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PROTIST NEWS

Protist Diversity:
Estimates of the Near-Imponderable

Protist

I present and summarize data which show that bio
diversity of free-living ciliates is perhaps one order
of magnitude greater than the 3000 morphospecies
proposed by Finlay and Fenchel. Furthermore, there
is indisputable evidence of endemism and restricted
biogeographical distribution of at least some proto
zoan species. At present, any estimate of protist
species richness is highly speculative because only
a tiny fraction of the potential protist habitats of the
biosphere has ever been carefully analyzed. I thus
suggest that further research should concentrate on
alpha-taxonomy, that is, the accurate description of
species and their distribution according to habitats
and regions.

Avant-propos

Discussion on biodiversity is driven by ecologists
because the few taxonomists are over-burdened
with routine identification and conservation work, as
well as the description of new species they continu
ously discover (Cotterill 1995; Foissner 1997, 1998).
In protists, mainly Finlay and Fenchel, two re
spected protozoan ecologists, have published on
biodiversity. They conclude (Finlay and Fenchel
1999) that the "real figure of total protozoan (phago
trophic microbial eukaryotes) diversity lies some
where in the range of 12000-19000 species", and
estimate global diversity of free-living ciliates to be
around 3000 species (Finlay et al. 1996, 1998). This
sharply contrasts with my view that there are proba
bly about 30000 species of free-living ciliate mor
phospecies (Foissner 1999: Floodplain soils - un
touched protozoan biotopes. 3rd European Con
gress of Protistology, Helsing0r, Abstracts, p. 30).
Geneticists arrived at a similar number: "Obviously
the protists - at least the ciliated protozoa - are
greatly underclassified, by at least an order of mag
nitude, and perhaps by two orders of magnitude"
(Nanney et al. 1998). Being mainly an alpha-tax-

onomist (species describer), and having described
hundreds of new taxa during the past 25 years, my
estimate is based on two simple facts: (1) I found, on
average, about one new species in almost every
sample carefully analyzed, irrespective of biotope,
and (2) about half of the 2000 ciliate species I have
seen were undescribed (new).

Basically, I think that a reliable estimate of protist
species richness is impossible with the knowledge
available. So, why did I write this comment? Be
cause it seems that no other protist alpha-tax
onomist has responded to Finlay and Fenchel, and I
am convinced that their estimates are far too low. If
there were as many taxonomists as there are ecolo
gists, we would very likely already know many more
than the 3 000 free-living ciliate species proposed by
Finlay et al. (1996, 1998). Unfortunately, alpha-tax
onomy is strongly declining generally, both in quality
and quantity, because it is not a "mainstream sci
ence" (Cotterill 1995; Schminke 1994). Thus, there is
little hope that we shall know who is right, Finlay and
Fenchel or Foissner, within the next 100-200 years!
My main paradigm will be the soil ciliates, which I
have been studying extensively for 20 years. But I
also have evidence from typical freshwater habitats
which supports the soil data (Foissner et al. 1999).

There are Protists with a
Restricted Geographical Distribution!

I basically agree with Finlay and Fenchel that most
free-living protists are cosmopolitan, at least at the
morphological level. I am, however, opposed to the
biased view they hold in their most recent paper
(Finlay and Fenchel 1999).

Of the many examples available for endemism or
restricted Gondwanan/Laurasian distribution of cer
tain protist genera and species, I shall discuss only
the most important ones and those related to spe
cific statements of Finlay's group. Most of the exam-
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pies concern species with very distinct morpholo
gies ("flagships"), such as large ciliates or testate
amoebae, whose shells favour recognizing distinct
morphotypes. There is every reason to assume that
endemics or species with restricted geographical
distribution occur also among the less conspicuous
protists. However, this is much more difficult to
prove because detailed and reliable distribution data
are extremely rare.

(1) Lake Baikal contains, without doubt, several
endemic ciliate species, especially evident in the
Colepidae, a group of ciliates with a richly structured
armour. Obolkina (1995) found four new genera and
seven new species which are so distinct that they
would certainly have been noticed before, if they
were present in other waters. Although some of the
new ciliate species described by Gajewskaja (1933)
from Lake Baikal were later found in various lakes
worldwide, most are still unique and were not en
countered in detailed studies on small lakes in Ger
many (Foissner et al. 1999) and England (Finlay et al.
1988). Very likely, many endemic protists can be
found in more detailed investigations, for instance,
in Lake Tanganyika, a biodiversity centre, which has
never been investigated in detail for heterotrophic
protists. Interestingly, the only reliable study avail
able (Dragesco and Dragesco-Kerneis 1991) de
scribes several new ciliate species, among them
also a new colepid genus and species, similar to
those discovered in Lake Baikal.

