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Abstract. From different localities of the Balkan Peninsula and the Carpathian Basin altogether 19 macrochelid mite species
are listed belonging to the genera Geholaspis Berlese, 1918 (three species), Glyptholaspis Filipponi et Pegazzano, 1960 (one
species), Longicheles Valle, 1953 (four species), Macrholaspis Oudemans, 1931 (one species), Macrocheles Latreille, 1829
(five species), Neopodocinum Oudemans, 1902 (two species) and Nothrholaspis Berlese, 1918 (three species). New country
occurrences are also given for Croatia (three species), Hungary (three species), Macedonia (five species) Romania (five

species) and Serbia (seven species).
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INTRODUCTION

Macrochelid mites are usually predators of
nematodes, eggs and larvae of insects or
weakly sclerotized mite species. They are inhabit-
ing soil substrates, litter and decomposing organic
matter (Masan 2003).

The family is relatively well known in Europe,
but information on their occurrences in the Balkan
Peninsula and the Carpathian Basin is insufficient.
We have more data on the macrochelid mites
from Italy (Berlese 1918, Filipponi & Pegazzano
1962), the former U.S.S.R. (Bregetova & Korole-
va 1960), the British Isles (Evans & Browning
1956, Hyatt & Emberson 1988), Germany (Karg
1993), Austria (Johnston 1970), Slovakia (Masan
2003) and Hungary (Er6éss & Mahunka 1971;
Kandil 1983, Kontschan 2005).

From taxonomical point of view the family
Macrochelidae is also underresearched however,
an important revisionary work of the family was
recently published by Emberson (2010).

Here, we report on several new occurrences
from different countries of the Carpathian Basin

and the Balkan Peninsula (e.g. Romania, Croatia,
Bulgaria, Macedonia and Serbia) increasing subs-
tantially our knowledge on the Macrochelidae fa-
una of the region.

MATERIAL AND METHODS

During numerous collecting trips to Europe
and other parts of the World many soil samples
were taken which were deposited in the Soil
Zoology Collection of Hungarian Natural History
Museum. Examining the samples from the Car-
pathian Basin and the Balkan Peninsula, the
macrochelid specimens were sorted out and pre-
pared by using lactid acid. The specimens exa-
mined are stored in ethanol and deposited in the
Soil Zoology Collection of the Hungarian Natural
History Museum. The classification of Macro-
chelidae Vitzthum, 1930 follows Emberson
(2010). The species’ ecological characteristics are
based on Masan (2003). Figures are added to the
species new to the Hungarian fauna. The col-
lectors’ abbreviations are as follows: AM: Andrej
Mock, CSCS: Csaba Csuzdi, DL: Laszl6 Danyi,
HA: Attila Haltrich, HE: Edit Horvath, KJ: Jeno
Kontschan, LK: Lubomir Kova¢, MD: David
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Muranyi, MS: Sandor Mahunka, OA: Andras
Orosz, OK: Kirill Mark Orci, PL: Peter L'uptacik,
PT: Tamas Pocs, SZGY: Gyorgy Sziraki, SZT:
Tamas Szlits.

RESULTS
Family Macrochelidae Vitzthum, 1930
Genus Geholaspis Berlese, 1918
Geholaspis berlesei Valle, 1953

Material examined. Carpathian Basin: Slova-
kia, , Klastromka fent” 02.VII.1991 MS. Slovakia,
Hrabusice-Podlesok, Sucha Bela from beech litter
02.VI1.1991 MS. Romania, Rimetea, from detritus
20.IX.2000 SZT. Romania, Cluj-Napoca, Neg-
reni, beech litter and moss 06.X.2006 MD. Balkan
Peninsula: Serbia, DPerdap Planine, Golubinje
from litter 13.X.2006 DL, KJ, MD.

Published records. Austria (Johnston 1970),
Slovakia (Masan 2003), Hungary (Kontschan
2006a), Slovenia (Ujvari 2009).

Diagnosis. Majority of dorsal setae pilose.
Seven pairs of dorsal setae smooth (z1, j5, j6, J2,
J5, z5 and z6). Dorsal shield with dotted surface.
Ventrianal shield with net-like structure. Three
pairs of ventrianal setae (Zvl, Jv2, Jv3) prolong-
ed.

Distribution. Central and South Europe (Po-
land, Slovakia, Austria, Italy) (Masan 2003).

Remarks. Edaphic detriticole, inhabiting leaf
litter, most abundant in beech forests. This species
is firstly recorded here from Serbia and Romania.

Geholaspis longispinosus (Kramer, 1876)

Material examined. Carpathian Basin: Croa-
tia, Kutjevo streamside 20.1V.2004 KJ. Croatia,
Novo Zvecevo streamside 22.1V.2004 KJ. Hunga-
ry, Aggtelek, Baradla cave, leaf litter and humus
21.1I1.2013 AM, PL. Romania, Muntii Rodnei,
litter 27.V1.2005 — 01.VIL.2005 OK, MD, KI.
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Romania, Rimetea, moss of rock 20.1X.2000 SZT.
Romania, Pasul Vldhita moss 01.VIII.1999 OA.
Romania, Lacul Sfinta Ana from sphagnum
01.VIII.1999 OA. Romania, Cheile Turzii moss
from rock 08.VII.1998 HE. Romania, Aries vale
moss 11.VII.1998 HE. Austria, Altenmarkt an der
Triesting, moss from soil 11.X.2003 SZGY. Slo-
vakia, Rakovecz, litter 03.VII.1991 MS. Balkan
Peninsula: Serbia, Krajiste Planine, Surdulica
beech forest litter 20.X.2006 DL, KJ, MD. Ma-
cedonia, MaleSevski Planina, Berovo beech forest
litter 18.X.2006 DL, KJ, MD.

Published records. Austria (Johnston 1970),
Hungary (Er6éss & Mahunka 1971), Slovakia
(Masan 2003), Romania (Kontschan 2006b),
Slovenia (Ujvari 2009).

Diagnosis. Shape of idiosoma rounded, most
of dorsal setae slightly pilose except j2, j5, j6, J2,
J5, z1 and z5. Surface of dorsal shield with net-
work pattern on posteromedial part. Ventrianal
shield wider than long with large and smooth
network structure.

Distribution. Europe (British Isles, Holland,
Belgium, France, Switzerland, Germany, Austria,
Poland, Czech Republic, Slovakia, Hungary, Ro-
mania, Slovenia, Italy, Bulgaria, Lithuania, Ukrai-
ne, Russia) and New Zealand (Masan 2003).

Remarks. Widely distributed in Europe, very
common in humus and litter with a wide ecolo-
gical tolerance. This is the first record from Ser-
bia, Croatia and Macedonia.

Geholaspis pauperior (Berlese, 1918)

Material examined. Carpathian Basin: Slova-
kia, ,,Klastromka fent” 02.VI1.1991 MS. Slovakia,
Hrabusice-Podlesok, Sucha Bela beech litter 02.
VII.1991 MS. Balkan Peninsula. Macedonia,
Belasica Planinite, waterfall of KoleSino Stream,
platan-beech forest above the village, from litter
18.X.2006 DL, KJ, MD.

Published records. Austria (Johnston 1970),
Slovakia (Masan 2003).
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Diagnosis. Shape of idiosoma oblong, most of
dorsal setaec brush-like, j5, j6, J2, JS5, z5, z6
smooth, z1, j2 serrate. Ventrianal shield with
micropuncture pattern and with net-like structure.
5 pairs of ventrianal setae smooth, blade-like.

Distribution. Central and South Europe (Swit-
zerland, Germany, Poland, Czech Republic, Aust-
ria, Slovakia, Italy) (Masan 2003).

Remarks. 1t is an edaphic detriticole montane
species distributed also in higher altitudes. This is
the first record from Macedonia.

Genus Glyptholaspis Filipponi et Pegazzano,
1960

Glyptholaspis saprophila MaSan, 2003

Material examined. Carpathian Basin: Roma-
nia, Cluj-Napoca, Negreni, beech forest along the
left streamside of Crisul Repede River, litter and
moss 06.X.2006 MD.

Published records. Slovakia (Masan 2003),
Hungary (Kontschan et al. 2014).

Diagnosis. Shape of dorsal shield oval with
dentate posterior margin. Most of dorsal setae re-
latively long, plumose, j5, j6, J2, z5 and z6
smooth and needle-like. Ventrianal shield wider
than long, preanal setae long and plumose.

Distribution. Hungary (Kontschan et al. 2014),
Romania, Slovakia and Turkey (Ozbek et al.
2014).

Remarks. The single Hungarian data is from
litter of bamboo. This species is new to the fauna
of Romania.

Genus Longicheles Valle, 1953
Longicheles bulgaricus Balogh, 1958
Material examined. Carpathian Basin: Roma-

nia, Rimetea, detritus 20.I1X.2000 SZT. Romania,
Rimetea, moss of rock 07.VII.1998 HE. Romania,

Rimetea, moss from a meadow 21.1X.2001 SZT.
Balkan Peninsula: Serbia, KrajiSte Planine, Sur-
dulica beech litter 20.X.2006 DL, KJ, MD. Mace-
donia, Belasica Planinite KoleSino platan-beech
forest litter 18.X.2006 DL, KJ, MD. Macedonia,
Sar Planina, Gorno Jelovee from beech forest,
moss of soil 15.X.2006 DL, KJ, MD.

Published records. Bulgaria (Balogh 1958),
Austria (Johnston 1970).

Diagnosis. Shape of idiosoma oblong, most of
dorsal setae pilose, j2, j3, j6, J2, J3,J5, z1 and z5
blade-like. Setae j2 reach the bases of j3, zl
longer than j2. Ventrianal shield with 5 pairs of
short setae.

Distribution. South East Europe. (Karg 1993)

Remarks. The original description by Balogh
(1958) is based on type specimens collected in
montane beech and coniferous forests in Bulgaria.
Later, Johnston (1970) found this species in
Austria and here we report it from Serbia, Roma-
nia, and Macedonia.

Longicheles hortorum (Berlese, 1904)

Material  examined.  Carpathian  Basin:
Romania, Cheile Turzii, moss 20.1X.2000 HE.
Romania, three km from Cornesti 11.VII.1998
moss HE. Slovakia, ,Klastromka fent” 02.VIIL.
1991 MS. Balkan Peninsula: Serbia, Derdap
Planine, Majdanpek from beech forest litter
13.X.2006 DL, KJ, MD.

Published records.
Slovakia (Masan 2003).

Austria (Valle 1953),

Diagnosis. Surface of dorsal shield granulate
with small microspicules. Dorsal setae brush-like,
except j5, j6, J2, J5 and z6 which are smooth.
Dorsal surface with net-like pattern posteriorly.

Distribution. Europe (Iceland, British Isles,
Belgium, Germany, Switzerland, Poland, Lithua-
nia, Austria, Slovakia, Italy, Turkey and Cauca-
sus) (Masan 2003).
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Remarks. This is a rare edaphic detriticole spe-
cies distributed in all over Europe. This is the first
record from Serbia and Romania.

Longicheles longulus (Berlese, 1887)
(Figure 1)

Material examined. Carpathian Basin: Hun-
gary, Aggtelek, Baradla cave, leaf litter and hu-
mus 21.111.2013 AM, PL.

Published record. Slovakia (Masan 2003).

Diagnosis. Shape of idiosoma oblong with
micropuncture surface, its length 600 pm. All dor-
sal setae short, most of them densely plumose, ex-
cept j5, j6, J2, J5, z1, z5, z6, these needle-like.
Sternal shield with micropuncture pattern, genital
and ventrianal shield with reticulate structure. All
ventral setaec short and needle-like. Ventrianal
shield longer than wide.

Distribution. Belgium, Switzerland, Slovakia,
France, Holland Ireland, Italy, Sicily, Armenia
(Masan 2003).

Remarks. This is the first record from Hun-
gary.

