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Abstract: Ulva lactuca is a species that is widely distributed in coastal environments,
having been recognized for its role as a primary producer, bioindicator, and source
of bioactive compounds, as well as been known for its applications in the food,
pharmaceutical and bioremediation industries. This study evaluated the effects of
hypersaline stress on cultured specimens of U. lactuca exposed to three salinity levels
(35, 45, and 55 PSU) for 48 hours under controlled laboratory conditions. The following
parameters were analyzed: biomass, growth rate, water nutrients, effective quantum
yield of photosystem 11 (YIl), chlorophylls a and b, carotenoids, carbon and nitrogen
contents, and the CN ratio. Results indicated that high salinity (55 PSU) significantly
reduced biomass, growth rate, and nutrient assimilation. Although photosynthetic
performance (YII) and pigment levels did not vary significantly, the C:N ratio increased
to 1171 under this treatment, suggesting changes in the physiological status of the
alga. Despite these alterations, U. lactuca remained physiologically active, indicating
compensatory mechanisms in response to short-term hypersaline stress. These findings
highlight the species’ resilience and its relevance as a model in studies of tolerance to
environmental variation.

Key words: seaweed, Ecophysiological responses, Short-term, Increased salinity,
Cosmopolitan.

Salinity is one of the main environmental factors
regulating the distribution and species richness
in marine ecosystems. This physicochemical
parameter directly influences the physiology,
growth,and composition of benthiccommunities,
particularly affecting sensitive organisms such
as green algae (Xiao et al. 2016). Among them,
the genus Ulva Linnaeus stands out due to
its wide distribution and high environmental
tolerance, occurring predominantly in tropical
and subtropical oceans, and comprising more
than 407 species (Rybak 2018, Guiry & Guiry
2025).

Environmental changes have significantly
impacted marine ecosystems on a large scale
(Rothig et al. 2023), having thus led to a growing
interestinstudiesinvestigatingthe effects ofhigh
salinity levels on the biodiversity of marine and
coastal environments (Cunha & Costa 2002, Choi
et al. 2010, Costa et al. 2017). Conditions such as
elevated temperatures, high evaporation rates,
and limited renewal of ocean waters contribute
to increased salinity, subjecting organisms to
physiological, metabolic, and photosynthetic
stress, with consequent ecological and
functional impacts (Bell et al. 2019).
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Species of the genus Ulva Linnaeus exhibit a
wide geographic distribution and a high capacity
to colonize environments with different levels of
anthropogenic impact, characteristics that have
resulted in their ample use as environmental
bioindicators, as they respond rapidly to
environmental variations through accelerated
growth and high efficiency in nitrogen uptake
(Barr et al. 2020). In addition, they are capable to
assimilate trace elements and dissolved metals
associated with environmental contamination
(Bonanno et al. 2020), which also confers them
an important role as biomonitors (Rainbow
1995).

The genus Ulva is widely recognized for its
remarkable ability to tolerate broad variations
in salinity levels and is therefore classified as
euryhaline. This adaptive capacity allows some
species to thrive in freshwater environments,
such as Ulva flexuosa Wulfen, which is frequently
observed forming extensive mats on the water
surface (Rybak 2018). This physiological plasticity
gives these species an important role as model
organisms in investigations of tolerance and
adaptationto extreme environmental conditions,
especially in the context of climate change and
increasing anthropogenic pressures in coastal
zones (Simon et al. 2022). In addition to its broad
distribution and environmental adaptability,
this genus is notable for its high carbohydrate
content and the presence of bioactive
compounds with promising properties. These
attributes have resulted in a growing interest
in Ulva as a resource in research in the medical,
industrial, and environmental fields (Ahmed et
al. 2017, Rybak 2018, Binhweel et al. 2023, Putra
et al. 2024). Among the species of this genus,
Ulva lactuca Linnaeus stands out, having been
widely studied not only for its morphological
plasticity and bioactive potential but also for its
application in bioremediation processes, having
demonstrated efficiency in the absorption of
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nitrogen and phosphate compounds (Simon et
al. 2022, Bews et al. 2021).

Bearing the above in mind, it is easy
to perceive how the understanding of the
responses of Ulva lactuca to salinity variation
is essential for predicting the impacts of
climate change and anthropogenic activities
on coastal ecosystems, specially as regards
the consequences for ecological interactions
involving primary producers (Resende et al.
2025). The investigation into how U. lactuca
responds to different salinity levels is therefore
fundamental for understanding its adaptive
mechanisms, environmental resilience, and
potential use in bioindication and marine
biotechnology practices.

