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INTRODUCTION

Nearly 12 years ago (Guiry, 2012), I published the num-
bers of described algal species then included in the on-
line database AlgaeBase (AB; https:// www. algae base. 
org, Guiry & Guiry,  2023). At that time, AB included 
33,260 species, and I estimated that about 44,000 
species of algae had been described up to that time. I 
discussed the universal difficulties in assessing what a 
species is and what an alga is conceptually, and these 
issues have not changed. I also gave a brief account 
of the numbers of species in the various taxonomic 
groupings of algae.

Here, I update the numbers in AB in the context of 
the various phyla (and in the larger phyla, classes) of 
algae and in relation to the numbers of other organ-
isms that have been subjected to expert assessment. 
It should be noted that in this account I use the term 
“grouping” in discussions of each taxonomic category; 
the word “group” is often employed but represents 
a particular taxonomic category (an infrageneric 
one). The term “ambiregnal” is employed for organ-
isms that have been treated under multiple Codes of 
Nomenclature and that create difficulties in each Code 
(Corliss, 1995; Turland, 2019, p. 113). Some or all of 
the included organisms are also treated under another 
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nomenclatural code, sometimes with the same names 
but not always.

Phycologists will not be surprised that their calling 
is based on the most ill- defined (or ill- definable) group-
ing of organisms on Earth. Most other such groupings 
are well defined (flowering plants, insects, fishes, birds, 
mammals, etc.) and are usually, although not always, 
monophyletic. Algae include very diverse organisms: 
prokaryotic and eukaryotic, plant- like and animal- like in 
the classical sense, and related and unrelated to other 
organisms conceived by the general public as “plants” 
or by some researchers as “protists” (sometimes “pro-
toctists”), a similarly difficult grouping to define well. 
Some algal groupings have lost their plastids, and some 
have regained them; some have “captured” plastids 
from different, unrelated groupings, often repeatedly.

The International Code of Nomenclature for algae, 
fungi, and plants (ICN; Shenzhen Code, Turland 
et al., 2018). Preamble 8 specifies “The provisions of 
this Code apply to all organisms traditionally treated 
as algae, fungi, or plants, whether fossil or non- fossil, 
including blue- green algae (Cyanobacteria), chytrids, 
oomycetes, slime molds, and photosynthetic protists 
with their taxonomically related non- photosynthetic 
groups (but excluding Microsporidia).” The phrase “tra-
ditionally treated as algae” is critical for inclusion in AB 
as it is for Index Nominum Algarum (INA; see Silva & 
Moe, 1999), which aspires to produce and maintain “…
an index of scientific names of algae, both living and 
fossil, at all ranks.” Deciding “…their taxonomically re-
lated non- photosynthetic groups” is particularly difficult 
as is interpreting “…traditionally treated as algae.” So, 
while some names are included in AlgaeBase and INA 
for purposes of priority, we do not necessarily regard 
these as algae, and they are not included here.

There are some ambiregnal wording conventions 
that require clarity, as they are not well understood by 
some phycologists and protistologists. Under the ICN 
(Turland et al., 2018) a designation is nomenclaturally 
valid or invalid, i.e., it meets or does not meet the re-
quirements of the ICN to exist as a name. Once a des-
ignation is valid under the ICN it becomes a name that 
may be legitimate (mostly that it is not pre- empted by 
a homonym or includes taxonomically another name 
with priority) or illegitimate. Once a name is valid and 
legitimate, it can then be assessed taxonomically to es-
tablish if it is the correct name for the taxon (i.e., that it 
is not a taxonomic synonym of another taxon). Under 
the International Code of Zoological Nomenclature 
(ICZN), however, a name is “available” (equivalent to 
“valid” under the ICN) or “unavailable” (equivalent 
to “invalid” under the ICN), and a “valid name” is the 
taxonomically correct name for the taxon. So, when a 
zoological taxonomist refers to a “valid name” this re-
fers to its taxonomic validity but to a botanical taxon-
omist a “valid name” refers to nomenclatural validity, 
and taxonomic acceptance is generally referred to as 

the “correct name.” The important point is that for some 
organisms “traditionally treated as algae,” “availability” 
under the ICZN results in “validity” under the ICN and 
inclusion in AB despite not being generally considered 
as algae by today's phycologists (e.g., highly evolved, 
non- photosynthetic parasites such as Trypanosoma).

HOW MANY SPECIES ARE THERE?

The consensus (Table  1) is that for all organisms, 
about 2.2 million species have been described to date, 
surprisingly close to the early estimate of 1.75 million 
species by Hawksworth and Kalin- Arroyo (1995). Even 
these numbers are often unclear as to whether they 
include extant and extinct species.

Experts in just about every grouping listed in 
Table  1 claim that the numbers of “their” described 
species is an underestimate, especially for the fungi, 
insects, and arachnids. Some authors are now report-
ing a decline in the rates of description of new taxa 
in well- researched groupings such as the Isopoda 
(Hartebrodt et  al.,  2023). Numbers seem to be rela-
tively stable in birds, mammals, and fishes, although 
there is annually some well- publicized discovery of a 
previously unknown (often tiny) vertebrate in some re-
mote, understudied region of the planet often receiving 
far more attention than it deserves. By far, the largest 
grouping of organisms is the Insecta, particularly the 
Coleoptera (beetles, with >380,000 known species, or 
about 40% of all arthropods; Stork et  al.,  2015), the 
radiation of which in tropical rainforests is truly aston-
ishing, and there are estimates of 1–1.5 million extant 
beetle species (Stork et al., 2015). Largely as a result 
of arthropod radiation, animals currently outnumber 
plants by nearly three to one. Nevertheless, one as-
sessment (Mora et  al.,  2011) concluded that “some 
86% of existing species on Earth and 91% of species 
in the ocean still await description.”

Of the organisms falling under the aegis of the ICN, 
the flowering plants, unsurprisingly, are by far the larg-
est grouping with some 382,000 extant species, mostly 
terrestrial with very few representatives in marine en-
vironments (currently, there are about 100 species of 
seagrasses, excluding fossils, which are currently in-
cluded for convenience in AB) followed by the Fungi 
with around 167,000 living species, including lichens, 
mostly in terrestrial habitats. There are estimates 
of 1.5–13.2 million species of fungi (Hyde,  2022). 
Assessments (May,  2011 and others) of 5–10 million 
species for all organisms, in this context, are perhaps 
more believable, although I wonder where all the taxon-
omists are going to be found and trained.

The third most species- rich grouping of plant- like or-
ganisms is the algae (Table 1). Table 2 gives updated 
figures for species in AB for 14 phyla. In this table, some 
3000 species are in a sort of phylogenetic “limbo,” in 
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that the phyla to which they have been referred are not 
familiar to phycologists or are treated as animals (or 
“protists”) by zoologists, but they are treated under the 
ICN for the purposes of nomenclatural priority as ex-
plained above. In Table 2, it should be noted that some 
phyla names end in “- phyta” as required by ICN Art. 
16.3 for automatically typified names, but descriptive 
names (such as “Dinoflagellata” or “Cyanobacteria”) 
are not required to have such an ending but are no-
menclaturally valid names under the ICN. For most 
phyla, we give more familiar names (“- phyta”), and 
the numbers given are those treated as algae by phy-
cologists. Difficulties exist in respect of organisms re-
sulting from single or multiple endosymbiotic events 
(e.g., Cournoyer et  al.,  2022). The classification em-
ployed here is partly that of Ruggiero et al. (2015), an 
integrated classification intended for use in the on- line 
Catalogue of Life (https:// www. catal ogueo flife. org) but 
with some more recent modifications or additions. It 
should be noted that in the AB classification, every ef-
fort is made to fit with the taxonomic ranks of the ICN 
(Art. 3; Turland et al., 2018 and earlier editions) where 
possible. I frequently receive emails asking what clas-
sification AB uses. The answer is that no single classifi-
cation is used, but we try to use names that are at least 
familiar to most phycologists and that are also valid 
nomenclaturally.

The five most species- rich groupings of algae 
(Table  2) are, in order, the heterokont algae 
(Heterokontophyta, 23,314 species, 21,052 extant), 
the chlorophyte green algae (Chlorophyta, 7934 
species, 6851 extant), the red algae (Rhodophyta, 
7554 species, 7276 extant), the blue- green algae 
(Cyanobacteria, 5723 species, 4669 extant), and the 
charophytes (including the conjugating algae, 5544 
species, 4940 extant), making up nearly two- thirds 
of all algae. Diatom species alone account for nearly 
one- third of all algae (Table 6). The most genus- rich 
phylum is the Heterokontophyta (1781; Table  6), fol-
lowed by the Chlorophyta (1513, Table 4), and then the 
Rhodophyta (1094, Table 7). Many new generic names 
for diatoms were introduced from the 1970s onward as 
more taxonomically useful morphological characters 
become apparent under SEM and were assessed in 
relation to phylogenetic data. The Rhodophyta, sim-
ilarly, have rich, complex reproductive systems that 
facilitate phylogenetic hypotheses, although recent 
molecular studies are revealing even more variation 
at the genus level, particularly in the Ceramiales (e.g., 
Barros- Barreto et al., 2023).

The following is a brief summary for the 14 phyla 
of algae in alphabetical order (as in Table 2) and their 
classes (some in separate tables). Authorities for each 
phylum and class are included for information and follow 

Grouping
Number 
(rounded) Habitats Source

Algae 50,000 M F T* https:// www. algae base. org

Fungi 150,000 M* F T Hyde (2022)

Lichens 17,000 M* T https:// ourwo rldin data. org

Mosses 22,000 F* T https:// ourwo rldin data. org

Ferns and Allies 12,000 F* T https:// ourwo rldin data. org

Gymnosperms 1000 T https:// www. conif ers. org

Flowering plants 382,000 M* F T http:// www. world flora online. org

Corals 6000 M https:// ourwo rldin data. org

Crustaceans 80,000 M F T* https:// ourwo rldin data. org

Mollusks 84,000 M F T https:// ourwo rldin data. org

Insects 1,050,000 M* F T https:// ourwo rldin data. org

Arachnids 111,000 T https:// ourwo rldin data. org

Other invertebrates 158,000 M F T https:// ourwo rldin data. org

Amphibians 8000 F T* https:// amphi biaweb. org

Reptiles 12,000 M* F T https:// repti le-  datab ase. repta rium. cz

Birds 11,000 M F T https:// ourwo rldin data. org

Fishes 35,000 M F https:// www. fishb ase. de

Mammals 7000 M F T https:// www. mamma ldive rsity. org

Plants 634,000 M F T Total here

Animals 1,560,000 M F T Total here

Total 2,194,000

Note: Numbers have been rounded to the nearest thousand. (Habitats: M = Marine; F=Freshwater; 
T = Terrestrial. Asterisks indicate less favored habitats).