Longicheles mandibularis (Berlese, 1904)

Material examined. Carpathian Basin: Roma-
nia, Muntii Bihorului, Boga vale beech forest
litter 25.VI1.2003 PT. Romania, Rimetea, Piatra
Secuiului, detritus 20.IX.2000 SZT. Slovakia,
Hrabusice-Podlesok, Sucha Bela beech litter
02.VIL.1991 MS.

Published records. Austria (Johnston 1970),
Slovakia (Masan 2003), Hungary (Kontschan
2006a), Slovenia (Ujvari 2009), Romania (Manu
2010).

Diagnosis. Most of dorsal setae short, brush-
like, j6, J2, J5, z5, z6 smooth, often blade-like.
Bases of setae j1 close to each other. Ventrianal
shield with micropuncture-reticulate pattern.
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Distribution. Europe (Iceland, British Isles,
Spain, Belgium, Switzerland, Germany, Poland,
Czech Republic, Austria, Slovakia, Hungary,
Lithuania, Ukraine, Bulgaria, Italy, Russia), Tur-
key and Australia (Masan 2003).

Remarks. This species is widely distributed in
Europe, very common in soil, litter and nests of
birds and mammals.

Genus Macrholaspis Oudemans, 1931

Macrholaspis similiopacus Ma§an, 2003

(Figure 2)

Material examined. Carpathian Basin: Hunga-
ry, Aggtelek, Baradla cave, leaf litter and humus
21.111.2013 AM.

Published records. Slovakia (Masan 2003).

Diagnosis. Idiosoma expanded behind shoul-
ders and tapered posteriorly with arranged micro-
spicules on it, length of idiosoma 720 um. All
dorsal setae conifer-shaped and pilose, j1 enlarg-
ed. Ventral shields densely dotted, on ventrianal
shield arranged to net-like pattern. Sternal shield
micropunctate-reticulate. Metasternal platelets
present.

Distribution. Slovakia (Masan 2003).

Remarks. This edaphic detriticole species was
previously known only from a few places in
Slovakia and this is the first record from Hungary.

Genus Macrocheles Latreille, 1829
Macrocheles disneyi Fain et Greenwood, 1991

Material examined. Carpathian Basin: Roma-
nia, Cheile Turzii moss and litter 23.VII.2002
CSCS.

Published records. Slovakia (Masan 2003).

Diagnosis. Shape of dorsum oblong, surface
dotted. Most of dorsal setae smooth and needle-
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Figures 1-3. 1 = Longicheles longulus dorsal and ventral view. 2 = Macrholaspis similiopacus dorsal and ventral view.
3 = Macrocheles punctatissimus dorsal and ventral view. Scale bar = 100 pm
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like, j1 brush-like and J5, S5, Z5 slightly pilose.
Linea media transvers, weekly appeared. Sternal
shield with strongly reticulate and punctuate
pattern.

Distribution. British Isles, Slovakia (Masan
2003).

Remarks. The species is phoretic on flies and
was also found in nests of birds and mammals in
Slovakia. This is the first record from Romania.

Macrocheles glaber (J. Miiller, 1860)

Material examined. Carpathian Basin: Hun-
gary, Gyongyos, Sar-hegy from Cetonia aurata
(Linnaeus, 1758) 07.V1.2014 KJ.

Published records. Bulgaria (Balogh 1958),
Austria (Johnston 1970), Hungary (Eréss, Mahun-
ka 1971), Slovakia (Masan 2003), Romania (Kon-
tschan 2006b), Slovenia (Ujvari 2009).

Diagnosis. Dorsal shield oval with net-like
pattern. Most of dorsal setae smooth, needle-like,
j1 and J5 pilose. Ventrianal shield with weekly
punctuate-reticulate pattern. Ventral setae smooth
and needle-like.

Distribution. Europe, Asia, North America,
Australia (Masan 2003).

Remarks. This species is abundant in decom-
posing organic substrates, mainly in fresh dung. It
has phoretic activity the found species was also
carried by Cetonia aurata (Linnaeus, 1758) which
represents the first record of association between
this host and M. glaber.

Macrocheles insignitus Berlese, 1918

Material examined. Balkan Peninsula: Serbia,
Golubac, Danube shore 12.X.2006 DL, KJ, MD.
Serbia, Perdap Planine, Mosna from oak forest
litter 12.X.2006 DL, KJ, MD. Macedonia,
Pestani, karstic forest litter 16.X.2006 DL, KI,
MD.

Published records. Hungary (Kandil 1983),

Slovakia (Masan 2003), Romania (Minodora
2012).
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Diagnosis. Shape of dorsum oval, most of
dorsal setae relatively long and needle-like, jl
short, spine-like and J5 serrate. Surface of dorsal
shield with network pattern. Ventrianal shield
with micropuncture structure laterally, all ventral
setae needle-like.

Distribution. Europe (British Isles, France,
Poland, Slovakia, Romania, Hungary, Bulgaria,
Italy, Russia, Georgia), China, Siberia, Japan,
Iran, Egypt (Masan 2003).

Remarks. This species is coprophilous detriti-
cole, it shows also phoretic activity. This is the
first record from Serbia and from Macedonia.

Macrocheles penicilliger (Berlese, 1904)
Basin:

Material  examined.  Carpathian
Croatia, Novo Zvecevo 22.1V.2004 KJ.

Published records. Balkan (Willmann 1941),
Croatia (Leitner 1946), Austria (Johnston 1970),
Hungary (Kandil 1983), Slovakia (Masan 2003).

Diagnosis. Shape of dorsal shield oblong, most
of the dorsal setae brush-like, j6, J2, z1, z5 and z6
needle-like. Surface of dorsum dotted, but without
network structure in medial part. Ventrianal shield
with reticulate and strongly micropuncture pattern
laterally.

Distribution. Europe (Iceland, British Isles,
Spain, France, Germany, Switzerland, Czech Re-
public, Poland, Austria, Slovakia, Hungary, Cro-
atia, Bulgaria, Italy, Russia), Asia (India, Japan),
USA, North Africa, Australia and New Zealand
(Masan 2003).

Remarks. Mainly found in decaying organic
substrates or nests of birds.

Macrocheles punctatissimus Berlese, 1918
(Figure 3)
Material examined. Carpathian Basin: Hun-

gary, Aggtelek, Baradla cave, leaf litter and
humus 21.111.2013 AM, PL.
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Published records. Austria, (Krauss 1970), Ita-
ly, France, Germany (Bregetova 1977), Slovakia
(Masén 2003).

Diagnosis. The length of idiosoma 700 pum,
dorsal shield oblong with a conifer-shaped, dense-
ly plumose setae, it can bear an unpaired seta
between j6 and J3. Sternal shield dotted with
sculptural lines. Genital and ventrianal shield with
a weak net-like sculpture. Ventrianal shield
rounded.

Distribution. British Isles, France, Germany,
Austria, Slovakia, Italy, Turkey (Masan 2003).

Remarks. The specimens examined didn’t bear
single setae, but in all other characters comply
with the original description. This hygrophilous
species is mainly found in soil with high humus
content. This is the first record from Hungary.

Genus Neopodocinum Oudemans, 1902
Neopodocinum meridionalis (Sellnick, 1931)

Material examined. Carpathian Basin: Hun-
gary, Visegrad, from Geotrupes vernalis (Lin-
naeus, 1758) 01.V.2014 HA.

Published records. Greece (Krantz 1965), Slo-
vakia (Masan 2003), Hungary (Kontschan 2006a).

Diagnosis. Dorsal shield egg-shaped and nar-
rowed posteriorly. Most dorsal setae short,
needle-like, j1 setae serrate and relatively long,
s6, S2, S4, S5 setae serrate and 3 or 5 times longer
than others. Sternal shield wider than long with a
narrow medial part. Anal shield small and round-
ed.

Distribution. Germany, Poland, Czech Re-
public, Slovakia, Ukraine, Russia, Greece (lonic
Islands) (Masan 2003).

Remarks. Coprophilous dertiticole, frequent on
scarabeid beetles, mainly on Geotrupes vernalis
(Linnaeus, 1758).

Neopodocinum mrciaki Sellnick, 1968

Material examined. Carpathian Basin: Roma-
nia, Muntii Rodnei, moss from a cliff 02.VIIIL.
2002 OA. Romania, Muntii Rodnei, from pine
forest litter 27.V1.2005- 01.VIL.2005 OK, MD,
KJ. Slovakia, Hrabusice-Podlesok, Sucha Bela
beech litter 02.VII.1991 MS.

Published records. Hungary (Ambros 1984),
Slovakia (Masan 2003), Romania (Kontschan &
Ujvari 2008).

Diagnosis. Dorsal shield oval with fine
micropunctures. Dorsal setae long, needle-like,
slightly pilose, j1 serrate, z1 shortened. Sternal
shield almost rectangular. Anal shield relatively
large and oval shaped.

Distribution. Central and South East Europe
(Poland, Slovakia, Hungary, Transcarpathian Uk-
raine, Romania, Macedonia) and China (Masan
2003).

Remarks. Edaphic detriticole, inhabiting
mainly coniferous forest’s needle litter, humus,
and soil detritus.

Genus Nothrholaspis Berlese, 1918
Nothrholaspis carinatus (C. L. Koch, 1839)

Material examined. Carpathian Basin: Roma-
nia, Cluj-Napoca, Negreni, beech forest along a
left streamside of Crisul Repede River, beech
litter and moss 06.X.2006 MD. Balkan Peninsula:
Macedonia, Sveti Naum, springs and spring lake
above the Ohrid Lake, from litter 16.X.2006 DL,
KJ, MD.

Published records. Balkan (Szalay 1931,
Willmann 1938, 1941), Bulgaria (Balogh 1958),
Austria (Johnston 1970), Slovakia (Masan 2003),
Hungary (Kontschan 2006a), Romania (Manu
2010).

Diagnosis. Dorsal shield with reticulate and
micropuncture pattern. Most of dorsal setae
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brush-like, j6, J2, z5 smooth and relatively short,
z1 shorter than others and pilose. Sternal shield
with puncture-reticulate structure. Ventrianal
shield dotted on lateral parts.

Distribution. Europe (Iceland, British Isles,
Holland, Belgium, Germany, Switzerland, Aust-
ria, Poland, Slovakia, Herzegovina, Bulgaria,
Russia) (Masan 2003).

Remarks. The species is edaphic detriticole,
distributed mainly in moist soils. The species is
new to the fauna of Macedonia.

Nothrholaspis montanus (Willmann, 1951)

Material examined. Carpathian Basin: Cro-
atia, Kutjevo, streamside 20.IV.2004 KJ. Hunga-
ry, Aggtelek, Baradla cave, leaf litter and humus
21.111.2013 AM. Romania, Rimetea, Piatra Secu-
iului, from a cliff vegetation 07.VIL.1998 HE. Slo-
vakia, Rakovec from moss of cliff 03.VII.1991
MS. Balkan Peninsula: Croatia, Strmac from litter
21.IV.2004 KIJ. Serbia, Perdap Planine, Majdan-
pek from beech litter 13.X.2006 DL, KJ, MD.

Published records. Hungary (Ambros 1987),
Austria (Johnston 1970), Slovakia (Masan 2003),
Romania (Manu 2010).

Distribution. Europe (British Isles, Germany,
Poland, Czech Republic, Austria, Slovakia, Uk-
raine, Hungary, Slovenia, Russia) and Asia (Rus-
sia: Taymyr Peninsula) (Masan 2003).

Diagnosis. Dorsal shield oblong, dorsal setae
brush-like, except j5, j6, J2, J3, z5 which smooth,
zl short and pilose. Ventrianal shield mostly
triangular, lateral parts dotted. Sternal shield with
strongly punctuate-reticulate pattern.

Remarks. Edaphic detriticole with a wide
distribution, mainly in Europe, very common in

soil substrates. This is the first record from
Croatia and Serbia.

