other populations of the Eastern Mediterranean (p-value 
< 0.01 for all predictors; t-test, Fig. 4B). 

Species Distribution Models

The selected species distribution models were consid-
ered good by both evaluation metrics (mean AUC > 0.8; 
mean TSS > 0.6 - Table S3). The final ensemble model 
produced with data from the literature succeeded in cor-
rectly predicting circa 86% of the occurrence data, while 
it failed to predict all occurrences collected in our sur-
vey (Fig. 4C). Conversely, the ensemble model produced 
with the combined literature and survey data successfully 
predicted circa 83% of the whole dataset, and more than 
99% of the presence data collected in our survey (Fig. 
4D).

The ensemble forecast based solely on data compiled 
from the literature predicts very low suitability for C. no-
dosa along the coast of Israel, indicating the coasts of 
the Aegean Sea and the regions near Tunisia as the most 
suitable for the species’ occurrence (Fig. 4A). The final 
model including the occurrences from our survey pre-
dicts higher suitability in all the Levantine coastline and 
Northern Egypt, with a moderated decrease in the suita-
bility forecasts for the Aegean Sea, and a steep decrease 
for the Tunisian coastal region (Fig. 4B).

Discussion

While there have been several reports of C. nodosa 
growing on the Eastern Mediterranean coast, including 
Lebanon (Sghaier et al., 2014), Egypt (El-Din & El-Sher-
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if, 2013), Turkey (Mutlu et al., 2022) and Cyprus (Kon-
stantinidis et al., 2022), the distribution of seagrasses in 
Israel’s Mediterranean coast has been a mystery. Both 
Beer et al. (1998) and Lipkin et al. (2003) mentioned the 
existence of C. nodosa in at least three sites along the 
Israeli Mediterranean shore; there have been no other re-
cords/sightings of any seagrasses in the region ever since. 

The presence of C. nodosa in our surveys is wide-
spread, and in some transects, it was documented grow-
ing along more than 3 km (Fig. 2A). The speed of towing 
the divers prevented us from accurately estimating C. no-
dosa’s percent of cover along the transects we surveyed. 

However, it is clear that the density of C. nodosa mead-
ows in this part of the Eastern Mediterranean are relative-
ly low (we estimate the shoots to be ~20 cm apart; Fig. 
1C) and that this Israeli population does not form dense 
meadows as known in other regions. This indicates that 
while C. nodosa is widespread along Israel’s northern 
coastline these populations are in suboptimal conditions, 
although we could not directly compare these to other 
deeper meadows. 

The habitat of C. nodosa in Israel was also unusual as 
it was restricted to exposed shores, compared to bays, la-
goons, and protected habitats in other eastern basin pop-

Fig. 2: Survey results: A) Average occurrence (the number of one-minute survey segments with the presences of seagrass (number 
of successes) relative to the number of segments with no seagrass (failures) in the same transect) of Cymodocea nodosa in each 
one of the six sampling sites (ordered from south to north). B) Average occurrence per season. Error bars in A-B represent standard 
error. C) Relationship between the presence of seagrass meadows and latitude (C) and depth (D). The predictions are partial associ-
ations based on GAMs with depth, latitude, and season as predictors. Solid line - mean prediction. The shaded area represents 95% 
confidence intervals. the number of one-minute survey segments with the presences of seagrass (number of successes) relative to 
the number of segments with no seagrass (failures) in the same transect (i.e., the probability of occurrence C. nodosa meadows).



505Mediterr. Mar. Sci., 25/2, 2024, 500-510

ulations (Fig. 3B). The relatively deep habitat in which 
this species is presently found in the Israeli Mediterra-
nean and the relatively large distance from the shore-
line (>1km), may have limited the ability to detect these 
unique populations in the past. 