TA B L E  1  Number of living species 
(excluding viruses and most bacteria) in 
general categories of plants and animals 
with sources.
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as much as possible the recommendation of the ICN 
that “above the rank of family, authors should generally 
follow the principle of priority” (Rec. 16A). However, I 
have also had to consider the familiarity of such names 
to phycologists. Several class names required vali-
dation (Guiry,  2023; Molinari- Novoa & Guiry,  2023), 

and the previously invalid, but widely used, phylum 
name Heterokontophyta was recently validated by 
Guiry et  al.  (2023). “Streptophyta” is a much- favored 
descriptive name for a grouping, generally unspeci-
fied, that includes the non- algal “land- plants” and the 
algal grouping Charophyta (e.g. Yang et  al.,  2023). 

TA B L E  3  Numbers of genera and species, living and fossil, of the phylum Charophyta according to classes.

Class Genera Species Species (%)
Fossil 
species

Extant 
species

Extant 
species (%)

Charophyceae 120 1111 19.90 661 450 9.22

Chlorokybophyceae 1 5 0.09 0 5 0.10

Coleochaetophyceae 11 36 0.64 0 36 0.74

Klebsormidiophyceae 8 52 0.02 0 52 1.07

Mesostigmatophyceae 1 1 0.02 0 1 0.02

Zygnematophyceae 172 4378 78.42 43 4335 88.85

Total 313 5583 704 4879

TA B L E  4  Numbers of genera and species, living and fossil, of Chlorophyta according to classes.

Class Genera Species Species (%)
Fossil 
species

Living 
species

Extant 
species (%)

Chlorodendrophyceae 7 60 0.76 15 45 0.66

Chlorophyceae 677 3974 50.09 0 3974 58.01

Chloropicophyceae 2 8 0.10 0 8 0.12

Chuariophyceae 3 3 0.04 3 0 0.00

Mamiellophyceae 9 25 0.32 0 25 0.36

Nephroselmidophyceae 19 29 0.37 0 29 0.42

Pedinophyceae 7 24 0.30 0 24 0.35

Picocystophyceae 1 1 0.01 0 1 0.01

Pyramimonadophyceae 36 166 2.09 59 107 1.56

Trebouxiophyceae 211 926 11.67 1 925 13.50

Ulvophyceae 527 2695 33.97 990 1705 24.89

Classis incertae 14 23 0.29 15 8 0.12

Total 1513 7934 1083 6851

TA B L E  5  Numbers of genera and species, living and fossil, of Dinoflagellata according to classes.

Class Genera Species Species (%)
Fossil 
species

Living 
species

Extant 
species (%)

Acavomonea 1 1 0.03 0 1 0.03

Apicomonadea 3 5 0.13 0 5 0.17

Colponemea 2 7 0.18 0 7 0.24

Colpovorophyceae 1 1 0.03 0 1 0.03

Dinophyceae 661 3781 96.65 953 2828 95.64

Ellobiophyceae 6 21 0.54 0 21 0.71

Noctilucophyceae 12 19 0.49 0 19 0.64

Oxyrrhinophyceae 1 2 0.05 0 2 0.07

Perkinsea 5 12 0.31 0 12 0.41

Syndiniophyceae 17 60 1.53 1 59 2.00

Classis incertae 2 3 0.08 1 2 0.07

Total 711 3912 955 2957
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6 |   GUIRY

The name Streptophyta was first validated by Cavalier- 
Smith (1993a, p. 340) as an infrakingdom, although it 
had earlier been introduced invalidly by Jeffrey (1982, 
p. 411, name only) as a division [phylum] of subking-
dom Chlorobionta; it was noted as a division [phylum] 
by Bremer (1985, p. 381) and stated to encompass “ch-
arophytes + embryophytes,” which could be regarded 
as validating the name at the phylum level. Ruggiero 
et al. (2015, pp. 33–34) retained the Streptophyta as an 
infrakingdom, which is not incorrect but which is con-
fusing, as the suffix “- phya” is usually interpreted as a 
phylum. The “Viridiplantae,” also a descriptive name, 
sometimes accorded subkingdom status, is a group-
ing comprising the Chlorophyta and the Streptophyta 

(e.g. Yang et  al.,  2023). “Protist,” “Protoctist,” and 
“Stramenopile” (correctly, “Straminopile”; Guiry 
et al., 2023, p. 2, footnote), as currently employed, are 
ambiregnal informal names that often do not correspond 
exactly with any taxa treated here. “Archaeplastida” is 
another informal name that includes land plants, green 
algae, red algae, and glaucophytes but does not seem 
to have been formally described.

It is important to note the names for and treatment 
of higher taxa (phyla and classes) in the present treat-
ment is from the point of view of phycologists, not pro-
tistologists or protozoologists. Little attempt is made to 
be “ambiregnally correct.” AlgaeBase is not intended 
to be a primary source but is rather an “aide mémoire” 

TA B L E  6  Numbers of genera and species, living and fossil, of Heterokontophyta according to classes.

Class Genera Species Species (%)
Fossil 
species

Extant 
species

Extant 
species (%)

Bacillariophyceae 429 14,684 62.98 820 13,864 65.86

Bolidophyceae 3 18 0.08 1 17 0.08

Chrysoparadoxophyceae 1 1 0.00 0 1 0.00

Chrysophyceae 180 1274 5.46 58 1216 5.78

Coscinodiscophyceae 150 1629 6.99 566 1063 5.05

Dictyochophyceae 43 217 0.93 119 98 0.47

Eustigmatophyceae 30 218 0.94 0 218 1.04

Mediophyceae 192 1898 8.14 667 1231 5.85

Olisthodiscophyceae 1 2 0.01 0 2 0.01

Pelagophyceae 22 31 0.13 0 31 0.15

Phaeophyceae 346 2124 9.11 30 2094 9.95

Phaeosacciophyceae 5 8 0.03 0 8 0.04

Phaeothamniophyceae 16 31 0.13 0 31 0.15

Pinguiophyceae 5 5 0.02 0 5 0.02

Raphidophyceae 21 58 0.25 0 58 0.28

Schizocladiophyceae 1 1 0.00 0 1 0.00

Synchromophyceae 6 9 0.04 1 8 0.04

Xanthophyceae 115 616 2.64 0 616 2.93

Classis incertae 215 490 2.10 0 490 2.33

Total 1781 23,314 2262 21,052

TA B L E  7  Numbers of genera and species, living and fossil, of Rhodophyta according to classes.

Class Genera Species Species (%)
Fossil 
species

Living 
species

Extant 
species (%)

Bangiophyceae 17 185 2.45 2 183 2.52

Compsopogonophyceae 14 70 0.93 0 70 0.96

Cyanidiophyceae 7 11 0.15 0 11 0.15

Florideophyceae 990 7155 94.72 276 6879 94.54

Porphyridiophyceae 5 9 0.12 0 9 0.12

Rhodellophyceae 7 8 0.11 0 8 0.11

Stylonematophyceae 19 48 0.64 0 48 0.66

Classis incertae 35 68 0.90 0 68 0.93

Total 1094 7554 278 7276
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   | 7HOW MANY SPECIES OF ALGAE?

to help people with information on names and tax-
onomy. Although many of the taxon names listed 
here are well supported phylogenetically, not all are, 
and there may not be equivalence to well- supported 
clades in some phylogenetic schemes. Those seek-
ing cladistically correct phylogenetic schemes, par-
ticularly at the class and phylum levels, should seek 
them elsewhere (e.g., Adl et  al.,  2019; Archibald 
et al., 2017) where they will find many unfamiliar taxa 
and informal names, not to mention names that seem 
not to have been validated under any Code. There 
seems to be counterculture of introducing taxon or 
clade names without reference to any nomenclatural 
code, a recipe for confusion. Such people might re-
call the biblical Tower of Babel (Genesis 11:1–9).

CHAROPHYTA

Of the Charophyta Migula,  1889 (Table  3), the 
Zygnematophyceae Round ex Guiry,  2013, a typified 
name (T: Zygnema C.Agardh, nom. et typ. cons.), is the 
most species- rich class with over 4378 species, nearly 
90% of the phylum total. However, the Charophyceae 
Rabenhorst, 1863, a typified name (Chara Linnaeus), 
is the most genus- rich class and, unusually for the 
algae, has an rich fossil record (McCourt et al., 2017). 
The Chlorokybophyceae Irisarri et al., 2021, a typified 
name (T: Chlorokybus Geitler), Coleochaetophyceae 
C.Jeffrey ex Guiry (Guiry,  2023; Jeffrey,  1982), a 
typified name (T: Coleochaete Brébisson, nom. 
cons.), Klebsormidiophyceae C.Jeffrey ex Guiry 
(Guiry,  2023; Jeffrey,  1982), also a typified name (T: 
Klebsormidium P.C.Silva, Mattox & W.H.Blackwell), 
and the recently described Mesostigmatophyceae 
Marin & Melkonian, 1999, a typified name (Mesostigma 
Lauterborn), have relatively small numbers of species 
to date (Table 3).

