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Abstract

The Portuguese Atlantic continental coast serves as a biogeographic transition zone where
numerous macroalgal species reach their distribution limits, making it an especially intri-
guing area for studying shifts in species distribution. This region features sandy beaches
and rocky outcrops that serve as habitats for a diverse range of organisms, including
macroalgae. This illustrated guide aims to provide a simple and accessible overview of
some of the most representative macroalgae species found along this coastline, specifically
those designed for non-specialists in seaweed identification. Rather than offering a de-
tailed identification key, the guide introduces key aspects of macroalgae —such as pig-
ment composition, taxonomic classification, morphology, branching types, habitat on
rocky shores, and potential human uses —in a clear and approachable format. Each species
is accompanied by a photographic image, a general morphological description, and infor-
mation about its typical habitat. Additionally, icons indicate whether a species has poten-
tial human applications or is considered non-indigenous. Species are categorized into
green, brown, or red macroalgae based on their color and morphological characteristics.

Keywords: Rhodophyta; Chlorophyta; Heterokontophyta; biodiversity; ecology; uses

1. Introduction

The coastal regions of Portugal host a rich and diverse macroalgal flora, shaped by
Atlantic currents, ecological gradients, and historical biogeographic patterns. Despite this
biological richness, there remains a gap in field-ready resources tailored specifically to the
Portuguese Atlantic coast. This guide aims to fill that gap by providing an accessible, vis-
ually driven tool for the identification of macroalgae in this particular region [1].

While several identification guides exist at broader European or global scales, many
are limited in geographic specificity, taxonomic updates, or usability in field conditions.
Furthermore, taxonomic challenges—such as cryptic species, morphological plasticity,
and shifting classifications —continue to complicate accurate identification. This work at-
tempts to navigate these complexities, offering a regional perspective that integrates up-
dated taxonomic insights and highlights species of some ecological and economic signifi-
cance [2].

Although various identification guides for macroalgae exist at European and global
scales, many are characterized by limitations that reduce their effectiveness in regional
applications—especially along the Portuguese Atlantic coast. Some guides are outdated,
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relying on obsolete taxonomic frameworks, while others lack sufficient visual support,
hindering field usability for non-specialists. Moreover, many resources either overlook
region-specific species or present general descriptions that do not account for local mor-
phological variations [3].

The selection of species featured in this guide was driven by several scientific and
practical criteria, including ecological representativeness, regional abundance, taxonomic
clarity, and relevance to biodiversity monitoring. Special attention was given to species
frequently encountered along the Portuguese Atlantic coast, as well as those with key
roles in habitat formation, nutrient cycling, or invasive dynamics. This approach ensures
the guide remains both field-relevant and educational, serving stakeholders ranging from
researchers and students [4].

Nonetheless, macroalgal identification is not without its uncertainties. Morphologi-
cal plasticity —often influenced by environmental factors such as light exposure, wave ac-
tion, or substrate type —can result in misleading visual traits. Additionally, cryptic species
and recent taxonomic revisions challenge the reliability of traditional diagnostic features.
To navigate these complexities, the guide incorporates updated nomenclature and high-
lights traits prone to variation or misinterpretation [5].

By grounding the guide in current trends of phycological research and biodiversity
science —including biomonitoring programs, climate-related distribution shifts, and inva-
sive species tracking —it contributes to broader efforts to assess and manage marine eco-
systems [6]. The work aligns with national and European goals in coastal ecology and
opens avenues for future refinement through citizen science and collaborative taxonomic
updates [7].

A persistent challenge in macroalgal taxonomy lies in the high degree of morpholog-
ical plasticity exhibited by many species, which can vary substantially depending on en-
vironmental conditions such as light exposure, water motion, and substrate type. This
plasticity often obscures species boundaries and complicates identification based solely
on external features [8]. These complexities underscore the need for regionally adapted
guides that integrate morphological detail and offer updated nomenclature, with clear
illustrations presented to support field and lab-based identification [9,10]. This field guide
seeks to respond to these gaps, enhancing accuracy and accessibility in macroalgae iden-
tification along the Portuguese coast.

The ecological richness of the occidental Atlantic Portuguese coast is reflected in the
high diversity of macroalgal species it supports, many of which are endemic or hold bio-
geographic significance within the Atlantic realm. This richness, however, exists along-
side pronounced vulnerability —pressures from climate change, invasive species, and an-
thropogenic impacts threaten the integrity of coastal habitats and the delicate balance of
macroalgal communities. As such, documenting and monitoring this biodiversity is not
only scientifically valuable but also vital for informed coastal management [11-13].

By focusing on the Portuguese Atlantic continental coast, this guide contributes not
only to local biodiversity monitoring but also to broader efforts in managing invasive spe-
cies, supporting sustainable resource use, and fostering scientific literacy among students,
researchers, and coastal stakeholders.

1.1. Overview of Macroalgal Diversity and Taxonomy

Macroalgae are macroscopic algae, visible to the naked eye, and exhibit a wide range
of sizes—some species measure just a few centimeters, while others can grow to lengths
of 50 m or more. They inhabit seawater and estuarine environments, typically anchoring
themselves to hard substrates, particularly rocky surfaces [14].

There are many different species of macroalgae (between 7500 and 10,000 species)
that also present a great diversity of shapes and colors. All macroalgae are primary
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producers, that is, they perform photosynthesis, because they contain chlorophylls and
other accessory pigments. The coloration of a given species results from the combination
of the different pigments presents in its cells [14].

1.2. Pigmentary Composition and Classification of Macroalgae

Macroalgae display a wide range of colorations, yet all contain chlorophyll. This pig-
ment resides within small organelles called plastids, which are responsible for the green
coloration found in most plants. The color of a macroalga is simply the visible expression
of the unique combination of pigments present within its cells [14].

The phyla and classes of macroalgae are primarily defined, in practice, by their spe-
cific pigment composition. Macroalgae belong to the Domain Eukarya and are classified
within the Kingdoms Plantae (green and red algae) and Chromista (brown algae), respec-
tively. Although classification systems have varied significantly over time and among dif-
ferent authors, there is general consensus that can be elaborated as follows:

Green macroalgae (Chlorophyta phylum) could efficiently absorb red and blue color
while reflecting green color. They are algae that contain chlorophyll 2 and b, carotenes and
xanthophylls. Its reserve substance is starch and contains cellulose in its cell walls [12].

Brown macroalgae (Heterokontophyta phylum) are grouped in the class Phaeophyceae.
These algae present a characteristic greenish-brown color due to the presence of chloro-
phyll a and ¢, tannins and carotenoids where fucoxanthin predominates, responsible for
the brownish coloration [15].

Red macroalgae (Rhodophyta phylum) can efficiently absorb green and blue color and
reflect slightly reddish radiation. Its photosynthetic pigments contain chlorophyll 4, phy-
cobilins (R-phycocyanin and R-phycoerythrin) and carotenoids ([3-carotene, lutein and ze-
axanthin) [16].

1.3. Morphological Types

The shape, or morphology, of the thallus (macroalgal body; plural: thalli) is a key
feature used to distinguish between different macroalgae species. In addition, each species
has a distinct consistency or texture to touch, which further aids in identification. This
guide primarily relies on these characteristics.

Most thalli are erect, especially when submerged, although some species have pros-
trated thalli, forming thin disks or crust-like structures that adhere closely to the substrate.
In some macroalgae, the thallus is divided into the frond —the upright portion —compris-
ing the stipe and the blade, and a typically discrete attachment organ, which may appear
as a small disk or a tuft of fine, elongated, colorless filaments known as rhizoids. Only
large macroalgae possess a more robust attachment structure, made up of curved ele-
ments called a hapteron [9].

Some algae are filamentous, with fronds reduced to filaments composed of cells ar-
ranged end to end. These filaments may be either straight or branched. Typically, thalli
are massive, meaning they possess a compact structure, although they can still exhibit a
soft consistency and delicate texture [11].

The consistency and texture of thalli to touch are highly diverse. They can be carti-
laginous (resembling cartilage), leathery or coriaceous (resembling leather), mucilaginous
(similar to mucilage), spongy (like a sponge), among others. Some thalli, known as calcar-
eous, have a rock-hard consistency due to their cells being impregnated with calcium car-
bonate [11].