This short-term experimental study aims to
deepentheunderstandingoftheecophysiological
responses of Ulva lactuca to salt stress by
evaluating parameters such as biomass, growth
rate, photosynthetic performance, chlorophyll
a and b, carotenoid content, and carbon and
nitrogen composition. The understanding of
these mechanisms represents an important
step toward advancing knowledge on macroalgal
adaptation to environmental variation and
supports the development of biotechnological
applications in the face of ecological changes
affecting coastal and estuarine areas.

MATERIALS AND METHODS

Collection and culture conditions of Ulva lac-
tuca

The macroalga Ulva lactuca Linnaeus was
manually collected at Praia Vermelha, located
in the Urca district, Rio de Janeiro, Brazil
(22°57'22.46"S, 43°09'51.04"W). After collection,
the specimens were placed in seawater from
the sampling site and transported to the
Multiuser Unit for Environmental Analyses
at the Federal University of Rio de Janeiro
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(UFRJ). In the laboratory, the specimens were
identified to the species level following the
taxonomic descriptions of Carneiro et al. (2023)
(Fig. ST - Supplementary Material) (Appendix I).
Subsequently, the thalliwere rinsed with distilled
water and filtered seawater (0.7 um porosity,
GF/F filters, Whatman). After this process, the
seawater was sterilized by ultraviolet (UV)
irradiation for 20 minutes. The specimens were
identified and deposited in the Herbarium Prof.
Jorge Pedro Pereira Carauta (HUNI) at the Federal
University of the State of Rio de Janeiro (UNIRIO)
as Ulva lactuca Linnaeus under voucher number
HUNI 8054 (Fig. S3).

After cleaning, a preliminary laboratory
culture was established to obtain sufficient
biomass for subsequent experiments. The
macroalgae were maintained in transparent
10-L aquaria with continuous aeration under
controlled conditions of salinity (36 PSU),
temperature (20 °C), irradiance (60 pmol
photons m-2s7"), and a 12 h light / 12 h dark
photoperiod. The mean concentrations of NH,*,
NO5~, NO,7, and PO~ in the seawater used prior
to supplementation were 3.59, 015, 0.88, and 0.61
UM L7, respectively. Nutrient concentrations in
the seawater were determined following Baird
et al. (2017) and Aminot & Chaussepied (1983).
The von Stosch enrichment solution, prepared
as described by Edwards (1970), was used as a
nutritional supplement (VSES/2). The aquarium
water was renewed every seven days to ensure
medium stability and to maintain specimen
health until the start of the experimental assays.
These culture conditions are widely recognized
for promoting high growth rates in different Ulva
species (Kim et al. 2010, 2021, Oliveira et al. 2016,
2019).
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Preparation of artificial seawater at different
salinities

The artificial seawater used in the experiment
was prepared in the laboratory using ultrapure
water (Milli-Q®) and marine salt (OceanTech®).
For each treatment, 1 L of ultrapure water
was used, to which salt was added in specific
amounts to reach the experimental salinities of
35, 45, and 55 PSU. Solution preparation followed
a baseline proportion of 38.2 g of salt per liter of
ultrapure water for the standard salinity of 35
PSU. Based on this proportion, the salt quantity
was adjusted to obtain the other salinities,
ensuring consistency across replicates. Each
salinity level was prepared in triplicate, totaling
three flasks per treatment. The solutions were
homogenized, and final salinity was verified
using a refractometer to ensure accuracy of the
target values.

Subsequently, Von Stosch culture medium
was added at 50% strength, ata ratio of 4 mL L™".
After further homogenization, the Erlenmeyer
flasks containing the prepared solutions were
exposed to ultraviolet (UV) radiation in a
chamber for 15 minutes to eliminate potential
microorganisms present in the water. The
culture chamber was maintained at a constant
temperature of 24 °Cthroughout the experiment.

Thedefinition ofthe controltemperature and
salinity was based on sea surface temperature
and salinity records for the southeastern coast of
Brazil, obtained from the Bio-ORACLE database
(version 3). For this purpose, the environmental
layer corresponding to the current mean of both
variables was cropped in R software (version
4.3.2) by applying a buffer measuring 51 km in
width and 1,500 km in length. Map preparation
and editing were performed in QGIS Desktop
3.32.3 (Fig. S2). The treatments at 45 and 55 PSU
were defined based on monitoring data reported
by Silva et al. (2021) and Schuindt et al. (2018) for
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high-salinity beaches along the coast of Rio de
Janeiro State.

