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Abstract: Chnoospora is one of the genera in Scytosipho-
naceae with many taxonomic changes, comprising only two
currently taxonomically accepted species. Chnoospora
minima, its type species, has the widest distribution range
and is characterized by a simple morphology with cylindri-
cal or flattened thalli and dichotomous branching. On the
Mexican coasts, its distribution is disjunct, being recorded
on both the Pacific and Atlantic sides. In the present study we
aim to characterize morphologically and molecularly the
Mexican populations of C. minima. Our results revealed two
phylogenetically independent groups, corresponding with
different species with sympatric distribution in the tropical
Mexican Pacific, C. minima and C. ramosissima sp. nov.
Chnoospora ramosissima has the typical morphology of the
genus, however, it is distinct in having relatively constant
length of the branching segments, that are gradually
reducing towards the apical portions, giving the thallus a
profusely branched appearance; in addition, cellular mea-
surements also differ between them. In contrast, C. minima,
presented five different morphotypes on the Mexican coasts,
however, all of them were different from C. ramosissima by
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having a central branching segment longer than the rest,
subsequently reducing towards the apical portions, giving
the thallus the appearance of being elongated and little
branched.
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1 Introduction

The family Scytosiphonaceae Farlow (Ectocarpales, Phaeo-
phyceae) groups 65 species of marine brown algae, distrib-
uted in 29 genera, widely recorded in temperate and tropical
waters throughout the world (Guiry and Guiry 2024). These
species are characterized by a single plastid bearing a large
pyrenoid and a heteromorphic life cycle (except for some
species of the genera Myelophycus Kjellman and Melanosi-
phon M.J. Wynne), where a large and parenchymatous erect
thallus (gametophyte), whose growth can be subapical or
diffuse (Farlow 1881; Santiafiez et al. 2018a; Setchell and
Gardner 1925; Silberfeld et al. 2011), alternates with a small
and pseudoparenchymatous prostrate thallus (sporophyte)
(Feldmann 1949; Kogame et al. 1999; Nakamura and Tate-
waki 1975; Wynne 1969). However, within the family there is
an important problem in defining the phylogenetic re-
lationships of the species (Cho et al. 2006; Lee et al. 2014a;
Santiafiez et al. 2018b), which is why, with the introduction of
molecular markers, numerous taxonomic changes have
been proposed, mainly at the generic level (Hoshino et al.
2020; 2021; McDevit and Saunders 2017; Santiafiez et al. 2020;
Santiafiez and Kogame 2019; 2022; Schultz et al. 2015; Vieira
et al. 2024).

Chnoospora ]. Agardh is one of the genera in which a
great number of taxonomic arrangements have been made
since its circumscription (Agardh 1847; Nelson and Duffy
1991; Papenfuss 1956; Santiafiez et al. 2018b). It was estab-
lished in 1847 by Agardh based on specimens collected from
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Venezuela in the Atlantic Ocean and San Agustin, Oaxaca,
Mexico in the Pacific Ocean, which he named C. atlantica
J. Agardh and C. pacifica J. Agardh, respectively (Agardh
1847). In 1848, he described three new species for the genus,
C. pannosa ]. Agardh, C. implexa ]J. Agardh, and C. fastigiata
J. Agardh. In the same work, he reduced C. atlantica and
C. pacifica to the status of taxonomic varieties of C. fastigiata.
However, at that time Agardh never designated a type spe-
cies for Chnoospora. Chnoospora pacifica and C. fastigiata
var. pacifica, were used in the literature until Papenfuss
(1956) uncovered the identity and location of the type of
Fucus minimus Hering (Nelson and Duffy 1991). This species
was briefly described from specimens collected in Port Natal
(Durban), South Africa and, because there was no illustra-
tion, there was confusion over its identity. In 1956, Papenfus
proposed the conspecificity of C. fastigiata with Fucus min-
imus combined both names as C. minima over C. pacifica,
based on Hering’s priority, designating here the specimen
from Port Natal, Durban (South Africa) as the lectotype of
C. minima. Papenfuss also pointed the similarity of the
specimens of C. minima (as F. minima) collected in South
Africa by Hering, previously reported by Barton (1898).
However, it was not until the work of Huisman (2015), in
which he conducted a review of Australian brown algal
species that C. minima was designated as the type species for
the genus. Subsequently, Santiafiez et al. (2018b), based on
their observations of specimens from the Philippines, Japan,
French Polynesia, as well as comparisons with illustrations
of South African specimens by Anderson et al. (2016), pointed
out the same similarity between their specimens that Barton
and Papenfuss previously reported, also assigning C. minima
as the type species for the genus. In their work, Santiafiez
et al. (2018b) missed reading the work of Huisman with his
previous proposal, but it has the taxonomic priority.

When Agardh described Chnoospora implexa (1848), as
part of the genus, he also mentioned its dubious identity
which needs to be reviewed in detail. In agreement with this
observation, Santiafiez et al. (2018a) suggested the possibility
of segregating C. implexa from the genus, based on genetic
and morphological observations. Based on specimens
collected in the USA, they establish the phylogenetic and
morphological separation of C. implexa, for which they
describe the monospecific genus Pseudochnoospora Santia-
fiez, G.Y.Cho et Kogame to accommodate this species.

Currently, the diversity of Chnoospora has been drasti-
cally reduced from nine to two taxonomically accepted
species, C. bicanaliculata V. Krishnamurthy et Thomas, with
Indo-Pacific distribution, and C. minima with global distri-
bution (Guiry and Guiry 2024). Both species are mainly
characterized by having erect, branched thalli that are free
or inter-adhesive, solid, cylindrical or complanate, with

DE GRUYTER

hollows between the medullary cells, a sub-apical growth
pattern, axes with acute apices, numerous superficial cryp-
tostomata from which phaeophycean hairs arise, sometimes
associated with plurilocular sori covered with a loosened
cuticle (Nelson and Duffy 1991; Santiafiez and Wynne 2024;
Santiafiez et al. 2018Db).