In addition, we found differences in the condition of 
the C. nodosa meadows during different seasons (Fig. 
2B), with a peak of occurrence in the summer followed 
by a reduction in the occurrence, and apparent vitality, 
in other seasons. In the literature peak occurrence was 
documented mostly in the spring (Tuya, 2006; Pérez & 
Romero, 1992, but see also peaks in summer, Orfanidis 
et al., 2010). Perhaps this difference is an indirect conse-
quence of the deeper distribution of this species in Israel. 
Our analyses comparing the environmental profile and 
the realized niches of C. nodosa between the previously 

known populations to the occurrences found in our sur-
veys showed that the expansion of the known geographi-
cal range of the species also indicates an expansion of the 
niches associated so far with C. nodosa. The inability of 
the SDMs produced with the occurrences obtained from 
the literature to predict the species’ presence along the 
Israeli coast supports our assumption that those popula-
tions realize a different niche (Booth, 2017). Thus, this 
species seems to be able to survive in conditions that are 
much harsher than those that could have been deduced 
only from it known distribution. Yet, these results are 
in agreement with lab experiments that showed that this 
species is capable of surviving under a wide range of en-
vironmental conditions (Koch, 1994; Tsioli et al., 2021). 

The differences in habitat and depth of the Israeli C. 
nodosa population from other Eastern Mediterranean 

Fig. 3: Comparing characteristics of Cymodocea nodosa populations documented in this study with known populations from 
the Eastern Mediterranean. A) Map of the known (published) C. nodosa sites in the Eastern Mediterranean (listed in Table S1). 
Comparisons of B) Habitat type (bay, lagoon, open shore, protected shore or semi-enclosed bay) of C. nodosa populations docu-
mented in this study and known populations from the Eastern Mediterranean where the meadows were found in Israel and in the 
Eastern Mediterranean literature review. C) The depth in Israel (n = 292) compared to the minimum and maximum depth that was 
extracted from the literature (n = 134). D) Environmental profile of Israel meadows (n = 292) compared to other portions of the 
Eastern Mediterranean (n = 134). Within each box (in C and D), horizontal black lines denote median values; boxes extend from 
the 25th to the 75th percentile of each group’s distribution of values; vertical extending lines denote adjacent values within the 1.5 
interquartile range of the 25th and 75th percentile of each group.
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populations may be associated with several processes. 
First, this species may have always been present at deep-
er depths in Israel. This could be due to the exposed na-
ture of the Israeli coastline, with a lack of sheltered bays, 
which might have pushed this species into deeper habitats 
that are less exposed to high wave activity (Fakiris et al., 
2023; Chefaoui et al., 2016). However, we could not find 
C. nodosa even in seemingly preferred protected habitats 
in shallower depths. 

Alternatively, this species may have been once wide-
spread and declined in abundance, being pushed into 
deeper waters and exposed habitats. For example, the 
currently warm water temperatures in Israel may have 
pushed C. nodosa into deeper waters, as has been docu-
mented for fish and invertebrates (Chaikin et al., 2022). 
If this is the case, it is possible that the ongoing rapid 
warming of the local waters (Ozer et al., 2017; Ozer et 
al., 2022) may eventually cause the extirpation of the 
newly discovered populations. However, we note that in 
lab conditions this species tolerates temperatures of up to 

34-35 oC (Tsioli et al. 2019). The rapid building of wave 
breakers and marinas (Almagor et al., 2000; Spanier & 
Zviely, 2022) might have also limited the presence of 
this species in shallow waters. Finally, herbivorous rab-
bitfish (Siganus spp.), which were introduced from the 
Red Sea, are very abundant in the shallow waters of the 
Israeli coast and cause severe overgrazing (Cebrián et al., 
1996; Sala et al., 2011; Vergés et al., 2014; Yeruham et 
al., 2020) possibly preventing the growth of C. nodosa in 
the shallow parts of the coastline. These shallow areas of 
the coastline are now protected by wave breakers. How-
ever, these wave breakers have been observed to be the 
preferred habitat of these invasive, meaning that grazing 
pressure near these shallow shelters is particularly high.