While some thalli possess cylindrical axes, others are flattened or form hollow tubes.
Certain thalli develop into monostromatic or polystromatic blades or sheets —composed
of one or multiple layers of cells, respectively —and may be thin, moderately thick, or even
coriaceous. These blades can be orbicular or elongated, undivided or segmented, lobed or
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deeply divided into laciniate forms resembling ribbons, straps, or belts. In some cases,
they may be traversed by visible nerves or veins [14].

Branching Types

Another way of distinguishing the various species of macroalgae is to observe what
kind of branching they have (Figure 1).

Figure 1. Branching types: (a) irregular; (b) opposite; (c) dichotomous; (d) whorled; (e) pectinate.
Reprinted from [17]. (f) Alternate, reprinted from [18]; public domain.
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1.4. The Habitat of Rocky Shores

Macroalgae live generally immersed (inside the water) and fixed to a substrate. The
richest sites on the macroalgae are the rocky coasts, but it is also common to find speci-
mens on sandy coasts or bays exposed to the beat of the waves, which were detached from
the substrate by the action of the sea and then dragged by the current. Several species also
live in estuaries because they tolerate salinity gradients.

In rocky coastal areas, macroalgae living in the tidal range are subject to extreme
ecological conditions (strong waves, sudden changes in temperature, salinity, sunshine,
etc.). Their ability to adapt to the action of various ecological factors, in particular their
ability to emerge (outside the water) by the descent of the tide, causes the different species
to be distributed differently at different levels of the coastline (vertical zonation). Coastal
zonation is divided into the following areas [9] (Figure 2):

Supratidal/Splash zone

Upper-Intertidal
Mid-Intertidal

Lower-Intertidal

Subtidal

Figure 2. Coastal zonation: (a) —mean high water spring tides; (b) —mean high water neap tides;

(c)—mean low water neap tides; (d)—mean low water spring tides. Reprinted from [9].

(1) Supratidal Zone or Splash Zone: This is located between the mean level of high
tide of the spring tides and the lower limit of terrestrial vegetation. This area is subject to
splashes caused by the force of the waves, having a variable height, depending on the
exposure to the waves of the coast. It is generally a poor area in number of species, and
where marine lichens tend to predominate.

(2) Intertidal Zone: This is located between the upper and lower mean levels of the
spring tides. It is the area where the ecological factors act more influence, being a place
for multiple habitats, being the richest in number of species. Within this zone, the cycles
of spring and neap tides determine a series of different horizons (intertidal zonation).

(3) Subtidal: This is located below the lowest level of the spring tides, extending to
the level where the incident light is enough for the survival of the macroalgae. This zone
is always immersed.

1.5. Non-Indigenous Algae on the Western Portuguese Coast

The western Portuguese coast has seen the introduction of several non-indigenous
algal species (Figure 3), primarily through maritime activities and aquaculture. Among
the most notable are Asparagopsis armata (Rhodophyta) and Sargassum muticum (Phae-
ophyceae), which have established themselves in intertidal and subtidal zones. These inva-
sive species can outcompete native flora, alter habitat structures, and impact local biodi-
versity. Their presence highlights the need for ongoing monitoring and management
strategies to mitigate ecological disruption and preserve the integrity of coastal marine
ecosystems [12,13].
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Figure 3. Illustrated icons representing key aspects of macroalgae’s potential uses by humans and

its relevance to non-indigenous species, adapted from [9,12].

1.6. Uses

Nowadays, the macroalgae offers many possibilities for commercial use, with a wide
range of applications. Many tons of macroalgae are harvested annually around the world,
with China and Japan leading in consumption. However, macroalgae are utilized in many
countries for a wide range of purposes, including human food, animal feed, agriculture,
and medicine due to their therapeutic properties. The growing global demand for
macroalgae has also led to their increasing exploitation in the industrial sector [14—
16,19,20].

Potential uses of macroalgae by man include (see Figure 3).

(a) Human food and animal feed —this is certainly the best-known use worldwide.
Sea vegetables, as macroalgae are often called, are a staple in the cuisine of many Eastern
countries. In contrast, their use for self-consumption in Western countries was historically
associated with poverty. Yet macroalgae stand in stark contrast to many modern pro-
cessed foods —they are natural, nutrient-rich, and low in fat. Although approximately 50%
of the dry weight of macroalgae consists of carbohydrates, humans lack the enzymes re-
quired to break down these long molecular chains. As a result, they are not absorbed by
the digestive system and instead function like water-soluble fibers. Macroalgae are con-
sidered exceptional dietary supplements due to their high content of minerals, vitamins,
and structural polysaccharides (fibers), which support intestinal transit and may help re-
duce blood cholesterol levels [21].
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(b) Agriculture —the use of macroalgae as fertilizers is one of their oldest traditional
applications. Certain species from the Corallinaceae family are also used to correct the pH
of acidic soils, while simultaneously enhancing crop yields by supplying essential ele-
ments such as magnesium, strontium, boron, and iron. The two main macroalgal mixtures
traditionally used as fertilizers are known as “Moli¢o” and “Sargago” [22-24].

(c) Industry —the earliest industrial uses of macroalgae aimed to obtain calcium car-
bonate, produce soft drinks, and manufacture glass and soap. Macroalgae was also used
for extracting iodine and certain dyes. Today, their industrial application is primarily fo-
cused on the production of phycocolloids—organic compounds that, when mixed with
water, form colloidal systems capable of producing firm gels at room temperature [21].

(d) Pharmaceutical, Medicine, Thalassotherapy, Cosmetics, Dermatology —phy-
cocolloids play a key role in the pharmaceutical industry due to their stabilizing and thick-
ening properties, as well as their ability to yield compounds with antiviral, antibacterial,
and antitumoral effects. Agar is notable for its medicinal applications, while carrageenans
can inhibit the herpes virus and human papillomavirus (HPV), and are also used in hair
care for their ability to bond with keratin. Alginic acid, extracted from brown algae such
as Laminaria, Fucus, and Ascophyllum, is valued for its stability across varying pH and sa-
linity levels, aiding in rapid healing and neutralizing heavy metals in cases of ingestion-
related intoxication. Green macroalgae are traditionally used as anti-worm agents; red
macroalgae serve as anticoagulants and are used to treat parasitic infections, gastritis, and
diarrhea; and brown macroalgae are applied in the treatment of menstrual disorders, hy-
pertension, skin diseases, syphilis, and gastric ulcers, also exhibiting anticoagulant prop-
erties [20,25].

2. Nlustrated Guide

This guide provides the valid names and the respective authority, the order, the fam-
ily, one of the synonyms, the common names (if any), the habitat [17,26], and a brief de-
scription of the main species present on the Portuguese coast.

The colors presented by algae are very varied and a superficial examination may lead
to confusion, particularly when dealing with specimens of red and brown algae. How do
you choose the right key right away?

For Chlorophyta (green algae) there is no difficulty, as they are algae, with a lighter

or darker tone, but clearly green (Figure 4).

Figure 4. Green Macroalgae (Phylum Chlorophyta). Reprinted from [17].

The diversity of colors is greatest in Phaeophyceae (brown algae); the color of these
algae always has shades of brown or greenish brown (Figure 5).
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Figure 5. Brown Macroalgae (Phylum Heterokontophyta, Class Phaeophyceae). Reprinted from [9].

Alongside samples that are easily recognizable, there are some red algae that can
raise some doubts. In addition to the distinctly red hues, Rhodophyta can present various
shades of brown and, in extreme cases, dark brown, almost black (Figure 6).

Figure 6. Red Macroalgae (Phylum Rhodophyta). Reprinted from [9].

The illustrations in this guide are a means of identifying species by comparison. To
confirm identification, consult references [9,17].

2.1. Green Macroalgae (Phylum Chlorophyta)

Filamentous (Figure 7).

Figure 7. Filamentous macroalgae. Reprinted from [9].

Foliaceus (Figure 8).

Figure 8. Foliaceus macroalgae. Reprinted from [17].
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Tubular (Figure 9).

Figure 9. Tubular macroalgae. Reprinted from [9].

Spongy (Figure 10).

Figure 10. Spongy macroalgae. Reprinted from [17].

2.2. Brown Macroalgae (Phylum Heterokontophyta, Class Phaeophyceae)

Filamentous (Figure 11).

Figure 11. Filamentous macroalgae. Reprinted from [17].

Laminate/Foliaceus or Ribbons (Figure 12).