Chnoospora minima has a wide geographical distribu-
tion range, mainly in the tropical regions from the Indo-
Pacific Ocean to the Atlantic Ocean (Guiry and Guiry 2024).
Particularly in Mexico, it has been widely recorded, on both
the coasts of the Mexican Pacific and in the Gulf of Mexico
and the Caribbean Sea. In the Mexican Pacific, it has been
recorded, from the temperate regions of Baja California to
Sonora and Nayarit, and the tropical regions of Jalisco, Col-
ima, Michoacan to Guerrero and Oaxaca (Pedroche and
Senties 2020; Pedroche et al. 2008). On the Mexican Atlantic
side, it has been recorded along the coasts of Veracruz,
Tabasco, and Quintana Roo, in the tropical region (Garcia-
Garcia et al. 2021). Given its wide and disjunct distribution
range on the Pacific and Atlantic Mexican coasts, our
objective was to characterize morphologically and molecu-
larly to the populations of C. minima. Additionally, we found
a phylogenetically independent group that we have
described as C. ramosissima sp. nov.

2 Materials and methods

Thirty-four samples tentatively identified in the field as
Chnoospora minima using external morphological charac-
ters (such as thallus shape or branching pattern), were
collected in different localities and dates along the Mexican
Pacific and Atlantic coasts of Guerrero and Michoacan, and
Veracruz and Quintana Roo, respectively, as well as three
samples from Brazilian coasts (Figure 1), at a depth of 1 m. Of
the total samples, 25 were used for molecular analysis (Ta-
ble 1). Apical sections were preserved in silica gel for DNA
extraction and molecular analysis. Samples collected for
morphological analysis were preserved in 3 % formaldehyde
seawater solution. Fresh specimens were mounted on her-
barium sheets and incorporated into the algal collections
(Table 1) at Metropolitan Herbarium UAMIZ (Thiers 2021).
Specimens from the same collection were incorporated un-
der the same UAMIZ number (Table 1).

DNA for molecular analysis was extracted from 5 to
10 mg of dried tissue using a Qiagen DNeasy Plant Mini Kit
(Qiagen, Valencia, California USA) according to the manu-
facturer’s protocols. The mitochondrial cox3 region was
amplified using the primers CAF4A and CAR4A (Kogame
et al. 2005). The chloroplast rbcL region was amplified using
the primers rbc-F0, rbc-F3 (Kawai and Sasaki 2004), Ral-R952
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Figure 1: Map of the collection sites for Chnoospora in the Mexican coasts and Brazil. The numbers correspond to site names.

(Lim et al. 2007) and PBR-R3 (Kogame et al. 1999). The PCR
procedure followed Lim et al. (2007). PCR products were
purified with QIAquick Gel Extraction Kit (Qiagen, Valencia,
California USA) and sequenced commercially (Genomic
Sequencing Laboratory, Pabellén Nacional de la Bio-
diversidad, UNAM). The same sets of primers were used for
sequencing. The sequences generated were assembled and
edited using the program Sequencher® version 5.4.5. The
final alignment with sequences from GenBank of other
species of Scytosiphonaceae (Supplementary Table S1) was
performed using Bioedit (Hall 1999). Ectocarpus siliculosus
(Dillwyn) Lyngbye, Chordaria flagelliformis (O.F. Miiller) C.
Agardh, and Pylaiella littoralis (Linnaeus) Kjellman were
used as outgroups for the cox3 data set; meanwhile

Ectocarpus siliculosus and Cladosiphon okamuranus Tokida
were used for the rbcL data set. The outgroup species were
selected as they belong to different families within the
Ectocarpales. Phylogenetic analyses using maximum likeli-
hood (ML) and Bayesian inference (BI) were performed with
codons partitioned. The evolutionary model selected was
GTR + I + G (general time reversible + invariable
sites + gamma distribution) determined based on the ML
ratio test implemented by TOPALI version 2 software (Milne
et al. 2009). ML analysis was performed using RAXML soft-
ware (Stamatakis 2006) with the GTR + I + G model. Support
for each branch was obtained from 1,000 bootstrap repli-
cations. BI analysis was performed using MrBayes 3.2.2
(Ronquist et al. 2012). Four chains of Markov chain Monte
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Table 1: Collection data, voucher number (UAMIZ), field numbers and GenBank accession numbers of specimens of Chnoospora examined in the present