CHLOROPHYTA

The phylum Chlorophyta Reichenbach,  1830, is a 
class- rich phylum, currently with 11 described classes 
(Table  4). It is likely that several undescribed classes 
awaiting discovery are included in the Chlorophyceae 
Wille (in Warming,  1884, a descriptive name, i.e., a 
name not based on a type as opposed to a typified 
name), Trebouxiophyceae Friedl, 1995 (a typified name, 
T: Trebouxia Puymaly), and Ulvophyceae Mattox & 
Stewart, 1984 (a typified name, T: Ulva Linnaeus). The 
most species- rich classes are the Chlorophyceae and 
Ulvophyceae with nearly the same number of genera 
(Table  4). The Chlorodendrophyceae Masjuk,  2006 
(a typified name, Chlorodendron Senn; see Barcyte 
et  al.,  2022), Chloropicophyceae Lopes dos Santos & 
Eikrem, 2017, a typified name (T: Chloropicon Lopes 

dos Santos & Eikrem), Chuariophyceae Gnilovskaya & 
Ischenko (in Gnilovskaja et al., 1988, as “Chuariaphyceae,” 
apparently extinct; a typified name, T: Chuaria C.Walcott), 
Mamiellophyceae Marin & Melkonian,  2010 (a typified 
name, T: Mamiella Moestrup), Nephroselmidophyceae T. 
Nakayama et al., 2007 (a typified name, T: Nephroselmis 
F.Stein), Pedinophyceae Moestrup,  1991 (a typified 
name, T: Pedinomonas Korshikov in Isachenko, 1921), 
Picocystophyceae Eikrem & Lopes dos Santos in Lopes 
dos Santos et al., 2017 (a typified name, T: Picocystis 
R.A.Lewin), and Pyramimonadophyceae Moestrup & 
Daugbjerg (in Daugbjerg et al., 2019, a typified name, 
T: Pyramimonas Schmarda) are relatively recent, small 
segregate classes suggesting perhaps that others will 
be found.

CHROMERIDOPHYTA

The phylum Chromeridophyta R.B.Moore et al., 2008 
(as “Chromerida phyl. nov.”; Table 2) is a small phylum 
that includes some marine photosynthetic species. It in-
cludes a single algal class Colpodellophyceae Molinari 
& Guiry (Molinari & Guiry  2023, a typified name, T: 
Colpodella Cienkowski) with eight known species and 
two photosynthetic representatives, Chromera velia 
R.B.Moore et  al. and Vitrella brassiciformis Oborník 
et  al. (in some publications as “brassicaeformis,” but 
see ICN Art. 60.10), symbionts of stony corals, but their 
putative relatives are apicomplexan parasites or preda-
tors with a chloroplast remnant termed the apicoplast, 
such as Plasmodium, the malarial parasite. Other than 
Chromera and Vitrella, colpodellids have lost the ability 
to photosynthesize.

CRYPTOPHYTA

The phylum Cryptophyta Cavalier- Smith,  1986 
(Table  2), known as cryptomonads (not equiva-
lent to the Cryptista Cavalier- Smith,  1989; Tanifuji 
& Onodera,  2017), includes three classes, the larg-
est of which is the Cryptophyceae Fritsch (in West 
& Fritsch, 1927, a descriptive name), which includes 
about 245 species. The other two small classes are 
the Goniomonadophyceae Cavalier- Smith,  1993b 
(a typified name, T: Goniomonas F.Stein, as 
“Goniomonadea”) and the Katablepharidophyceae 
N.Okamoto & Inouye,  2005 (also referred to the 
Katablepharidophyta N.Okamoto & Inouye,  2005, a 
typified name, T: Katablepharis Skuja).

CYANOBACTERIA

The phylum Cyanobacteria Whittaker & Margulis, 1978 
(proposed as an alternative for Cyanophyta 
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8 |   GUIRY

Geitler,  1925, as “Stamm”) and equivalent to 
Cyanobacteriota Oren et al.,  2022, a typified name, 
is usually thought of as including a single class, the 
Cyanophyceae Schaffner, 1909, a descriptive name). 
However, Strunecký et  al.  (2023) have recently de-
scribed a segregate class the Vampirovibriophyceae 
Strunecký & Mares (Strunecký et  al.,  2023; as 
“Vampirovibrionia” in Soo et  al.,  2019, seem-
ingly not an available name under the International 
Code of Nomenclature of Prokaryotes)  based 
on the non- photosynthetic predatory/parasitic 
genus Vampirovibrio Gromov & Mamkayeva  1980. 
Traditionally, the Cyanobacteria have been treated 
as exclusively photosynthetic, but Vampirovibrio 
and its relatives are closely related phylogenetically 
to the Cyanophyceae (Soo et  al.,  2019; Strunecký 
et al., 2023). The phylum has been comprehensively 
reviewed recently by Strunecký et al. (2023) introduc-
ing many new groupings. Kaštovský (2023) has also 
provided a detailed analysis of taxonomy and taxon 
discovery in the phylum.

DINOFLAGELLATA

While the name “Dinophyta” has been used by some 
phycologists and some websites (e.g. https:// www. 
dinop hyta. org) for dinoflagellates, this does not ap-
pear to be a valid name nomenclaturally. It was first 
introduced by Dillon  (1963, p. 77) as a phylum of 
the subkingdom “Euglenophytaria” of the kingdom 
Plantae, in which kingdom Dillon included “all living 
things.” Although Dillon's classification was published 
in the journal Systematic Zoology, the suffix “- phyta” 
and similar were used throughout, and there is no 
mention of a particular Code. Latin descriptions were 
not included as required for algae by ICN Art. 44.1 at 
that time. However, if the name were available under 
the ICZN, it would be valid under the ICN. However, 
the default position is that the name is invalid, as 
botanical suffixes were used and Latin is lacking. 
The name “Pyrrophyta,” a descriptive name if valid, 
has also been used by phycologists, which was in-
troduced by Pascher  (1914) to include the classes 
Desmokontae, Cryptophyceae, and Dinophyceae 
but gradually became confined to the dinoflagel-
lates (e.g. Dodge,  1984; Round,  1973) although at-
tributed to Pascher. In recent years, the designation 
“Pyrrophyta” has rarely been used.

The name “Miozoa” was first introduced as a “branch” 
of the subkingdom Mitozoa by Cavalier- Smith  (1987, 
p. 21); this “branch” included the phylum Dinozoa. The 
phylum name “Myzozoa” was later named by Cavalier- 
Smith (in Cavalier- Smith & Chao, 2004, p. 200) as a phy-
lum with 11 classes, including a class Dinozoa, and was 
treated as equivalent to his earlier “Miozoa” (see ab-
stract in Cavalier- Smith & Chao,  2004). However, 

Cavalier- Smith (in Ruggiero et al., 2015, p. 20) reintro-
duced Miozoa as a phylum name and included the sub-
phylum Myzozoa.1 These names are all descriptive 
names and are generally not familiar to phycologists.

The phylum name Dinoflagellata Fensome 
et al. (1993, p. 39, as “Division”) was introduced with a 
Latin diagnosis referring to Unterabteilung (Ordnung) 
Dinoflagellata Bütschli (1884, p. 859). Given the com-
prehensive treatment of the dinoflagellates, fossil and 
living, with and without chloroplasts, by Fensome 
et al. (1993), this seems to be most appropriate, valid 
name for the dinoflagellates, and one that is recogniz-
able to phycologists (Ø. Moestrup & J. Larsen, pers. 
comm; Saldarriaga & Taylor, 2017).

As treated in AB, Dinoflagellata is an ambireg-
nal grouping of nine classes (Table  5) with most of 
the photosynthetic representatives being included 
in the Dinophyceae Fritsch (in West & Fritsch,  1927, 
a descriptive name), with smaller numbers in the 
Ellobiophyceae A.R.Loeblich  (1970, a descriptive 
name), Noctilucophyceae Fensome et  al.,  1993 (as 
“Noctiluciphyceae,” a typified name, T: Noctiluca 
Suriray), and Syndiniophyceae A.R.Loeblich, 1976 (a 
typified name, Syndinium Chatton). These four classes 
are usually perceived as “dinoflagellates” (e.g., Riding 
et al., 2022) with the remaining classes being less cer-
tain in placement. The repeated loss and gain of plas-
tids in the Dinoflagellata (Saldarriaga & Taylor, 2017) 
have made classification of the phylum difficult.

EUGLENOZOA (EUGLENOPHYTA)

The phylum Euglenozoa Cavalier- Smith,  1998, is an 
ambiregnal grouping that includes the largely pho-
tosynthetic class Euglenophyceae Schoenichen (in 
Eyferth & Schoenichen, 1925, as “Eugleninae,” a typi-
fied name: T: Euglena Ehrenberg) but also seven fur-
ther classes of non- photosynthetic, related organisms 
(Diplonema Cavalier- Smith, Entosiphonea Cavalier- 
Smith, Kinetoplastea Honigberg, Peranema Cavalier- 
Smith, Ploeotarea Cavalier- Smith, Postgaardea 
Cavalier- Smith, and Stavomonadea Cavalier- Smith; 
see Cavalier- Smith,  2016, p. 255) who wrote “If 
botanists wish for historical reasons to treat photo-
synthetic euglenoids under the [ICN], that is not un-
reasonable provided that this policy is strictly limited to 
Euglenophyceae as circumscribed here. … The botani-
cal division/phylum name Euglenophyta Pascher, 1931 
should not be applied to Euglenozoa … as a whole as it 
is profoundly misleading for either of these ancestrally 
phagotrophic, non- photosynthetic, non- algal protozoan 
taxa.” Representatives of these seven classes are 

 1Art. 16.1 (ICN: Turland et al., 2018), poorly known, specifies that 
“descriptive names [above the level of family] … may be used unchanged at 
different ranks.”
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included in AB for reasons of nomenclatural priority but 
are not listed here as the data are incomplete. Cavalier- 
Smith's opinion, while worthy, seems inconsistent with 
the Preamble 8 of the ICN which states that there it 
treats “photosynthetic protists with their taxonomi-
cally related non- photosynthetic groups,” especially 
as Silva (1980) had created botanical names for “non- 
photosynthetic, non- algal protozoan taxa,” such as the 
Tyrpanosomatophyceae P.C.Silva, a typified name, T: 
Trypanosoma Gruby, 1843, a genus of blood- borne ki-
netoplastids nesting in the Euglenozoa that parasitize a 
wide range of vertebrates globally.

The name “Euglenida” has been employed by some 
authors, such as Leander et  al.  (2017), but without 
specifying what taxonomic level is intended. This ap-
pears to be an invalid name under the ICN (Turland 
et al., 2018), as the name does not appear to have been 
used at the phylum or class level, but it may have been 
made available under the ICZN and would then be valid 
under the ICN.