(2) There is no doubt among taxonomists that
quite a number of testate amoebae have a restricted
Gondwanan/Laurasian distribution (Schonborn
1966). For instance, Meisterfeld and Lor-wai Tan
(1998) found six of these Gondwanan relicts in a pre
liminary study of several habitats in Australia. The
"flagship" is Apodera vas, a species of about 170 IJm
length with a very distinct morphology. There are,
however, also several ciliates which, undoubtedly,
have a restricted Gondwanan/Laurasian distribution,
for instance, Neobursaridium gigas, a gigantic (about
1 mm in length) Gondwanan freshwater species.
Several large soil ciliates, such as Gigantothrix her
zogi and Bress/auides discoideus, very likely also
have a restricted Gondwanan/Laurasian distribution
(Foissner 1987, 1999). In flagellates, restricted distri
bution is much more difficult to prove because their
small size makes most characters recognizable only
under the electron microscope. However, there is at
least one promising example, Hemimastix amphi
kineta, a highly characteristic soil species, which I
have found in about 30 Gondwanan samples, but in
none of the 200 samples from Europe.

(3) Finlay et al. (1996) stated: "It is possible that
the number of undescribed symbiotic ciliates is not

excessively large". This contradicts literature data,
for example, astome ciliates from the digestive tract
of oligochaetes. In 1954, about 65 species were
known, mainly from Europe (Puytorac 1954). This
number increased considerably when seven species
of glossoscolecoid and megascolecid earthworms,
which occur mainly in tropical and subtropical
Gondwanan areas, were investigated. Not less than
23 new species belonging to 13 new genera were
discovered (Puytorac 1969; Puytorac and Dragesco
1968, 1969). Considering that there are at least
3 000 species of oligochaetes worldwide, of which
only a minute fraction has ever been investigated for
symbiotic ciliates, it is reasonable to assume that
most astome ciliates are still undescribed.

Local versus Global Diversity

The ratio of local:global diversity is an important
measure in conservation biology because it indi
cates "hot spots" of biodiversity. In protists, this
measure was first used by Fenchel et al. (1997).
They found that about 10% of the estimated global
diversity of free-living ciliates (3 000 species) could
be detected in local samples. From this, they con
clude that "everything is (almost) everywhere"
(Fenchel et al. 1997) and that "all species of fresh
water protozoa could eventually be discovered in
one small pond" (Finlay and Esteban 1998). At first
glance, this conclusion appears reasonable be
cause the ratios of local:global diversity in protozoa
are much higher than those generally found in meta
zoan and plant communities (usually <1 %). How
ever, a closer examination reveals that the method
provides meaningless results in groups whose full
diversity is largely unknown, such as protists. Fur
thermore, it is highly unlikely, from a general ecolog
ical viewpoint, that a single, small pond has the car
rying capacity to contain all protists (ciliates). And
this is fully confirmed by Finlay's and Esteban's
(1998) own data: "Our inventory of ciliate species
recorded from a single, one-hectare pond, over a
period of several years, currently stands at about
260 species". This is far away from the 3 000
species global diversity they estimate.

In monthly samples and with various methods, I
found about 160 ciliate species in an about 100 m2

area of beech forest in Salzburg (Fig. 1). All efforts,
to increase this number significantly failed. How
does this figure relate to global soil ciliate diversity?
In 1987, when only about 250 species of soil ciliates
were known (Foissner 1987), 64% of the global di
versity occurred at the single site in Salzburg. In
1998, when 643 soil ciliates had been described
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Figure 1. Cumulative number
of species obtained with the
non-flooded Petri dish method
(Foissner 1987) in 17 monthly
and bimonthly samplings from
an 100 m2 area of beech forest
soil in Austria. The curve flattens
distinctly at sample number 13,
indicating that further effort
hardly will increase species
number significantly. However,
direct investigation of fresh
samples after rainfalls provided
30 further species. Accordingly,
the total number approaches
160 species, which is far from the total number (about 1 000) of soil ciliates known. Thus, I do not agree with the
hypothesis of Finlay and Esteban (1998) that "all species of freshwater protozoa could eventually be discovered in
one small pond".

(Foissner 1998), the percentage dropped to 25%,
and when the 500 undescribed (new) species, which
I have in my records (Foissner 1998), are added, the
percentage drops to about 14%. Finally, when the
estimated number of global soil ciliate diversity (up
to 2 000 species; Foissner 1997) is taken, the ratio
approaches 8%.

