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Abstract
Over 250 years ago Johann August Ephraim Goeze, a Protestant pastor from Quedlinburg, Germany, discovered the first 
tardigrade. The German physiologist and anatomist Carl August Sigismund Schultze (1795–1877) later named the first spe-
cies Macrobiotus hufelandi C.A.S. Schultze, 1834, a designation that remains valid today. By the first third of the twentieth 
century numerous new species had been discovered in Germany and were comprehensively compiled for the first time by 
the German zoologist Ernst Marcus in 1936. Since then additional faunistic studies have been conducted. This new checklist 
of tardigrades in Germany provides an overview of all known species found in the country to date. It includes 91 limno-
terrestrial or limnic species and eight marine species, with 21 belonging to Heterotardigrada and 78 to Eutardigrada. Germany 
is the type locality (terra typica) for 24 tardigrade species. The number of identified tardigrade species varies significantly 
depending on the extent of studies conducted in different federal states. Baden-Württemberg has the highest number of spe-
cies identified, with 80 species recorded across eleven studies. In this state the Black Forest, with its remarkable diversity 
of 72 identified tardigrade species is one of the most intensively studied regions worldwide. In Hesse 30 species have been 
recorded from five studies, while Berlin has documented 23 species from two studies. Fewer species have been reported 
from other federal states. The 99 tardigrade species identified in Germany represent about 7% of the total 1,488 described 
tardigrade species worldwide.
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Introduction

The animal group of tardigrades was discovered in Ger-
many over 250 years ago. Johann August Ephraim Goeze 
(1731–1793) was a Protestant pastor in Quedlinburg, Ger-
many (Saxony-Anhalt, ST). He began his career as a trans-
lator of various scientific and philosophical works and only 
in the last third of his life became a highly respected and 
productive zoologist, particularly as a helminthologist. He 
was the first to describe a tardigrade, probably a Hypsibius 
species. This description was published under the title “Von 

einigen merkwürdigen Wasserinsekten” (On some strange 
water insects) in an appendix of the German translation of 
Bonnet’s "Traité d’Insectologie." The appendix contains per-
sonal observations made by J.A.E. Goeze in the environment 
of his hometown Quedlinburg. He discovered water bears 
in duckweed (especially in winter) and wrote: “Seltsam ist 
dieses Thierchen, weil der ganze Bau seines Körpers ausse-
rordentlich und seltsam ist, und weil es in seiner äusserlichen 
Gestalt, dem ersten Anblicke nach, die größte Aehnlichkeit 
mit einem Bäre im Kleinen hat. Das hat mich auch bewogen, 
ihm den Namen des kleinen Wasserbärs zu geben”. (Strange 
is this little creature, because the whole organisation of its 
body is extraordinary and strange and because of its external 
appearance. At the first glance, it has the closest similarity to 
a little bear. This also led me to give it the name little water 
bear.) (Goeze, 1773).

In 1834 Carl August Sigismund Schultze (1795–1877), a 
German physiologist and anatomist, named the first species 
Macrobiotus hufelandi C.A.S. Schultze, 1834a, 1834b, which 
is still valid today (Degma & Guidetti, 2024). Between 1927 
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and 1936 the German zoologist Ernst Marcus published four 
substantial and wide-ranging articles (Marcus, 1927, 1928, 
1929, 1936). These included a synopsis of all tardigrade spe-
cies previously described around the world in the series “Die 
Tierwelt Deutschlands” (Fauna of Germany). This first and 
as yet only overview of tardigrades in Germany (within the 
borders of 1918) was published nearly one hundred years ago 
(Marcus, 1928, 1936). However no other checklist of tardi-
grade species found in Germany has been compiled since. 
Marcus (1936) reported 44 species (valid according to Degma 

& Guidetti, 2024) from Germany. By this study, we aim to 
provide an overview of the tardigrade species found in Ger-
many from the discovery and description of the first species 
to the present day.
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Materials and methods