Nothrholaspis tardus (C.L. Koch, 1841)

Material examined. Balkan Peninsula: Croa-
tia, Drenovac streamside 21.1V.2004. KJ. Serbia,
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Perdap Planine, Mosna from oak litter 12.X.2006
DL, KJ, MD.

Published records. Bulgaria (Balogh 1958),
Austria (Johnston 1970), Slovakia (Masan 2003),
Hungary (Kontschan 2006a).

Diagnosis. Shape of dorsal shield oblong,
bearing mostly relatively long and brush-shaped
setae, j6, J2, z5 and z6 needle-like, z1 long and
smooth reaching beyond bases j2. Ventrianal
shield with strongly punctuate-reticulate pattern.

Distribution. Europe (Iceland, British Isles,
Holland, Belgium, Switzerland, Germany, Poland,
Czech Republic, Austria, Slovakia, Hungary,
Ukraine, Bulgaria, Italy, Greece, Russia) (Masan
2003).

Remarks. Edaphic detriticole, inhabiting moist
and humid soils. This 1s the first record from
Croatia and Serbia.

DISCUSSION

Three macrochelid mites from the listed 19
species (Longicheles longulus (Berlese, 1887),
Macrholaspis  similiopacus ~ Masan, 2003,
Macrocheles punctatissimus Berlese, 1918) are
new to the Hungarian fauna and interestingly, all
these were collected in the Baradla cave, Hun-
gary. Unfortunately mite faunistical investigations
in caves are quite rare. From Hungary just a few
studies have been published in the first half of the
last Century (Szalay 1931, Dudich 1932). The
species found here are all fast moving predatory
mites and either they colonized the subterranean
habitats because of presence of available pray
species or most probably they were accidentally
introduced by insects or mammals.

The number of the known Macrochelid mite
species in different countries of the Balkan Penin-
sula and Carpathian Basin are quite different. For
example the macrochelid fauna of Serbia, Mace-
donia and Croatia were previously absolutely un-
known. Due to new records reported here the
numbers of the known species are increased in



Acs & Kontschan: Contribution to the Macrochelidae fauna of the Carpathian Basin and the Balkan Peninsula

Romania from 9 to 14, in Croatia from 3 to 6, in
Macedonia from 1 to 6, in Hungary from 43 to 46
and in Serbia from 0 to 7 species.
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Miscellaneous earthworm types in the Natural History Museum,
London (Annelida: Oligochaeta: Megadrilacea: Eudrilidae,
Lumbricidae, Megascolecidae, Moniligastridae, Octochaetidae)

R.J. BLAKEMORE

Robert J. Blakemore, VermEcology, Yokohama, Japan. E-mail: rob.blakemore@gmail.com

Abstract. Recently restored Lumbricus terrestris Linnaeus, 1758 neotype (NHM Register No. 1973.1.1) is described in
greater detail. A lectotype is designated for Amynthas morrisi (Beddard, 1892) and an informal A. morrisi clonal species-
complex is proposed. Once combined under 4. gracilis (Kinberg, 1867), the nominal taxon is revised since its restoration and
representation of A. morrisi species-group sensu Sims & Easton (1972), now unwieldy with forty or so members. A restricted
A. morrisi sensu stricto is proposed with re-evaluation of its erstwhile synonyms based on types. Limited DNA COI barcode
comparisons are appended. A lectotype for A. barbadensis (Beddard, 1892) now becomes a junior synonym of Amynthas
gracilis removing it from nomenclatural consideration. Lectotypes of contenders, A. mauritianus (Beddard, 1892) itself
closer to A. gracilis, and A. insulae (Beddard, 1896) appear separate from A. morrisi. Next, A. pallidus (Michaelsen, 1892) is
restored with retention of some of its synonyms, but A. loveridgei (Gates, 1968) syntype is maintained. An exotic species
from Queensland, Australia is a new member of A. morrisi species-group described as Amynthas talus sp. nov. Taxonomic
‘housekeeping’ of Queensland taxa requires re-allocation of Terrisswalkerius leichhardti Jamieson, McDonald et James, 2013
to prior Perionychella Michaelsen, 1907. New Zealand’s possibly extinct Tokea? orthostichon (Schmarda, 1861) and
imperfectly known Anisochaeta antarctica (Baird, 1871) are revised in new combinations with slight revision of the genus
Tokea Benham, 1904. Samples labelled as Hamburg syntypes of Japanese Metaphire hilgendorfi (Michaelsen, 1892) are
briefly noted as are various other megadriles, such as divers pheretimoids and lumbricids, some also on loan, in the

Museum’s collection.

Keywords. Historical collection, curation, taxonomy, typification, review.

INTRODUCTION

During a short visit to the Natural History Mu-
seum in London, answers to several chronic
yet immediate problems in earthworm taxonomy
were sought that included restoration of Lumb-
ricus terrestris Linnaeus, 1758 neotype, validating
syntypes of Amynthas diffringens (Baird, 1869)
and sinking lectotype of Amynthas pingi (Steph-
enson, 1925) as reported in Blakemore (2013b,
2013e). Inspections of types of species of type-
genera also helped revision of world families
(Blakemore, 2013d). The current work attempts
resolution of separate issues based on types from
Europe, Africa, America, Asia and Australasia
held at the Museum, some loaned from other
institutions.

Historically, Frank Evers Beddard (1858-
1925) was Prosector at the Zoological Society of
London and while there he received specimens of
earthworms sieved from soil at Kew Botanic
Gardens obtained with plants from around the
Globe (see also Beddard 1906). In July, 1892,
Beddard (1892b) published several pheretimoid
(i.e. Pheretima auct.) species, mostly those
intercepted at Kew; and, in 1896, he described
species from Hawaii and elsewhere. Several of
these have been subsequently reallocated as
shown in Tables 1 and 2.

The Amynthas morrisi problem

Of particular concern is the status of 4. morrisi
(Beddard, 1892), that was soon implicated with A.
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Table 1 of Beddard’s 1892 Perichaeta species from Royal Botanic Gardens, Kew

Beddard 1892 page Original name Currently Notes
155; P IX fig. 4 ? Perichaeta Metaphire Or Duplodicodrilus
sumatrana Horst californica ? schmardae ?

157; P11X, figs. 2, 8; | Pe. dyeri Amynthas For W.T. Thistleton

PI X, fig. 1 rodericensis Dyer of Kew Gardens

158; P11X, figs. 3, 5; | Pe. sinensis A. rodericensis

P1 X 2-4,7-8

160 Pe. bermudensis A. gracilis (or A. Cf. A. loveridgei?
bermudensis?)

163 Pe. taprobanae Polypheretima First UK record
taprobanae

166; P1IX, fig. 1 Pe. morrisi Amynthas morrisi | Lectotype (missing)

167; P11X, fig. 6 Pe. barbadensis —a | A. morrisi? No figure

167 Pe. barbadensis —b | A. gracilis Actual fig. 6; new

lectotype ( missing)

167; P11X, fig. 7 Pe. barbadensis —¢ | A. pallidus? Fig. 7 as stated

169 Pe. hesperidum M. californica

170; P1 X, figs. 5-6 Pe. mauritiana A. gracilis (or A. Spermathecae 7&8 so
mauritiana?) not A. morrisi

Table 2 of Beddard’s 1896 Perichaeta species from Sandwich Isles (Hawaii)*

Beddard 1896 page Original name Currently Notes
197 Pe. indica Horst Amynthas corticis
198 Pe. perkinsi A. corticis? Types missing?
201 Pe. molokaiensis A. corticis? Type missing?
201 Pe. hawayana Rosa | Amynthas gracilis
203 Pe. sandvicensis Metaphire Types inspected by
californica RJB VI.2013
204, fig. 2 Pe. insulae Amynthas insulae? | Types inspected by
RJB VI.2013
205 Pe. trityphla Duplodicodrilus **Types re-inspected
schmardae
205 Pe. trinitatis A. rodericensis Type 1904:10:5:170
not located

*Note that many specimens came from Mauna Loa Mountain where Keeling (1978) continuously recorded his atmospheric
CO, readings. Soil preserved in the intestines of these worms from the time of collection is comparable to the current state of

soils there.

**BMNH types for trityphla catalogued as 1904.10.5.169 are actually 1904:10:5:69.

hawayanus (= A. gracilis) by Beddard (1895) but
later restored and made representative of an A.
morrisi species-group by Sims & Easton (1972).
This group has since become unwieldy gathering
about 40 nominal species, but see comments in
Blakemore et al. (2013).
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The British Museum (Natural History) purchased
Beddard’s collection in 1904 (Coles 1981) and in
the current study, Beddard’s types were sought.
The chequered history of A. morrisi is here
reviewed taxonomically — an urgency due to the
tide of new names continuously added to its group.
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Chronology of Amynthas morrisi (Beddard,
1892) species-group

1892b (July) Beddard published poor descriptions
of morrisi, barbadensis and mauritiana.

[1892 (Sept.) Michaelsen published pallida for
two probably separate species].

[1894 Rosa describes amazonical.

1895: 394, 400, 411 Beddard (Monograph) rede-
scribes morrisi adding only that the male pores
are simple, not wide apart, and have minute
glands opening in their neighbourhood (to ex-
plain presence of glands internally) but cer-
tainly makes no mention of there being distinct
papillae there.

[1895: 394, 391, fig. 44d, 400, 412 Beddard (Mo-
nograph) also revised barbadensis that has la-
teral male pores and variable GMs and he ta-
bulates and describes mainly his example “a”
that is possibly the same as morrisi. Note

(T3S 1]

originally “a” and “b” were described as 44"
long (= ~106 mm), specimen “c” was smaller
at 84 mm with 64 segments. Although now
missing, specimen “b” is here designated as
lectotype in order to force problematical name
barbadensis into synonymy of 4. gracilis].

[1895: 394, 400, 415 Beddard (Monograph) re-
description of mauritiana as 80 mm with 85
segments, markings on 18 and spermathecae in
7 & 8, i.e., different to morrisi but possibly
same as barbadensis specimen “b” and thus a
synonym of hawayana (= gracilis)].

[1895: (overlooked on pg. 394) 397, 400, 415
Beddard (Monograph) comments on pallida
Michaelsen 1892 with two or three sperma-
thecae in 6,7,(8); GMs two pairs on 7, some-
times two or three papillae in 5/6 and 6/7 or
7/8, plus with 2—4 papillae around each male
pore and a pair on 19, i.e., different to morrisi
proper].

1896 Rosa redescribes morrisi on somewhat vari-
able specimens from Padang, Sumatra. Mark-
ings are said mid-ventral in some of 6—8 and
18, sometimes with extra markings in 7 near
the spermathecae. Intestinal caeca had no trace
of lobulations but it is not certain that these
were all A. morrisi proper.

[1896 Beddard describes insulae as revised here-
in].

[1900: 238, 244, 254 Michaelsen (Tierreich) has
Amynthas barbadensis with syns. pallida
Michaelsen, 1892: 227, amazonica Rosa,
1894: 14, sanctijacobi Beddard, 1895: 61,
cupulifera Fedarb, 1898: 445 — but this is in
error as only barbadensis specimen “c” comp-
lies, so pallida should resume priority of this
group].

[1900: 238, 276 Michaelsen (Tierreich) maintains
Pheretima insulae separately].

1900: 238, 287 Michaelsen (Tierreich) provides a
good summary of Pheretima morrisi based on
Beddard and Rosa’s accounts that was, for a
time, reasonable and stable.

1900a: 420 Beddard (Hawaiiensis paper) places
bermudensis, barbadensis, morrisi, mauritiana,
mandhorensis, pallida, amazonica and cupuli-
fera in synomymy of Perichaeta hawayana
Rosa, 1891 (= gracilis). This is obviously ex-
cessive.