study.
Specimen Site, GPS coordinates, date, and collector Voucher no. Field no. GenBank accession
no.
Cox3 rbcL
Chnoospora Villa Rica, Veracruz, Mexico, 15 April 2013, M.L NUfiez Resendiz UAMIZ-1518 VRCh3 PQ204662 PP849834
minima Playa Mufiecos, Veracruz, Mexico, 19° 44.39" N, 96° 24.24" W, 17 March 2020, M.L. UAMIZ-1517 PMCh1 PQ204663 PP849835
Nufiez Resendiz PMCh2 -
Morro de la Mancha, Veracruz, Mexico, 19° 35.22" N, 96° 22.43' W, 15 April 2013, M.L. UAMIZ-1519 MMCh2 -
Nufiez Resendiz MMCh5  PQ204666 PP849839
Tuxpan, Veracruz, Mexico, 20° 97.31" N, 97° 30.58" W, 19 April 2002, A. Senties UAMIZ-1520 TCh1 -
TCh2 PQ204665 PP849838
Tch3 -
Isla Mujeres, Quintana Roo, Mexico, 21° 20.28" N, 86° 71.14’ W, 18 February 2008, UAMIZ-1521 IMCh1 PQ204664 PP849836
A. Senties IMCh2 -
IMCh3 -
IMCh5 PP849837
Faro de Bucerias, Michoacan, Mexico, 18°35.13"N, 103° 51.14’W, 19 September 1986, UAMIZ-23 FB5 PQ204667 PP849840
Kurt M. Dreckmann UAMIZ-46 FB12 PP849841
Ixtapa Zihuatanejo, Guerrero, Mexico, 17° 63.86" N, 101° 55.38" W, 17 April 1988, Kurt UAMIZ-1153 IxZ1 -
M. Dreckmann
Ixtapa Zihuatanejo, Guerrero, Mexico, 17° 63.86" N, 101° 55.38" W, 18 October 2024, UAMIZ-1533 Zh7-24  PQ568258 PQ568254
ML Nufiez Resendiz
Rio de Janeiro, Brazil, —22° 95.32" S, —43° 15.51 E, 25 July 2024, Abel Senties UAMIZ-1522 RJB1 PQ204668 PQ204670
RJB2 PQ204669 PQ204671
RBJ3 - -
C. ramosissima Ixtapa Zihuatanejo, Guerrero, Mexico, 17° 66.46" N, 101° 62.41" W, 19 July 2019, A. UAMIZ-1515, IxZCh3 PQ204659 PP849832
Senties Holotype
UAMIZ-1516, IxZCh4 PQ204660 PP849833
Isotype IxZChé  PQ204661 -
Ixtapa Zihuatanejo, Guerrero, Mexico, 17°63.86'N, 101°55.38'W, 18 October 2024, UAMIZ-1531 Zh1-24  PQ568256 PQ568252
ML Nufiez Resendiz UAMIZ-1532 Zh3-24 PQ568257 PQ568253
Faro de Bucerias, Michoacan, Mexico, 18°35.13'N, 103°51.14'W, 19 September 1986, UAMIZ-44 FBM1 PQ568259 PQ568255

Kurt M. Dreckmann

Carlo were used, starting with a random tree, and sampling
the data every 500 generations for 6 million generations.
Twenty-five percent (25 %) of trees were discarded as burn-
in. Pairwise distance values (p distances) were calculated
using MEGA X (Kumar et al. 2018).

Microscopic cross-sections were made by hand using a
razor blade and mounted in an 80 % Karo®/distilled water so-
lution. Photomicrographs were taken using a Quasar digital
camera adapted to a Leica DMLB microscope (Heidelberg,
Germany). Photographs were taken with a Nikon D7000 digital
camera. Morphological measurements were obtained from
micrographs using SigmaScan©Pro automated image analysis
software (Jandel Scientific, Sausalito, California).

Data on the distribution of Chnoospora minima were
obtained both from specialized databases such as Algaebase
(Guiry and Guiry 2024) and Global Biodiversity Information
Facility (GBIF), and from specialized literature (Garcia-Gar-
cia et al. 2021; Norris et al. 2017; Pedroche and Senties 2020;

Pedroche et al. 2008; Wynne 2022). With these data, a
global distribution map was generated in the software
QGis v.3.28.1.

3 Results

The cox3 alignment consisted of 48 sequences of 466 base pairs
(bp), the rbcL alignment consisted of 48 sequences 0f 1,289 bp in
length. In both analyses, topologies resulting from ML and BI
analyses did not differ, so only the ML trees with bootstrap and
BI values integrated, are shown (Figures 2 and 3).

With cox3, sequences generated in this study and those
of Chnoospora minima from GenBank formed a mono-
phyletic group within Scytosiphonaceae, with the maximum
phylogenetic support (Figure 2). In turn, this group was
resolved as the sister clade of the genera Colpomenia (End-
licher) Derbés et Solier, Hydroclathrus Bory, Manzaea
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Figure 2: Maximum likelihood (ML) topology based on cox3 sequences data. ML bootstrap (left) followed by Bayesian inference (BI) values (right) on
branches. Asterisks indicate full support (ML =100 %, BI = 1.0 %), hyphens indicate values below 70 %. Group A, Group B, and Group C indicate the three

clusters within Chnoospora, presented as C. minima and C. ramosissima sp. nov. Sequences generated in this study are in boldface. S.P.S. = substitutions
per site.
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Figure 3: Maximum likelihood (ML) topology based on rbcL sequences data. ML bootstrap (left) followed by Bayesian inference (BI) values (right) on
branches. Asterisks indicate full support (ML =100 %, BI = 1.0 %), hyphens indicate values below 70 %. Group A, Group B, and Group C indicate the three
clusters within Chnoospora, presented as C. minima and C. ramosissima sp. nov. Sequences generated in this study are in boldface. S.P.S. = substitutions

per site.
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Santiafiez et Kogame, Rosenvingea Borgesen, Tronella San-
tiafiez et Kogame, and Pseudochnoospora Santiafiez, G.Y.Cho
et Kogame, with low support (ML =59 %; BI = 0.96) (Figure 2).
Within Chnoospora, all the sequences formed three sister
subclades (Group A, Group B, and Group C). Group A, with
the maximum phylogenetic support, clustered five se-
quences from Zihuatanjeo, Guerrero and one from Faro de
Bucerias, Michoacan, Mexico (Figure 2, Table 1), and was
resolved in turn as the sister subclade of Group B and Group
C, both more closely related to each other (Figure 2). Group B,
with good support (ML = 88 %; BI = 0.92), clustered two se-
quences from French Polynesia and three from Chile; Group
C, also with good support (ML = 98 %; BI = 0.96), clustered
four sequences from Veracruz, one from Quintana Roo,
Michoacan, and Zihuatanejo, respectively, two from Brazil,
and one from Japan (Figure 2, Table 1). With rbcL, these
sequences also formed a monophyletic group within Scyto-
siphonaceae, where the Chnoospora clade was resolved, in
turn, as the sister group of the genera Iyengaria Borgesen,
Tronoella, Rosenvingea, Hydroclathrus, and Pseudochnoo-
spora, with low support (ML = 50 %; BI = 0.98) (Figure 3).
Similarly, sequences of C. minima also formed a major clade,
with the maximum phylogenetic support, resolved in turn
into three sister subclades (Group A, Group B, and Group C).
Group A, with the maximum phylogenetic support, was
resolved, in turn, as the sister group of the subclades Group B
and Group C, both more closely related between them, and
clustered four sequences from Zihuatanejo, Guerrero and
one Faro de Bucerias, Michoacan, Mexico; Group B, well
supported (ML = 89 %; BI = 1.0), clustered two sequences
from Brazil, one from Japan, and one from USA; Group C,
with the maximum support, clustered two sequences from
Michoacan, two from Quintana Roo, four from Veracruz, and
one from Zihuatanejo, Guerrero, with two from French
Polynesia (Figure 3, Table 1).