The basis for this current checklist is the first summary of 
German tardigrades by Marcus (1928, 1936) and the data 
from Ramazzotti and Maucci (1983). The sources cited 
by Marcus primarily refer to the authors, and the listed 
tardigrade locations were assigned to the 16 federal states 
of Germany. Only those locations from Marcus that lie 
within the present-day territory of the Federal Republic of 
Germany were included. The term "Germany" refers to the 
borders of present-day Germany. The unspecific locality 
"Northern Germany" from Marcus (1936) encompasses 
the federal states Brandenburg (BB), Berlin (BE), Bremen 
(HB), Hamburg (HB), Mecklenburg-Vorpommern (MV), 
Lower Saxony (NI) and Schleswig–Holstein (SL); "Central 
Germany" North Rhine-Westphalia (NW), Saxony-Anhalt 
(ST), Saxony (SN) and Thuringia (TH); and "Southern 
Germany" refers to Baden-Württemberg (BW), Bavaria 
(BY), Rhineland-Palatinate (RP) and Saarland (SL). The 
term "German Central Uplands" includes the federal states 
of Central and Southern Germany. Rahm (1925) studied 

tardigrades in the Rhine Province, a former administrative 
unit, which is now part of NW and RP. The term "Harz" in 
Marcus (1936) refers to the federal states NI, ST and TH.

All faunistic and taxonomic studies on tardigrades 
conducted in Germany after Marcus's compilation (1936) 
have been incorporated into the current checklist of tar-
digrades in Germany. This includes recently discovered 
species from the last few years (Guidetti et  al., 2021, 
2022a; Morek et al., 2019; Schuster, 2021). Species used 
for physiological, molecular and biophysical studies which 
also originate from Germany are included in the current 
checklist of tardigrades of Germany but are not marked 
on the map of study areas (Fig. 1) (e.g., Baumann, 1961; 
Greven & Peters, 1986). Animal cultures of some species 
were established and subsequently used for various stud-
ies and publications over longer periods. Since these ani-
mals can be attributed to an original location and therefore 
do not represent a new site, these publications were only 
considered once. The species gathered from the literature 
were checked against the worldwide checklist with valid 
species names (Degma & Guidetti, 2024). Invalid and syn-
onymized species were also listed (Tables 1, 2). Species 
for which Germany is the terra typica were highlighted 
separately (Table 3).

Also included in the list (Table 4) and on the map (Fig. 1) 
is the species Milnesium tardigradum Doyère, 1840. To 
account for the significantly expanded Milnesium tax-
onomy in recent years, a redescription was carried out by 
Michalczyk et al. (2012). The neotype of M. tardigradum s.s. 
and its 46 neoparatypes now originate from Zeesen, (BB), 
Germany.

Currently, there is no comprehensive study of tardigrades 
across all of Germany. Most research has been concentrated 
in specific regions: Richters examined the tardigrade fauna 
around Frankfurt (Richters, 1902) in Hesse and along the 
Mecklenburg coast (Richters, 1904a) in Mecklenburg-Vor-
pommern. Heinis conducted studies in the southern Black 
Forest (Heinis, 1910) in Baden-Württemberg, while Rahm 
(1925) focused on the Rhine Province, an area that now 
includes parts of North Rhine-Westphalia and Rhineland-
Palatinate. The current checklist of tardigrades of Germany, 
summarizing all species found up until 1936, was compiled 
by Marcus (1936).

After Marcus emigrated to Brazil in 1936 (Greven, 2018) 
following his dismissal as Associate Professor from the Frie-
drich Wilhelm University of Berlin due to his Jewish faith, 
only a few studies on the distribution of tardigrades in Ger-
many were conducted. Englisch (1936) investigated areas 
around Berlin, Hesse-Nassau and a region in the Harz Moun-
tains, while Schultz (1935, 1951, 1953) focused on marine 
tardigrades from the North and Baltic Seas. Baumann (1961, 
1964, 1966, 1970) reported on individual tardigrade species 
in Bremen and Lower Saxony.