ES— T

Figure 12. Laminate/Foliaceus or ribbon macroalgae. Reprinted from [9].

Cylindrical (Figure 13).
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Figure 13. Cylindrical macroalgae. Reprinted from [9].

Big-Sized/Laminated (Kelps) (Figure 14).

Figure 14. Big-Sized/Laminated macroalgae (Kelps). Reprinted from [9].

2.3. Red Macroalgae (Phylum Rhodophyta)
Cylindrical/Filamentous (Figure 15).

OO0 10O AR AR 0 R O ey

Figure 15. Cylindrical/Filamentous macroalgae (1 division = 1 mm). Reprinted from [9].

Cylindrical/Hollow (Figure 16).
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Figure 16. Cylindrical/Hollow macroalgae (1 division =1 mm). Reprinted from [9].

Cylindrical/Thick (Figure 17).

Figure 17. Cylindrical/Thick macroalgae (1 division =1 mm). Reprinted from [9].

Flattened Thick (Figure 18).

]I 00 T

Figure 18. Flattened Thick Macroalgae (1 division =1 mm). Reprinted from [9].

Thin Laminate/Foliaceus or in Ribbons (Figure 19).

TR

Figure 19. Thin Laminate/Foliaceus or in ribbon macroalgae (1 division =1 mm). Reprinted from

[9].
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Calcareous (Figure 20).
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Figure 20. Calcareous macroalgae (1 division = 1 mm). Reprinted from [9].

3. Chlorophyta (Green Macroalgae)
3.1. Filamentous Green Macroalgae

Bryopsis plumosa (Hudson) C. Agardh 1823 (Figure 21).

%@
=

e 4

Order: Bryopsidales; Family: Bryopsidaceae.

Synonym: Bryopsis thuyoides Kiitzing 1856.

Common name: Evenly Branched Mossy Feather Weed.

Habitat: On rocks, intertidal.

Description: B. plumosa is a small, feathery species of green seaweed. Its thalli are
erect and feather-like, reaching up to 15 cm in height. It is easily recognized by its delicate,
regularly arranged branches, which appear in two opposite rows along the central fila-
ment. The branch lengths gradually decrease from the base upward. The species typically
exhibits a dark to mid-green coloration.

)

Figure 21. Bryopsis plumosa (Hudson) C. Agardh. Scale on image (b): 1 division = 1 mm; (a) under-
water photo [13,17]; (b) herbarium specimen, reprinted from [17]; (¢) Harvey’s illustration, reprinted

from [18], public domain.

Chaetomorpha aerea (Dillwyn) Kiitzing 1849 (Figure 22).
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Order: Cladophorales; Family: Cladophoraceae.

Synonym: Chaetomorpha linum £. aerea (Dillwyn) Collins 1918.

Common name: Big green algae, Hair-shaped green algae.

Habitat: On rocks, intertidal.

Description: The plants are erect and attached, composed of vivid green filaments
that can reach up to 10 cm in height. Basal cells measure up to 1 mm in length and bear
spreading, lobed rhizoids, from which additional filaments may arise. The filaments are
cylindrical or slightly constricted at the cross-walls, with cells becoming barrel-shaped in
the distal (fertile) regions. Cell diameters range from 150 to 200 pm just above the basal
cell to 200-300 pum in the distal portions, with cells measuring 0.4 to 1.0 times as long as
they are broad. Reproductive cells are formed at the apical ends of the filaments; they are
barrel-shaped and approximately as long as they are wide.

Figure 22. Chaetomorpha aerea. (a) Underwater photo; (b) detail. Reprinted from [17].

Chaetomorpha linum (O.F. Miiller) Kiitzing 1845 (Figure 23).

e - o
. O™ | L
Order: Cladophorales; Family: Cladophoraceae.
Synonym: Chaetomorpha aerea {. linum (O.F. Miiller) Collins 1909.
Common names: Flax brick weed, Spaghetti algae, Sea emerald.

Habitat: On intertidal and supralittoral areas, including sandy areas, rocks, and tide
pools. It can also be found in shallow, stagnant waters.

Description: Delicate green seaweed; also known as spaghetti algae, it grows as a
filamentous loosely entangled mass. Usually free-floating, it may also be attached to rocks
and shells. The filaments themselves are unbranched and usually between 5 and 30 cm in
length. The unattached filaments are wiry, stiff and curled in appearance. It is bright light
to dark green in color.
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Figure 23. Chaetomorpha linum. (a) field photo; (b) detail. Reprinted from [17].; (c¢) Harvey’s illustra-

tion, reprinted from [18], public domain.

Cladophora laetevirens (Dillwyn) Kiitzing 1843 (Figure 24).

%@
=

e 4

Order: Cladophorales; Family: Cladophoraceae.

Synonym: Cladophora affinis Schiffner 1933.

Habitat: On rocks, intertidal.

Description: The thallus is light to medium green, forming dense tufts ranging from
2 to 10 cm in height. Pseudo-dichotomous axes arise from a small cluster of rhizoids,
which originate from cells in the basal region. Filaments exhibit only slight tapering and
are branched from nearly every cell above the base, frequently bearing somewhat falcate,
unilateral branchlets.
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Figure 24. Cladophora laetevirens. Scale on images (a-d): 1 division = 1 mm; (a) field photo; (b—d)
details; (e) apex with falcate and unilateral branchlets (40x), (f) rhizoids (40x). Reprinted from [17];
(g) Harvey’s illustration, reprinted from [18], public domain.

Cladophora prolifera (Roth) Kiitzing 1843 (Figure 25).

=
Cand

Order: Cladophorales; Family: Cladophoraceae.

Synonym: Conferva prolifera Roth 1797.

Common name: Green branched weed.

Habitat: In shallow pools on rough-water platforms and in the sublittoral.

Description: Species with coarse filaments that are either unattached or basally at-
tached. These filaments typically measure less than 0.5 mm in width and range between
3 and 5 cm in length. Composed of a single row of often swollen cells, they are attached,
when present, through a discoid base or rhizoidal outgrowths. The plant’s structure adds
to its distinctive appearance and adaptability.

w
|||||||||||l|ll||||‘|l||l|||l|||||l||l||“||||llll||
1 2 3 4 5

Figure 25. Cladophora prolifera. Scale on image (b): 1 division = 1 mm; (a) branch details (10x); (b)

herbarium specimen. Reprinted from [17].
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Derbesia tenuissima (Moris & De Notaris) P. Crouan & H. Crouan 1867 (Figure 26).

L, |
| ="

Order: Bryopsidales; Family: Derbesiaceae.

Synonym: Bryopsis tenuissima Moris & De Notaris 1839.

Habitat: Epilithic.

Description: The thallus is a dark green, tufted structure, reaching up to 10 mm in
height. It emerges from an irregularly lobed, matted rhizoidal base and features numerous
erect siphons that are sparsely branched. These siphons measure up to 120 pm in diameter
at the base, gradually tapering to 50 um near the tips. Double septa are occasionally ob-
served at the bases of lateral branches. Chloroplasts are abundant, ranging from subspher-
ical to lenticular in shape, with dimensions of 5-8 pm, each containing a pyrenoid. Spo-
rangia are obovoid or pyriform, measuring up to 175 pm in length (including the pedicel)
and 110-120 pm in diameter. They have a short pedicel and double septa at their base.

Figure 26. Derbesia tenuissima. Scale on image (b): 1 division =1 mm; (a) field photo; (b) herbarium
specimens; detail. Reprinted from [17].

Lychaete pellucida (Hudson) M.]. Wynne 2017 (Figure 27).

@

Order: Cladophorales; Family: Cladophoraceae.

Synonym: Cladophora pseudopellucida C. Hoek 1963.

Common name: Pellucid green branched weed.

Habitat: Can be found in a variety of marine and freshwater habitats, including lakes,
intertidal pools, and saline lakes.

Description: Filaments are rigid, erect, and setaceous, with a deep dark green color-
ation. They exhibit di-trichotomous branching, with very acute axils and upright
branches. Articulations are many times longer than they are broad, and dissepiments are
present only at the points where branches and ramuli fork.
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Figure 27. Lychaete pellucida. Scale on image (a): 1 division = 1 mm; (a) herbarium specimen. Re-

printed from Ref. [17]; (b) Harvey’s illustration, reprinted from [18], public domain.