1900b: 645 (May) Beddard (Amyntas paper)
places same species in synonymy of Amynthas
hawayanus (Rosa, 1891) (= gracilis) plus he
adds P. carnosa Goto & Hatai and P. insulae
Beddard, 1896: 204. Again somewhat exces-
sive, although some names are now found to
belong.

1905 Ude separated morrisi (page 434) and hawa-
yana (page 457).

1931, 1933 Chen also separated hawayana and
Morrisi.

1920—-1982 Gates made various contributions,
many confused and contradictory, whilst also
rejecting the proper genus Amynthas for a de-
cade. His (1937) review of types did not
provide definitive resolution and also failed to
locate Beddard’s original types (his specimens
from Hong Kong are obviously not syntypes).

1972 Sims & Easton treat synonyms equally with
valid names in their study but made Amynthas
morrisi a species-group exemplar, without
justification as to its specific merits; they did
not inspect the type thus their figures may not
be correct.

1981, 1982 Easton retained the species but his fi-
gure may also be incorrect/composite.
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1999 Sims & Gerard described Amynthas morrisi
with synonyms barbadensis and, the highly
unlikely, mauritiana, their description is also
composite.

2003 Blakemore (Japanese earthworms) listed A.
morrisi with syns. barbadensis; ?pallida; ha-
wayana lineata Gates, 1926.

2005: 21, 24 Shen & Yeo list synonyms of A.
morrisi as barbadensis (part.), pallida (part.),
amazonica, insulae, cupulifera and hawayana
lineata.

2007/2008 Blakemore questioned synonyms
?barbadensis (part.), ?mauritiana, ?pallida
part.), Zamazonica, ?sanctijacobi and ?cupuli-
fera, but accepted hawayana and lineata. Si-
multaneously, A. insulae was maintained sepa-
rately.

2009: 60 Chang et al. provide Taiwan description
that seems to comply more with pallida or one
of its junior synonyms rather than the currently
restricted sense of 4. morrisi (see their figure
from http://clitellates.taibif.tw/pages/660).

2009: Sun et al. provided four new species to the
A. morrisi group from Hainan.

2013: 41 Blakemore in Blakemore et al. (2013)
questions some of Sims & Easton’s inclusions
being a part of the 4. morrisi species group as
for several Korean species — rather they strictly
comply with Sims & Easton’s canaliculatus-
group, as indeed does A. tripunctus (Chen,
1946).

2013a Zhao et al. provided two new species to the
A. morrisi group from Hainan.

2013b Zhao et al. provided three new species to
the A. morrisi group from Hainan.

2014 Jiang et al. provided four new species to the
A. morrisi group from Hainan.

2014 Shen et al. provided another new species to
the A. morrisi group from Taiwan.

The current paper aims to review and revise
these earliest taxa based on their types for resolu-
tion of the several conflicts as noted above and in
the synonymy of 4. morrisi below.

The chronic saga of the Amynthas Kinberg,

1876 vs. Metaphire Sims & Easton, 1972 poly-
phyly quandry that I thought had been solved (e.g.
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Blakemore, 2003, 2010, 2013a: 62) lingers,
missing the point that under ICZN the members of
a genus comply with the type of that genus and
thus Metaphire javanica (Kinberg, 1867) and its
ilk having non-superficial male pores belong,
regardless of whether these are within copulatory
pouches or not — this only relevant for genera
such as Duplodicodrilus Blakemore, 2008. Not-
withstanding that anything above the species level
(genera, family) is more a taxonomic ‘conve-
nience’ construct — as was clearly stated by Sims
& Easton (1972: 170) — it is yet phylogenetically
reasonable to expect that any deviation of the
primitive superficial male pore must be a “non-
superficial” derivative, unless proven otherwise.
Hence Metaphire hilgendorfi (Michaelsen, 1892)
in the following review is again placed in its
currently correct genus as per Blakemore (2003,
2013a) unlike by some contemporary Korean and
Japanese workers who incorrectly keep it in
Amynthas or even Pheretima as per Gates (1972,
1982).

MATERIALS AND METHODS

Abbreviations are: GM — genital markings, rhs
and lhs — right and left-hand-side, NZ — New Zea-
land; QId. — Queensland; TP — tubercula puber-
tatis; “?” indicates taxonomic uncertainty. Taxa
are arranged alphabetically except for Amynthas
morrisi spp-group which is chronological. Discus-
sion is confined to remarks after species’ accounts.

TAXONOMIC RESULTS
Family EUDRILIDAE Claus, 1880

Eudrilus eugeniae (Kinberg, 1867)

Lumbricus eugeniae Kinberg, 1867: 98. [Type locality
humid mounts and valley of St Helena Island
(British protectorate) in South Atlantic, by
introduction. Types from Stockholm Museum now
seemingly transferred to Natural History Museum
London by Beddard and sometimes quoted as
BMNH 1904.10.5.549 [that is actually Kinberg’s L.
capensis] or 1904.10.5.550 — this specimen now
labelled: “Lumbricus eugeniae Kinberg 1867 TYPE
sent to Dr Beddard by Professor Loven. St Helena”,
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Beddard’s label with “Lumbricus” crossed out in
favour of “Eudrilus eugeniae .... [illegible] 550 St
Helena ”; and a Swedish Museum label: “Lumb-
ricus Eugeniae Kinberg St Helena Swed. State
Museum.” The specimen is coiled and seems a bit
macerated but looks in moderate condition — pers.

obs].

Note. Specimen not dissected further in order
to preserve the type’s integrity.

Family LUMBRICIDAE Rafinesque-Schmaltz,
1815

Aporrectodea caliginosa (Savigny, 1826) s. strict.

Enterion caliginosum Savigny, 1826. [Type locality in
the Paris region. Types, claimed to be missing by
some authors, listed by Reynolds & Cook (1976:
84) in Geneva: MHNG 3/77].

?Lumbricus helenae Kinberg, 1867: 98 [Type locality
St Helena. Types moved from Stockholm to BMNH
(pers. obs. RJIB 20.V1.2013) labelled “Lumbricus
HELENAE Kinberg 1867 TYPES”, “1904:10:5:551
Loc: St Helena Don: Swedish State Museum via
Beddard Collection. Ref: ”. One mature dissected
and in two parts in poor condition, plus an imma-
ture lumbricid].

Notes. Michaelsen (1900: 518) listed this spe-
cies as incertae sedis but Gates (1977) placed it in
his caliginosa species-complex that differs from
that sensu Blakemore (2012b). A relatively
common worm in temperate regions with many
synonyms.

Aporrectodea trapezoides (Duges, 1828)

Lumbricus trapezoides Dugés, 1828. [Type locality
Montpellier. Types missing, however, Gates (1972:
79), Reynolds & Cook (1976: 182) and Blakemore
(2012b) all advocated recollection and designation
of a Neotype].

?Lumbricus Novae Hollandiae Kinberg 1867: 99.
[Locality Sydney. Types in Stockholm]. [Current
correct spelling is “novaehollandiae™].

Lumbricus capensis Kinberg, 1867: 100. [Locality
Cape of Good Hope (Cape Town) SA. Type moved
from Stockholm to London: BMNH 1904:10:5:549
— “Lumbricus CAPENSIS Kinberg 1867 TYPES”,
“1904:10:5:549 Loc: Cape of Good Hope Don:
Swedish State Museum via Beddard Collection

Ref>; a single dissected specimen in poor condition
— pers. obs. RIB 20.1V.2013].

Notes. A relatively common worm in mostly
sub-tropical or Mediterranean climes.

Eisenia fetida (Savigny, 1826)

Enterion fetidum Savigny, 1826. [Type locality Paris.
Types in Paris Museum].

Lumbricus annulatus Hutton, 1876/7: 352. [From
Dunedin, New Zealand - see Benham (1898) when
material was in the Otago Museum; syntype now in
BMNH: “1886:11:18:14 Loc: DUNEDIN N.Z
Coll: OTAGO UNIVERSITY MUSEUM Ref:..” with
old Otago label “6:11:18:14; one mature specimen
in good condition tied to a film — dark with possibly
lighter intersegments and paler in 9—11; clitellum
2632 and TPs in 28-30,31'%]. [Non annulatus
Perel, 1975: 995 (= L. polyphemus)].

Notes. L. annulatus is just one of about
fourteen taxa included in synonymy of E. fetida
that have priority over FEisenia fetida andrei
Bouché, 1972 (see Blakemore 2013c, Blakemore
& Lee 2013: appendix).

Lumbricus castaneus (Savigny, 1826)

Enterion castaneum Savigny, 1826: 180. [Type locality
Paris. Types missing from Paris Museum]. [Non L.
castaneus Risso, 1826 which is listed as incertae
sedis in Michaelsen (1900: 518), see also Gates
(1972: 115)].

Lumbricus josephinae Kinberg, 1867: 98. [St Helena.
Types NHRS: 1928 with a specimen labelled
“Lumbricus josephinae Kinberg, 1867 PARA/ SYN-
TYPE 1904:10:5:554 Loc; St Helena Coll:
Natuh..Riksmuseet, Stockholm Ref: ”’; one specimen
in poor condition].

Notes. Widely distributed in holarctic and
introduced to Australia and NZ.

Lumbricus terrestris Linnaeus, 1758

(Figure 1)

Lumbricus terrestris (part) Linnaeus, 1758: 647. [Type
locality Sweden. Neotype in British Museum (Sims
1973) — BMNH 1973:1:1 (as restored by
Blakemore 2013e)]. [Note: Original spelling was as
“L. terreftris” in older style long-s typography.
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Linnaeus included in its early synonymy Lumbricus
laevis, L. terrestris minor, L. terrestris minor
rubicundus, L. major, L. intestinorum teres and
Lumbricus humanus Vallisneri, the latter being the
intestinal nematode worm — Ascaris lumbricoides
(Linnaeus, 1758)].

[?Non Enterion terrestre Savigny, 1822— sp. dub. often
misdated “1820”. Egypt].

Enterion herculeum Savigny, 1826: 180. [From Paris.
Type in Paris claimed by James et al. 2010 to be a
“cryptic species” of L. terrestris but other
synonyms, as provided by Sims (1973: 28) not
checked; note this species already maintained in
Lumbricus by Garman (1888: 73) who says Eisen
found it in New England, USA but these maybe
misidentifications for L. terrestris or L. friendi].

Lumbricus herculeus: Duges 1837 (cf. Sims 1973: 29);
James et al. 2010 attempted restoration (but see
Blakemore 2013e).

[Non Lumbricus terrestris: Duges 1837: 17,18 (misid.
of A. longa (Ude)].

Lumbricus agricola Hoffmeister, 1842. [From neigh-
bourhood of Berlin. Types lost].

Lumbricus infelix Kinberg, 1867: 98. [From Port Natal.
Type Stockholm, 1930].

Lumbricus americanus Perrier, 1872. [Type in Paris].

Lumbricus studeri Ribaucourt, 1896. [Types?].

Lumbricus terrestris: Johnston 1865; Michaelsen 1900:
511 (syn. herculeum, agricola, infelix, americanus,
studeri); Sims & Gerard 1999: 106, figs. 1, 4, 6, 9],
37, 38; Blakemore 1997; 2002; 2012b (syns. as
above and all references cited); Csuzdi & Zicsi
2003: 188. [Non Tetry (1937: 151), nec Bouché
(1970: 541), nec James et al. (2010)? — see Sims
1983; Blakemore 2013e¢].

Diagnosis. Length 90-350 mm. Chestnut to
violet brown above, paler below. Body
cylindrical, posterior characteristically depressed
and spade-shaped. Prostomium tanylobous. First
dorsal pore 7/8/9. Spermathecal pores in 9/10/11
in cd lines. Clitellum saddle-shaped 32—37,1/n38.
Tuberculae pubertates longitudinal ridges on
32,33-36,37 lateral to b lines; tumescences a-
round ab in some or all of 8-14, 24 and around
clitellar region. Setae closely paired. Male pores
lateral to b lines on 15 in prominent lips
commonly impinging onto adjacent segments.