Fig. 1   Study areas on tardigrades in Germany. The areas where more 
than five species were identified are marked in red. Areas where 
a new species was described are marked with an asterisk (*). (1) 
Schultze (1834a, 1834b) near St. Ulrich, near Freiburg (BW); (2) 
Plate (1888) near Marburg (HE); (3) Richters (1900, 1902, 1903) in 
Frankfurt and surroundings (Taunus), (HE); (4) Richters (1904a) at 
Heiligendamm, Sassnitz, Markgrafenheide, Müritz (MV); (5) Rich-
ters (1907a) at Ludwigshafen (RP); (6) Richters (1908) at the Kiel 
Fjord (SH); (7) Richters (1909a) in the Eckernförde Bay (SH); (8) 
Heinis (1910) in the Southern Black Forest (BW); (9) Rahm (1925) 
at Rhineland Province (now parts of NW and RP), further surround-
ings of Bonn (NW); (10) Marcus (1928) at Schlachtensee (BE); 
(11) Schulz (1935) at Helgoland (SH); (12) Marcus (1936) in the 
Harz (SH); (13) Marcus (1936) near Wartburg, near Eisenach (TH); 
(14) Englisch (1936) near Berlin and surroundings, Harz (Brocken) 
(ST), Hesse-Nassau, near Marburg (HE); (15) Schulz (1951) at Sylt 
(SH); (16) Schulz (1953) at Amrum (SH); (17) Greven (1972) in the 
northern Sauerland near Volkringshausen (NW); (18) Adler (1987) 
at the University of Stuttgart-Hohenheim (BW); (19) Hofmann and 
Eichelberg (1986) in the Lahnauen near Gießen (HE); (20) Berto-
lani and Rebecchi (1993) near St. Ulrich, near Freiburg (BW); (21) 
Russel et al. (1994) in the Sandhausen Dunes near Heidelberg (BW); 
(22) Grabowski (1995) in the Lahnbergen near Marburg (HE); (23) 
Schuster (1999) near Hinterzarten, near Freiburg (BW); (24) Schuster 
(2003a, 2003b) in Hinterzarten and surroundings (BW); (25) Hohberg 
(2006) at Berzdorf, near Dresden (SN); (26) Hohberg et  al. (2011) 
at Welzow, near Spremberg (BB); (27) Michalczyk et  al. (2012) in 
Zeesen (BB); (28) Morek et al. (2019) in Bebenhausen, near Tübin-
gen (BW); (29) Bingemer et  al. (2020) at Welzow, near Spremberg 
(BB); (30) Guidetti et  al. (2021) in the Black Forest National Park 
(BW); (31) Schuster (2021) in the Höllental (Black Forest), near 
Freiburg (BW); (32) Guidetti et  al. (2022a) in the Black Forest 
National Park (BW). Abbreviations: BB = Brandenburg, BE = Berlin, 
BW = Baden-Württemberg, BY = Bavaria, HB = Bremen, HE = Hesse, 
HH = Hamburg, MV = Mecklenburg-Vorpommern, NI = Lower 
Saxony, NW = North Rhine-Westphalia, RP = Rhineland-Palatinate, 
SH = Schleswig–Holstein, SL = Saarland, SN = Saxony, ST = Saxony-
Anhalt, TH = Thuringia
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From the 1970s onward smaller areas began to be studied 
for tardigrades. Greven (1972) explored tardigrades in the 
northern Sauerland region (NW), Adler (1987) conducted 
research at the University of Hohenheim in Stuttgart (BW) 
and Hofmann and Eichelberg (1986) studied the fauna near 
Gießen (HE). Russel et al. (1994) focused on tardigrades 
in sand dunes near Heidelberg (BW). In 1995 Grabowski 
examined tardigrades in mosses from the Lahnbergen Hills 
near Marburg (HE), and in 2003, Schuster investigated tardi-
grades in the southern Black Forest (BW). Soil-dwelling tar-
digrades were later studied by Hohberg (2006) near Berzdorf 
(SN), by Hohberg et al. (2011) and by Bingemer et al. (2020) 
near Welzow (BB). Michalczyk et al. (2012) studied tardi-
grades in Zeesen (BB). Since 2016, the tardigrade fauna of 
the Black Forest National Park in the Northern Black Forest 
(BW) has been studied as part of a large-scale biodiversity 
assessment and monitoring program (pers. communication 
R. Schill & R. Guidetti).

Results & Discussion

In 1936 Marcus reported 60 tardigrade species for the area 
of present-day Germany. The tardigrade species listed by 
Marcus from the former eastern territories of Germany 

(now Poland) are not included in this list. Of these 60 spe-
cies Marcus classified three as species dubia et inquirenda 
(Table 1). Of the remaining 57 species, 44 are still listed 
in the current checklist (Degma & Guidetti, 2024). 15 
species identified in Germany are now considered either 
nomen dubium (e.g. Diphascon alpinum), species dubia 
et inquirenda (e.g. Echiniscus similis), or have insuffi-
cient original descriptions (e.g. Macrobiotus ferdinandi) 
(Table 1). Twelve species have been synonymized with 
previously identified species (e.g. Echiniscus scrofa is syn-
onymous with Echiniscus quadrispinosus; Table 2).