With cox3, the genetic distance values within groups
(Table S2) were: Group A: no variation; Group B: ranged from
0.2t0 0.6 %; and Group C: 0.4 % (with a sequence from Japan).
The genetic distance values between groups were: Group A
and B: ranged from 4.1% (with sequences from Chile) to
4.3 % (with sequences from French Polynesia); Group A and
C:5.1%, and Group B and C: ranged from 1.7 (with sequences
from Chile) to 2.4 % (with sequences from French Polynesia).
With rbcL, the genetic distances values within groups
(Table S3) were: Group A: no variation; Group B: ranged from
0.1% (with sequences from Brazil and Japan) to 0.2 % (with
sequences from Brazil and USA); Group C: 0.1 %. The genetic
distance values between groups were: Group A and B:
ranged from 0.8 % (with a sequence from Japan) to 0.9 %
(with sequences from Brazil and USA); Group A and C:
ranged from 0.9 % (with sequences from Mexico) to 1 % (with
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sequences from French Polynesia); Group B and C: ranged
from 0.4 % (with sequences from USA and Japan) to 0.5 (with
sequences from Brazil).

These genetic distance values between groups support
the presence of, at least, two phylogenetic independent lin-
eages within Chnoospora (Figure 2 and 3). Considering the
morphological characters, and distribution patterns
(Figure 4), as well as the type locality for C. minima in the
Indian Ocean, we described Group B and Group C as the true
C. minima and Group A as a new lineage that we have named
C. ramosissima sp. nov. The close relationship between
Group B and Group C is discussed below.

3.1 Chnoospora minima (Hering) Papenfuss
(Figures 4-15)

Type locality: Port Natal (Durban), South Africa (Papenfuss
1956).

Observations: Thalli forming bushy tufts, golden
brown in color (Figures 4-9), attached to the substratum by a
holdfast, associated or not with the prostrate, crustose phase
of its biological cycle (Figure 10). Erect axes, monopodial,
terete to compressed (Figures 11 and 12), 3.5-8 (-12) cm in
length and variable diameter from the base (400-
500 x 1,200-1,300 pm) at the apical portions (850-
900 x 1,100-1,300 um) and median portions (200-
250 x 1,300-1,400 um); branching dichotomously or trichot-
omous (Figures 4-9), 2-5 times on each axis (Figures 4-9),
with acute or blunt apices; branch angle predominantly
greater than 50°, curved (Figures 4-9). Segments between
branches of variable diameter along the axes, broader at the
base of each dichotomy (Figure 4), with variable length,
being shorter from the stipe (0.5-0.8 cm) towards the inter-
mediate portions, where the segments elongate notably (2—-
3.5 cm), reducing their size again towards the apical portions
(0.5-1cm) (Figures 4-9). Cryptostomata on axes and
branches, numerous, superficial, from which elongated
microscopic hairs arise (Figure 13). In cross section, cortex
made up of three layers of pigmented, elongated, rectan-
gular cortical cells, relatively constant in diameter between
the apical (2.5 x 5 pm) and middle portions (2.5-3.5 x 5 um)
and larger in the basal portion (3.5-5 x 7.5-8.75 um) of the
axes (Figure 14); medulla made up of 12-15 layers of hemi-
spherical, elongated, not very dense cells, with variable
diameter in different sections of each axis: apical portion
(7.5) 30-35 x (5) 12.5-20 pm, middle portion (15) 50-70 pm,
and basal portion (15) 25-40 x (25) 60-75 um, reducing pro-
gressively in size towards the cortex (Figures 11 and 12),
giving the thallus the appearance of being elongated and
little branched. Large diameter hollows are observed
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Figures 4-9: Chnoospora minima. (4) UAMIZ-1519. Morphotype from Morro de la Mancha, Veracruz, showing intermediate branching segments longer
than the rest (arrow). Scale bar =1 cm. (5) UAMIZ-1518. Morphotype from Villa Rica, Veracruz, showing intermediate branching segments longer than the
rest (arrows). Scale bar =1 cm. (6) UAMIZ-1517. Morphotype from Playa Mufiecos, Veracruz, showing intermediate branching segments longer than the
rest (arrows) and curved angles (arrowheads). Scale bar = 1 cm. (7) UAMIZ-1521. Morphotype from Isla Mujeres, Quintana Roo, showing intermediate
branching segments longer than the rest (arrow) and acute angles (arrowhead). Scale bar = 1.cm. (8) UAMIZ-46. Morphotype from Faro de Bucerias,

Michoacan, showing intermediate branching segments longer than the rest (arrow). Scale bar =1 cm. (9) UAMIZ-1522 showing intermediate branching
segments longer than the rest (arrows) and branching angles (arrowheads). Scale bar =7 mm.