Experimental assay

After acclimation, 5 g of U. lactuca thalli were
placed into Erlenmeyer flasks containing 1 L of
artificial seawater for each salinity treatment (35,
45, and 55 PSU). Each treatment was performed
in triplicate. Samples of algal biomass and water
were collected at the beginning (time zero) and
at the end of the experiment (48 hours) and
were properly stored for subsequent laboratory
analyses.

Nutrient analyses

Water samples were collected in triplicate (60
mL from each treatment) at the beginning
and end of the experiment. Subsequently,
ammonium (NH,*), nitrite (NO,"), nitrate (NO;),
and phosphate (PO,3") concentrations were
analyzed following the methodologies of Baird
et al. (2017) and Aminot & Chaussepied (1983).

Growth rate

Biomass variation of U. lactuca was assessed
daily throughout the experiment based on the
dry weight of the thalli. Prior to weighing, excess
water was removed using a manual centrifuge
and absorbent paper. The Specific Growth
Rate (SGR) was calculated using the following
formula:

SGR = [(M,/M,) "1/t - 1] *100,

where M, is the initial fresh weight at the
start of the experiment, Mt is the fresh weight
attime t, and t is the time interval in days (Yong
et al. 2013).

Effective quantum yield of photosystem 11 (YII)

The effective quantum vyield of photosystem Il
(YNl) was measured daily using developed thalli
of U. lactucawith a submersible pulse-amplitude
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modulated fluorometer (Diving-PAM, Walz,
Effeltrich, Germany). The effective quantum
yield of PSIl was determined according to the
equation:

Yoy = (F -F)/F

m

where F “ is the maximum fluorescence
under a saturating light pulse (actinic light pulse
of 1644 pmol photons m-2 s7%; 0.8 s duration),
and F_Ftis the steady-state fluorescence of the
light-acclimated macroalga (Genty et al. 1989,
Kromkamp & Forster 2003). Considering potential
physiological differences along the thallus (Han
et al. 2010), fluorescence was measured in the
central region of the thalli.

Chlorophyll a, b and carotenoid analyses

For the analysis of photosynthetic pigments,
samples of approximately (~0.1 g) of U. lactuca
biomasswere used and subsequently lyophilized
for 72 hours (Liobras - model L108). After
drying, the material was ground and subjected
to extraction with 5 mL of 90% acetone. All
procedures were conducted in the dark to
prevent pigment degradation. After 24 hours of
extraction, the samples were centrifuged in a
refrigerated centrifuge at 3.000 rpm and 4 °C for
15 minutes. The supernatant was then analyzed
in a spectrophotometer (Hach Company -
model DR60000), with absorbance readings
at wavelengths of 480, 630, 647, 664, and 750
nm. Pigment concentrations were calculated
following the equations and wavelengths
proposed by Strickland & Parsons (1972) and
Jeffrey & Humphrey (1975), modified by Aminot
& Chaussepied (1983), and expressed in pg g°
dry weight:

Chlorophyll a = (11.85 x A662 — 1.54 x A647 —
0.08 x A630) x V (acetone volume) / V (algal
biomass),
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Chlorophyll b= (-5.43 x A662 + 21.03 x A647 —
2.66 x A630) x V (acetone volume) / V (algal
biomass),

Carotenoids = 4.0 x A480.

Carbon:Nitrogen ratio analysis

For the determination of the C:N ratio, U. lactuca
samples were initially oven-dried at 50 °C for
96 hours. The samples were then manually
ground using a porcelain mortar and pestle. A
0.3 mg portion of the biomass was placed in tin
capsules and analyzed using a CHNS Elemental
Analyzer (Flash 2000 - Elemental Analyzer
Organic with Delta V Advantage - Thermo
Scientific), previously calibrated with acetanilide
(reference standard).