Rama rupestris (Linnaeus) Boedeker, M.]. Wynne & Zuccarello 2023 (Figure 28).

|| | 5o oo™ L

Order: Cladophorales; Family: Cladophoraceae.

Synonym: Cladophora rupestris (Linnaeus) Kiitzing 1843.

Common name: Common green branched weed, Sloban.

Habitat: Occurs on solid substrata across all littoral zones, with a preference for
shaded locations in the lower littoral.

Description: Found on solid substrata throughout all littoral zones, with a preference
for shaded areas in the lower littoral. Tolerant of reduced seawater salinity.

Figure 28. Rama rupestris. Scale on image (b): 1 division =1 mm; (a) field photo; (b) herbarium spec-

imen all reprinted from Ref. [17]; (c) Harvey’s illustration, reprinted from [18], public domain.

Rhizoclonium riparium (Roth) Harvey 1849 (Figure 29).
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Order: Cladophorales; Family: Cladophoraceae.

Synonym: Rhizoclonium implexum (Dillwyn) Kiitzing 1845.
Common name: Rooting green thread weed.

Habitat: Marine, brackish, and some freshwater environments. It can grow on
riverbanks, in estuaries, and on floating structures.
Description: The plants form mats or loosely arranged, fine entangled threads, meas-

uring 50-100 mm in length. They are typically found in calm waters within the intertidal
zone, growing on sandy or muddy substrates.
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Figure 29. Rhizoclonium riparium (Roth) Harvey. Scale on image (a): 1 division =1 mm; (a) herbarium

specimen, reprinted from Ref. [17]; (b) Harvey’s illustration, reprinted from [18], public domain.

Ulva clathrata (Roth) C. Agardh 1811 (Figure 30).
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Order: Ulvales; Family: Ulvaceae.

Synonym: Enteromorpha clathrata (Roth) Greville 1830.

Common names: Bright green nori, Stone hair, Spiky tendrils.
Habitat: On rocks, intertidal and subtidal.

Description: The filaments are rigid, erect, and setaceous, with a deep, dark green
coloration. They exhibit di-trichotomous branching, characterized by very acute axils and
upright branches. The articulations are many times longer than they are wide, and dissep-
iments are present only at the points where the branches and ramuli fork.
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Figure 30. Ulva clathrata. Scale on image (b): 1 division = 1 mm; (a) specimen detail; (b) herbarium

specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public domain.

3.2. Laminar Green Algae
Gayralia oxysperma (Kitzing) K.L. Vinogradova ex Scagel et al. 1989 (Figure 31).
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Order: Ulotrichales; Family: Gayraliaceae.

Synonym: Ulva oxysperma Kiitzing 1843.

Common name: Ljus havssallt.

Habitat: A widely distributed marine species, occasionally found in weakly brackish
water and freshwater streams near their confluence with the sea.

Description: Thalli form leafy, monostromatic blades ranging from a few centimeters
to over one meter in length. Cells in the upper portion of the blade are polygonal and
isodiametric, gradually becoming more elongated toward the base, where long rhizoidal
projections are present in the holdfast region. In surface view, cells appear in groups of
two or four. Each cell is uninucleate, containing a parietal chloroplast and a single prom-
inent pyrenoid traversed by thylakoids.
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Figure 31. Gayralia oxysperma. (a) field photo; (b) detail. Reprinted from [17].

Ulva australis Areschoug 1854 (Figure 32).
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Order: Ulvales; Family: Ulvaceae.

Synonyms: Ulva laetevirens ].E. Areschoug 1854; Ulva pertusa Kjellman 1897.

Common name: Lacy sea lettuce,

Habitat: Found along coasts subject to strong to moderate wave action, typically oc-
curring just above and below the low tide mark.

Description: U. australis is characterized by its smooth surface, distromatic blades,
and lobed fronds. The thallus varies in color from dark green to light grass green and may
be either free-floating or anchored by a single holdfast. Cells are irregularly arranged with
rounded edges and exhibit a variety of shapes, including rectilinear, square, and pentag-
onal. The cells are irregularly arranged, with rounded edges, and display various shapes,
including rectilinear, square, and pentagonal. Ulva rigida has sometimes been confused
with this species.

Figure 32. Ulva australis. (a) Underwater photo; (b) specimens’ detail (all reprinted with permission

from Ignacio Barbara).

Ulva lactuca Linnaeus 1753 (Figure 33).
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Order: Ulvales; Family: Ulvaceae.
Synonyms: Ulva fasciata Delile 1813; Ulva crassa Kjellman 1877; Ulva rotundata Bliding

1969.
Common names include Chicory sea lettuce, Green laver, Lettuce laver, Sea grass,

Sea lettuce, and thin stone brick.

Habitat: Estuaries, Brackish waters.

Description: This species exhibits a vivid green coloration underwater, ranging from
light yellowish green to deeper shades. When exposed at low tide or washed ashore, its
color typically intensifies to a darker green. Out of water, it resembles a slimy lime-green
mass; however, when submerged, it strikingly resembles young lettuce leaves. The sea-
weed is cellophane-thin, consisting of only two cell layers, and forms translucent sheets
that vary in color from light yellowish green to dark green. Its soft frond is a single, irreg-
ularly shaped blade —somewhat round, with slightly ruffled and often torn edges. Scat-
tered across the surface are small holes or perforations, contributing to its distinctive ap-
pearance. The frond is anchored to rocks by a small, nearly invisible, discoid holdfast and
lacks a stipe. Although it can reach a diameter of 20 to 30 cm, it is often smaller, with larger
sheets appearing slightly thicker than smaller ones.
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Figure 33. Ulva lactuca. Scale on image (b): 1 division = 1 mm; (a) underwater photo; herbarium

specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public domain.

Ulva linza Linnaeus 1753 (Figure 34).
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Order: Ulvales; Family: Ulvaceae.
Synonym: Enteromorpha linza (Linnaeus) ]. Agardh 1883.
Common names: Doubled ribbon weed, Slender sea lettuce.
Habitat: On rocks, intertidal and subtidal, occasionally found under brackish condi-
tions.
Description: A large, ribbon-like species of green seaweed that can grow up to 30 cm
in length. The thalli are unbranched, often with frilled margins, and taper into a distinct,

highly compressed stipe. The thallus is widest in the middle, narrowing toward the base,
and may reach up to 5 cm in width. U. linza ranges in color from bright light green to dark

green.
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Figure 34. Ulva linza. (a) field photo; (b) detail. Reprinted from [17]; (c) Harvey’s illustration, re-
printed from [18], public domain.

Ulva rigida C. Agardh (Figure 35).
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Order: Ulvales; Family: Ulvaceae.

Synonym: Ulva lactuca var. rigida (C. Agardh) Le Jolis 1863.

Common names: Green laver, Sea lettuce.

Habitat: On rocks, intertidal and subtidal.

Description: Dark green thallus, foliose, with highly variable size (up to 25 cm). It is
anchored by a small basal disk. The morphology varies significantly depending on the
environment and developmental stage, ranging from orbicular to umbilicate forms with
wavy margins. The texture is firm, cartilaginous at the base, and can become almost leath-
ery when dry. Occasionally, it is difficult to distinguish it from U. lactuca with the naked
eye, although it is darker in color, thicker mostly in the middle part of the blade and of
more rigid consistency. In cross section (observe under the microscope), both species have
a structure formed by two layers of cells (distromatic), these are quadratic in U. lactuca
and frankly elongated (2-3 times longer than wide) in the case of U. rigida.

Figure 35. Ulva rigida. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) general view; (c)
cross section of the blade (distromatic) showing elongated cells (400x). Reprinted from [17].
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3.3. Green Tubular and Vesiculosus Algae

Ulva compressa Linnaeus (Figure 36).
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Order: Ulvales; Family: Ulvaceae.

Synonyms: Enteromorpha compressa (Linnaeus) Nees 1820.

Common names: Threadweed, Tapeweed.

Habitat: On rocks, mollusks or epiphytic; can also be found forming extensive mats
on rocky substrates with the presence of sand; upper- and mid-intertidal.