between the medullary cells in median and basal portions cuticle (Figure 15), 60-70 um in length; mature plurangia
(Figure 11). Sporangia plurilocular elongate, growing uni- formed 12-14 locules, quadrangular cells, 3.5 x 5um in
seriate or biseriate on cortical sori, covered with a loosened diameter.
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Figures 10-15: Chnoospora minima. (10) UAMIZ-1517. Specimen from Villa Rica, Veracruz showing a consolidated holdfast. Scale bar =4 mm. (11)
UAMIZ-1518. Cross section through middle part of an erect axis with compressed form showing medullary cells and hollows (h) between them. Scale
bar =150 pm. (12) UAMIZ-23. Cross section through middle part of an erect axis with cylindrical form showing medullary cells with hollows (h) between
them. Scale bar =150 pm. (13) UAMIZ-1517. Cross section of an erect axis showing cortical cryptostomata with numerous long hairs (arrows). Scale
bar =150 pm. (14) UAMIZ-1520. Cross section of an erect axis showing three layers of cortical cells (arrows). Scale bar = 40 pm. (15) UAMIZ-46. Cross
section showing uniseriate plurangia covered with a loosened cuticle (arrow). Scale bar = 70 pm.

Distribution: Tropical and subtropical coasts of the
world. Atlantic Ocean: Ascencion Island (John et al. 2004),
Bahamas (GBIF 2024), Benin (John et al. 2004), Brazil (Taylor
1960), Cape Verde (John et al. 2004), Colombia (Schnetter
1976), Cuba (Sudrez et al. 2023), Equatorial Guinea (John et al.
2004), Ghana (John et al. 2004), Ivory Coast (John et al. 2004),
Lesser Antilles (Taylor 1960), Liberia (John et al. 2004),
Martinique (Delnatte and Wynne 2016), Mexico (Garcia-
Garcia et al. 2021), Netherlands Antilles (Taylor 1960), Nigeria

(John et al. 2004), Panama (Taylor 1960), Puerto Rico (Bal-
lantine et al. 2021), Sdo Tomé and Principe (John et al. 2004),
Sierra Leone (John et al. 2004), Togo (John et al. 2004), Tri-
nidad and Tobago (Duncan and Lee Lum 2006) and
Venezuela (Taylor 1960). Indian Ocean: Christmas Island
(Silva et al. 1996), India (Silva et al. 1996, Yadav et al. 2023),
Indonesia (Silva et al. 1996), Mauritius (Silva et al. 1996),
Mozambique (Silva et al. 1996), Malaysia (GBIF 2024),
Myanmar (Soe-Htun et al. 2021), Red Sea (Einav et al. 2021),
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Figure 16: Map of the global distribution of Chnoospora minima (brown circles) and C. ramosissima (red circle).

Réunion (Silva et al. 1996), Seychelles (Silva et al. 1996), South
Africa (Silva et al. 1996) and Sri Lanka (Silva et al. 1996).
Pacific Ocean: American Samoa (Littler and Littler 2003),
Australia (Kraft 2009), Central Polynesia (Tsuda and Walsh
2013), China (Liu 2008), Colombia (GBIF 2024), Easter Island
(Santiafiez et al. 2018b), El Salvador (GBIF 2024), Federated
States of Micronesia (Lobban and Tsuda 2003), Fiji (South
and Skelton 2003), French Polynesia (N’Yeurt and Payri
2006), Guam (Lobban and Tsuda 2003), Hawaiian Islands
(Huisman et al. 2007, Sherwood and Guiry 2023), Japan
(Yoshida et al. 2015), Mariana Islands (Tsuda 2003), Mexico
(Pedroche et al. 2008, Pedroche and Senties 2020), New
Zealand (Nelson et al. 2021), Papua New Guinea (GBIF 2024),
Philippines (Ang et al. 2014), Revillagigedo Islands (Serviere-
Zaragoza et al. 2007), Samoan Archipelago (Skelton and
South 2007), Solomon Islands (Womersley and Bailey 1970),
Taiwan (Lewis and Norris 1987), Thailand (Coppejans et al.
2011), Tuamotu Islands (Taylor 1973) and Viet Nam (Nguyen
et al. 2013) (Figure 16).

Habitat: Plants growing in the intertidal zone, on rock
walls or rocky platforms, exposed directly to the waves
(Littler and Littler 2003; this study).

3.2 Chnoospora ramosissima Nuiiez-Resendiz,
Dreckmann et Senties sp. nov.
(Figures 17-24)

Description: Thalli forming bushy tufts, yellow to dark,
wiry, fixed by a holdfast; erect axes compressed, 6-8 (-10)

cm length and 1,000-1,100 pm in diameter, branching pro-
fusely, 6-8 (to 12) times, dichotomously, with length progres-
sively reducing from the base (2.6-3 cm) to the tips (0.3—0.5 cm)
where the branching is most profuse, acute angle; surfaces
with numerous cryptostomata associated with short-
microscopic hairs; cortex of 2—4 layers of golden and rectan-
gular cells, diameter variable in apical portions (3.5-45 x 7.5—
10 yum), middle portions (5 x 7.5 um), and basal portions (5 x 7.5—
8.5 um); medulla of 15-18 layers of rounded, large, or irregular
cells, compact, diameter slightly variable: 35-50 (—80) um in
apical portions, (25) 40-50 pm x (20) 50-65 pm in middle por-
tions, and (15) 25-40 x 30-50 (-65) um in basal portions; hol-
lows scattered among the medullary cells, not clearly visible in
the basal portions; uniseriate or biseriate sporangia pluri-
locular without a cuticle; mature plurangia 50-80 um long,
subdivided into 10-16 squarish locules, 5 um in diameter.

Type locality: Zihuatanejo, Guerrero, Mexico (17° 66.46'
N, 101° 62.41' W; Figure 1).

Holotype: UAMIZ-1515 (Figure 12), Zihuatanejo, Guer-
rero, Mexico, A. Senties; deposited in UAMIZ.