Material examined. NHM London neotype, a
mature specimen previously dissected dorsally
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with cuticle partly removed, in jar with three la-
bels: “Lumbricus terrestris L. 1758 Neotype.
Uppsala. 1973.1.1.”; “Lumbricus terrestris Lin-
naeus 1758 TYPE Loc. Uppsala”; “Lumbricus ter-
restris Linnaeus no longer contains NEOTYPE
1973.1.1 Loc: Uppsala. Note: Originally this
number was designated for the L. terrestris neo-
type determined by R.W. Sims in 1973. Following
examination by V. Pop (visiting at NHM, 2009)
and S. James (James et al. PLOS ONE Dec 2010,
vs, issue 12e15629) it was discovered that this jar
no longer contains Sims’ described neotype,
which must now be considered missing.”. Plus one
label 1 added restoring its status as Neotype in
2013 (see Blakemore, 2013: fig. 1). Sims (1973:
32) gives details as collected from lawn close to
the Botanical Garden, Uppsala, Sweden; 13" Oct.
1972, collectors B. Axelsson, U. Lohm and T.
Persson. Preserved in formalin and 80% alcohol.

Locality of other specimens. Found by the au-
thor in supposedly 1,000 yr old paddock and
organic field at Haughley farm in 1980 (Blake-
more 2000). Numerous ‘middens’ seen at organic
orchards at UC Davis, California in 2000 (also
R.L. Bugg pers. comm). Launceston, north Tas-
mania; escaping over soil surface of suburban
garden when digging drains to 1 m depth in black
clay at 145 Holbrook St., Invermay; R.J. Blake-
more, 29" June, 1997 (mature, complete speci-
men; fixed in 10% formalin, preserved in 80%
ethanol in QVM collection). Found by author at
Mt Wellington, Auckland in paddock soil (Blake-
more 2012a); specimen in Auckland Museum
(AMNZ 5265); also collected by RJB at Y Plas
Machynlleth, Wales on 22™ VI 2013 (large speci-
men released in NHM gardens with help from
Emma Sherlock).

Distribution. (Full citations in Blakemore
2012b). Holarctic: Greenland, Iceland, Scandina-
via, Siberia, Russia, western Europe and British
Isles including Isle of Man and Jersey, to the
northeast of Iberian peninsula. Introduced to
Azores, Madeira, USA (widespread but some-
times deliberately transported for fishing bait as
noted by Gates 1972: 120), Canada (e.g. Alberta,
British Columbia, New Brunswick, Newfoundland,
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Figure 1. Lumbricus terrestris Linnaeus, 1758. Natural History Museum, London neotype (lhs with enlargement of tanylobous
prostomium) compared to (rhs) first recorded Australian specimen from Tasmania after Blakemore (1997).

Nova Scotia, Ontario, Prince Edward Island, and
Quebec although a report from Saskatoon, Saska-
tchewan is a mis-identification); temperate regi-
ons of Central and South America; India (and
western Himalayas); South Africa [? Gates (1972:
119)]; N.Z. (Lee 1959), Tasmania — a new
Australian record by (Blakemore 1997). Note,
James et al. (2010) when attempting to restore the
synonym state “L. herculeus has yet to be found
outside of Europe” but overlooked earlier USA
references noted in synonymy above.

Habitat. Mull soils, fields, pastures orchards and
deciduous forests, mud flats, manure heaps, taiga,
forests and steppes, common in grasslands (avoids
pine/beech forests?). In alkaline soils of pH 6.2—
10.0; especially abundant in clay. Sometimes
caves, often in golf courses.

Behaviour. Nocturnal copulating and feeding
on surface; posterior third assumes flattened
spade-like shape when agitated and worms retreat
backwards. Maintains permanent burrow systems
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and forms ‘middens’ around entrances which may
be clogged with leaves, feathers or other debris.

Body length. Anterior circular, posterior often
dorso-ventrally flattened; 90-350 mm (neotype
155 mm but coiled and twisted; ¢f. 165 mm Sims
1973).

Width. 6—12 mm (neotype ca. 7—9 mm maxi-
mum).

Segments. Ca. 120—155 [neotype ~151 but
with secondary schizo-metameres, see Blakemore
(2013: fig. 2), cf. Sims (1973) 153 segments].

Colour. Anterior dorsum deep ruddy to gun-
metal grey to d setal lines with blue iridescence,
retained as dark mid-dorsal line to posterior;
ventrum pale (pink in life); clitellum buff (yel-
lowy in life); preserved specimens uniform buff.

Prostomium. Tanylobous.

Clitellum. 431, 32-37, '/,38 saddle-shaped
mostly to bb lines (neotype Y231, 32—37).

Dorsal pores. 7/8 small, from 8/9 larger.

Setae. 8 per segment, closely paired in regular
rows; ratio aa:ab:bc:cd:dd:C ca. 6:1:5:1:22:0.5C,
cf. 5:1.5:4:1:0.5C or 4:1.3:2.1 in neotype (Sims,
1973: 32).

Nephropores. Large at anterior margin of seg-
ment just lateral level of b setal lines on many
segments (e.g. on right-hand side on 11-15, 20,
22-25, 28, 3036, 3944, etc.), irregularly alter-
nating to between d and mid-dorsum (e.g. on rhs
seen in dorsal position on 3-7, 9, 17-19, 21,
2627, 29, 33-34, 37-39, 44—45); in some seg-
ments the pores appear to be in both positions on
one side but reasons for this are unknown.

Spermathecal pores. In 9/10/11 in cd nearer to
¢ lines; [Sims (1973: 32) says inconspicuous in b
lines but I could not locate them there in the dis-
sected neotype].

Female pores. Paired just lateral of b setae on
14.

Male pores. Towards lateral extremity of equa-
torial slits within tumid lips between a and c setal
lines confined to 15; distinct mound tract (formed
by parallel seminal duct grooves) extends from
male pores to clitellum between bc lines on both
sides.

Genital markings. Tubercula pubertatis as
elongate smooth pads just median of ¢ lines in
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33-36; ventral setal couples within slightly tumid
pads, especially 8,9—11, 25, 26, and 31,32 often to
37,38; Sims (1973: 32) has ab tumid on 25 and 26
as reconfirmed here.

Septa. 6/7/8/9 thickened; or none especially
muscular.

Hearts. Paired in 7-11.

Gizzard. Muscular in 17—19.

Calciferous glands. Calciferous sacs opening
posteriorly into the oesophagus of segment 10
ventrally and just in front of septum 10/11. Cal-
ciferous lamellae continued along lateral walls of
the sacs in 11-12.

Intestine origin (caeca, typhlosole). In 14,
swelling in 15-16 to form crop; caeca absent;
typhlosole mid-dorsal beginning from about
21-23.

Nephridia. Holoic, bladders J-shaped.

Male organs. Testes/funnels holandric testis in
sacs in 10 & 11; seminal vesicles paired in 9, 11
and 12, the latter pair may also fill 13.

Ovaries. Small, paired in 13.

Prostates. None.

Spermathecae. Two pairs in 9 & 10 as small
globular sacs dorso-ventrally placed.

Gut contents. Depends on habitat and diet.

Cocoons. Ca. 4x7Tmm diameter but elongate
(Sims & Gerard 1999: fig. 38b).

Ecology, life-cycle, symbionts and parasites.
Provided by Gates (1972), etc.

Notes. L. terrestris is probably one of the main
species about which Darwin (1881) wrote (cf. A.
longa). A species that has, until relatively recently,
been continually confused with L. terrestris is
Aporrectodea longa (Ude) (see Gates 1972: 76).

Family MEGASCOLECIDAE Rosa, 1891 s.
Blakemore 2000

Genus Anisochaeta Beddard, 1890

Anisochaeta antarctica (Baird, 1871) comb. nov.
(Figure 2)
Megascolex (Perichaeta) antarctica Baird, 1871: 96.

[From “New Zealand”. Type BMNH 1845:6:18:1 —
one of the first worm specimens from NZ, collected
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by Dr Andrew Sinclair RN surgeon on Ross’s
~1841-1844 ‘Lords of the Admiralty Antarctic
Expedition’ that had earlier specimens from Bay of
Islands. Later Dr Sinclair was Colonial Secretary to
NZ and founder of Auckland Museum].

Diporochaeta shakespeari Benham, 1906b: 254, figs. 7,
PL. XLI. [From bank of stream in dense bush, Little
Barrier Island collected by W. B. Benham, 1906.
Specimens “about a dozen individuals” but types
Otago A. 43—-48 (six?) at least one of which was
inspected by Michaelsen (1916: 51); (syn. by Lee
1962: 177)].

Spenceriella shakespeari: Michaelsen 1907: 161.

Megascolex shakespeari: Michaelsen 1916: 51.

Megascolex antarcticus: Lee 1959: 348 (dates as
“1871” and provides synonymy but classes as
“incertae sedis” due to lack of information).

Spenceriella antarctica: Lee 1962: 177 (syn. shake-
speari).

Celeriella antarctica: Blakemore, 2004; 2012a: 130
(syn. shakespeari as per Lee, 1962).

Diagnosis. The entire original description is
“Body consisting of about 180 rings. Setae, sur-
rounding the body, short, black, rather distant.
Rings not keeled; larger and more distinct at the
anterior extremity, closer at the posterior end, and
all smooth. Length 7 inches. Hab. New Zealand.”
The type was inspected by Beddard and by Lee
(1962) neither of whom dissected it, as here, since
there was only a single unique specimen. Lee
gave a length of 125 mm with 192 segments each
with about 50 setae, but the specimen is now clo-
ser to 170 mm due to maceration. A sketch is for
the first time provided confirming Lee’s conten-
tion that its GMs are similar to those of D.
shakespeari that is described in more detail by
Benham, Michaelsen and subsequently by Lee
(1959).

Material Examined. Lectotype BMNH 1845:6:
18:1 a mature specimen, aclitellate or the clitel-
lum weak, with cuticle removed but otherwise in
good condition apart from being macerated in the
mid-body. Labelled: “45:6:18:1”; “Megascolex
antarctica Baird, 1873 TYPE 1845:6:18:1 Loc;
New Zealand Dr. A. Sinclair R.N. Ref. J. Linn. Soc.
11, 1873, p. 96”; “Current name is Spenceriella
antarctica (Baird), 1873 (Idet. Dr K.E. Lee
1961)”. Note, sample jar also contains a myriapod

that is ca. 10 mm long with 70 legs, possibly the
first one collected from N.Z. too. Lee (1959: 348)
mistakenly has specimen as “1845.6.8.1”. Other
severely macerated and fragmented specimens
labelled “B.M. [18?]40:5:27-9, “Lumbricus?
sp.?, Bay of Islands, New Zealand; Antarctic
Exped. the Admiralty” were identified by Lee
(1962: 179) as Megascolides sp — these probably
the actual first specimens collected from NZ.

Under ICZN (1999: Art. 74.5) the lectotype
designation is deemed by Lee (1962: 177, 179)
where he says it “becomes the type of Spenceriella
antarctica”. The original article says published
February 1870, but read on April 7, 1870 and the
paper is most often dated 1871, e.g. by Lee (1959,
1962), whereas the Volume cover states published
1873; possibly preprints were issued thus the
actual date of publication is currently uncertain.

Distribution. Widespread on North Island and
Northland peninsular islands, NZ (Lee, 1959: 348
for Diporochaeta shakespearr).

Notes. Michaelsen (1916: 51) inspected a type
specimen and found Benham incorrect to class the
tubuloracemose prostates as “fubular” hence he
reallocated the species to Megascolex Templeton,
1844 s, strict. that is now restricted for Indian taxa,
whereas Anisochaeta Beddard, 1890 is available
for Australasian taxa following its restoration by
Blakemore (2000). Neither Lee (1962) nor Blake-
more (2012a) had recognized Michaelsen’s (1916)
revisionary work on Diporochaeta shakespeari
published a Century ago at the height of the
1914-1918 Great War, hence the previous generic
misallocations.