Description: The thallus is yellowish-green, tubular, and typically compressed and
wrinkled, ranging from 10 to 20 cm in height. The tubes narrow at the base and progres-
sively widen toward the apex, which is obtuse and often torn. Thalli are prolific at the
base, with entire margins, and may sometimes resemble a bowl-like structure. Entangle-
ment is common, making it difficult to distinguish individual specimens. The presence or
absence of branching fronds is the most useful gross morphological characteristic for dis-
tinguishing Ulva compressa from Ulva intestinalis, the latter typically being unbranched.
However, ambiguity arises as low salinity or salinity shock can induce branching in U.
intestinalis.

1

Figure 36. Ulva compressa. Scale on images (b,c): 1 division =1 mm; (a) field photo; (b) general view,
(c) branching frond (d) cross section of the tubular thallus (100x). Reprinted from [17].
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Ulva intestinalis (Figure 37).
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Order: Ulvales; Family: Ulvaceae.

Synonym: Enteromorpha intestinalis (Linnaeus) Nees 1820.
Common names include: Gutweed, Grass kelp, Hollow green nori, Hollow green

weed, Tubular sea lettuce, and Seagrass.

Habitat: At all levels of the shore, occurring in a wide range of habitats, where suita-
ble support is available, it will grow on rocks, mud, sand and in rock pools; it is abundant
in brackish water.

Description: Thallus bright grass-green, tubular, which can reach large dimensions
(up to 1 m). It grows from a small discoid base and is slightly stiped; it progressively wid-
ens in an inflated tube, irregularly constricted, of characteristic intestine-like appearance,
which gives its name to the species. The tube is usually simple, typically unbranched. The
presence or absence of branching fronds is the most useful gross morphological charac-
teristic for distinguishing Ulva compressa from Ulva intestinalis, with the latter typically
being unbranched.

O

|

Figure 37. Ulva intestinalis. Scale on image (d): 1 division =1 mm; (a,b) field photos; (c) general view;
(d) frond with an intestine-like appearance; (e) cross section of the tubular thallus (100x). Reprinted
from [17].
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Ulvaria obscura (Kiitzing) Gayral ex Bliding 1969 (Figure 38).
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Order: Ulvales; Family: Ulvaceae.

Synonym: Monostroma obscurum (Kiitzing) J. Agardh 1883.

Habitat: From the tidal zone to the sublittoral.

Description: Thallus widely bladed, similar to that of another Ulva, turning brown
on dying. monostromatic blade. Present in sublittoral, at 3-17 m depth, everywhere. It
does not occur often. Bipolar species.

Figure 38. Ulvaria obscura. Scale on image (b): 1 division = 1 mm; (a) Underwater photo; herbarium
specimens; (b) herbarium specimens; (c) observation under the microscope (40x) of the cross section
of the blade, where it can be seen that it consists of only one layer of cells (all reprinted with permis-

sion from Ignacio Béarbara).

Valonia utricularis (Roth) C. Agardh 1823 (Figure 39).
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Order: Cladophorales; Family: Valoniaceae.

Synonym: Valonia incrustans Kitzing 1843.

Habitat: Found in the infralittoral zone (1-35 m depth), growing epilithically on coral
substrates or within seagrass meadows.

Description: The thallus is an aggregate structure, both prostrate and partially erect,
reaching 1-3 cm in height. It is translucent, displaying colors ranging from bright green
to deep dark green, and consists of branched filaments made up of macroscopic cells.

These cells are firm but not densely packed, exhibiting a saccate form, which can vary
between spherical, cylindrical, oblong-clavate, and pyriform shapes. They are arcuate,
measuring 3-7 mm in diameter and 5-20 mm in length. Branching occurs irregularly from
all sides of the parent cell. The plant attaches to surfaces via minute branched rhizoids
that emerge from small basal cells. When dried, the plants adhere tightly to paper.
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Figure 39. Valonia incrustans. (a) Field photo: (b) detail; (c) microscopic observation (20x). Reprinted
from [17].

3.4. Sponge Green Algae
Codium adhaerens C. Agardh 1822 (Figure 40).
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Order: Bryopsidales; Family: Codiaceae.

Synonym: Spongodium adhaerens (C. Agardh) Lenormad ex Duby 1830.

Habitat: A perennial seaweed found on both exposed and sheltered shores, typically

in low-light conditions. It is most commonly located on vertical rock faces and within
crevices.

Description: The thallus is spongy and prostrate, displaying a vibrant green hue and
forming an irregularly shaped, carpet-like layer firmly attached to the substrate. It consists
of a network of entangled coenocytic filaments, with a surface lined by narrow, elongated
utricles that are difficult to separate. The texture is firm yet gelatinous, offering a smooth
and pleasant feel.
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Figure 40. Codium adhaerens. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) specimen
detail; (c) microscopic observation of the utricles (100x). Reprinted from [17]; (d) Harvey’s illustra-

tion, reprinted from [18], public domain.

Codium tomentosum Stackhouse (Figure 41).
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Order: Bryopsidales; Family: Codiaceae.

Synonym: Codium dichotomum S.F. Gray 1821.

Common names: Sponge weed, Velvethorn.

Habitat: On rocks, mid-intertidal (tide pools), lower-intertidal and subtidal.

Description: Light green to dark green, spongy, dichotomously branched, formed by
anastomosed filaments of rounded section (flattened at the forks of the branches), to 40
cm in length. Fixed by a spongy disk. Utricles smooth and piriform with rounded apex;
gametangia oblong to fusiform, formed on small peduncles that appear in the half part of
the utricle.
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Figure 41. Codium tomentosum. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) general

view; (c) bifurcation of the flattened branches; (d) (utricle (*) with gametangia (**) (100x). Reprinted
from [17].

4. Heterokontophyta, Phaeophyceae (Brown Macroalgae)
4.1. Filamentous Brown Macroalgae

Cladostephus spongiosus (Hudson) C. Agardh (Figure 42).
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Order: Sphacelariales; Family: Cladostephaceae.

Synonym: Cladostephus densus Kiitzing 1856.

Common name: Hairy sand weed.

Habitat: On rocks and on sandy rock pools, from the mid-intertidal to subtidal.

Description: Dark greenish-brown thallus of rigid consistency, up to 20-30 cm high.
Cylindrical axes are divided in an irregularly dichotomous manner, and which present
verticils/whorls of short filamentous branches, upwards curved (sickle-shaped) and
pointed. The lower part of the axis is usually bare and the distance between the whorls
decreases as it ascends, forming an almost continuous coating that gives the alga a spongy
touch. Discoid holdfast.
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Figure 42. Cladostephus spongiosus. Scale on images (a—c): 1 division = 1 mm; (a) field photo; (b) gen-
eral view; (c) branch detail; (d) whorls curved upwards and pointed (40x). Reprinted from [17].

Ectocarpus siliculosus (Dillwyn) Lyngbye 1819 (Figure 43).

Synonym: Conferva siliculosa Dillwyn 1809.

Order: Ectocarpales; Family: Ectocarpaceae.

Habitat: Found on various firm substrate near or just below the low-tide mark; later
often becomes free-floating. Also occurs epiphytically.

Description: Plants are tufted, typically measuring only one to a few centimeters in
height, though they may exceptionally reach up to 20 cm. Axes are freely branched, with
no distinguishable main axis. Filaments are up to 30 pm in diameter and taper toward the
apices, sometimes forming terminal pseudo-hairs.

Figure 43. Ectocarpus siliculosus. Scale on image (a): 1 division = 1; (a) herbarium specimen, reprinted

from [17].; (b) Harvey’s illustration, reprinted from [18], public domain.

Halopteris filicina (Grateloup) Kiitzing 1843 (Figure 44).
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Order: Sphacelariales; Family: Stypocaulaceae.
Synonym: Sphacelaria filicina (Grateloup) C. Agardh 1824.
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Common name: Sea Fern Weed.

Habitat: A marine species found on rocks in tide pools, ranging from the mid-inter-
tidal to shallow subtidal zones. Its occurrence is sporadic, though it can be locally com-
mon.

Description: A soft, limp, and slippery seaweed with smooth, somewhat flattened
branches. Coloration varies and may appear red, green, brown, or nearly black. Size and
shape are highly variable, with branches measuring 0.5 to 5 mm in width and 2 to 30 cm
in length. Branching may be sparse or dense.
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Figure 44. Halopteris filicina. Scale on image (a): 1 division = 1 mm; (a) photo of a specimen with scale;

(b) observation under a microscope (10x) (all reprinted with permission from Ignacio Barbara).

Halopteris scoparia (Linnaeus) Sauvageau (Figure 45).
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Order: Sphacelariales; Family: Stypocaulaceae.