Statistical analyses

Data normality was assessed using the Shapiro-
Wilk test, and homogeneity of variances was
verified using Levene's test. When these
assumptions were met, the data were subjected
to one-way or two-way analysis of variance
(ANOVA), depending on the variable analyzed.
For two-factor models, both main effects and
interactions were evaluated. When statistically
significant differences were detected (p < 0.05),
Tukey’'s multiple comparison test was applied
to identify distinct groups. All analyses were
performed using R Studio software (version
2024121, Build 563).
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RESULTS
Nutrient analyses

The results for ammonium (NH,*) indicated a
marked reduction in final concentrations across
all treatments: 35 PSU (96.99%), 45 PSU (98.52%),
and even under high salinity conditions at 55
PSU (84.87%) (Table 1). In contrast, nitrite (NO,")
concentrations remained stable across the three
treatments, showing minimal variation. Nitrate
(NO5) exhibited a sharp decrease at all salinity
levels 35 PSU (99.05%), 45 PSU (99.70%), and
55 PSU (99.30%) demonstrating a high uptake
rate by the alga. Similarly, phosphate (PO,2")
also showed a pronounced reduction in final
concentrations, indicating strong absorption in
all treatments: 35 PSU (94.01%), 45 PSU (93.78%),
and 55 PSU (88.76%).

Biomass and growth rate

Throughout the experiment, U. lactuca showed
an increase in biomass (Fig. 1), with the highest
growth rates observed in the 35 PSU (2.62 +
0.07% day~") and 45 PSU (210 + 017% day~")
treatments. However, under the highest salinity
(55 PSU), a reduction was observed, as indicated
by a negative growth rate (-1.70 + 0.51% day~").
Analysis of variance revealed that salinity had a
significant effect on growth (ANOVA: F = 174.3; P <
0.001) and consequently on biomass (ANOVA: F =
10.578; P < 0.001). No significant interaction with
experimental time was detected, indicating that
variations were mainly attributed to the isolated

Table I. Mean concentrations (+ standard deviation) of ammonium (NH,*), nitrite (NO,"), nitrate (NO;"), and
phosphate (P0O,2-) at the beginning and end of the experiment with Ulva lactuca under different salinity levels (35,

45, and 55 PSU). Values are expressed in pM.

Treatments Ammonium (uM) Nitrite (uM) Nitrate (uMm) Phosphate (uM)
Initial End Initial Initial End Initial End
35 PSU 12.65+2.75 0.38+0.14 0.06+0.01 0.05+0.02 | 103.24£1.99 | 0.98+0.59 | 28.25+£10.04  1.69+0.41
45 PSU 17.00+218 0.25+0.16 0.08+0.01 0.08+0.04 | 103.59+0.69 = 0.31+0.06 @ 32.66+8.66 2.03+0.43
55 PSU 24.92+0.51 3.77+0.40 010+0.00 017+0.08 | 103.90+1.36 = 0.72+0.59 16.55+1.36 1.86+1.00
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effect of salinity. These results demonstrate
that U. lactuca is sensitive to elevated salinities,
exhibiting reduced growth and biomass under
such conditions.

Effective quantum yield of photosystem II (Y1I)

During the experiment, the effective quantum
yield (YIl) did not show statistically significant
differences among treatments (p > 0.05),
indicating that salinity and exposure time did not
significantly affect the photosynthetic efficiency
of the alga (Fig. 2). Stability was observed in the
photosynthetic parameters under the imposed
conditions, suggesting no significant variations
in response to short-term salt stress.

Tissue analysis of U. lactuca

Chlorophyll @, b, and carotenoid levels did not
show significant differences (p > 0.05) between
the initial and final time points, although
subtle variations were observed. Chlorophyll a
increased in the 35, 45, and 55 PSU treatments,
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with rises of 14.5%, 43.9%, and 9.6%, respectively
(Fig. 3a). Chlorophyll b also increased at 35
and 45 PSU, with values of 13.4% and 31.5%,
respectively; however, a 15.1% decrease was
observed at 55 PSU (Fig. 3b). Carotenoid levels
remained relatively stable, with slight variations
over the course of the experiment. Increases
of 111% and 7.4% were recorded at 35 and 45
PSU, respectively, while a 14.8% decrease was
observed at 55 PSU (Fig. 3¢).

The individual concentrations of carbon
and nitrogen in U. lactuca tissues did not
show significant differences among treatments
(p > 0.05). However, a 2.7% increase in carbon
concentration was observed only in the 35 PSU
treatment. In contrast, reductions of 8% and 6.5%
were recorded in the 45 and 55 PSU treatments,
respectively (Fig. 4a). The C:N ratio, however, was
significantly affected by time (ANOVA: F = 11.055;
p = 0.006), a decrease having been shown across
all treatments.