These simple calculations show that the ratio of
local:global diversity is meaningless for estimating
global diversity, as long as the actual global diversity
of the group under investigation is unknown. Ac
cordingly, the conclusions by Fenchel et al. (1997)
and Finlay and Esteban (1998) lack a reliable basis.

Interestingly, the 8% ratio calculated above is
very close to that found by Finlay and Esteban
(1998) in various protozoan groups and habitats.
However, I do not believe that this has a deeper eco
logical meaning. It probably only shows that our
knowledge (better: ignorance) is similar for all
groups and habitats.

Undersampling:
The Key to Understand Protist Diversity

As compared to higher animals and plants, protists
are extremely difficult to recognize because they are
small and encysted most of their life. Only when the
appropriate conditions set in, do they excyst and
become "visible" (Foissner 1997). Then, however,
many of them may be hidden by an abundance of a

few ubiquitous and numerically dominant species.
Only when comparatively large samples are carefully
(!) inspected by an experienced (!) investigator, are
these rare species recognized. And it is well known
that rare species comprise >80% of the total
species in practically all organism communities
(Schwerdtfeger 1975). At present, we probably
know mainly the more common species.

These problems in recognizing protist diversity
become evident if large sample collections from a
large region are analyzed (Table 1). Although the in
dividual samples contain only 1 to 3 (4-7%) new
species on average, the sample collective shows
that up to 50% of the species found are unde
scribed. A similar picture is obtained when the pa
pers on flagellates by Patterson and co-authors are
analyzed. This is an important and impressive fact,
which Finlay and Fenchel never recognized because
they have studied only individual samples from cer
tain small biotopes. Furthermore, they concentrated
on the more common species, possibly leaving the
rare species unidentified.

Only a Tiny Fraction of the
Potential Habitats has Ever been
Investigated for Protists

Finlay et al. (1996) base their estimation of global
free-living ciliate diversity on the assumption that
the main biotopes of the Earth have already been
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Table 1. Data summary on diversity of soil ciliates in Europe, Africa, Australia and Antarctica (from Foissner 1997).

Characteristics

Total number of speciesa

Species/sample (mean)
Undescribed species
Undescribed species (%)
Undescribed species/sample (mean)
Undescribed species/sample (%)

Europe
(99 samples)

345
26

185
54
1.9b

7.2

Africa
(92 samples)

507
35

240
47
2.6
7.5

Australia
(157 samples)

361
23

154
43

1.0
4.4

Antarctica
(90 samples)

95
4

14
15
0.2
3.9

a Each sample collection was considered as a unique entity. Thus, a new species found, for instance, in both Africa
and Australia, was classified as 'undescribed' in each of the data sets.
b Sample size (n) = 52.

sufficiently investigated. This is, however, not the
case. Seen on a global scale, only a tiny fraction of
ponds, lakes and rivers has been investigated in suf
ficient detail, mainly in Europe and North America.
From all other habitats and regions, reliable (!) infor
mation is extremely scarce. Again, I shall concen
trate on a few representative examples.

(1) There are only a dozen comprehensive and
reliable studies available on the marine ciliate fauna,
and some of these are outdated. Over a hundred
new species and many new genera were reported in
a few recent studies (Jankowski 1973; Lynn and
Gilron 1993; Petz et al. 1995), demonstrating our ig
norance of the marine ciliate biota.

(2) Another major biotope, namely floodplain
soils, has rarely been investigated for protists.
Floodplains cover a significant portion of the world's
land area and are known as biodiversity centres. I
have studied a few soil samples from floodplains
worldwide (Table 2). They contain a wealth of new
species and genera and have, as expected, an in
creased proportion of freshwater species. The two
samples each from the Murray River and Amazon
floodplain each contained 25 new species!

(3) During the past 20 years, I found about 700
new species of soil ciliates, and further new species
are being discovered at a constant rate, indicating
that the summit is a long way off (Foissner 1997,
1998). For instance, 10 (!) new species were discov
ered during the investigation mentioned in the chap
ter "Local versus Global Diversity", indicating our ig
norance of even the European soil ciliates. A similar
figure was obtained for heterotrophic flagellates
from coastal marine and hypersaline sediments in
Australia. Patterson and Simpson (1996) identified
46 species, of which seven were undescribed, and a
further seven could not be identified. Of the remain
ing 39 species, 23 (!) have been described during
the past 10 years. This means, if Patterson and
Simpson (1996) had studied these sites in 1985, 30
of the 46 species would have been undescribed.