Synonym: Stypocaulon scoparium (Linnaeus) Kiitzing.

Common names: Sea flax, Taggtofs.

Habitat: On rock and epiphytic, rock pools with sand deposition, mid- and low-in-
tertidal and shallow subtidal.

Description: Dark greenish-brown thallus to 10-15 cm high, compact and rough to

touch. The main axis, whose spongy basal part is fixed by rhizoids, branches in all direc-
tions. During winter, the more abundant branches give the thallus an arbuscular aspect,
while in summer it forms a kind of inverted cones superimposed with the appearance of
shaving brushes. The last branches are pinnate.
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Figure 45. Halopteris scoparia. Scale on image (b): 1 division =1 mm; (a) field photo; (b) general view;
(c) apexes (40x); (d) detail of the branches (40x). Reprinted from [17].

Hincksia granulosa (Smith) P.C. Silva 1987 (Figure 46).

Order: Ectocarpales; Family: Acinetosporaceae.

Synonym: Ectocarpus granulosus (Smith) C. Agardh 1828.

Habitat: Rare, found in lower eulittoral turfs.

Description: This species forms low turf alongside other filamentous algae or as an
epiphyte. The thallus ranges from 0.5 to 3 cm in height, occasionally reaching up to 6 cm,
and consists of a tuft of branching uniseriate filaments, each cell containing numerous
discoid plastids. Growth appears diffuse, with no clearly defined meristematic regions.
The axes exhibit profuse branching up to four orders, with each successive order becom-
ing narrower, and all filaments gradually tapering. Fully elongated cells of the primary
axis are barrel-shaped and nearly isodiametric, measuring 50-60 um in diameter and 70—
80 pum in length. Terminal filaments are approximately 15 um in diameter. The main
branches predominantly display opposite branching, while later branches vary between
irregular, secund, and occasionally recurved patterns. The proximal regions of the main
branches are corticated by downward-growing rhizoids, which anchor the structure to
the substratum. Plurilocular sporangia are sessile, though occasionally borne on a single-
celled pedicel, and are positioned on the adaxial side of the later branch orders. These
structures are ovoid, generally symmetrical, curve upwards, and measure approximately
90 um in length and 60 pm in diameter.

Figure 46. Hincksia granulosa. Scale on image (a): 1 division = 1 mm; (a) herbarium specimen; (b)
detail of the opposite branches (40x), reprinted from [17]; (¢) Harvey’s illustration, reprinted from
[18], public domain.

Hincksia hincksiae (Harvey) P.C. Silva 1987 (Figure 47).
Order: Ectocarpales; Family: Acinetosporaceae.
Synonym: Ectocarpus hincksiae Harvey 1841.

Habitat: Found in lower eulittoral turfs.
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Description: The erect thallus of this widespread genus is composed of uniseriate,
branched filaments, with diffuse intercalary growth. Chloroplasts are parietal, disk-
shaped, and numerous within each cell, each containing a single pyrenoid. True phae-
ophycean hairs are absent. Branching patterns within the genus exhibit variability, rang-
ing from secund arrangements to species with scattered or opposite branching. The posi-
tioning of the often-sessile plurilocular sporangia also varies. In some species, they arise
through the transformation of short laterals extending from the adaxial side of the sup-
porting lateral, giving a serrated appearance. However, they may also be present on the
main axis.

Figure 47. Hincksia hincksiae. Scale on image (a): 1 division = 1 mm; (a) herbarium specimen, re-
printed from [17]; (b) unilateral branching with several plurilocular sporangia (40x); (c) detail of the
plurilocular sporangia (100x) (reprinted with permission from Ignacio Barbara).

4.2. Laminate/Foliaceus or Ribbons Brown Macroalage

Ascophyllum nodosum (Linnaeus) Le Jolis 1863 (Figure 48).
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Order: Fucales; Family: Fucaceae.

Synonym: Fucus nodosus Linnaeus 1753.

Common names: Knotted wrack; Egg wrack, Yellow weed.

Habitat: On rocks of mid- to lower intertidal.

Description: This brown seaweed, closely related to Fucus, develops a single central
bladder within its long, flattened, strap-like fronds. These fronds hang downward, drap-
ing over sheltered intertidal rocks. Numerous fronds arise from the base, and the plant
typically regenerates new ones from this region when older fronds are damaged. There is
evidence that some clumps may be over 400 years old, and possibly even older. Ascophyl-
lum is currently restricted to the North Atlantic basin. Its fronds are commonly used as
packing material for shellfish harvested in the region, and when discarded, they may es-
tablish and continue to grow.
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Figure 48. Ascophyllum nodosum. Scale on image (b): 1 division =1 mm; (a) field photo, (c) herbarium

specimen, reprinted from [17]; Harvey’s illustration, reprinted from [18], public domain.

Cutleria multifida (Turner) Greville 1830 (Figure 49).
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Order: Tilopteridales; Family: Cutleriaceae.

Synonym: Zonaria multifida C. Agardh 1820.

Common name: Cutler’s many cleft weed.

Habitat: On rocks, usually isolated, subtidal to 10 m.

Description: Thalli are erect, light yellow-brown to olive-brown in color, flattened
and membranous, with smooth margins. They are deeply incised, exhibiting repeatedly
irregular forking that forms linear to wedge-shaped segments, gradually narrowing to-
ward the tip. The dissected apices are fringed with tufts of hair-like filaments. The plant
lacks a stipe and is anchored by a rhizoidal, discoid holdfast.

Figure 49. Cutleria multifida. Scale on image (a): 1 division =1 mm; (a) herbarium specimen, reprinted

from [17]; (b) Harvey’s illustration, reprinted from [18], public domain.

Desmarestia ligulata (Stackhouse) J.V. Lamouroux 1813 (Figure 50).
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Order: Desmarestiales; Family: Desmarestiaceae.

Synonym: Herbacea ligulata Stackhouse 1809.

Common names: Color changer, Desmarest’s flattened weed, Sea sorrel.

Habitat: Found on rocks in pools within the lower intertidal zone; however, it is pri-
marily subtidal, often abundant down to depths of 15 m.

Description: This species of brown seaweed resembles a flattened cactus. A flat main
axis, approximately 2 cm wide and featuring a prominent midrib, arises from a discoid
holdfast. Numerous thinner, oppositely arranged, flat lateral branches extend from the
main axis. D. ligulata grows from the lower intertidal to subtidal zones and can reach up
to 80 cm in length. This species produces and stores sulfuric acid, which is released when
the algae are stressed —breaking down their own tissues as well as those of nearby sea-

weed.

Figure 50. Desmarestia ligulata. Scale on image (c): 1 division = 1 mm; (a) Underwater photo: (b)
detail; (c) herbarium specimen, reprinted from [17]; (d) Harvey’s illustration, reprinted from [18],

public domain.

Dictyopteris polypodioides (A.P. De Candolle) ].V. Lamouroux (Figure 51).
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Order: Dictyotales; Family: Dictyotaceae.

Synonyms: Dictyopteris membranacea Batters 1902; Dictyopteris ambigua (Clemente)
Cremades 1990.

Common name: Netted wing weed.

Habitat: Lower-intertidal and mostly subtidal.

Description: Yellowish when juvenile, growing darker brown with age, translucent,
flat and leaf-like, to 30 cm long and 2-3 cm broad, dichotomously forked, with a promi-
nent midrib extending to the apices. In older specimens, the midrib is often the only visible
basal structure. Margins are smooth, except near the base where they may be somewhat
serrated. Apices are rounded, occasionally cleft. Thick and fibrous basal disk. Newly col-
lected specimens have an unpleasant odor.
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Figure 51. Dictyopteris polypodioides. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) her-

barium specimen; (c) blade detail with prominent midribs. Reprinted from [17].

Dictyota dichotoma (Hudson) J.V. Lamouroux (Figure 52).

Order: Dictyotales; Family: Dictyotaceae.

Synonym: Dictyota rotundata ].V. Lamouroux 1809.

Common names: Divided net weed, Brown fan weed.

Habitat: On rocks and epiphytic, mid- and lower-intertidal and subtidal.