According to the current checklist with valid scien-
tific names (Degma & Guidetti, 2024) a total of 99 tardi-
grade species have been recorded in Germany, including 
91 limno-terrestrial or limnic species and eight marine 
species (Table 4). Of these 99 species, 21 belong to Het-
erotardigrada and 78 to the class Eutardigrada (Table 4). 
The 99 species represent about 7% of the total described 
tardigrade species of 1,488 worldwide (Degma & Guidetti, 
2024). In similarly sized European countries, the number 
of tardigrade species is comparable: Norway (excluding 
Svalbard) has 102 species (Meier, 2017), Sweden and 
Poland each have 101 species (Guidetti et al., 2015), while 
Finland has fewer species 68 (Vuori et al., 2020) and Ire-
land has 51 (DeMilio et al., 2016). However, Italy has a 

Table 3   Tardigrade species 
described from Germany and 
their terra typica. The numbers 
in the table refer to the overview 
map (Fig. 1)

Species Terra typica No

Actinarctus doryphorus doryphorus Schulz, 1935 Helgoland (SH) 11
Batillipes mirus Richters, 1909a Eckernförder Bay (SH) 7
Bryocherus intermedius laevis (Marcus, 1936) Wartburg near Eisenach (TH) 13
Calohypsibius ornatus (Richters, 1900) Taunus (HE) 3
Cornechiniscus cornutus (Richters, 1907a) near Ludwigshafen (RP) 5
Crenubiotus ruhesteini Guidetti et al., 2021 Black Forest (BW) 29
Diphascon birklehofi Rolf Schuster, 1999 Black Forest (BW) 23
Dianea sattleri (Richters, 1902) Taunus (HE) 3
Diphascon pingue pingue (Marcus, 1936) Wartburg (TH) 12
Doryphoribius evelinae (Marcus, 1928) Schlachtensee Berlin (BE) 10
Echiniscus blumi Richters, 1903 Taunus (HE) 3
Echiniscus quadrispinosus Richters, 1902 Taunus (HE) 3
Fractonotus verrucosus (Richters, 1900) Taunus (HE) 3
Halobiotus stenostomus (Richters, 1908) Kieler Fjord (SH) 6
Macrobiotus echinogenitus Richters, 1903 Taunus (HE) 3
Macrobiotus hufelandi C.A.S. Schultze, 1834a, 1834b St. Ulrich near Freiburg (BW) 1
Macrobiotus sandrae Bertolani & Rebecchi, 1993 St. Ulrich near Freiburg (BW) 20
Milnesium tardigradum Doyère, 1840 Zeesen (BB) 27
Milnesium inceptum Morek et al., 2019 Bebenhausen near Tübingen (BW) 28
Minibiotus bernhardi R. Schuster, 2021 Black Forest (BW) 30
Minibiotus intermedius (Plate, 1888) Marburg (HE) 2
Pilatobius granifer (Greven, 1972) Sauerland (NW) 17
Ramazzottius kretschmanni Guidetti et al., 2022a Black Forest (BW) 31
Stygarctus bradypus Schulz, 1951 Sylt (SH) 15
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significantly higher number of species, with 246 species 
reported (Guidetti et al., 2015).

The map (Fig. 1) provides an overview of the regions 
where tardigrade studies have been conducted from the time 
of the description of the first tardigrade species Macrobiotus 
hufelandi to the present. In these regions, either new species 
have been discovered and described, or more than five differ-
ent tardigrade species have been found. Some regions men-
tioned in the literature could be localized precisely, while 
vague geographical references, such as "Northern Germany" 
or "Central Uplands," do not feature on the overview map 
(Fig. 1). However, as previously mentioned, these areas have 
been assigned to specific federal states, ensuring that these 
species are also included in the current checklist.

The number of identified tardigrade species varies greatly 
depending on the extent of studies conducted in different 
federal states. Baden-Württemberg (BW) has the highest 
number of species identified (78 species from eleven stud-
ies), followed by Hesse (HE) (30 species from five studies) 
and Berlin (BE) (23 species from two studies). The high 
number of studies in Schleswig–Holstein (SH) (ten studies) 
with relatively few identified species is due to the marine 
tardigrade research, where often only one species was identi-
fied (Schulz, 1935, 1951, 1953). The relatively high number 
of species identified in BE with only two studies is due to 
Marcus's intensive research in his local area. The high num-
ber of species in BW is attributed to Schuster's work (2003), 
which identified 54 species in his local area in the southern 
Black Forest, in conjunction with Heinis's work (1910). It is 
likely that the number of tardigrade species in many federal 
states is higher, especially in areas with similar geographical 
and climatic conditions to BW. All species from these 28 
studies are listed in Fig. 1 and Table 4.