These examples show that practically all large
and diverse biotopes are heavily underinvestigated
as concerns the ciliate (protist) biota. Of similar im
portance is the question "What is a habitat for a pro
tozoan?" I think, a square metre of soil is a universe
for any protist. Thus, seen on a global scale, there
must be millions of potential protozoan habitats. For

Table 2. Diversity and structure of floodplain soil ciliate communities.

Floodplain

Danube River, Austria (2 samples from close sites)

Mlambane River, Kruger National Park, South Africa
(1 sample from dry river bed)

Murray River, Australia (2 samples from very close sites)

Rio Corobici, Costa Rica (1 sample)

Rio Amazonas, Brazil (2 samples from very close sites)

a Proportion for all soil ciliates:16% (Foissner 1998).

Total number Freshwater
of species speciesa

86 28 (33%)

62 32 (52%)

110 35 (32%)

87 14 (16%)

112 27 (24%)

New or supposedly
new species

8 (10%)

10 (16%)

25 (23%)

5 (6%)

23 (21 %)



instance, the rhizosphere of any plant species is a
special habitat governed by the root exudates. And
there are hundreds of soil types containing thou
sands of strata with very distinct biological, physical
and chemical environments. We do not yet know
how many of these potential habitats are actually
occupied by specific inhabitants. Usually, however,
specific habitats produce specific organisms. It is
only man who reduces the great number of potential
protist habitats to a few categories, such as soil,
pond, benthos, and pelagial. Only in this sense, do I
agree with Fenchel et al. (1997) that "everything is
(almost) everywhere".

113 or 900 Species of "True" Soil Ciliates?

In their papers Finlay and Fenchel refer to several of
my studies in an incomplete and inaccurate way. As
an example, I cite some of their statements (Finlay
and Fenchel 1999). "The current number of species
listed in the 'world soil ciliate fauna' (Foissner 1998)
is 643, but the species considered to have com
pletely published descriptions, and that are 'proba
bly found exclusively in true terrestrial habitats'
number 113, of which 98 were described by Foiss
ner and co-authors". This calculation is completely
wrong and neglects what I wrote (Foissner 1998):
"Only 25% (160 out of the 643 species) of the de
scribed soil ciliate species have been reliably
recorded from both soil and freshwater habitats.
Thus, there would appear to be a high proportion
(483) of species which occur only or mainly in terres
trial environments and very likely evolved in such
habitats". The 113 species calculated by Finlay and
Fenchel are mainly those with special adaptations,
as I clearly indicated in footnote 7: "Only species
with specific food requirements or very characteris
tic morphological adaptations have been classified
as probably found exclusively in terrestrial habitats".
This restriction thus limits the number to a very con
servative minimum, necessary due to the scarcity of
detailed data. However, almost 500 other species,
most of which I and others have carefully described
or redescribed during the past 20 years, have as yet
also only been found in terrestrial habitats! This fact
is ignored by Finlay and Fenchel.

Finlay and Fenchel also omit that I clearly stated
to have "about 500 new species in my records,
whose full description will require years of work"
(Foissner 1998). As I am continuously publishing on
new soil ciliates (e.g. Foissner 1999), this number is
not a fiction. Further, Finlay and Fenchel state: "New
species are being described from soil; but their
number is increasing relatively slowly, and linearly
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over time (Foissner 1998)". This statement takes into
account neither the 500 undescribed species men
tioned above, nor the unfortunate reality that I am,
since a decade, practically the only researcher
worldwide publishing on taxonomy of soil ciliates.

Acknowledgement

This study was supported by the Austrian Science
Foundation (Project P12367-810).