Description: Fronds upright, delicate, transparent, olive green to light brown, yel-
lowish or greenish brown, iridescent sometimes, up to 30 cm long; reproductive structures
scattered on the blade; fixed to the substrate by colorless rhizoids. Fronds flattened, rib-
bon-like fronds repeatedly forking dichotomously in a plane, repeatedly with the same
length in a very regular manner, in blades of parallel margins, sometimes spiraled; with-
out central nerve, width constant from base to tip, or only slightly narrowing (of variable
width up to 1 cm); rounded or slightly pointed apices (usually bifid).
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Figure 52. Dictyota dichotoma (Hudson) J.V. Lamouroux (Phaeophyceae). Scale on images (b-d): 1
division = 1 mm; (a) underwater photo; (b) herbarium specimens; (c) blade apexes; (d) reproduc-

tive structures scattered on the blade. Reprinted from [17].

Dictyota spiralis Montagne 1846 (Figure 53).
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Order: Dictyotales; Family: Dictyotaceae.

Synonym: Dilophus spiralis (Montagne) Hamel 1939.

Common names: Ribbon algae; Spiral algae.

Habitat: Near the surface of rocks, also as an epiphyte.

Description: Thallus is bushy and erect, with ribbon-like lamina segments that fork
regularly and spiral around the longitudinal axis. The tips are straight and pointed. The
thallus measures 10-20 cm in length, brown in color with tips appearing in a lighter shade.

Figure 53. Dictyota spiralis Montagne. Scale on image (c): 1 division = 1 mm; (a) underwater photo;

(b) detail; (c) herbarium specimen. Reprinted from [17].

Padina pavonica (Linnaeus) Thivy 1960 (Figure 54).
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Order: Dictyotales; Family: Dictyotaceae.
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Synonym: Padina mediterranea Bory 1827.

Common names: Peacock’s Tail.

Habitat: Found on rocks in sheltered locations near the surface, extending to depths
of up to 20 m.

Description: The frond is thin and leafy —initially flat and entire in young specimens
but often becoming concave or nearly funnel-shaped as it matures, with a laciniate or ir-
regularly lobed margin. The inner (upper) surface is coated with a thin layer of slime,
while the outer (lower) surface displays banded zones of light brown, dark brown, and
olive green. Small, fine hairs form concentric lines spaced 3-5 mm apart, extending from
the outer margin down the colored surface of the fronds.
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Figure 54. Padina pavonica. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b) herbar-
ium specimen, reprinted from [17]; (c) Greville’s illustration, reprinted from [27].

Petalonia fascia (O.F. Miiller) Kuntze 1898 (Figure 55).
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Order: Ectocarpales; Family: Scytosiphonaceae.
Synonym: Scytosiphon fascia (O.F. Miiller) P. Crouan & H. Crouan 1867.
Common names: Broad Leaf Weed, Sea Petals.

Habitat: Typically thriving on stones and shells in calm, shallow pools —especially
within harbors—this species is most commonly observed during spring and early sum-
mer.

Description: The thallus consists of erect, light to dark brown, dorsoventrally flat-
tened laminae arising from a holdfast, either singly or in clusters. Laminae range from
linear to broadly lanceolate or nearly elliptical, narrowing abruptly or gradually toward
the base and merging into a short stipe. The stipe is only slightly narrowed at the tip,
which is rounded and often frayed. The thallus is undivided, membranous, and thin in
young specimens, becoming leathery and tough with age, with smooth and occasionally
undulating margins. This species is highly polymorphic, particularly with respect to thal-
lus width.
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Figure 55. Petalonia fascia. Scale on image (a): 1 division = 1 mm; (a) herbarium specimen, reprinted

from [17]; (b) Harvey’s illustration, reprinted from [18], public domain.

Phyllariopsis brevipes subsp. pseudopurpurascens Pérez-Cirera, Cremades, I. Barbara, &
M.C. Lopez 1991 (Figure 56).
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Order: Tilopteridales; Family: Phyllariaceae.

Habitat: Found in marine environments, typically in cooler waters. The exact distribu-
tion can vary, but it is generally associated with rocky shores and subtidal areas where it
can attach to substrates. This species requires another species, Mesophyllum lichenoides
(Rhodophyta), as substrate.

Description: This species is characterized by short-stalked thalli and a pseudoparen-
chymatous structure, typical of brown algae. Its pigmentation is predominantly brown,
though the subspecies name, pseudo-purpurascens, hints at a reddish or purplish hue visi-
ble under specific conditions. Variations in morphology and anatomy exist, and reliable
identification often necessitates microscopic analysis and comparison with reference speci-

mens.

Figure 56. Phyllariopsis brevipes subsp. Pseudopurpurascens. (a) underwater photo, reprinted from

[17]; (b) general view (reprinted with permission from Ignacio Barbara).
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Taonia atomaria (Woodward) J. Agardh 1848 (Figure 57).
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Order: Dictyotales; Family: Dictyotaceae.
Synonym: Dictyota atomaria (Woodward) Greville 1830.

Common name: Dotted Peacock Weed.

Habitat: Found in pools on rocky and sandy substrata in semi-wave-exposed envi-
ronments, extending to depths of up to 10 m.

Description: The thallus is flat and leaf-like, reaching up to 300 mm in length (typi-
cally 100-150 mm) and 1040 mm in width. Fronds are thin, translucent, and range in
color from olive to yellow-brown. They are irregularly forked and laciniate, lacking a mid-
rib. Reproductive structures are characteristically arranged in wavy bands.

Har 1

Figure 57. Taonia atomaria. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b) herbar-

ium specimen, reprinted from [17]; (¢) Harvey’s illustration, reprinted from [18], public domain.

4.3. Cylindrical Brown Macroalgae
Bifurcaria bifurcata R. Ross (Figure 58).
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Order: Fucales; Family: Sargassaceae.

Synonym: Ascophylla tuberculatum Kuntze 1891.

Common names: Brown tuning fork weed, Brown forking weed.

Habitat: On rocks, sand tolerant, intertidal tide pools, lower intertidal and shallow
subtidal.

Description: Yellowish-brown (dark colored by dissection), leathery consistency, in
the form of cylindrical strings, sub-dichotomic (in which the two branches of the dichot-
omy acquire different dimensions, giving to the frond a characteristic appearance, as in a
zigzag) of 3 to 4 mm in diameter and up to 30-40 cm in length, fixed by a crawling and
branched axis fitted with adhesive disks. The receptacles at the apices (5-8 cm in length
and slightly larger in diameter than the axes that carry them) have small obtuse protru-
sions on their surface, with hermaphrodite conceptacles.
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Figure 58. Bifurcaria bifurcata. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b) field
photo; (c) receptacles at the apexes (*). Reprinted from [17].

Chorda filum (Linnaeus) Stackhouse 1797 (Figure 59).
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Order: Chordales; Family: Chordaceae.

Synonym: Polyides filum (Linnaeus) Chevalier 1836.

Common names: Bootlace weed, Cat gut, Dead men’s ropes, Mermaid’s fishing line,
Mermaid’s line, Mermaid’s tresses, Sea lace, Sea laces.

Habitat: Found in rock pools on the lower shore and in the sublittoral zone down to
depths of 5 m. It is most commonly encountered in sheltered bays, where it attaches stones
and shells.

Description: This species is characterized by its slender, cord-like fronds, which have
a diameter of just 5 mm. These fronds are hollow, smooth, and unbranched, capable of
reaching lengths of up to 8 m. The seaweed anchors itself to the substratum through a

small, disk-shaped holdfast. As an annual species, it thrives during the warmer months
but disappears in winter.
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Figure 59. Chorda filum. (a) Field photo; (b) detail, reprinted from [17]; (c) Harvey’s illustration, re-
printed from [18], public domain.

Cystoseira foeniculacea (Linnaeus) Greville 1830 (Figure 60).
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Order: Fucales; Family: Sargassaceae.
Synonym: Abrotanifolia foeniculacea (Linnaeus) Stackhouse 1809.
Common name: Bushy feather wrack.

Habitat: Occurs in eulittoral pools and sheltered places.

Description: Caespitose macroalga reaching up to 30 cm in height, attached to the
substrate by a wide, irregular basal disk. Axes grow up to 10 cm tall and possess a circular
cross section, measuring up to 5 mm in diameter. They are typically spinose, bearing small
scars from dehisced primary branches. The apices of the axes are inconspicuous and bear

small spines.

Figure 60. Cystoseira foeniculacea. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b)
herbarium specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public do-

main.