GLAUCOPHYTA

The phylum Glaucophyta Skuja, 1948 (Table 2), a de-
scriptive name, includes about 25 living species, fresh-
water flagellates referred currently to a single class, the 
Glaucophyceae Bohlin, 1901 (also a descriptive name; 
see Price et  al.,  2017). This phylum may be basal to 
the Rhodophyta and Chlorophyta (e.g. Bhattacharya 
et al., 1995).

HAPTOPHYTA

The phylum Haptophyta Hibberd ex Edvardsen & 
Eikrem (in Edvardsen et al., 2000; Table 2), a descrip-
tive name, includes a relatively large number of ma-
rine and freshwater flagellates assigned to three 
classes the largest of which is the Coccolithophyceae 
Rothmaler,  1951 (proposed by Rothmaler as a new 
descriptive name for the “Coccolithophoridae” of 
Lohmann, 1902). A detailed history of the nomencla-
ture of haptophytes is given by Silva et al. (2007) and 
Eikrem et al. (2017). The Pavlovophyceae J.C.Green & 
Medlin (in Edvardsen et al. (2000), a typified name T: 
Pavlova Butcher,  19522) currently includes a small 
number of delightful marine flagellates. The recently 
described Rappephyceae M.Kawachi, R.Kamikawa & 
T.Nakayama (in Kawachi et  al.,  2021, a descriptive 
name) includes the marine rappemonads, of which 
many more representatives are likely to be discovered 

(Kim et  al.,  2011). The Haptophyta has 391 genera, 
1722 species of which 517 are extant. The fossil re-
cord extends back to the Triassic (Eikrem et al., 2017).

HETER OKO NTO PHYTA

The Heterokontophyta Moestrup, R.A.Andersen & Guiry 
(in Guiry et al., 2023), a descriptive name, currently com-
prises 18 classes, 1781 genera, and 23,314 species of 
which 21,052 are extant. The phylum name Ochrophyta 
Cavalier- Smith (e.g., Cavalier- Smith,  1998) has been 
used in various senses, not always co- extensively, for the 
Heterokontophyta. Three classes of diatoms are included 
in the Heterokontophyta, viz., the Bacillariophyceae 
Haeckel, 1878 (a typified name, T: Bacillaria J.F.Gmelin), 
the Coscinodiscophyceae Round & R.M.Crawford (in 
Round et  al.,  1990, a typified name, T: Coscinodiscus 
Ehrenberg, nom. cons.), and the Mediophyceae Medlin & 
Kaczmarska, 2004 (see also Medlin, 2016, a descriptive 
name). The first of these is the most genus-  and species- 
rich class with over seven times the number of species 
than the other two classes combined, but not with the 
same proportion of genera. Unlike most other groupings, 
the diatoms have an extensive fossil record, of which AB 
has to date recorded over 2000 species, but a lot of fur-
ther additions are likely. A number of diatoms originally 
described from diatom fossil deposits were later discov-
ered to be extant (e.g., Bryłka et al., 2023). Although many 
diatomists employ the phylum name “Bacillariophyta” for 
all diatoms, the evidence, morphological and molecu-
lar, points to diatoms being heterokont algae as treated 
(as a single class) by van den Hoek et al. (1995, p. 102), 
this is not currently supported by molecular evidence 
(see, for example, Cavalier- Smith,  2017). In any event, 
“Bacillariophyta” may be an invalid designation. The dia-
tom classes Bacillariophyceae and Mediophyceae are 
currently included in the subphylum Bacillariophytina 
Medlin & Kaczmarska, while the Coscinodiscophyceae is 
included in the subphylum Coscinodiscophytina Medlin & 
Kaczmarska (Medlin, 2016; Medlin & Kaczmarska, 2004).

The Phaeophyceae Kjellman,  1891, a descriptive 
name, includes mostly the brown seaweeds (Kawai 
& Henry,  2017), notably the kelps and wracks, which 
make up most seaweed biomass worldwide. The 
Phaeophyceae also has the largest numbers of genera 
of the heterokonts. The Phaeophyta Wettstein,  1901 
(as “Stamm”), a descriptive phylum name, has been 
employed widely for the Phaeophyceae but is not sup-
ported by molecular evidence.

The Bolidophyceae Guillou & Chrétiennot- Dinet in 
Guillou et  al.,  1999, a typified name (T: Bolidomonas 
Guillou & Chrétiennot- Dinet in Guillou et  al.,  1999), 
comprises a small number of marine picoplanktonic 
organisms inferred to be a sister group to the diatoms 
(Ichinomiya et al., 2016). The Chrysoparadoxophyceae 
Wetherbee in Wetherbee et al., 2019, a typified name, 

 2While the genus Pavlova Butcher is widely assumed to have been named 
for the ballerina Anna [Matveyevna] Pavlova (1881–1931), the legendary 
Russian Prima Ballerina Assoluta, Butcher (1952, pp. 183–4) does not 
indicate the origin of his genus name. The epithet of the type, Pavlova 
gyrans Butcher, does suggest such an intention.
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10 |   GUIRY

is based on a single marine, sand- dwelling species 
from New South Wales with a double- membrane chlo-
roplast, Chrysoparadoxa australica Wetherbee. The 
Chrysophyceae Pascher, 1914, a descriptive name, in-
cludes 1274 species in 180 genera, mostly from freshwa-
ters. The Dictyochophyceae P.C.Silva, 1980 (a typified 
name T: Dictyocha Ehrenberg) is a small class of mostly 
marine flagellates. The Eustigmatophyceae D.J.Hibberd 
& Leedale, 1971, a descriptive name, is a small class of 
coccoid flagellates in marine, freshwater, and terrestrial 
habitats. The Olisthodiscophyceae Barcyte, Eikrem & 
M.Eliás, 2021 (a typified name, T: Olisthodiscus N.Carter), 
sister to the Pinguiophyceae (Graf & Yoon, 2021), has 
only two described species from brackish waters. 
The Pelagophyceae R.A.Andersen & G.W.Saunders 
in Andersen et  al.,  1993 (see also Moestrup,  2021, a 
typified name T: Pelagomonadales R.A.Andersen & 
G.W.Saunders) are marine organisms that form a sister 
grouping to the Dictyochophyceae, currently comprising 
22 genera and 31 species. The Phaeosacciophyceae 
R.A.Andersen, L.Graf & H.S.Yoon in Graf et al., 2020, is 
another small class (a typified name, T: Phaeosaccion 
Farlow), formerly included in the Phaeophyceae. The 
Phaeothamniophyceae R.A.Andersen & J.C.Bailey in 
Bailey et al., 1998 (a typified name, T: Phaeothamnion 
Lagerheim) currently includes 16 genera and 31 species 
with a range of morphologies mostly found in freshwa-
ters. The Pinguiophyceae Kawachi et al.,  2002, a typ-
ified name (Pinguiochrysis M. Kawachi), includes five 
genera and five marine species. The Raphidophyceae 
Chadefaud ex P.C.Silva,  1980, a typified name (T: 
Raphidomonas F.Stein), includes both marine and fresh-
water unicellular species with 58 species in 21 genera. The 
Schizocladiophyceae E.C.Henry, K.Okuda & H.Kawai 
(in Kawai et al., 2003; a typified name, T: Schizocladia 
E.C.Henry, K.Okuda & H.Kawai) is only known from a 
single filamentous marine species from the subtidal 
of the Bay of Naples, Italy. The Synchromophyceae 
S.Horn & C.Wilhelm in Horn et al., 2007 (a typified name, 
T: Synchromales Schnetter & Ehlers; also known as 
“Picophagea”), an ambiregnal class, was originally de-
scribed for an amoeboid marine species but currently 
includes six genera and nine species with various mor-
phologies. The Xanthophyceae P.Allorge ex F.E.Fritsch 
(in Fritsch, 1935), a descriptive name, is a mostly fresh-
water class known for many years as the yellow- green 
algae (and for a time as “Heterokontae”) and presently 

includes 115 genera and 616 species. Further molecu-
lar studies will probably show that the Xanthophyceae 
contains even further classes to add to the present 18 
classes of the Heterokontophyta.

PRASI NOD ERM ATO PHYTA

The phylum Prasinodermatophyta B.Marin & Melkonian 
in Li et al., 2020 (as “Prasinodermophyta”3) includes two 
classes, the Palmophyllophyceae Leliaert et al., 2016 (a 
typified name, T: Palmophyllum Kützing) and the 
Prasinodermatophyceae B.Marin & Melkonian in Li 
et al., 2020 (as “Prasinodermophyceae,” a typified name 
T: Prasinoderma T.Hasegawa & M.Chihara). The phylum 
currently includes 10 freshwater and marine species. It 
is a sister grouping to the Chlorophyta, and the two 
classes may eventually be shown to be a basal grouping 
within the Chlorophyta although the rooting of the clade 
is currently said to be ambiguous (Yang et al., 2023).

RHODELPHIOPHYTA

The phylum Rhodelphidophyta Tikhonenkov et  al. 
in Gawryluk et  al.,  2019 (as “Rhodelphidia” and 
validated under the ICZN) includes a single class 
Rhodelphidophyceae Tikhonenkov et al. (in Gawryluk 
et  al.,  2019, as “Rhodelphea,” a typified name, T: 
Rhodelphis Gawryluk et al.), a small grouping of non- 
photosynthetic predators postulated as sister to the 
Rhodophyta.

RHODOPHYTA

The phylum Rhodophyta Wettstein,  1901, a descrip-
tive name, widely known as the red algae (e.g. Borg 
et al., 2023; Yoon et al., 2017), comprises six classes 
currently with 1093 genera and 7268 extant species 
(Table  7). The largest class is the Florideophyceae 
Cronquist,  1960, a descriptive name, which includes 
95% of extant described species (Table  8). The 

 3The correct orthography for a higher taxon name based on a genus name 
ending in “- derma” is “- dermat- “as in the Pseudolithodermataceae and 
Nemodermatales.