Michaelsen (1916: 52) did not secure a spe-
cimen of Megascolex giganteus, but thought it so
close to the previous species that he allowed for
its prostates to essentially agree, thus it too is
provisionally held as Anisochaeta? gigantea
(Benham, 1906b) comb. nov. It is then most
likely the two remaining Celeriellas, viz. Lee’s
1959 argillae and pallida also comply as combs.
novae in Anisochaeta which then entirely re-
moves the genus Celeriella Gates, 1958 from NZ
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although it apparently still resides in Australia.
Celeriella is an Indian genus that by default
received the residue of species from Australia and
four from New Zealand actually having
‘primitive’ tubular prostates that were formerly
part of Spenceriella Michaelsen, 1907, after
removal of the type-species of the latter genus
claimed with a non-tubular prostate to prior
Australasian Anisochaeta Beddard, 1890 (see
Blakemore, 1997b, 2000a, b). Other ‘advanced’
megascolecid genera are Indian Lampito Kinberg,
1866 s. strict. and Oriental pheretimoids such as
Amynthas Kinberg, 1867 itself revived by Sims &
Easton (1972).

e

Figure 2. Anisochaeta antarctica (Baird, 1871) lectotype
sketch (crease on 21-22 is just a fold not a marking)
compared to synonym Diporochaeta shakespeari
Benham, 1906 (his figs. 7 of a spermatheca,
and PI. XLI exterior diagramatic).

Genus Amynthas Kinberg, 1867

Amynthas gracilis (Kinberg, 1867)
(Figures 3a-b)

Nitocris gracilis Kinberg, 1867: 102. [Type locality
Rio de Janeiro. Types in Stockholm Museum, 1944
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(Reynolds & Cook, 1976: 108), immatures (Sims &
Easton, 1972: 214)].

Perichaeta bermudensis Beddard, 1892a: 160. [Thirty
or forty spirit specimens from Surgeon-Major
Windle of Bermuda (not from Kew Gardens). Syn-
types British Museum: 1904:10.5.1362—65 (these
inspected by Sims & Easton, 1972: 180 put in an
hawayana-group and checked by RJB in June,
2013. Labels “Perichaeta bermudensis Beddard
1892 Types 1904:10.5.1362/65 Loc. Bermuda Bed-
dard Coll Ref. Proc. Zool. Soc. Lond. 1892 p.160”,
“Perichaeta  hawayana  1904:10:5:1362—65,
“Types of Perichaeta bermudensis”. Jar contains
many specimens, several found to be dissected,
possibly of two or three different species, most look
more like A. corticis); Beddard 1896: 208 (speci-
mens from Hong Kong); 1900a: 410 he again
confused description of bermudensis by saying
“Spermathecae two pairs in VI, VII, VIII’!]. [Non
Pontodrilus bermudensis Beddard, 1891].

Perichaeta barbadensis (part., spec “b” which now =
lecotype) Beddard, 1892a: 167. [Types British Mu-
seum 1904:10.5.11-13 inspected by RJB June, 2013
— see A. morrisi below. With spermathcal pores in
5/6/7/8 and shown in fig. 6 that was said to be
specimen “a” by Beddard (p. 167), but is actually
specimen “b”].

?Perichaeta mauritiana Beddard, 1892a: 170, Pl X,
figs. 5—6 [From Kew originating in Mauritius.
Types in British Museum 1904:10:5:203—5 (the
numbers suggest three specimens although the
original one was misplaced by Beddard 1900a: 425
and thus these specimens were not inspected by
RJIB). [Described with two pairs of spermathecae in
7 & 8 and genital markings median to male pores;
cf. A. morrisi]; MBeddard 1900a: 425 (he described
a possibly different taxon?).

Notes. The above synonymy is partial, for full
details and distribution, see Blakemore (2012b). I
choose specimen 1904:10:5:12 as lectotype for
Beddard’s (1892) P. barbadensis, this being the
one he described as specimen “b” and figured
(fig. 6 but mistakenly said it was specimen “a”).
This specimen cannot now be traced in the Mu-
seum collection (pers. obs.) but it is reasonably
accepted as Amynthas gracilis (Kinberg, 1867)
and thus fixing the type to this specimen allows
the name barbadensis to definitively enter syno-
nymy of gracilis. The other two specimens, 1904:
10:5:11 & 13 — which are of two different and
irrelevant taxa — now loose any nomenclatural
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Figure 3a. A. gracilis (Kinberg, 1867) from Beddard (1892: Pl. IX, fig. 6-7) of his A. barbadensis — lhs of specimen claimed as
“a” but actually “b” that is now lectotype and = 4. gracilis; rhs specimen “c” of now irrelevant taxon (cf. A. morrisi group).

FE B asl. . Smat th

Figure 3b. A. gracilis after Beddard’s (1982: figs. 5—6) of his
P. mauritiana showing two pairs of ovisacs (fig. 5) and
three white glands marked “p.g.” median to the male
pore on 18rhs (fig. 6). This taxon is a likely
junior synonym of 4. gracilis.

status with the restricted definition of barbadensis
aiming to enhance the stability of nomenclature
which has been highly confused for 120 years or
so since Beddard (1872b).

Amynthas loveridgei (Gates, 1968)
(Figure 4)

Pheretima loveridgei Gates, 1968: 257. [Type-locality
Honey Lake, 5 Miles W of Greenville, Madison
County, Florida, collected 27" May, 1966 by E.V.
Komarek. Syntypes (many specimens, some dis-
sected) in British Museum 1967:5:8:26 (Gates,
Sims & Easton 1972: 181 and pers. obs. RJB
19.V1.2013) stated as “7967:5:8:28” (sic) and Tall
Timbers Research Station #142 (Reynolds & Cook
1976: 130) — this later corrected and a transfer
noted]; Gates 1982: 57.

Amynthas loveridgei: Sims & Easton 1972: 236 (4.
morrisi group).

Diagnosis. Amynthas with paired spermathecal
pores ca. 1/2 body circumference apart in furrows
5/6/7. Length 90—110 mm. Segments 118—169.
First dorsal pore 11/12. Male pores absent (or
obscure). GMs as small discs in front of and
behind spermathecal pores and as three sets of
weak tubercles on each side of 18 in position of
male pores and more medially. Prostates present
or absent. Gates also reported loss of one or more
spermathecae due to parthenogenesis.
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Material Examined. “Pheretima loveridgei
Gates, 1968 SYNTYPE”; “BMNH 1969.5.8/26
Loc. Greenville Madison Country (sic) Florida
U.S.A 27" May 1966 Coll E.V. Komarck (sic) Ref.
Gates 1968 J. nat. Hist. 2 p. 267”; “Cat. No. 142
Tall Timbers R.S. Pheretima loveridgei Fla.
Madison Co. Sm W. Greenville 27 May 1966 E. V.
Komarek, Sr TF 29" (there were two labels like
this last). Sample jar contained many specimens,
some dissected, most in reasonable condition.
Smithsonian catalogue lists “Syntype” and records
30 specimens with Accession Number 382788 and
USNM #136910

Distribution. USA (e.g. Florida, Georgia, Min-
nesota) and Rose Cottage, Sandy Bay, St Helena
in South Atlantic. The original oriental homeland
(and full synonymy?) for this transported species
is unknown.

Notes. Gates noted much mucus in the body
cavity. He separated this taxon from 4. morrisi on
the basis of its “GM pattern, number of segments,
etc.” Gates (1968: 260) comments that the parthe-
nogentic method of reproduction, as in other
pheretimas, permits more rapid accumulation of
mutations than if reproduction had remained am-
phimictic. However the possibility remains that A.
loveridgei is a synonym of some other taxon with
spermathecal pores in 5/6/7 (or some similar com-
bination!), e.g. the forty or so taxa listed under 4.
morrisi and cf. Gates’ own confused description
of Pheretima hawayana lineata that is possibly
retained on its distinctive male pores. Amynthas
infuscuatus Jiang & Sun, 2014 is similar except it
lacks the markings around the spermathecal pores
and it apparently retains spermathecal diverticula
and prostates.

27

Figure 4. Amynthas loveridgei (Gates, 1968) rough sketch of
a synytpe showing for the first time the spermathecal and
male fields, a spermatheca and the caecum.
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The Amynthas morrisi problem resolution

For the A. morrisi spp.-group, the conclusion
is that the definition of 4. morrisi is now restrict-
ed and compliant with Michaelsen’s (1900: 238)
assessment where it is separated from “P. bar-
badensis” — which is now A. pallidus as explained
below — mainly due to their papillae being, res-
pectively, ventromedian and unpaired (in 6,78
and possibly 18 in morrisi) or variable, often
paired in 6—8 and 18—19 (in pallidus). Also agree-
ing with Michaelsen (1900: 238) is separation of
Amynthas insulae mainly due to its shorter,
swollen spermathecal diverticulum and arrange-
ment of GMs plus, newly, on the basis of its
serrate intestinal caecum which has yet to be
proven in the other two taxa (contrary to Sims &
Easton 1972: fig. 1H).

Amynthas morrisi species-group of Sims &
Easton (1972)

[Cf. A. browni (Stephenson, 1912) and A.
loveridgei (Gates, 1968)].

Tentatively included taxa having mid-ventral
genital markings are:

A. morrisi (Beddard, 1892.)

A. pallidus (Michaelsen, 1892).

A. insulae (Beddard, 1896).

A. incongruus (Chen, 1933) Taiwan specimens
have midline GMs on 18.

A. lubricatus (Chen, 1936) may be a synonym,
lacking markings

A. monoserialis (Chen, 1938) has about 20 glands
for each midline GM in 16—20.

Amynthas tripunctus (Chen, 1946) GMs mid-
ventral in 6—8 and paired near male pores;
spermathecal pores close to intersegments
5/6/7 but anteriorly in 6 & 7, ie., strictly
complying with Sims & Easton’s canalicu-
latus-group — (see Fig. 8b).

Several more recent Oriental taxa may also be
implicated but DNA data are required for reso-
lution, ideally based on published descriptions of
topotypes or neotypes of these earlier species, as
per Blakemore et al. (2010) (¢f. limited data in
Appendix).
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Key to historical members of A. morrisi-complex
with spermathecal pores 5/6/7

1. Genital papillae mid-ventral in (6),7-8,(18) but
not near male pores A. morrisi
— Genital markings (absent?) or with different
arrangement 2
2. Spermathecal diverticulum longer, swollen
(intestinal caecum form?) ------------ A. pallidus
— Spermathecal diverticulum shorter, thin; intes-
tinal caecum incised ------------------- A. insulae

Amynthas morrisi (Beddard, 1892)
(Figure 5)

Perichaeta morrisi Beddard, 1892a (July): 166, PL. IX,
fig. 1. [From Kew Gardens from Penang type-loca-
lity (under ICZN, 1999: Art. 76.1.1). Types in
British Museum 1904:10:5:199-201 “three or four
specimens, of which only one was sexually mature”,
and labeled as from Hong Kong according to Gates
(1972: 203) but this contradicted by the current
study — see Materials Examined. Types in British
Museum 1904:10:5:199-201 inspected by RJB 19.
VI.2013 and (missing) specimen 199 newly select-
ed as lectotype]; ?non Beddard 1900a: 420, 423
(describing Hong Kong non-type specimens as part
of Amyntas hawayanus; two of these were redes-
cribed by Gates 1937: 361).

[?Perichaeta mauritiana Beddard, 1892a: 170, Pl. X
figs. 5—6. From Kew in material from Mauritius.
Types in British Museum listed as BMNH 1904:
10:5:203—-205 suggesting three specimens, but the
original misplaced by Beddard (1900a: 425) who
described other supposedly similar specimens. Pos-
sibly a morph of gracilis since spermathecae are in
7&8 and markings only near male pores — three per
side but shown as more horizontal rather than
oblique as usual in 4. gracilis]; Beddard 1900a: 425
(describing two other supposed non-type specimens
with spermathecae in 6—8,9 one that was more
similar to gracilis)].