Isotype: UAMIZ-1516, Zihuatanejo, Guerrero, Mexico, A.
Senties; deposited in UAMIZ.

Etymology: The specific epithet (ramosissima = with
many branches) refers to the presence of numerous
branches in the thallus.

Observations: Thalli were forming bushy tufts, yellow
brown in color when fresh to dark when dried (Figures 17 and
18), cartilaginous, wiry, non-lubricated, fixed to the substratum
by a holdfast, from which an erect monopodial axis arose
(Figures 17 and 18). Erect axes were compressed (Figure 19), 6-8
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Figures 17-24: Chnoospora ramosissima sp. nov. (17) Holotype specimen. UAMIZ-1515. Thallus showing abundant branching with predominantly acute
branching angles (arrows). Scale bar =1 cm. (18) UAMIZ-44. Thalli of Chnoospora ramosissima from Faro de Bucerias, Michoacan, showing one clustered
thallus from a single holdfast (arrowhead), and abundant branching with predominantly acute branching angles (arrows). Scale bar = 1.cm. (19)
UAMIZ-1515. Cross section through middle part of an erect axis showing medullary cells with hollows (h) between them. Scale bar =150 pm. (20)
UAMIZ-1516. Cross section of an erect axis showing cortical cryptostomata with short hairs (arrow). Scale bar = 50 pm. (21) UAMIZ-1516. Cross section
showing cortical layers (arrow). Scale bar = 40 pm. (22) UAMIZ-1515. Cross section showing uniseriate (arrowheads) and biseriate plurangia (arrows).
Scale bar = 65 pm. (23) UAMIZ-1516. Cross section showing the development of the plurangia from the cortical cells (arrow), at different stages of
maturation. Scale bar = 65 pm. (24) UAMIZ-1515. Detail of the development of biseriate plurangia from cortical cells (arrows). Scale bar = 30 pm.

(-10) cm length with constant diameter in the apical (300-
350 x 1,000-1,100 pm) and middle (400 x 1,000-1,100 um)
portions of the axes and notably different and wider in the
basal portion (1,100 x 1,800 pm), branching profusely, 6-8
(to 12) times, dichotomously, with acute tips; branching

angle was predominantly acute and straight, between 45°
and less than 90° slightly curved in older portions
(Figure 18). Branching segment diameter was relatively
constant along the axes, slightly broader at each di-
chotomy (Figure 18); the length was progressively reduced
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from the base to the tips to 2.6-3 cm in the basal segment,
0.8-1cm in the intermediate segments and 0.3-0.5 cm in
the apical portions, giving the thallus the appearance of
being profusely branched. Surfaces were smooth, with
numerous cryptostomata in axes and branches, associated
with short-microscopic hairs (Figure 20).

In cross section, the cortex was made up of three layers
of golden cells, rectangular, with different diameters be-
tween the apical portion (3.5-5 x 7.55-10 um), the middle
portion (5 x 7.5 um), and the basal portion (5 x 7.5-8.5 um;
Figure 21); medulla was made up of 15-18 layers of rounded,
large, or irregular cells, with thick walls, compact, also with
different diameters in the apical portion [10-35 x 35-50
(-80) pm], the middle portion [(25) 40-50 x (20) 50—65 pm],
and the basal portion [(15) 25-40 x 30-50 (—65) um], with
constant size from center to the cortex (Figure 14); as has
been described for all the species in Scytosiphonaceae,
whose species can be hollow or partially hollow, some hol-
lows appear scattered among the medullary cells, some
hollows appear scattered among the medullary cells,
without an apparent pattern, not clearly seen in basal sec-
tions (Figure 19).

Sporangia plurilocular growing in uniseriate or biseri-
ate cortical sori without a loosened cuticle (Figures 22—24);
mature plurangia were elongated, 50-80 um long, sub-
divided into 10-16 squarish locules, 5 um in diameter.

Habitat: Plants growing on rock walls or rocky plat-
forms, exposed directly to the waves, in the intertidal zone,
between 0.5 and 1 m deep, exposed to direct light during low
tide. Present throughout the year although they are more
abundant in the months of April to September; growing in
close association with species of Ectocarpus Lyngbye and
Chaetomorpha Kutzing.

Distribution: In the Mexican coasts from Zihuatanejo,
Guerrero and Faro de Bucerias, Michoacan.

4 Discussion

From our molecular and morphological results, we can
establish that, within the Mexican populations of C. minima,
there are two phylogenetically independent entities,
C. minima being the most common, with a wide disjunct
distribution, and C. ramosissima sp. nov., with sympatric
distribution with C. minima in its type locality in Zihuata-
nejo, Guerrero and Faro de Bucerias, Michoacan, Mexico.
The resulting phylogenies with the cox3 and rbcL
markers showed that, within the Chnoospora clade, there
are three genetically differentiated sister groups, Group A,
basal to Groups B and C, which in turn, are more closely
related to each other. In the phylogenies of Santiafiez et al.
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(2018b) and Vieira et al. (2024) with the cox3 marker, the
formation of at least two genetically independent groups
within C. minima is also observed. In Santiafiez et al. (2018b),
the sequences of C. minima are clustered into two groups, the
first made up of sequences from Chile generated in that
study, and the second group made up of a sequence from
Japan. Similarly, in Vieira et al. (2024), two groups are also
formed, one made up of the sequences from Chile (from
Santiafiez et al. 2018a, 2018b) along with the sequences
generated in their study, and the second group also with the
sequence from Japan. In our analysis with cox3, we also have
the formation of these same groups in Group B and Group C,
in the latter in addition, our sequences from the Mexican
Atlantic coasts, Brazil and in the Mexican Pacific, Guerrero
and Michoacan were grouped, while Group A only contained
sequences from Zihuatanejo in Guerrero and Faro de
Bucerias, Michoacan (Figure 2). With the analysis based on
rbcL, we observed the same three genetic groups, Group A,
which remained independent by grouping the same Zihua-
tanejo and Faro de Bucerias sequences as in cox3, and
Groups B and C that did vary the relationships shown pre-
viously (Figure 3). In group B, the sequences from USA and
Japan were grouped with those from Brazil generated in the
present study, while Group C contained sequences from
French Polynesia and the rest of the localities in Mexico. This
mixture between the sequences that make up Groups B and
C observed between cox3 and rbcL suggests that, although
there is genetic differentiation within C. minima, it must
correspond to a relatively recent event, since the rbcL
marker, which is more conserved than cox3, does not reflect
these phylogenetic relationships.