Kingdom Genera Species Species (%) Fossil Living Extant (%)

Eubacteria 866 5723 9.36 1069 4669 9.08

Chromista 2932 29,200 47.76 4709 24,778 48.75

Plantae 2858 21,170 34.62 2257 19,105 36.88

Protozoa 164 2057 3.36 46 2037 5.3

Incertae 887 2995 4.90 2475

Total 7707 61,145 10,556 50,589

TA B L E  8  Numbers of living and 
extinct species of algae according to 
kingdoms.
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Bangiophyceae Wettstein,  1901 (a typified name T: 
Bangia Lyngbye) has seen an explosion of segregate 
genera of the former Porphyra (Yang et al., 2020), al-
though doubt has been cast recently on the taxonomic 
validity of some of these (e.g. Zuccarello et al., 2022). 
The Compsopogonophyceae G.W.Saunders & 
Hommersand,  2004 (a typified name, Compsopogon 
Montagne), Cyanidiophyceae Merola in Merola 
et  al.,  1982 (a typified name, Cyanidium Geitler), 
Porphyridiophyceae Shameel,  2001 (a typified name, 
T: Porphyridium Nägeli, nom. cons.), Rhodellophyceae 
Cavalier- Smith,  1998 (a typified name, Rhodella 
L.V.Evans), and the Stylonematophyceae H.S.Yoon 
et  al.,  2006 (a typified name, T: Stylonema Reinsch), 
have each seen several additional genera and spe-
cies added in recent years based upon culturing, elec-
tron microscopy, and phylogenetic studies (e.g. Scott 
et al., 2006).

CONCLUDING REMARKS

So, how many species of algae have been described? 
Predictably, the answer is not an easy one. Authors 
frequently give estimates of species numbers but omit 
to say whether they are referring to extant species 
only or are including extinct taxa. This is complicated 
even further for the diatoms by two issues: Some di-
atoms initially described as fossils were later found 
to be extant; also, some diatom authors (and other 
authors) are not always clear that what they are de-
scribing are fossil species. The best estimates after 
26 years of data entry in AB are given in Table 8. We 
have recorded (to September 2023) 50,589 species 
of extant algae that are considered taxonomically 
valid (“correct” to some), and some 8081 fossil spe-
cies also thought to be taxonomically correct, giving a 
total of about 61,145 species. Of these, the Eubacteria 
comprise 9% extant species, the Chromista 49%, the 
Plantae 37%, and the Protozoa about 5%. So the 
“core” algae (Chromista and Plantae) comprise some 
86% of all algae.

This brings us to the matter of the numbers of dia-
tom species, which has been a matter of considerable 
speculation—even vexation on the part of some—with 
a few authors suggesting more than 200,000 spe-
cies (e.g. Armbrust, 2009) or even 2 million on some 
web pages (but without authoritative sources). In a 
more considered and informed analysis, Mann and 
Vanormelingen  (2013) concluded that the number of 
extant species of diatoms was estimated to be “at least” 
30,000 and “probably ca. 100,000” (see also Mann 
et al., 2017). Our figure, which is not complete—as is the 
case with all databases—is for the current total number 
of taxonomically valid diatom species, extant and ex-
tinct, and is 18,186. This number is based on numerous 
monographs, journals, and national and local lists. The 

average rate of diatom species description from 2012 to 
2022 was 316 per year (Table 9), nearly four times the 
rate of the nearest phylum, the Rhodophyta (Table 9). 
At this rate of description, and with the current cohort 
of diatomists (who seem to have done better in the em-
ployment stakes than most other phycologists), it will 
take at least 36 years to describe the 10,000 or missing 
diatoms species of Mann and Vanormelingen  (2013). 
Either way, this is a daunting task particularly with the 
current declining employment opportunities for all tax-
onomists and the virtual disappearance of taxonomy 
training worldwide. However, there are in AB some 
10,000 names of diatom species for which we have 
not been able to discover recent references as to their 
taxonomic status; many of these names seem not to 
have been employed except in the original publication. 
Thus, Mann and Vanormelingen's  (2013) estimate of 
30,000 species appears close to the actual number of 
described species; however, at least one- third are, to 
say the least, poorly known or not recently assessed.

There are similar uncertainties with the other large 
groupings of algae such as the Cyanobacteria, for 
which molecular methods have resulted in an expan-
sion of numbers of genera, but only 47 new species 
have been described on average each year in the last 
10. By contrast, the brown seaweeds (Phaeophyceae) 
and the red seaweeds have had 16 and 77 species, 
respectively, on average described each year for the 
last 10 (Table 9).

Finally, the algae, currently with 63 classes of pho-
tosynthetic organisms, is more class rich than (accord-
ing to Ruggiero et  al.,  2015) the Fungi (40 classes, 
including the lichens), the Bryophyta (8 classes), the 
Marchantiophyta (3 classes), the Pteridophyta (4 
classes), and the Tracheophyta (7 classes).
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Cyanobacteria 472 47

Euglenozoa 79 8

Haptophyta 75 8

Miozoa 259 26

Heterokontophyta 350 35

(Phaeophyceae) 160 16

Rhodophyta 770 77

 15298817, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13431 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 |   GUIRY

(equal); project administration (equal); resources 
(equal); validation (equal); visualization (equal); writ-
ing – original draft (equal); writing – review and edit-
ing (equal).

ACKNOWLEDGMENTS
I am most grateful, on behalf of the entire phycological 
community, to all those who have sponsored, funded, 
contributed to, and supported AlgaeBase in the last 
26 years, far too numerous to list here (https:// www. 
algae base. org/ contr ibuto rs/ ). I should particularly like 
to acknowledge the extraordinary contributions over the 
years of Wendy Guiry, Pier Kuipers, Paul Gabrielson, 
and John West, without whom this project would never 
have been possible. For this paper, I appreciate greatly 
inputs from Bob Andersen, Paul Gabrielsen, Jacob 
Larsen, Øjvind Moestrup, Eduardo Molinari- Novoa, 
and Carig Schneider. The opinions, though, are my 
own. Open access funding provided by IReL.

ORCID
Michael D. Guiry   https://orcid.
org/0000-0003-1266-857X 

REFERENCES
Adl, S. M., Bass, D., Lane, C. E., Lukeš, J., Schoch, C. L., Smirnov, 

A., Agatha, S., Berney, C., Brown, M. W., Burki, F., Cárdenas, 
P., Čepička, I., Chistyakova, L., Del Campo, J., Dunthorn, M., 
Edvarsen, B., Eglit, Y., Guillou, L., Hampl, V., … Zhang, Q. Q. 
(2019). Revisions to the classification, nomenclature, and diver-
sity of eukaryotes. Journal of Eukaryotic Microbiology, 66, 4–119.

Andersen, R. A., Saunders, G. W., Paskind, M. P., & Sexton, J. 
P. (1993). Ultrastructure and 18S rRNA gene sequence for 
Pelagomonas calceolata gen. et sp. nov. and the description 
of a new algal class, the Pelagophyceae classis nov. Journal of 
Phycology, 29, 701–715.

Archibald, J. M., Simpson, A. G. B., & Slamovits, C. H. (2017). 
Handbook of the Protists. Springer International.

Armbrust, E. V. (2009). The life of diatoms in the world's oceans. 
Nature, 459, 185–192.

Bailey, J. C., Bidigare, R. R., Christensen, S. J., & Andersen, R. A. 
(1998). Phaeothamniophyceae classis nova: A new lineage of 
chromophytes based upon photosynthetic pigments, rbcL se-
quence analysis and ultrastructure. Protist, 149, 245–263.

Barcyte, D., Zátopková, M., Némková, Y., Richtář, M., Yurchenko, 
T., Jaške, K., Fawley, K. P., Škaloud, P., Ševčiková, T., Fawley, 
M. W., & Eliáš, M. (2022). Redefining Chlorobotryaceae as one 
of the principal and most diverse lineages of eustigmatophyte 
algae. Molecular Phylogenetics and Evolution, 177, 107607.

Barros- Barreto, M. B., Jaramillo, M. A., Hommersand, M. H., 
Ferreira, P. C. G., & Maggs, C. A. (2023). Phylogenetic analysis 
of the red algal tribe Ceramieae reveals multiple morphological 
homoplasies but defines new genera. Cryptogamie, Algologie, 
44, 13–58.

Bhattacharya, D., Helmchen, T., Bibeau, C., & Melkonian, M. (1995). 
Comparisons of nuclear- encoded small- subunit ribosomal 
RNAs reveal the evolutionary position of the Glaucocystophyta. 
Molecular Biology and Evolution, 12, 415–420.

Bohlin, K. (1901). Utkast till de gröna algernas och arkegoniater-
nas fylogeni (pp. [2], (pp. 1–43), i–iv, Folded chart). Akademisk 
afhandling.

Borg, M., Krueger- Hadfield, S. A., Destombe, C., Collén, J., Lipinska, 
A., & Coelho, S. M. (2023). Red macroalgae in the genomic 

era. New Phytologist, 240, 471–488. [Not assigned to an issue 
to date].

Bremer, K. (1985). Summary of green plant phylogeny and classifi-
cation. Cladistics, 1(4), 369–385.

Bryłka, K., Alverson, A. J., Pickeering, R. A., Richoz, S., & Conley, 
D. J. (2023). Uncertainties surrounding the oldest fossil record 
of diatoms. Scientific Reports, 13(8037), 1–12, 6 figs, 1 table.

Butcher, R. W. (1952). Contributions to our knowledge of the smaller 
marine algae. Journal of the Marine Biological Association of 
the United Kingdom, 31, 175–191.

Bütschli, O. (1884). Mastigophora. Erster Band. In H. G. Bronn (Ed.), 
Klassen und Ordnungen des Thier- Reichs, wissenschaftlich 
dargestellt in Wort und Bild (pp. 785–864). C. F. Winter'sche 
Verlagshandlung.

Cavalier- Smith, T. (1986). The kingdom Chromista: Origin and sys-
tematics. In F. E. Round & D. J. Chapman (Eds.), Progress in 
phycological research Vol. 4 (pp. 309–347). Bipress.

Cavalier- Smith, T. (1987). The origin of eukaryote and archaebacte-
rial cells. Annals of the New York Academy of Sciences, 503, 
17–54.

Cavalier- Smith, T. (1989). The kingdom Chromista. In J. C. Green, 
B. S. C. Leadbeater, & W. L. Diver (Eds.), The Chromophyte 
algae: Problems and perspectives (pp. 381–407. Clarendon 
Press.