As in other countries, marine tardigrades have been 
inadequately studied. To date only eight marine tardigrade 
species have been identified along the coast of the North 
and Baltic Seas. Given the diverse ecological conditions in 
these seas, it is likely that additional species remain to be 
discovered. Similarly marine tardigrade species are under-
represented in the checklists of neighboring countries of 
the North and Baltic Seas, with the exception of the Faroe 
Islands, where Hansen et al. (2001) conducted a detailed 
study of interstitial meiofauna and identified 35 marine tar-
digrade species.

Macrobiotus hufelandi is the first described tardigrade 
species (Schultze, 1834a, 1834b) from near Freiburg (BW) 
and its name is still valid today. Marcus (1936) reported its 
distribution across northern, central and southern Germany, 
covering the entire country. A revision of the Macrobio-
tus hufelandi group by Bertolani and Rebecchi (1993) in 
the type locality of Macrobiotus hufelandi (St. Ulrich, near 
Freiburg im Breisgau, BW) revealed the presence of at least 
one additional species (Macrobiotus sandrae) very similar 

to Macrobiotus hufelandi. Bertolani et al. (2011) found a 
third species in this area, Macrobiotus vladimiri. Most of the 
studies mentioned above identified Macrobiotus hufelandi. It 
is likely that not all studies actually identified Macrobiotus 
hufelandi sensu stricto, particularly since many similar spe-
cies were described later by Bertolani and Rebecchi (1993) 
and subsequently. It is expected that with an integrative taxo-
nomic approach (i.e. combining morphological traits and 
molecular analysis for species identification), additional spe-
cies in the Macrobiotus hufelandi group, previously identi-
fied as such, may be discovered in future research.

The taxonomy of tardigrades has changed significantly 
over the past two decades. Most of the listed studies date 
back 20 years or more, and tardigrade identification up until 
Bertolani et al. (2011) was based solely on morphological 
characteristics. With the advent of integrated descriptions of 
tardigrades, species identification has become increasingly 
differentiated and precise. Many species identifications from 
the past two centuries are incomplete by the standards of 
modern species descriptions. As a result, numerous iden-
tifications must be regarded as doubtful in the context of 
contemporary taxonomy. This is particularly true for species 
such as Macrobiotus hufelandi, Pseudechiniscus suillus, Mil-
nesium tardigradum, Ramazzottius oberhäuseri, Mesobiotus 
harmsworthi, Hypsibius convergens, Testechiniscus spits-
bergensis spitsbergensis, Diphascon scoticum, and others 
(see Kaczmarek et al., 2014). These identifications should 
be reassessed in light of modern taxonomic standards.

The type locality for 24 tardigrade species occurs in Ger-
many (Fig. 1, Table 3). Most of these species were described 
in the first four decades of the past century, primarily by 
Richters (1900, 1902, 1903, 1907a, 1908, 1909a), Marcus 
(1928, 1936) and Schulz (1935). New species from Ger-
many have been increasingly described in recent years: Mil-
nesium inceptum in 2019, Crenubiotus ruhesteini in 2021, 
Minibiotus bernhardi and Ramazzottius kretschmanni in 
2022 (Table 3). Kaczmarek et al., (2022a, b) redescribed 
Minibiotus intermedius and Echiniscus quadrispinosus using 
an integrative approach, and Michalczyk et al. (2012) made 
a redescription of Milnesium Doyère, 1840 taxa (Tardigrada: 
Eutardigrada: Milnesiidae), including the nominal species 
for the genus.

Schuster (2003a, b) reported 54 species in the Black For-
est, including five species identified by Heinis (1910) that 
were not found by Schuster. Additionally Schuster identi-
fied Hypsibius cf. convergens, Isohypsibius cf. annulatus, 
and Ramazzottius cf. cataphractus. Since then, the follow-
ing changes have occurred: Minibiotus cf. poricinctus has 
been described as Minibiotus bernhardi and Minibiotus 
cf. scopulus has been identified as Macrobiotus scoticus. 
Macrobiotus hibernicus is now considered nomen dubium 
(Degma & Guidetti, 2024). The species previously identified 
as Macrobiotus hibernicus are now split into Paramurrayon 
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meieri and Paramurrayon stellatus. The species previously 
identified as Macrobiotus crenulatus is now Crenubiotus 
ruhesteini. Thanks to the work of Heinis (1910), Bertolani 
and Rebecchi (1993), Bertolani et al. (2011), and Guidetti 
et al., (2021, 2022a), all conducted in the Black Forest, this 
region is now the most extensively studied in Germany with 
70 identified tardigrade species and it ranks among the most 
intensively studied regions for tardigrades worldwide.
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