Additionally, the interspecific genetic distance values
calculated with cox3 between Groups A and B (4.1-4.3 %) and
Groups A and C (5.1 %) coincided with those reported by Boo
et al. (2011) and Lee et al. (2014b) between Colpomenia
(Endlicher) Derbes et Solier species (4.4-7.69 %; Co. pere-
grina Sauvageau and Co. claytoniae S.M. Boo, KM. Lee, G.Y.
Cho et W. Nelson) and those reported by Santiafiez et al.
(2018a) between Hydroclathrus Bory species [4.1-7.4 %;
H. clathratus (C. Agardh) M. Howe and H. tenuis C.K. Tseng et
Lu Baroen], providing evidence of the taxonomic indepen-
dence between Group A and Groups B and C. On the other
hand, the intraspecific genetic distance values between
Groups B and C (1.7-2.4 %) were also consistent with those
reported by Lee et al. (2014b) for species of Colpomenia
(0-3.7 %; C. peregrina) and Santiafiez et al. (2018a) for the
genus Hydroclathrus [0-2.6 %; H. tilesii (Endlicher) San-
tiafiez et M.J. Wynne], providing evidence that both groups
do not constitute independent lineages from each other, but
rather are the same lineage. Regarding the genetic distances
calculated with rbcL, the values between Groups A and B
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(0.8-0.9 %) and A and C (0.9-1 %), were also consistent with
the interspecific distance values provided by Kogame et al.
(1999) (0.4-0.5 %, for species of Scytosiphon C. Agardh), also
supporting the independence between Group A with Groups
B and C. On the other hand, the distance calculated with this
marker between Groups B and C (0.4-0.5 %), could support
their independence according to the values reported among
other species of Scytosiphonaceae; however, we previously
discussed evidence that rules out this possibility, mainly due
to the existing mixture between the sequences that make up
these groups between both phylogenies, which suggests that
there is no solid differentiation between them.

Given the phylogenetic relationships described in each
group and considering the genetic distance values proposed
to establish this difference, we recognize only two phyloge-
netically independent lineages within C. minima, the first
corresponding to Group A and the second with Group B/C,
which, based on their morphological characteristics and
distribution patterns discussed below, we have designated
as C. ramosissima sp. nov. (Group A) and the true C. minima
(Group B/C). Unfortunately, we do not have sequences of
C. bicanaliculata, the third species in the genus, to compare
with our results and establish its phylogenetic relationships
with the other two, but this must be a future work.