Perichaeta morrisi: Beddard 1895a: 394, 400, 411;
Rosa 1896: 516, figs. 2-3 (of proatate and sperma-
theca) [specimens from Padang, Sumatra reasonab-
ly expanded the definition to include mid-ventral
markings in 6 and 18, and first dorsal pore in
10/11].

[Amynthas barbadensis: Michaelsen 1900: 254 (syn.
pallida Michaelsen, 1892: 227, amazonica Rosa,
1894: 14, sanctijacobi Beddard, 1895: 61,

cupulifera Fedarb, 1898: 445 — 1 think this is in
error as only barbadensis specimen “c” complies)].

Pheretima morrisi (part.?): Michaelsen 1900: 287; Ude
1905: 434; Chen 1931: 148; 1933: 267 [syn.
insulae, hawayana lineata, browni: Chen says sensu
Gates 1932 (not 1931)]; Gates 1937: 361 (inspect-
ing BMNH alledged Hong Kong types); 1939: 453
(syn. insulae, browni part.); 1968: 253; 1972: 202
[syn. browni (part.) Stephenson 1912: 274 — this
synonymy by Gates is obviously a mistake as
Pheretima browni Stephenson, 1912 has sperma-
thecal pores in 7/8/9 amongst other differences, cf.
Metaphire californica; hawayana lineata]; Gates
1982: 59 (no synonyms listed just broad definition).

Amynthas morrisi (part.?): Sims & Easton 1972: 236,
figs. 1A (of 18rhs male pore of non-type), 1H (of
incised caecum they call “complex” of non-type);
Easton 1981: 55 (syn. exiloides: Ohfuchi, elongata:
Ohfuchi); Easton 1982: 729, fig. 4c; Sims & Gerard
1985: 132, fig. 47a (syn. barbadensis, mauritiana);
Blakemore 2002, Blakemore 2003 [syns. barba-
densis, ?pallida, hawayana lineata, exiloides: Ohfu-
chi, 1956 (non Chen, 1936), elongata: Ohfuchi,
1956 (non Perrier, 1872)]; Shen & Yeo 2005: 24
[syns. barbadensis (part.), pallida (part.), amazo-
nica, insulae, cupulifera, hawayana lineatal; Blake-
more et al. 2006: 228 [syns.? barbadensis (parts
?“a” and “c”), mauritiana (most likely a variety of
gracilis), pallida, ?amazonica, ?sanctijacobi, ?cu-
pulifera]; Blakemore 2008; 2010; 2012b (providing
full synomymy citations as herein); Chang et al.
2009: 60, fig. 26 [photos with 26A of 18rhs male
pore and GMs corresponding almost exactly with
the supposed type 1904:10:5:199 (pers. obs.),
therefore a likely misidentification and probably
close to 4. cupuliferus itself a probable synonym of
A. pallidus as Michaelsen thought].

Etymology. Named for Sir Daniel Morris, As-
sistant Director at Kew Gardens from 1886—1898
before he became Imperial Commissioner of the
West Indian Agriculture Department (where orga-
nic pioneer Sir Albert Howard also worked from
1899-1902).

Diagnosis. The type-description is short:
Length stated as 52mm (natural size of 80mm
shown in his fig. 1 as noted by Rosa), segments
93. Spermathecal pores 5/6/7, male pores 18 not
separated by a very wide interval (with minute
papillae assumed nearby since there are glands
internally). “There are no papillae in the neigh-
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bourhood of the male pores...” but “..in the
neighbourhood of the spermathecal apertures” are
central discs, mid-ventral, presetal in 7 & 8, plus
Rosa found them mid-ventral in 6 in one and in 18
in two of his non-type specimens. Gizzard in
septal space of 8—10; oesophagus in 10—14 di-
lated; intestinal caeca the usual pair. Sperma-
thecae with diverticulum un-dilated about as long
as the ampulla. Copulatory pouches absent (i.e.,
male pores simple). (Beddard thought the setae on
clitellum were characteristic but these are likely
due to maturity and interval after shedding and
thus are irrelevant).

Figure 5. A. morrisi Beddard (1892, PI. IX, figs. 1) from
original of lectotype body and Rosa’s (1896: figs. 2-3) of
spermatheca and prostate, possibly of the same taxon
as A. morrisi. The original description had
no GMs around male pores.
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Material examined. Natural History Museum,
London 1904:10:5:199-201 labelled: “Perichaeta
morrisi Beddard, 1892 TYPE 1904:10:5:199-201
Loc: Penang Island, west of Malakka, Sumatra
(Padang). Ref. Proc. Zool. Soc. L. 9(1): 166”;
“Perichaeta Penang”; plus a label from Beddard
that is illegible. [NOTES: The location note
“Sumatra, Padang” is seemingly a mistake (al-
though it where Rosa (1896) recorded morrisi
from), it is 700km from Malaysian Penang (5°
24°N 100°14’E) and far from Malacca; actually
this location is copied from Michaelsen (1900:
287) who gives location: “Insel Pinang westlich
von Malakka, Sumatra (Padang)”. Reynolds &
Cook (1976: 149) mistakenly give this same re-
gistration number for P. padasensis (Beddard &
Fedarb, 1895)]. Sample contains four specimens,
none dissected, one is mature and three are
aclitellate. The mature specimen is figured here
but cannot possibly be the type of A. morrisi as it
is undissected and differs considerably; the other
three sub-adults may be syntypes but were not
used originally since Beddard (1892b: 166) says —
“Three or four specimens were forwarded to me,
of which only one was sexually mature; the fol-
lowing description is based upon that specimen.”

The lectotype is hereby designated as 1904:
10:5:199 under ICZN (1999: Art. 74 with amend-
ment) it being the sole name-bearing individual
on which the original A. morrisi description by
Beddard was based having a (contracted) length
of 52 mm with 93 segments and illustrated at
natural size in his fig. 1 (as 80 mm) and even
though this specimen is now misplaced, the
objective being to define this taxon in the interest
of nomenclatural stability. The three aclitellate
syntypes (1904:10:5:200—201) become paralecto-
types only because Beddard mentioned them as
“three or four specimens”, they formed no part of
the description and neither did the mature spe-
cimen that was presumably added to the jar sub-
sequently (here figured and traced to same batch
as Hong Kong specimens 1904:10:5:106—116, in
particular one described by Beddard 1900a: 424).

Distribution. Described from Kew but origin-
nating from Penang the following records all now
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require verification. Possibly native to southern
China, A. morrisi is supposedly peregrine in:
Myanmar, Thailand, Vietnam, Taiwan, Malaysia
inc. Penang, Singapore, and Sumatra; and outside
the Pheretima domain in: Hawaii, USA, Mexico,
South America and Caribbean [e.g. Equador, Chi-
le, Argentina, Brazil, Guayana, Mexico, Barbados
and Peru also Guatemala (Gates 1982)], Diego
Garcia, Spain, Italy, Pakistan, India (Gates 1972:
204), South Africa, PNG and Australia. Only one
previous report in Australia — from the grounds of
the old Queensland Museum, Brisbane (Easton
1982) may now be suspect. How many of these
reports are A. morris s. strict. is unknown as this
distribution may now only refer to the A. morrisi
spp-group, and that in part only with the current
restriction of names and resurrection of syno-
nyms.

Notes. It is now necessary to restrict the de-
finition of A. morrisi to those specimens that
agree with the original in having (paired or
unpaired?) mid-ventral markings on 7 & 8 and
none around male pores.

The listed NHM type is undissected and does
not correspond to the original description by
Beddard thus the samples have been mixed at
some stage between 1892 and 1904 when they
were lodged, or afterwards by Gates and/or
Monro.

Gates (1937: 361) claimed to inspect British
Museum material he cited as: “ 3 specimens label-
ed, ‘Pheretima barbadensis 1904:10:5:11—12.
Barbados. coll. Beddard’ and 1 aclitellate and 1
partially clitellate specimen labelled ‘Pheretima
morrisi. 1904:10:5:106—116. Hongkong. coll.
Beddard’ . These are obviously not types of A.
morrisi, but Gates goes on to say “The British
Museum specimens from Hongkong are, accord-
ing to Dr. C.C.A. Monro, the types of P. morrisi.”

The single clitellate syntype of Beddard’s
Penang species — now missing — was described
with markings only mid-ventral in 7 & 8. Gates
(1937: 362) described two Hong Kong pseudo-
types, one partially clitellate with markings mid-
ventral in 6, 7 & 8 and also with paired lateral

presetals each on 7, 18 & 19 along with two
markings just median to each male porophore.
This complies exactly with what Beddard (1900a:
424) said “it was very general to find” in several
of his Hong Kong non-type specimens of
“morrisi” with one individual in particular having
median markings on each of segments 6-S.
Another one Beddard (1900a: 424) said “was
anomalous by reason of the fact that the 7"
segment had no less than six papillae arranged in
an irregular line along the middle of that
segment” — which is exactly what the mixed-type
specimen (in jar 1904:10:5:199-201) now has —
but this was not recorded by Gates. Gates (1937:
362) described the second aclitellate Hong Kong
specimen with three marking on 7 and four on 18
but this does not comply with any of those given
particulars by Beddard (1900: 424) and can be
ignored too. The registration numbers (BMNH
1904: 10:5:106—116) suggest there were origin-
nally eleven specimens in the sample, and Bed-
dard (1900: 424—245) provides details of ten or
eleven of these Hong Kong specimens, thus it is
unclear why Gates (1937: 361) could only record
two specimens. Nevertheless, it seems Gates is
mistaken in his assumption about these being A.
morrisi types. It is now important to try to trace
the eight remainder of the eleven Hong Kong
specimens as these may contain the actual missing
type accidentally swapped with the one Hong
Kong non-type material presently in jar BMNH
1904:10.5.199-201 [these numbers themselves
indicating three specimens but actually comprised
of four, with one being the Hong Kong non-type
specimen, as noted above and in designation of a
lectotype below].

Also often confused and contradictory in his
work, Gates (1939: 446), for example, claimed to
inspect BMNH non-types from Hong Kong
labelled “P. barbadensis 1904.10.5.1219.1228”
containing three specimens of “Pheretima barba-
densis and varieties?” and “P. morrisi 1904.10.
5.453” that he said had four divers specimens; but
a few pages later (Gates 1939: 453) said these two
jars contained, respectively, 31 (!) specimens and
just three specimens of “Pheretima morrisi”. This
whilst he placed the type of 4. insulae Beddard,
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1896 and, even more unlikely, A. browni Steph-
enson, 1912 in synonymy of his confused concept
of A. morrisi. Gates rarely provided figures for
clarification.

Sims & Easton’s (1972: fig. 1A H) was sup-
posedly A. morrisi but the specimen concerned
was not identfied. Interestingly, Sims & Gerard
(1999: 132, fig. 47a, after Easton 1982: fig. 4d)
later said: “Amynthas morrisi (Beddard, 1892a:
166) originally recorded as Perichaeta barba-
densis Beddard, 1892a: 167 and P. mauritiana
Beddard, 1892a: 170” and their figure of “A.
morrisi” had genital markings below and just
median to line of spermathecal pores in 6,7 and 8
and paired midventral in 18 and 19 and just above
male pores and in a similar position on 19 (i.e., 14
total, all presetal but no single central as in the
original!). These authors did not inspect types of
any of these three taxa and their mistaken

characterizations are now highly suspect (see Figs.

8a—c).