Figure 1. Variation in Ulva

30 lactuca biomass over
three days under different

25 salinity levels and specific
growth rates (SGR) under

20 varying salinities. Columns

are means and error

bars represent standard
deviation based on three
replicates (n = 3). Uppercase
letters: comparison among
salinities; Lowercase
letters: temporal
comparison at 35 PSU;
Lowercase italics: temporal
comparison at 45 PSU;

g Lowercase bold: temporal
comparison at 55 PSU;
Uppercase bold italics:
growth rate comparison
among salinities.

0.5
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DISCUSSION

The results of this study highlight the importance
of investigating the rapid ecophysiological
responses of Ulva lactuca to salt stress, thus
contributing toward filling knowledge gaps
regardingitsadaptabilityto coastalenvironments
subject to climate change and anthropogenic
pressures. This short-term experimental
approach provides valuable evidence on
physiological mechanisms that support the
tolerance of the species, strengthening its role as
environmental bioindicator. The understanding
of such responses also allows for the prevention
of impacts on superior trophic levels and on
essential ecosystemic processes. A deeper
understanding of this topic broadens the basis
for the sustainable management of coastal and
estuarine areas and is fundamental for applied
research focusing on the mitigation of adverse
effects on marine ecosystems.

The results of this study have shown
that Ulva lactuca exhibits a high capacity for
absorbing dissolved nutrients, particularly
ammonium (NH,*), nitrate (NO;"), and phosphate
(PO,2"), with sharp declines observed across all

m45PSU O55PSU
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Figure 2. Variation in
effective quantum

yield (Y,) over three
experimental days under
different salinity levels.
Columns are means and
error bars represent
standard deviation based
on three replicates (n =
3).

treatments (Table I). This reduction suggests
that the alga retains assimilation potential even
under high salinity conditions. The uptake of
nitrate and ammonium may influence growth
(Ale et al. 2010). In eutrophic environments,
the absorption of these compounds can
contribute to increased algal biomass (Bews
et al. 2021). These results are consistent with
studies conducted on Ulva ohnoi Hiraoka & S.
Shimada in commercial cultivation systems,
where ammonium was rapidly consumed after
fertilization, having been completely removed
from the water within a few hours (Revilla-
Lovano et al. 2021).

However, increased salinity resulted
in a reduction in the biomass and growth
rate of U. lactuca, indicating the occurrence
of physiological stress under hypersaline
conditions. This biomass decline may directly
affect the nutritional value of the alga, impacting
the concentration of proteins, polysaccharides,
lipids, and minerals (Simon et al. 2022). On the
other hand, the effective quantum yield of U.
lactuca remained stable across the different
salinity treatments, corroborating the results
of Bews et al. (2021), who, when testing various
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salinities and nutrient concentrations over a
10-day experiment, observed a similar pattern
in Ulva fasciata Delile, currently considered
a synonym of U. lactuca (Guiry & Guiry 2025).
Conversely, in the study by Xia et al. (2004), the
effects of salt stress on photosystem Il of Ulva
lactuca were observed in a short-term (12-hour)
experiment, in which higher salinities led to a
significant reduction in photosystem Il efficiency.

The absence of significant variations in
quantum vyield, combined with the growth
observed, suggests that the alga may have

ECOPHYSIOLOGY OF Ulva lactuca UNDER SALINITY

Figure 3. Mean concentrations
of a) chlorophyll a, b)
chlorophyll b, and c) total
carotenoids (pg g* dry
weight) in Ulva lactuca under
different salinity levels (35,
45, and 55 PSU). Columns and
rows represent mean values,
and error bars indicate
standard deviation (n = 3).

55 PSU
Solid columns correspond
to final values (Final), and
dashed lines indicate initial
values (Initial).
55 PSU
55 PSU

prioritized energy allocation toward biomass
production, maintaining photosynthetic activity
at stable levels as a possible compeNInsatory
mechanism under salt stress (Ji et al. 2016).
Therefore, under hypertonic conditions, algal
cells may adjust their internal osmotic pressure
through the active pumping of ions across
cellular membranes, serving as a compensation
mechanism against salt stress (Lartigue et al.
2003). In this context, the stability of chlorophyll
a, chlorophyll b, and carotenoid concentrations
across the different salinity treatments supports
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Figure 4. Mean contents of
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the hypothesis that Ulva lactuca preserved its
photosynthetic capacity even under adverse
conditions. This outcome reinforces the species’
physiological resilience, previously attributed
to its euryhaline nature, and may indicate
compensatory mechanisms that allow for
maintenance of photosynthetic efficiency in
hypersaline environments (Eismann et al. 2020).
Considering that salinity fluctuations directly
affect Ulva growth, previous studies have also
corroborated these effects.