Regarding its distribution, Chnoospora minima has the
widest distribution range, since it has been recorded from
the coasts of the eastern and western Pacific, Indian Ocean to
the Atlantic coasts (Guiry and Guiry 2024). Meanwhile, C. bica-
naliculata so far has a distribution restricted to India and sur-
rounding regions (Krishnamurthy and Baluswami 2010; Rao
and Gupta 2015; Yadav et al. 2023). Until now, the distribution of
C. minima had only been confirmed molecularly from Japan,
Hawaii, French Polynesia, and Chile (Santiafiez et al. 2018b;
Vieira et al. 2024). Particularly, on the tropical Mexican coasts it
presents a disjunct distribution pattern (Garcia-Garcia et al.
2021; Norris et al. 2017; Pedroche and Senties 2020), while, so far,
C. ramosissima is restricted to the Zihuatanejo and Faro de
Bucerias, in the tropical Pacific Mexican, where it co-occurs
with C. minima. From an analysis of global records and
considering its current distribution pattern, we can determine
that C. minima could have had an Atlantic origin. In the distri-
bution map (Figure 16), it is observed that most of the records
are concentrated in the Western Atlantic portion, being scarce
in the African region and the Mediterranean, which makes it
possible to infer that the original population came from the
southern portion of the western Atlantic coast, where the pre-
vailing current pattern, from south to north, allowed its estab-
lishment in the northwest Atlantic region. Likewise, prior to the
closure of the Isthmus of Panama, approximately 3m.y.a
(Coates and Obando 1996; Coates and Stallard 2013), populations
were able to cross and establish themselves in the eastern and
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western Pacific, and from there, later, establish themselves in
the Indo-Pacific, which is also suggested by the few records in
the area. However, detailed studies of population genetics and
phylogeography must be carried out, in order to provide evi-
dence on the geological and biogeographic history, not only of
C. minima but of the rest of the species in the genus.
Morphologically, C. bicanaliculata, C. minima, and
C. ramosissima present the typical morphology of the
genus, apparently little variable, consisting of cylindrical
to complanate axes and branches and the characteristic
branching pattern in one or two planes (Santiafiez et al.
2018b). However, to discriminate them, the characters
consistently proposed by Santiafiez et al. (2018b), Santiafiez
and Wynne (2024) or Vieira et al. (2024), are the shape of
cortical and medullary cells, number of layers, size, and
those characters associated with the plurilocular sporangia
of the macroscopic thallus (Table 2). From our observations,
specimens of C. minima present a predominantly curved
angle, mainly towards the apical portions (Figures 4-7),
while C. ramossisima presents a predominantly acute
angle, slightly curved towards the most mature portions
but predominantly straight (Figure 18), similar to that
described for C. bicanaliculata (Yadav et al. 2023). However,
C. bicanaliculata is a morphologically distinct species in the
genus due to the presence of two central grooves or con-
strictions on the main axes, which form two separate canals
clearly distinguishable in cross section (Yadav et al. 2023).
The main morphological difference between C. ramo-
sissima with C. minima and C. bicanaliculata is the length of the
branching segments and the stipe. C. ramosissima has a stipe
longer (2.6-3 cm) than the branching segments (0.3-1 cm) and
these are of relatively constant size, progressively reducing to
the apical portions (Figure 18), giving the thallus the appear-
ance of being densely branched. In contrast, in both C. minima
and C. bicanaliculata, the stipes are shorter (0.5-0.8 cm) than
the branching segments along the thallus and, in both cases, a
segment considerably longer (2-3.5 cm) than the rest is seen in
the central portion of the thallus, reducing its size again to-
wards the apical portions, which gives the thallus its elongated
and poorly branched appearance (Figures 4-9). In the photo-
graphs of C. minima habits published by Nelson and Duffy
(1991), Santiafiez et al. (2018b), Taylor (1942), and Yadav et al.
(2023), it is also possible to observe this central segment of
greater length than the rest in the thallus. Other important
characters in the delimitation between the three species are
summarized in Table 2, however, the most evident are, at an
anatomical level, both the number of cellular layers that make
up the medulla and its diameter both in the basal, middle and
apical portions of the thallus, as well as among those reported
by the different authors, although in these works the level of
the thallus at which these characters were observed is not
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specified. In C. ramosissima, it is possible to observe a dense
medulla, composed of 16-18 layers of cells with a constant
diameter and considerably smaller than that observed in
both, C. bicanaliculata and C. minima, with lax medullae,
evident intermedullary hollows and diameters almost double
those of C. ramosissima, similar to those shown by Santiafiez
et al. (2018b) and Yadav et al. (2023). In this regard, we
observed that C. ramosissima does not present obvious holes
in the basal portions as it does in the middle and apical por-
tions, which also differs with C. minima, where the holes are
evident in any region of the thallus, in agreement with San-
tiafiez et al. (2018b). Although the reproductive characters,
such as the length and number of locules of the plurangia, that
we observed between C. minima and C. ramosissima (Table 2)
differ slightly (C. minima have shorter plurangia than those
found in C. ramosissima), Santiafiez et al. (2018b) report for
the first time in C. minima plurangia covered by a loosened
cuticle. This feature was confirmed for our specimens of
C. minima (Figure 15) but was not observed in C. ramosissima
(Figures 22-24).

According to our taxonomic review of Chnoopsora, the
proposed synonyms for C. minima of the different related
names such as C. atlantica, C. fastigiata, and C. pacifica, were
based on the morphological review of these specimens and the
coincidence of their characteristics with C. minima, which,
despite having a very simple original description without an
illustration, was assigned to the type in Durban, South Africa,
after a thorough review. From the morphology of the topotype
of C. minima (Anderson et al. 2016), it is possible to observe that
its characteristics correspond with those that we have identi-
fied for the Mexican specimens in the Atlantic and the Pacific,
that is, a thallus with a little branched appearance due to the
presence of central branching axes that are longer than in the
basal and apical portions. However, the figure presented by
Taylor (1942: Figure 2) for C. pacifica, is very similar to our
specimens of C. ramosissima, but this specimen was collected
in Aruba Island, close to South America in the Caribbean re-
gion, not to San Agustin or nearby in the Mexican Pacific,
therefore, although we have found two phylogenetically
differentiated entities within C. minima on the Mexican Pacific
coasts, molecular determination of specimens from Oaxaca
and Aruba Island specimens are required to resolved its rela-
tionship with C. ramosissima or with other species that are
currently part of the list of synonyms for C. minima. Given the
above, at the moment we have named the new species
C. ramosissima, by its profusely branching pattern.

Despite the phenotypic plasticity exhibited by pop-
ulations of C. minima on the Mexican coasts, with five
morphotypes differentiated in the present study (Fig-
ures 4-9), the characters described here to discriminate
from C. ramosissima were constant among all of them.
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Among our specimens, the C. minima morphotype most
similar externally to C. ramosissima was that from the
Caribbean Sea (Figure 7), with predominantly acute angles
and branching axes of constant diameter, however, this
morphotype also presented a branching segment longer in-
termediate, like the rest of the morphotypes presented here
for C. minima (arrows, Figures 4-9). This plasticity consisted
mainly of variations in the number of branches of the
thallus, diameters, thickenings at the base of the dichotomies
and apices from acute to blunt or rounded (Figures 4-9). In
Taylor (1942), two different morphotypes of C. minima are
presented, the typical little branched and another highly
branched. This second is similar to the one presented by
Nelson and Duffy (1991) for New Zealand and Santiafiez et al.
(2018Db) from Easter Island, but all of them, despite present-
ing dense branching, also present notably elongated central
branching segments, typical of the morphology of C. minima
that we have observed in all our specimens.

In general, despite their abundance and wide distribution
on the Mexican coasts, little is known about the species of
Scytosiphonaceae and their phylogenetic relationships, as well
as their real diversity or the historical geological processes
responsible for their current distribution. From this first
approach to the study of C. minima populations on the Mexican
coast, questions remain about the real distribution of C. minima
and C. ramosissima in other regions of the world, as well as
their relationship with C. bicanaliculata, since the information
available so far is practically of morphology only, so it is un-
known if there is greater cryptic diversity within C. minima or
not. However, these studies must be extended to other mem-
bers of the Scytosiphonacae in Mexico, given their ecological
importance and abundance, in order to form a more consoli-
dated integration of their knowledge.
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