Cavalier- Smith, T. (1993a). The origin, losses and gains of chloro-
plasts. In R. A. Lewin (Ed.), Origins of plastids: Symbiogenesis, 
prochlorophytes, and the origins of chloroplasts (pp. 291–349). 
Chapman and Hall.

Cavalier- Smith, T. (1993b). Kingdom protozoa and its 18 phyla. 
Microbiological Reviews, 57, 953–994.

Cavalier- Smith, T. (1998). A revised six- kingdom system of life. 
Biological Reviews of the Cambridge Philosophical Society, 
73, 203–266.

Cavalier- Smith, T. (2016). Higher classification and phylogeny of 
Euglenozoa. European Journal of Protistology, 56, 250–276.

Cavalier- Smith, T. (2017 ‘2018’). Kingdom Chromista and its eight 
phyla: A new synthesis emphasising periplastid protein target-
ing, cytoskeletal and periplastid evolution, and ancient diver-
gences. Protoplasma, 255(1), 297–357.

Cavalier- Smith, T., & Chao, E. E. (2004). Protalveolate phylogeny 
and systematics and the origins of Sporozoa and dinofla-
gellates (phylum Myzozoa nom. nov.). European Journal of 
Protistology, 40, 185–212.

Corliss, J. O. (1995). The ambiregnal protists and the codes of no-
menclature: A brief review of the problem and of proposed solu-
tions. Bulletin of Zoological Nomenclature, 52, 11–17.

Cournoyer, J. E., Altman, S. D., Gao, Y.- L., Wallace, C. L., Zhang, D. 
W., Lo, G.- L., Haskin, N. T., & Mehta, A. P. (2022). Engineering 
artificial photosynthetic life- forms through endosymbiosis. 
Nature Communications, 13(2254), 1–14.

Cronquist, A. (1960). The divisions and classes of plants. The 
Botanical Review, 26, 425–482.

Daugbjerg, N., Fassel, N. M. D., & Moestrup, Ø. (2019). Microscopy and 
phylogeny of Pyramimonas tatianae sp. nov. (Pryamimonadales, 
Chlorophyta), a scaly quadriflagellate from Golden Horn Bay (east-
ern Russia) and formal description of Pyramimonadophyceae 
classis nova. European Journal of Phycology, 55, 49–63.

Dillon, L. S. (1963). A reclassification of the major groups of organ-
isms based upon comparative cytology. Systematic Zoology, 
12, 71–83.

Dodge, J. D. (1984). Dinoflagellates: Investigation and phylogenetic 
speculation. British Phycological Journal, 18, 335–356.

Edvardsen, B., Eikrem, W., Green, J. C., Andersen, R. A., van der 
Staay, S. Y. M., & Medlin, L. (2000). Phylogenetic reconstructions 
of the Haptophyta inferred from 18S ribosomal DNA sequences 
and available morphological data. Phycologia, 39, 19–35.

Eikrem, W., Medlin, L. K., Henderiks, S. R., Rost, B., Probert, I., 
Throndsen, J., & Edvardsen, B. (2017). Haptophyta. In J. 

 15298817, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13431 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.algaebase.org/contributors/
https://www.algaebase.org/contributors/
https://orcid.org/0000-0003-1266-857X
https://orcid.org/0000-0003-1266-857X
https://orcid.org/0000-0003-1266-857X


   | 13HOW MANY SPECIES OF ALGAE?

M. Archibald, A. G. B. Simpson, & C. H. Slamovits (Eds.), 
Handbook of the Protists (pp. 893–953). Springer International.

Eyferth, B., & Schoenichen, W. (1925). Einfachste Lebensformen des 
Tier-  und Pflanzenreiches. Band I. Spaltpflanzen, Geissellinge, 
Algen, Pilze (5th ed.) Pp. i–vii, (pp. 1–519). Lichterfelde.

Fensome, R. A., Taylor, F. J. R., Norris, G., Sargeant, W. A. S., 
Wharton, D. I., & Williams, G. L. (1993). A classification of liv-
ing and fossil dinoflagellates 7, i–viii, (pp. 1–351). American 
Museum of Natural History Micropaleontology Special 
Publication.

Friedl, T. (1995). Inferring taxonomic positions and testing genus 
level assignments in coccoid green lichen algae: A phylo-
genetic analysis of 18S ribosomal RNA sequences from 
Dictyochloropsis reticulata and from members of the genus 
Myrmecia (Chlorophyta, Trebouxiophyceae cl. nov.). Journal of 
Phycology, 31, 632–639.

Fritsch, F. E. (1935). The structure and reproduction of the algae. 
Volume I. Introduction, Chlorophyceae. Xanthophyceae, 
Chrysophyceae, Bacillariophyceae, Cryptophyceae, 
Dinophyceae, Chloromonineae, Euglenineae, colourless flag-
ellata. pp. i–xvii, (pp. 1–791). Cambridge University Press.

Gawryluk, R. M. R., Tikhonenkov, D. V., Hehenberger, E., Husnik, 
F., Mylnikov, A. P., & Keeling, P. J. (2019). Non- photosynthetic 
predators are sister to red algae. Nature, 572, 240–243.

Geitler, L. (1925). Synoptische Darstellung der Cyanophyceen in 
morphologischer und systematischer Hinsicht. Beihefte Zum 
Botanischen Centralblatt, 41(Abt. 2), 163–294.

Gnilovskaja, M. B., Istchenko, A. A., Kolesnikov, C. M., Korenchuk, L. 
B., & Udal, N. A. P. (1988). Vendotenidy vostochno- Evsopeiskoi 
platformy [Vendotaenids of the east European platform] (pp. 
1–143). Nauk.

Graf, L., Yang, E. C., Han, K. Y., Küpper, F. C., Benes, K. M., 
Oyadomari, J. K., Herbert, R. J. H., Verbruggen, H., Wetherbee, 
R., Andersen, R. A., & Yoon, H. S. (2020). Multigene phylog-
eny, morphological observation and re- examination of the 
literature lead to the description of the Phaeosacciophyceae 
classis nova and four new species of the Heterokontophyta SI 
clade. Protist, 171(125781), 1–25.

Graf, L., & Yoon, H. S. (2021). Olisthodiscophyceae, the 17th heter-
okont algal class (algae highlights). Journal of Phycology, 57, 
1091–1093.

Gromov, B. V., & Mamkaeva, K. A. (1980). New genus of bacteria, 
Vampirovibrio, parasitizing chlorella and previously assigned 
to the genus Bdellovibrio. Mikrobiologiia, 49, 165–167. [in 
Russian].

Gruby, D. (1843). Recherches et observations sur une nouvelle 
espèce d'haematozoaire, Trypanosoma sanguinis. Comptes 
Rendus Hebdomadaires des Séances de l'Académie des 
Sciences, 17, 1134–1136.

Guillou, L., Chrétiennot- Dinet, M.- J., Medlin, L. K., Claustre, H., 
Loiseaux- de Goër, S., & Vaulot, D. (1999). Bolidomonas: A 
new genus with two species belonging to a new algal class, 
the Bolidophyceae (Heterokonta). Journal of Phycology, 35, 
368–381.

Guiry, M. D. (2012). How many species of algae are there? Journal 
of Phycology, 48, 1057–1063.

Guiry, M. D. (2013). Taxonomy and nomenclature of the 
Conjugatophyceae (=Zygnematophyceae). Algae, 28, 1–29.

Guiry, M. D. (2023). Validation of some class names in use for algae. 
Notulae Algarum, 303, 1.

Guiry, M. D., Andersen, R. A., & Moestrup, Ø. (2023). Validation of 
the name Heterokontophyta. Notulae Algarum, 297, 1–5.

Guiry, M. D., & Guiry, G. M. (2023). AlgaeBase. World-wide elec-
tronic publication. University of Galway. https:// www. algae 
base. org; searched on 1 November 2023.

Haeckel, E. (1878). Das Protistenreich. Eine populäre Uebersicht 
über das Formengebiet der niedersten Lebewesen. Mit einem 
wissenschaftlichen Anhange: System der Protisten (pp. 1–104, 
58 figs.). Ernst Günther's Verlag.

Hartebrodt, L., Wilson, S., & Costello, M. J. (2023). Progress in the 
discovery of isopods (Crustacea: Peracarida)–is the descrip-
tion rate slowing down? PeerJ, 11, e15984.

Hawksworth, D. L., & Kalin- Arroyo, M. T. (1995). Magnitude and dis-
tribution of biodiversity. In V. Heywood (Ed.), Global biodiver-
sity assessment (pp. 107–191). Cambridge University Press.

Hibberd, D. J., & Leedale, G. F. (1971). A new algal class–the 
Eustigmatophyceae. Taxon, 20, 523–525.

Horn, S., Ehlers, K., Fritzsch, G., Gil- Rodriguez, M. C., Wilhelm, 
C., & Schnetter, R. (2007). Synchroma grande spec. Nov. 
(Synchromophyceae class. nov., Heterokontophyta): An ame-
boid marine alga with unique plastid complexes. Protist, 158, 
277–293.

Hyde, K. D. (2022). The numbers of fungi. Fungal Diversity, 114(1), 1.
Ichinomiya, M., Lopes dos Santos, A., Gourvil, P., Yoshikawa, S., 

Kamiya, M., Ohki, K., Audic, S., de Vargas, C., Noël, M. H., 
Vaulot, D., & Kuwata, A. (2016). Diversity and oceanic distribu-
tion of the Parmales (Bolidophyceae), a picoplanktonic group 
closely related to diatoms. ISME Journal, 10, 2419–2434.

Irisarri, I., Darienko, T., Pröschold, T., Fürst- Jansen, J. M. R., Jamy, 
M., & de Vries, J. (2021). Unexpected cryptic species among 
streptophyte algae most distant to land plants. Proceedings of 
the Royal Society B, 288, 20212168. https:// doi. org/ 10. 1098/ 
rsbp. 2021. 2168

Isachenko, B. L. (1921). Dnevnik 1- go Vserossiyskogo Sjezda 
Russkikh Botanikov [Diary of the 1st all- Russian Congress of 
Russian Botanists]. pp. i–ii, [1]–108, iv. Petrograd. [in Russian].