Complementarily, the C:N ratio remained
stable (10:1) in the 35 and 45 PSU treatments,
however, in the 55 PSU treatment, the ratio
increased to 11:1, indicating greater carbon
assimilation by the algal cells. This variation may
reflect changes in the organism’s physiological
state (Lee & Kang 2020). Moreover, high salinity
can affect nutrient uptake (Choi et al. 2010), as
observed in the lower ammonium assimilation
compared to the other treatments. Even so,
Ulva lactuca demonstrated the ability to
absorb nutrients under hypersaline conditions,
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remaining physiologically healthy and capable
of adapting or compensating its metabolism
whether through the production of chlorophyll
a (Fig. 3a), the assimilation of nitrogen (Fig. 4b),
which is essential for photosynthesis as it is
involved in the synthesis of pigments, enzymes,
and proteins (Resende et al. 2025), or even
through biomass increase (Fig. 1), since the
genus is known for its high nitrogen uptake rate
to sustain growth (Figueira et al. 2023). Another
factor to consider is the short duration of the
experiment (48 hours), which may have limited
the physiological response of the alga. The
intensity of the disturbance, combined with the
brief exposure period, likely did not allow for
adequate acclimation to the new environment.
Longer-term cultivation studies, such as that
of Choi et al. (2010), showed that after two
months of cultivation, the effects of salinity on
Ulva australis Areschoug were less detrimental,
suggesting that the duration of the experiment
directly influences the genus’s adaptive capacity.

This physiological flexibility observed in U.
lactuca under hypersaline conditions highlights
the genus’s remarkable capacity for acclimation
to salinity fluctuations. Similarly, However, Gao
et al. (2019) reported that low salinity (10 PSU)
altered the life cycle of Ulva linza Linnaeus,
directly affecting its maturation and preventing
the species from reaching the adult stage.
These results suggest that U. linza proliferates
only through asexual fragmentation, rather
than sporulation, under low-salinity conditions.
Similarly, Samanta et al. (2019) observed that U.
australis Areschoug, acclimated to 30 PSU and
exposed to 5 and 55 PSU for 28 days, exhibited
reduced growth and lower accumulation of
photosynthetic pigments under low salinity,
whereashighersalinityfavored these parameters.
Taken together, these findings demonstrate that
the tolerance of Ulva species is modulated by
their capacity to acclimate to salinity gradients,

ECOPHYSIOLOGY OF Ulva lactuca UNDER SALINITY

reflecting different strategies of physiological
adjustment in response to stress.

This short-term experimental assay
demonstrated the ability of U. lactuca to exhibit
ecophysiological responses to salt stress.
The species sensitivity to high salinity levels
negatively affected parameters related to growth
and biomass. On the other hand, the observed
stability in the efficiency of the photosynthetic
apparatus (YIl) suggests a possible short-term
physiological tolerance to salt stress, indicating
the species’ capacity to adapt and develop
mechanisms that support its persistence
and survival in environments subject to high
environmental variability. This study serves as a
starting point for future investigations. The data
presented here reflect acute responses to salt
stress, as the experiment was conducted over
a short period. Therefore, long-term studies are
essential to assess potential metabolic changes
in the selected species.
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SUPPLEMENTARY MATERIAL
Figures S1-S3.

Appendix I. Taxonomic identification.

The identification of Ulva lactuca was carried
out based on morphological characteristics,
according to the descriptions of Carneiro et al.
(2023).Thethallus exhibitsalaminar morphology,
with smooth or slightly denticulate margins.
When present, the teeth are microscopic,
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short, and arranged in one or multiple rows.
Thallus thickness ranges from 80 to 237.5 ym
in the basal portions and from 40 to 82.5 pm
in the meso-apical regions. The cells have cup-
shaped parietal chloroplasts containing (1-)
3-4(-6) pyrenoids per cell. The identification
and illustration (Figure S1) were performed
using a stereomicroscope (OLYMPUS SZ51) and
a light microscope (OLYMPUS U-B1-30). After
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