References

Cotterill FPD (1995) Systematics, biological knowledge
and environmental conservation. Biodiv Conserv 4:
183-205
Dragesco J, Dragesco-Kerneis A (1991) Free-living
ciliates from the coastal area of Lake Tanganyika
(Africa). Europ J Protistol 26: 216-235
Fenchel T, Esteban GF, Finlay BJ (1997) Local versus
global diversity of microorganisms: cryptic diversity of
ciliated protozoa. Oikos 80: 220-225
Finlay BJ, Esteban GF (1998) Freshwater protozoa:
biodiversity and ecological function. Biodiv Conserv 7:
1163-1186
Finlay BJ, Fenchel T (1999) Divergent perspectives on
protist species richness. Protist 150: 229-233
Finlay BJ, Clarke KJ, Cowling AJ, Hindle RM, Roger
son A, Berninger U-G (1988) On the abundance and
distribution of protozoa and their food in a productive
freshwater pond. Europ J Protistol 23: 205-217
Finlay BJ, Corliss JO, Esteban G, Fenchel T (1996)
Biodiversity at the microbial level: the number of free
living ciliates in the biosphere. Quart Rev Bioi 71:
221-237
Finlay BJ, Esteban GF, Fenchel T (1998) Protozoan di
versity: converging estimates of the global number of
free-living ciliate species. Protist 149: 29-37
Foissner W (1987) Soil protozoa: fundamental prob
lems, ecological significance, adaptations in ciliates
and testaceans, bioindicators, and guide to the litera
ture. Progr Protistol 2: 69-212
Foissner W (1997) Global soil ciliate (Protozoa, Cilio
phora) diversity: a probability-based approach using
large sample collections from Africa, Australia and
Antarctica. Biodiv Conserv 6: 1627-1638
Foissner W (1998) An updated compilation of world soil
ciliates (Protozoa, Ciliophora), with ecological notes,
new records, and descriptions of new species. Europ J
Protistol 34: 195-235
Foissner W (1999) Notes on the soil ciliate biota (Proto
z?a, ~iliophora) from the Shimba Hills in Kenya (Africa):
diversity and description of three new genera and ten
new species. Biodiv Conserv 8: 319-389



368 W. Foissner

Foissner W, Berger H, Schaumburg J (1999) Identifi
cation and Ecology of Limnetic Plankton Ciliates. Bayer.
Landesamt fUr Wasserwirtschaft, Munchen

Gajewskaja N (1933) Zur Oekologie, Morphologie und
Systematik der Infusorien des Baikalsees. Zoologica,
Stuttg 32: 1-298

Jankowski AW (1973) Infusoria subclass Chonotricha.
Fauna of the USSR, Vol 2, No Akad Nauk SSSR, Nauka,
Leningrad (in Russian)

Lynn DH, Gilron GL (1993) Strombidiid ciliates from
coastal waters near Kingston Harbour, Jamaica (Cilio
phora, Oligotrichia, Strombidiidae). J mar bioi Ass UK
73:47-65

Meisterfeld R, Lor-wai Tan (1998) First records of tes
tate amoebae (Protozoa: Rhizopoda) from Mount Buf
falo National Park, Victoria: preliminary notes. Victorian
Naturalist 115: 231-238

Nanney DL, Park C, Preparata R, Simon EM (1998)
Comparison of sequence differences in a variable 23S
rRNA domain among sets of cryptic species of ciliated
protozoa. J Euk Microbiol45: 91-100

Obolkina LA (1995) New species of the family Colepi
dae (Prostomatida, Ciliophora) from Lake Baikal. ZooI
Zh 74: 3-19

Patterson DJ, Simpson AGB (1996) Heterotrophic
flagellates from coastal marine and hypersaline sedi
ments in Western Australia. Europ J Protistol 32:
423-448

Petz W, Song W, Wilbert N (1995) Taxonomy and ecol
ogy of the ciliate fauna (Protozoa, Ciliophora) in the en
dopagial and pelagial of the Weddell Sea, Antarctica.
Stapfia (Linz) 40: 1-223

Puytorac P de (1954) Contribution a I'etude cytolo
gique et taxinomique des infusoires astomes. Annis Sci
nat (Zool) 11: 85-270

Puytorac P de (1969) Nouvelles especes de cilies as
tomes endoparasites d'oligochetes Megascolecidae.
Revta Soc mex Hist nat 30: 79-95

Puytorac P de, Dragesco J (1968) Quatre especes
nouvelles de cilies astomes chez les Alma emini
(Mchlsn) (ver Criodrilinae) du Gabon. Annis Stn limnol
Besse 3: 259-267

Puytorac P de, Dragesco J (1969) Description de six
genres nouveaux de cilies astomes Hoplitophryidae
endoparasites de vers Glossoscolecidae au Gabon.
Revue Bioi Gabon 5: 5-27

Schminke HK (1994) Wiederaufbau von Forschung und
Lehre in Zoosystematik - eine nationale Aufgabe. Spek
trum der Wissenschaft 9: 114-116

Schonborn W (1966) Beschalte Am6ben (Testacea). A.
Ziemsen, Wittenberg Lutherstadt

Schwerdtfeger F (1975) Syn6kologie. P. Parey, Ham
burg & Berlin

Wilhelm Foissner
Universitat Salzburg
Institut fUr Zoologie

Hellbrunnerstrasse 34
A-5020 Salzburg

Austria

fax 43-662-8044-5698


	363
	364
	365
	366
	367
	368