Cystoseira humilis Schousboe ex Kiitzing 1860 (Figure 61).
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Order: Fucales; Family: Sargassaceae.

Synonym: Cystoseira canariensis Sauvageau 1912.

Habitat: Occurs in eulittoral pools and sheltered places.

Description: This species is characterized by distinct basal and apical regions, along
with the presence of catenate pneumatocysts (air vesicles). In mature specimens, the main
axis elongates, and the primary lateral branches extend proportionally. The lower por-
tions of these branches are strongly flattened into foliar expansions or basal leaves. Fertile
regions, known as receptacles, contain conceptacles and are typically located at the tips of
the branches. The catenate pneumatocysts aid in buoyancy, helping the organism remain
erect and float in strong currents.
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Figure 61. Cystoseira humilis. Scale on images (c): 1 division = 1 mm; (a) underwater photo; (b) detail;

herbarium specimen. Reprinted from [17].

Ericaria selaginoides (Linnaeus) Molinari & Guiry 2020 (Figure 62).
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Order: Fucales; Family: Sargassaceae.
Synonym: Cystoseira tamariscifolia (Hudson) Papenfuss 1950.

Common names: Bushy rainbow wrack; Rainbow bladderweed

Habitat: Found in rockpools and on the lower shore, this species grows on both rocky
substrates and gravelly flats.

Description: This bushy seaweed typically reaches 30-45 cm in length, though it can
grow up to 60 cm. It features a cylindrical frond and branches irregularly. The reproduc-
tive bodies, located at the ends of the branches, are elongated, oval, and spiny. Small air
bladders are usually present just below these reproductive structures. E. selaginoides is ol-
ive green in color, appearing almost black when dry. Underwater, it displays a striking
blue-green iridescence.

P corre

Figure 62. Ericaria selaginoides. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b)
herbarium specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public do-

main.

Fucus ceranoides Linnaeus 1753 (Figure 63).
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Order: Fucales; Family: Fucaceae.
Synonym: Hesperophycus harveyanus (Decaisne) Setchell & N.L. Gardner 1910.
Common names: Estuary wrack, Horned wrack.

Habitat: Restricted to estuaries and areas near freshwater streams along the shore.

Description: This large brown intertidal seaweed is typically found in brackish envi-
ronments such as estuaries or near freshwater inflows. F. ceranoides lacks air bladders, but
the sides of its fronds are often noticeably inflated, giving them a distinctive appearance.

Figure 63. Fucus ceranoides. (a) field photo; (b) detail, reprinted from [17]; (c) original illustration
from the author.

Fucus serratus Linnaeus 1753 (Figure 64).
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Order: Fucales; Family: Fucaceae.

Synonym: Halidrys serrata (Linnaeus) Stackhouse 1809.

Comon names: Saw Wrack, Serrated wrack, Serrated Wrack, Toothed Wrack.

Habitat: Occurs on firm substrata in the lower intertidal zone; often forms distinct
zonation patterns.

Description: Fucus serratus is a robust, olive-brown shrubby seaweed that frequently
grows in high densities low on the shore, forming dense mats of long, ribbon-like fronds
measuring up to 1 m in length and 2 to 5 cm in width. It anchors to rocks using a discoid
holdfast approximately 3 cm in diameter. Although classified as a brown alga, its colora-
tion ranges from olive green to reddish brown, often with a greenish tint.

Typically reaching lengths of up to 70 cm, F. serratus has been recorded at over 2 m
in very sheltered environments. Its flat, strap-like fronds feature a forward-pointing ser-
rated edge, a distinct midrib, and emerge from a short stipe. The fronds bifurcate repeat-
edly, splitting into two. Their surface is marked by numerous pinprick-like pores, each
surrounded by clusters of tiny white hairs.
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F. serratus resembles Fucus vesiculosus but lacks the prominent air bladders character-
istic of that species. It is also similar to Fucus spiralis, though it does not exhibit the spirally
twisted fronds typical of that species.

This seaweed thrives across a range of habitats, from exposed rocky shores to saline
lagoons, but is most commonly found on sheltered, hard, rocky substrata in the lower
parts of moderately sheltered coastlines. These areas are often subject to some degree of
disturbance, such as tidal scour. Growth rates vary in environmental conditions, ranging
from 4 to 12 cm per year. During winter storms, F. serratus plants may become detached
and lost.

Figure 64. Fucus serratus. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) herbarium spec-

imen; (c) detail, reprinted from [17]; (d) Harvey’s illustration, reprinted from [18], public domain.

Fucus spiralis Linnaeus 1753 (Figure 65).
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Order: Fucales; Family: Fucaceae.

Synonym: Fucus vesiculosus var. spiralis (Linnaeus) Roth 1800.

Common names: Flat wrack, Jelly bags, Spiral wrack, Spiraled Wrack.

Habitat: Marine species, attaches to rocky substrate on sheltered to moderately ex-
posed shores.

Description: Well-developed plants are typically easy to recognize by their flattened,
twisted, dichotomously branched thallus, which lacks air bladders. At the tips of the
fronds, they bear large, oval receptacles, each surrounded by a narrow rim of vegetative
tissue. However, younger specimens are not always easy to identify, and even mature
individuals can be mistaken for Fucus ceranoides or bladderless forms of Fucus vesiculosus.
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Both of these species, however, possess narrower, more pointed receptacles that lack the

surrounding vegetative rim.

Figure 65. Fucus spiralis. Scale on image (b): 1 division =1 mm; (a) field photo; (b) herbarium speci-

men. Reprinted from [17].

Fucus vesiculosus Linnaeus 1753 (Figure 66).

Order: Fucales; Family: Fucaceae.

Synonym: Virsodes vesiculosa (Linnaeus) Kuntze 1891.

Common name: Bladder Wrack.

Habitat: Found on rocks and stones in the mid-intertidal zone; often forms distinct
zonation patterns.

Description: F. vesiculosus displays a wide range of colors, from olive green and olive
brown to reddish brown and nearly black. It typically reaches about 40 cm in length,
though its fronds can grow significantly longer. The species anchors itself securely to
rocky surfaces using a small, disk-shaped holdfast.

One of its most distinctive features is the presence of small, nearly spherical gas-filled
vesicles —resembling bubble wrap—that appear in pairs on either side of a prominent
central midrib running along the strap-like frond. The flattened, branching fronds can
grow between one and two meters in length. These air-filled bladders help the seaweed
remain upright in its rocky habitat, enhancing its exposure to sunlight and maximizing its
photosynthetic efficiency. F. vesiculosus tends to grow in dense clusters, forming extensive
mats of long, ribbon-like fronds measuring up to 1 m in length and 5 cm in width. Its
appearance fluctuates depending on environmental conditions—plants in sheltered re-
gions develop numerous air bladders, whereas those in exposed areas have fewer or none.
In smaller specimens, air bladders may be entirely absent. The absence of bladders is ad-
vantageous in turbulent environments, reducing the likelihood of severe damage and
minimizing the risk of detachment and displacement.
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Figure 66. Fucus vesiculosus. Scale on image (b): 1 division = 1 mm; (a) field photo; (b) herbarium

specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public domain.

Gongolaria baccata (S.G. Gmelin) Molinari & Guiry 2020 (Figure 67).
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Order: Fucales; Family: Sargassaceae.

Synonym: Cystoseira baccata (S.G. Gmelin) P.C. Silva 1952.

Common names: Bushy berry wrack.

Habitat: Found on rocks, in large sandy intertidal pools, as well as in the lower inter-
tidal and subtidal zones.

Description: This species features olive-brown fronds with a leathery consistency,
which can exceed 1 m in length. The fronds are non-iridescent and turn black upon drying.
Fixed by a thick and conical basal disk from which a slightly flattened and zig-zag-shaped
main axis is located near the base (with about 1 x 0.4 cm in transverse section), which alter-
nately branches out in a plane. Apices are smooth during periods of active growth and are
surrounded by incurved young lateral branches. The lateral branch systems are distichous,
alternate, radially symmetrical, and profusely branched in a repeatedly pinnate fashion.
Branches of higher orders bear sparse, filiform appendages, which occasionally bifurcate.
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Figure 67. Gongolaria baccata. Scale on image (b): 1 division = 1 mm; (a) underwater photo; (b) her-

barium specimen, reprinted from [17]; (c) Harvey’s illustration, reprinted from [18], public domain.