Jeffrey, C. (1982). Kingdoms, codes and classification. Kew Bulletin, 
37, 403–416.

Kaštovský, J. (2023). Welcome to the jungle!: An overview of mod-
ern taxonomy of cyanobacteria. Hydrobiologia, 1–16. https:// 
doi. org/ 10. 1007/ s1075 0-  023-  05356 -  7

Kawachi, M., Inouye, I., Honda, D., O'Kelly, C. J., Bailey, J. C., 
Bidigare, R. R., & Andersen, R. A. (2002). The Pinguiophyceae 
classis nova, a new class of photosynthetic stramenopiles 
whose members produce large amounts of omega- 3 fatty 
acids. Phycological Research, 50(1), 31–48.

Kawachi, M., Nakayama, T., Kayama, M., Nomura, M., Miyashita, 
H., Bojo, O., Rhodes, S., Sym, S., Pienaar, R. N., Probert, I., 
Inouye, I., & Kamikawa, R. (2021). Rappemonads are hapto-
phyte phytoplankton. Current Biology, 31, 2395–2403.

Kawai, H., & Henry, E. C. (2017). Phaeophyta. In J. M. Archibald, 
A. G. B. Simpson, & C. H. Slamovits (Eds.), Handbook of the 
Protists (pp. 267–304). Springer International.

Kawai, H., Maeba, S., Sasaki, H., Okuda, K., & Henry, E. C. (2003). 
Schizocladia ischiensis: A new filamentous marine chromo-
phyte belonging to a new class, Schizocladiophyc eae. Protist, 
154, 211–228.

Kim, E., Harrison, J. W., Sudek, S., Jones, M. D. M., Wilcox, H. M., 
Richards, T. A., Worden, A. Z., & Archibald, J. M. (2011). Newly 
identified and diverse plastid- bearing branch on the eukaryotic 
tree of life. Proceedings of the National Academy of Sciences 
of the United States of America, 108, 1496–1500.

Kjellman, F. R. (1891). Phaeophyceae (Fucoideae). In A. Engler 
& K. Prantl (Eds.), Die natürlichen Pflanzenfamilien nebst 
ihren Gattungen und wichtigeren Arten insbesondere den 
Nutzpflanzen unter Mitwirkung zahlreicher hervorragender 
Fachgelehrten, Teil 1, Abteilung 2 (pp. 176–181). Verlag von 
Wilhelm Engelmann.

Leander, B. S., Lax, G., Karnkowska, A., & Simpson, A. G. B. 
(2017). Euglenida. In J. M. Archibald, A. G. B. Simpson, & C. 
H. Slamovits (Eds.), Handbook of the Protists (pp. 1047–1088). 
Springer International.

Leliaert, F., Tronholm, A., Lemieux, C., Turmel, M., DePriest, M. S., 
Bhattacharya, D., Karol, K. G., Fredericq, S., Zechman, F. W., 
& Lopez- Bautista, J. M. (2016). Chloroplast phylogenomic anal-
yses reveal the deepest- branching lineage of the Chlorophyta, 
Palmophyllophyceae class. Nov. Scientific Reports, 6(25637), 
1–13.

 15298817, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13431 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.algaebase.org
https://www.algaebase.org
https://doi.org/10.1098/rsbp.2021.2168
https://doi.org/10.1098/rsbp.2021.2168
https://doi.org/10.1007/s10750-023-05356-7
https://doi.org/10.1007/s10750-023-05356-7


14 |   GUIRY

Li, L. Z., Wang, S., Kumar Sahu, S., Marin, B., Li, H. Y., Xu, Y., 
Liang, H. P., Li, Z., Cheng, S. F., Reder, T., Cebi, Z., Wittek, 
S., Petersen, M., Melkonian, B., Du, H. L., Yang, H. M., Wang, 
J., Wong, G.K.- S., Xu, X., … Liu, H. (2020). The genome of 
Prasinoderma coloniale unveils the existence of a third phylum 
within green plants. Nature Ecology & Evolution, 4, 1220–1231.

Loeblich, A. R., III. (1970). The amphiesma or dinoflagellate cell 
covering. In E. L. Yochelson (Ed.), Proceedings of the North 
American Paleontological Convention: Field Museum of 
Natural History, Chicago, September 5–7, 1969; Vol. 2. (pp. 
867–929). Allen Press.

Loeblich, A. R., III. (1976). Dinoflagellate evolution: Speculation and 
evidence. Journal of Protozoology, 23, 13–28.

Lohmann, H. (1902). Die Coccolithophoridae, eine Monographie 
der Coccolithen bildenden Flagellaten, zugleich ein Beitrag zur 
Kenntnis des Mittelmeerauftriebs. Archiv für Protistenkunde, 
1(1), 89–165.

Lopes dos Santos, A., Pollina, T., Gourvil, P., Corre, E., Marie, D., 
Garrido, J. L., Rodríguez, F., Noël, M. H., Vaulot, D., & Eikrem, 
W. (2017). Chloropicophyceae, a new class of picophytoplank-
tonic prasinophytes. Scientific Reports, 7(1), 14019.

Mann, D. G., Crawford, R. M., & Round, F. E. (2017). Bacillariophyta. 
In J. M. Archibald, A. G. B. Simpson, & C. H. Slamovits (Eds.), 
Handbook of the Protists (pp. 205–266). Springer International.

Mann, D. G., & Vanormelingen, P. (2013). An inordinate fondness? 
The number, distributions, and origins of diatom species. 
Journal of Eukaryotic Microbiology, 60, 414–420.

Marin, B., & Melkonian, M. (1999). Mesostigmatophyceae, a new 
class of streptophyte green algae revealed by SSU rRNA se-
quence comparisons. Protist, 150, 399–417, 9 figs, 2 tables.

Marin, B., & Melkonian, M. (2010). Molecular phylogeny and classifi-
cation of the Mamiellophyceae class. Nov. (Chlorophyta) based 
on sequence comparisons of the nuclear-  and plastid- encoded 
rRNA operons. Protist, 161, 304–334.

Masjuk, N. P. (2006). Chlorodendrophyceae class. Nov. 
(Chlorophyta, Viridiplantae) in the Ukrainian flora: I. The vol-
ume, phylogenetic relations and taxonomical status. Ukrainian 
Botanical Journal, 63, 601–614. [in Ukrainian].

Mattox, K. R., & Stewart, K. D. (1984). Classification of the green 
algae: A concept based on comparative cytology. In D. E. G. 
Irvine & D. M. John (Eds.), Systematics of the Green algae 
special volume No. 27. Proceedings of an international sym-
posium held at the Polytechnic of North London 29–31 March 
1983. (pp. 29–72. Published for the Systematics Association 
by). Academic Press.

May, R. M. (2011). Why worry about how many species and their 
loss? PLoS Biology, 9(8), e1001130.

McCourt, R. M., Karol, K. G., Hall, J. D., Casanova, M. T., & Grant, 
M. C. (2017). Charophyceae (Charales). In J. M. Archibald, 
A. G. B. Simpson, & C. H. Slamovits (Eds.), Handbook of the 
Protists (pp. 165–183). Springer International.

Medlin, L. K. (2016). Evolution of the diatoms: Major steps in their 
evolution and a review of the supporting molecular and mor-
phological evidence. Phycologia, 55, 79–103.

Medlin, L. K., & Kaczmarska, I. (2004). Evolution of the diatoms: V. 
Morphological and cytological support for the major clades and 
a taxonomic revision. Phycologia, 43, 245–270.

Merola, A., Castaldo, R., DeLuca, P., Gambardella, R., Musacchio, 
A., & Taddei, R. (1982 ‘1981’). Revision of Cyanidium caldi-
arum. Three species of acidophilic algae. Giornale Botanico 
Italiano, 115, 189–195.

Migula, W. (1889). Die Characeen Deutschlands, Österreichs und 
der Schweiz. Unter Berücksichtigung aller Arten Europas. Mit 
zahlreichen in den Text gedruckten, auf alle Species bezie-
henden Abbildungen. In Dr. L. Rabenhorst's Kryptogamen- 
Flora von Deutschland, Oesterreich und der Schweiz. Zweite 
Auflage, Fünfter Band. Part 2 (pp. 65–128). Verlag von Eduard 
Kummer.

Moestrup, Ø. (1991). Further studies of presumedly primitive green 
algae, including the description of Pedinophyceae class. nov. 
and Resultor gen. nov. Journal of Phycology, 27, 119–133.

Moestrup, Ø. (2021). The strange Pelagophyceae: Now also defined 
ultrastructurally? Journal of Phycology, 57, 393–395.

Molinari- Novoa, E. A., & Guiry, M. D. (2023). Nomenclatural notes 
on algae. VIII. Automatically typified names for some groups of 
alveolates. Notulae Algarum, 304, 1–3.

Moore, R. B., Obornik, M., Janouskovec, J., Chrudimsky, T., Vancová, 
M., Green, D. H., Wright, S. W., Davies, N. W., Bolch, C. J. S., 
Heimann, K., Slapeta, J., Hoegh- Guldberg, O., Logsdon, J. M., 
& Carter, D. A. (2008). A photosynthetic alveolate closely re-
lated to apicomplexan parasites. Nature, 451, 959–963.

Mora, C., Tittensor, D. P., Adl, S., Simpson, A. G. B., & Worm, B. 
(2011). How many species are there on earth and in the ocean? 
PLoS Biology, 9(8), e1001127.

Nakayama, T., Suda, S., Kawachi, M., & Inouye, I. (2007). Phylogeny 
and ultrastructure of Nephroselmis and Pseudoscourfieldia 
(Chlorophyta), including the description of Nephroselmis an-
terostigmatica sp. nov. and a proposal for the Nephroselmidales 
ord. nov. Phycologia, 46, 680–697.

Okamoto, N., & Inouye, I. (2005). The katablepharids are a 
distant sister group of the Cryptophyta: A proposal for 
Katablepharidophyta divisio nova/ Kathablepharida phy-
lum novum based on SSU rDNA and beta- tubulin phylogeny. 
Protist, 156, 163–179.