Cymodocea nodosa occurs more in the northern sites 
in Israel, with no occurrences south of Tel Aviv. This 
could be related to commercial fisheries, since trawl fish-
ing can cause degradation of seagrass meadows (Nord-
lund et al., 2017). In 2016, trawl fishing in Israeli waters 
was restricted, including a prohibition of fishing north of 

Fig. 4: Distribution of environmentally suitable conditions for the occurrence of C. nodosa in the Eastern Mediterranean Basin. 
The maps show ensemble forecast predictions, calculated by the percentage of selected models (TSS ≥ 0.5) predicting environ-
mental suitability for the species at the pixel level in the study area. A) ensemble forecast based solely on data compiled from 
the literature. B) ensemble forecast based on all occurrence data available for the Eastern Mediterranean Basin (literature and the 
populations from this study).
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the Dor-Habonim line (at all depths). The limited activity 
of trawl fishing boats in the north may partially explain 
the higher C. nodosa abundance. However, we note that 
most trawl fishing activities take place in deeper depth 
(>30m; Edelist et al., 2013; van Rijn et al., 2020; Chaikin 
& Belmaker, 2023) especially since the 2016 regulation 
and hence this is unlikely to affect the observed popula-
tions directly. Alternatively, southern sites are known to 
be more turbid, and this species may suffer as a result 
(Najdek et al., 2020). Finally, the southern sites are gen-
erally closer to developed urban areas and may be more 
exposed to stressors such as pollution, runoff, and light 
pollution (Todd et al., 2019). 

Regardless of the underlying reasons for the unique 
distribution of C. nodosa in Israel, the findings described 
in this study hold both local and regional conservation im-
plications. In terms of local implications, the widespread 
occurrences of the meadows in Israel, with some specific 
meadows stretching longer than 3 km, may have impor-
tant contributions to local biodiversity. These meadows 
are also likely to contribute to carbon sequestration to 
local sediments (Maxwell et al., 2017). Findings of wide-
spread C. nodosa meadows in unusually deep depths and 
exposed habitats highlights the need for conserving also 
soft-bottom habitats that are frequently overlooked in lo-
cal conservation planning.

However, finding these meadows has also important 
regional conservation implications. The Mediterranean is 
a hotspot for climate change, going through a rapid trop-
icalization process (becoming warmer and saltier), with 
the Eastern Mediterranean characterized by the most 
extreme conditions (Millot et al., 2006; Schröder et al., 
2006). Recent work by Beca-Carretero et al. (2024) pre-
dicted that C. nodosa growing in the Eastern Mediterra-
nean will not be able to survive warming temperatures 
and its current distribution in the Mediterranean will be 
reduced.  Previous studies have found significant genetic 
variation among C. nodosa populations (Alberto et al., 
2008; Masucci et al., 2012, Konstantinidis et al., 2022). 
Similarly, genetic studies on the newly found populations 
thriving under conditions that are so different from those 
documented before may unveil new genetic variations. 
Thus, these newly found populations may be a “treasure 
chest” in terms of their potential adaptation to the local 
warming conditions, providing future restoraerm moni-
toring of C. nodosa providing future restoration projects 
with seagrasses that will survive the harsh conditions pre-
dicted for the region. Long-term monitoring of C. nodo-
sa distributions is needed to assess its conservation risk 
and understand the driver of this distribution change over 
time.
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Supplementary Data

The following supplementary information is available online for the article:
1. Detailed SDM methods.
Table S2. GAM results. The binomial response variable was the presence of seagrass meadows in a transect (number of successes) 
relative to the number of absences of the meadows (failures). Depth, latitude and season were used as predictors. 
Table S3. SDM results for the models built based solely on data extracted from the literature (B), and for those including the data 
collected in our surveys (B). Each table shows the number of selected models according to the criterion of yielding TSS ≥ 0.5, 
and the means
Fig. S1: Mediterranean Sea. The darker shade of blue represents the study area adopted in this work - the Eastern Mediterranean 
Basin. The lighter shade represents the areas that were excluded from our study, namely the portions of the Mediterranean Sea 
located East to the Strait of Sicily, and the Adriatic Sea.
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Fig. S2: Eastern Mediterranean Basin. The darkest shade of blue represents the study area masked by depth, adopted for the SDMs 
- the cells within the Eastern Mediterranean Basin where the maximum depth was within the 95th quantile of occurrences records. 
The intermediate shade of blue represents the cells within the study area that were excluded by the depth criterion. The lightest 
shade represents the aforementioned areas that were excluded from our study.
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