Oren, A., Mareš, J., & Rippka, R. (2022). Validation of the names 
cyanobacterium and cyanobacterium stanieri, and proposal of 
Cyanobacteriota phyl. nov. International Journal of Systematic 
and Evolutionary Microbiology, 72, 1–7.

Pascher, A. (1914). Über Flagellaten und Algen. Berichte der 
Deutschen Botanischen Gesellschaft, 32, 136–160.

Pascher, A. (1931). Systematische Übersicht über die mit 
Flagellaten in Zusammenhang stehenden Algenreihen und 
Versuch einer Einreihung dieser Algenstämme in die Stämme 
des Pflanzenreiches. Beihefte Zum Botanischen Centralblatt, 
48(Abt. II, 2), 317–332.

Price, D. C., Steiner, J. M., Yoon, H. S., Bhattacharya, D., & 
Löffelhardt, W. (2017). Glaucophyta. In J. M. Archibald, A. G. 
B. Simpson, & C. H. Slamovits (Eds.), Handbook of the Protists 
(pp. 23–87). Springer International.

Rabenhorst, L. (1863). Kryptogamen- Flora von Sachsen, Ober- 
Lausitz, Thüringen und Nord- Böhmen, mit Berücksichtigung 
der benachbarten Länder: erste Abtheilung: Algen im weit-
esten Sinne, Leber und Laubmoose (pp. 1–653. i–xx, Un-
numbered figs.). Verlag von Eduard Kummer.

Reichenbach, L. (1830). Flora Germanica excursoria ex affinitate 
regni vegetabilis naturali disposita, sive principia synopseos 
plantarum in Germania terrisque in Europa media adjacen-
tibus sponte nascentium cultarumque frequentius Vol. I. 
Conspectus generum et clavis systemate sexuali linnaeano. 
[part 1]. pp. [i]–viii, 2 charts, 1–140. Apud Carolum Cnobloch.

Riding, J. B., Fensome, R. A., Soyer- Gobillard, M.- O., & Medlin, L. 
K. (2022 ‘2023’). A review of the dinoflagellates and their evo-
lution from fossils to modern. Journal of Marine Science and 
Englineering, 11(1), 1–34.

Rothmaler, W. (1951). Die Abteilungen und Klassen der Pflanzen. 
Feddes Repertorium Specierum Novarum Regni Vegetabilis, 
54, 256–266.

Round, F. E. (1973). The biology of the algae (2nd ed., pp. 1–278). 
Edward Arnold.

Round, F. E., Crawford, R. M., & Mann, D. G. (1990). The diatoms 
biology and morphology of the genera. pp. [i–ix], (pp. 1–747). 
Cambridge University Press.

Ruggiero, M. A., Gordon, D. P., Orrell, T. M., Bailly, N., Bourgoin, 
T., Brusca, R. C., Cavalier- Smith, T. C., Guiry, M. D., & Kirk, P. 
M. (2015). A higher level classification of all living organisms. 
PLoS ONE, 10(4), e0119248.

 15298817, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13431 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



   | 15HOW MANY SPECIES OF ALGAE?

Saldarriaga, J. F., & Taylor, F. J. R. ‘Max’. (2017). Dinoflagellata. In 
J. M. Archibald, A. G. B. Simpson, & C. H. Slamovits (Eds.), 
Handbook of the Protists (pp. 635–678). Springer International.

Saunders, G. W., & Hommersand, M. H. (2004). Assessing red algal 
supraordinal diversity and taxonomy in the context of con-
temporary systematic data. American Journal of Botany, 91, 
1494–1507.

Schaffner, J. H. (1909). The classification of plants, IV. The Ohio 
Naturalist, 9, 446–455.

Scott, J. L., Baca, B., Ott, F. D., & West, J. A. (2006). Light and elec-
tron microscopic observations on Erythrolobus coxiae gen. et 
sp. nov. (Porphyridiophyceae, Rhodophyta) from Texas U.S.A. 
Algae, 21, 407–416.

Shameel, M. (2001). An approach to the classification of algae in 
the new millennium. Pakistan Journal of Marine Biology, 7(1/2), 
233–250.

Silva, P. C. (1980). Names of classes and families of living algae: 
With special reference to their use in the Index Nominum 
Genericorum (Plantarum). Regnum Vegetabile, 103, 1–156.

Silva, P. C., & Moe, R. L. (1999). The Index Nominum Algarum. 
Taxon, 48, 351–353.

Silva, P. C., Throndsen, J., & Eikrem, W. (2007). Revisiting the no-
menclature of haptophytes (commentary). Phycologia, 46, 
471–475.

Skuja, H. (1948). Taxonomie des Phytoplanktons einiger Seen in 
Uppland, Schweden. Symbolae Botanicae Upsalienses, 9(3), 
1–399.

Soo, R. M., Hemp, J., & Hugenholtz, P. (2019). Evolution of photo-
synthesis and aerobic respiration in the cyanobacteria. Free 
Radical Biology and Medicine, 140, 200–205.

Stork, N. E., McBroom, J., Gely, C., & Hamilton, A. J. (2015). New 
approaches narrow global species estimates for beetles, in-
sects, and terrestrial arthropods. Proceedings of the National 
Academy of Sciences of the United States of America, 112(24), 
7519–7523.

Strunecký, O., Ivanova, A. P., & Mares, J. (2023). An updated classi-
fication of cyanobacterial orders and families based on phylog-
enomic and polyphasic analysis (review). Journal of Phycology, 
59(1), 12–51.

Tanifuji, G., & Onodera, N. T. (2017). Cryptomonads: A model organ-
ism sheds light on the evolutionary history of genome reorga-
nization in secondary endosymbioses. Advances in Botanical 
Research, 84, 263–320.

Turland, N. (2019). The code decoded. A user's guide to the inter-
national code of nomenclature for algae, fungi, and plants (2nd 
ed., pp. 1–196). Pensoft.

Turland, N. J., Wiersema, J. H., Barrie, F. R., Greuter, W., 
Hawksworth, D. L., Herendeen, P. S., Knapp, S., Kusber, W.- 
H., Li, D.- Z., Marhold, K., May, T. W., McNeill, J., Monro, A. M., 
Prado, J., Price, M. J., & Smith, G. F. (2018). International code 
of nomenclature for algae, fungi, and plants (Shenzhen Code) 
adopted by the nineteenth international botanical congress 

Shenzhen, China, July 2017. Regnum Vegetabile, Vol. 159. pp. 
[i]–xxxviii, (pp. 1–253). Koeltz Botanical Book.

van den Hoek, C., Mann, D. G., & Jahns, H. M. (1995). Algae. An 
introduction to phycology. Pp. i–xiv, (pp. 1–623). Cambridge 
University Press.

von Wettstein, R. (1901). Handbuch der systematischen Botanik. 
Vol. 1 pp. [i]–iv, [v], (pp. 1–201). Franz Deuticke.

Warming, E. (1884). Haandbog i den systematiske botanik: naer-
mest til brug for laerere og universitets- studerende. pp. iv, (pp. 
1–434). P.G. Philipsens.

West, G. S., & Fritsch, F. E. (1927). A treatise on the British fresh-
water algae. New and revised edition. pp. i–xviii (pp. 1–534). At 
the University Press.

Wetherbee, R., Jackson, C. J., Repetti, S. I., Clementson, L. A., 
Costa, J. F., van de Meene, A., Crawford, S., & Verbruggen, 
H. (2019). The Golden paradox -  a new heterokont lineage 
with chloroplasts surrounded by two membranes. Journal of 
Phycology, 55(2), 257–278.

Whittaker, R. H., & Margulis, L. (1978). Protist classification and the 
kingdoms of organisms. Biosystems, 10, 3–18.

Yang, L.- E., Deng, Y.- Y., Xu, G.- P., Russel, S., Lu, Q.- Q., & Brodie, J. 
(2020). Redefining Pyropia (Bangiales, Rhodophyta): Four new 
genera, resurrection of Porphyrella and description of Calidia 
pseudolobata sp. nov. from China. Journal of Phycology, 56(4), 
[1–18], 862–879.

Yang, Z. P., Ma, X. O., Wang, Q. P., Tian, X. O., Sun, J. Y., Zhang, 
Z. H., Xiao, S. H., De Clerck, O., Leliaert, F., & Zhong, B. J. 
(2023). Phylotranscriptomics unveil a Paleoproterozoic- 
Mesoproterozoic origin and deep relationships of the 
Viridiplantae. Nature Communications, 4(5542), 1–13.

Yoon, H. S., Muller, K. M., Sheath, R. G., Ott, F. D., & Bhattacharya, D. 
(2006). Defining the major lineages of red algae (Rhodophyta). 
Journal of Phycology, 42, 482–492.

Yoon, H. S., Nelson, W., Lindstrom, S. C., Boo, S. M., Pueschel, 
C., Qiu, H., & Bhattacharya, D. (2017). Rhodophyta. In J. 
M. Archibald, A. G. B. Simpson, & C. H. Slamovits (Eds.), 
Handbook of the Protists (pp. 89–133). Springer International 
Publishing AG.

Zuccarello, G. C., Wen, X., & Kim, G. H. (2022). Splitting blades: 
Why genera need to be more carefully defined: The case for 
Pyropia (Bangiales, Rhodophyta). Algae, 37(3), 205–211.

How to cite this article: Guiry, M. D. (2024). 
How many species of algae are there? A reprise. 
Four kingdoms, 14 phyla, 63 classes and still 
growing. Journal of Phycology, 00, 1–15. https://
doi.org/10.1111/jpy.13431

 15298817, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13431 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [25/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/jpy.13431
https://doi.org/10.1111/jpy.13431

	How many species of algae are there? A reprise. Four kingdoms, 14 phyla, 63 classes and still growing
	Abstract
	INTRODUCTION
	HOW MANY SPECIES ARE THERE?
	CHAROPHYTA
	CHLOROPHYTA
	CHROMERIDOPHYTA
	CRYPTOPHYTA
	CYANOBACTERIA
	DINOFLAGELLATA
	EUGLENOZOA (EUGLENOPHYTA)
	GLAUCOPHYTA
	HAPTOPHYTA
	HETEROKONTOPHYTA
	PRASINODERMATOPHYTA
	RHODELPHIOPHYTA
	RHODOPHYTA
	CONCLUDING REMARKS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	REFERENCES