There is no evidence to support P. mauritiana
being the same as P. morrisi and thus Sims &
Easton’s (1972: 236, figs. 1A, 1H) plus Easton’s
(1982: fig. 4c) and Sims & Gerard’s (1985, 1990:
fig. 47a) are not representative of the type and are
themselves probably composites. Ironically, Sims
& Easton (1972) did not list type of 4. morrisi in
their study, and the specimen they figured is un-
known, possibly a composite or one of the syno-
nyms? Maybe it is from the A. insulae type
(1904:10:5:86) as briefly redescribed below?

Unfortunately, since the single type of P. mor-
risi cannot be located in the Museum collection,
the definition of this species presently remains
unverified.

Beddard’s (1892b: 170, fig. 6) Pe. mauritiana
was yet thought by Michaelsen (1900: 316) and
Gates (1972: 217) to belong to hawayana (=
gracilis), or barbadensis, or robustus. Because of
its markings around the male pores, mauritiana is
a possible morph of 4. gracilis lacking the ante-
rior pair of spermathecae but this too needs con-
firmation. Cf. Sims & Gerard (1999) who oddly
include it in synonymy of 4. morrisi even though
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its spermathecae are in 7 & 8 not 6 & 7 as in
morrisi. Pending inspection of its type, it is
perhaps judicious to retain it too as a species
incertae sedis.

Pe. mauritiana was described on a single spe-
cimen with GMs on 18 only, three per side, below
and median to the male pores, thus unlike those of
A. morrisi but possibly the same as 4. gracilis. If
they are the same as A. gracilis, but lacking the
first set of spermathecae having the pores in 6/7/8,
this begs the question why Beddard did not re-
cognize it as similar to his Pe. barbadensis spe-
cimen “b” although, as in typical 4. gracilis, this
has pores in 5/6/7/87? Probably it was because he
put more weight on the setae retained on the
clitellum even though this is not a valid charac-
teristic of megadriles.

Probably Sims & Easton (1972) took Beddard
(1900a: 424) too literally when he described two
non-type specimens of 4. mauritianus from Hong
Kong that he likened to A. morrisi. The sperma-
thecae of the single types of each: these being in 6
& 7 in morrisi and 7 & 8 in mauritiana, separate
these two taxa regardless of subsequent embel-
lishments. However the addition of the two Hong
Kong specimens may account for the three regist-
ration numbers for mauritiana types (that were
not found in the current study).

Beddard (1892a: 172) was further mistaken
when he referred a single worm from Singapore
via Kew as being similar to his P. morrisi and to
his earlier “Perichaeta ceylonensis™ as there is no
such taxon and he probably meant his Pe.
ceylonica that is now Megascolex ceylonicus
(Beddard, 1886). The single Singapore specimen
had intestinal caeca and a gland on the atrium that
thus may qualify as a member of the genus Manus
Blakemore, 2010 currently known only from Ja-
pan for type Pheretima koellikeri Michaelsen,
1928; thus quite different from A. morrisi.

Gates (1939: 454) had a table of setac and
GMs in ten Szechwan specimens showing they
are usually mid-ventral on 6—8 and paired late-
rally on 7 less often with only two specimens
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having GMS on 18 and one of these on 19 too.
But, because he footnotes that these all had a pair
of markings next to the male pores, they no longer
comply with 4. morrisi and probably represent
one or more of its previous synonyms.

The previous broad definition of A. morrisi
had allowed genital markings very rarely lacking,
usually small discs presetal unpaired median in
some or all of 5-8 or 6—9 and 18; paired and just
median of spermathecal pore lines or more mesi-
ally in some or all of 6—9; occasionally two or
more in 18 or 19; and almost constantly two just
median to each male pore but one pre- and one
post-setal. Intestinal caeca simple but (always?)
with incised or lobate ventral margin. This define-
tion is now defunct and restricted, unless mole-
cular evidence, such as that in the Appendix, can
now show that specimens with mid-ventral GMs
in 7 & 8 also have the variations as described for
subsequent synonyms that are briefly presented
below in chronological order.

Past synonyms of A. morrisi eligible for
restoration progressively in date order

Ampynthas pallidus (Michaelsen, 1892)
(Figure 6)

Perichaeta pallida Michaelsen, 1892 (Sept.): 227.
From Porto Alegre, Brazil. Berlin types 441, sup-
posedly more than two specimens, missing accord-
ing to Reynolds & Cook, 1976: 149]. [It has two
(or three?) pairs of spermathecae in 5/6/7(/8) and
GMs variable in male field and near spermathecal
pores, also some mid-ventral too but probably
refering to two different taxa].

Perichaeta amazonica Rosa, 1894: 14. [From Manaus,
Brazil. Turin(?) types missing].

Perichaeta sanctijacobi Beddard, 1895. [From San-
tiago, Chile. Hamburg type missing. Specimen
lacked GMs but thought similar to A. morrisi
because it had spermathecae in 6 & 7 but each with
swollen diverticulum].

Perichaeta cupulifera Fedarb, 1898: 445, fig. 1. [From
Dehra Dun in NW provinces, India. Types from
Calcutta Museum? Cf. A. gracilis synonymy].

Pheretima pallida: Michaelsen 1900b: 254 (held in
synonymy of P. barbadensis along with amazonica,
sanctijacobi, cupulifera).

Pheretima hawayana lineata Gates, 1926: 154. [From
Taungyi, Myanmar. Types lost. Gates described this
species with spermathecae in 5/6/7 and with cha-
racteristic median preclitellar papillaec (sometimes
missing) and papillae internal to and either side of
male pores plus a presetal pair on 19, i.e., similar to
A. pallidus].

?Pheretima incongrua Chen, 1933: 270. [From Lin-
hai-hsien, Chekiang, China. Types in US National
Museum 20175].

Diagnosis. Pale yellow-gold but pale brown
dorsally (sanctijacobi greenish brown). Longest
125 mm by 5 mm with 95 segments. Setae 52—59
in midbody. First dorsal pore uncertain. Male
pores widely separated on 18. Typically two pairs
of spermathecae in 5/6/7 and GMs variable in
male field and near spermathecal pores, also some
mid-ventral too but possibly refering to different
taxa. Michaelsen gives GMs as: two, three or four
papillae particular to each of the male pores. An-
other pair just behind 18/19, close to each other
and to the ventral midline, and two other couples
on segment 7 in the ventral-median line. In other
examples (different species?) those papillae near
the male pores differed and papillae or groups (up
to 3) were on the intersegmental furrows of 5/6
and 6/7 or 7/8. Gizzard occupies 9. Intestine in 14.
Caeca from 26 (form not stated). Hearts 11—13.
Holandric, metagynous. Prostates 18. Sperma-
thecae in 6 and 7 (and sometimes 8?).

Distribution. Introduced to South America and
India, probably from China. Its distribution is con-

Ventral surface of xviiith segment of Pericheta cupulifera, showing the
cup-shaped papill®.

Figure 6. A. pallidus (Michaelsen, 1892) after Fedarb’s

(1898: 445, fig. 1) of Perichaeta cupulifera synonym
with GMs around male pores.
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confused with that of 4. morrisi s. stricto and
subsequenty synonyms.

Notes. Michaesen’s specimens with three pairs
of spermathecae in 5/6/7/8 should strictly be
excluded from the definition; they possibly
comply with A. rockefelleri (Chen, 1933) or some
similar taxon. Having markings around the male
pores currently disqualifies A. pallida as a syno-
nym of A. morrisi but unfortunately exact charac-
terization is unavailable without access to the type
of either taxon.

Because Michaelsen (1900b: 238, 244, 254)
maintained a broadly defined Pheretima barba-
densis with synonymys: pallida, amazonica,
sanctijacobi and cupulifera, now that barbadensis
is made synonym of A. gracilis, then these latter
three should all probably now default as A. palli-
dus synonyms. Caeca are usually from 26 or 27,
but the form in 4. pallidus needs to be determined
for comparison with A. insulae.

P. cupulifera was described with GMs a pair or
a single papilla at the edge of the segment (7?) in
line with spermathecal pores in 6/7; one worm
from several was said to have two median papillae
on 7 & 8 (as in morrisi); and others had markings
near male pores as in Fedarb’s figure. The two
pairs of spermathecae in 6 & 7 have a diverti-
culum swollen at the extremity. Fedarb’s figure of
segments 18—19 (presumably of the type) is also
particularly close to male field of the type of A.
insulae. However, the author made no mention of
the state of the intestinal caeca thus, for the pre-
sent as in the past, it falls under A. pallidus as per
Michaelsen (1900b).

Parthenogenetic 4. incongruus (Chen, 1933 as
described by Chang et al. (2009: 52) from China
and Taiwan may now be comparable to degraded
forms of A. pallidus as may its possible synonym
A. lubricatus (Chen, 1936) that lacks markings.
GenBank COI barcode for “A. inconguus” agrees
98% with A. morrisi, A. aspergillus, A.
triastriatus and several other BLAST results, but
with none of these identities confirmed.
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Other possibly related species but lacking
marking other than those immediately median to
the male pores, is A. infuscuatus Jiang & Sun,
2014 that may be the same as A. pallidus. Also
similar is 4. endophilus Zhao & Qiu, 2013 that is
said to lack markings despite these being shown
as a pair mid-ventral on 18 in their fig. 1.

Ampynthas insulae (Beddard, 1896)
(Figures 7a—c)

Perichaeta insulae Beddard, 1896: 205, fig. 2. [From
Hong Kong. Type BMNH 1904:10:5:86 inspected
by Gates 1939: 454, by Sims & Easton 1972: 180
and herein].

Pheretima insulae: Michaelsen 1900: 276.

Amynthas insulae: Sims & Easton 1972: 237 (mor-
risi group); Blakemore 2008.

Diagnosis. (from Beddard and current inspec-
tion of type): 103 mm with 95 segments. Clitel-
lum 14—16. GMs are described as papillae paired
“near the anterior margin on viith segment” but
figured by mistake on the 8", here correctly
shown on segment 7; eight papillac on 18 (but
misfigured by Beddard compared to the current
sketch) and a single papilla on 19 on “left side of
the body” (actually on rhs as per current sketch).
Glands correspond to the GMs internally on 18.
Pharyngeal glands to the sixth segment. Septa
4/5—7/8 thin, those immediately after gizzard
thicker. Seminal vesicles in 11 and 12. Prostates
racemose. Spermatheca in 6 & 7 (opening to
5/6/7) with shortish, unswollen diverticulum as
sketched. Intesine from 15, caeca in 27 newly
found to be ventrally serrate/incised as sketched.

Material examined. BMNH 1904:10:5:86.
Labels in jar state: “Perichaeta insulae (Beddard)
(Type?) 1904:10:5:86 Hong Kong Beddard
Coll™; “Perichaeta insulae Hong Kong” in
Beddard’s hand; “Probably the type of Perichaeta
insulae Beddard but now = P. morrisi” in Gates’
hand?; “fide GE. Gates”. Jar contains one pre-
viously dissected specimen in good contition with
a separate vial containing a single spermatheca.

Distribution: Hong Kong, China.
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Perichetla insule.

@, oviducal pore. ', male pore.
a p, papille.

Figure 7a. A. insulae (Beddard, 1896) his fig. 2, with sketch of actual lectotype conditions of markings in 7 and 18-19
plus a spermatheca and distinctive serrated caccum. Possibly same as A. pallidus for which the condition of its
caeca are unreported.

Figure 7b. Disparate “Amynthas morrisi” figures after Sims & Easton’s (1972: figs. 1 A, H) enlargement of male pore and
lateral view of an incised caecum that may be from specimen similar to either A. pallidus and/or to A. insulae; alongside
Sims & Gerard’s (1999: fig. 47a) sketch of “A. morrisi” (that is the same as Easton, 1982: fig. 4d) and is more likely
A. pallidus (or a composite of several species?) lacking preclitellar mid-ventral markings.

Notes. 1t seems that 4. insulae should be main-
tained separatedly from both A. morrisi and A.
pallidus based on its serrate intestinal caeca and
shorter, thin spermathecal diverticulum. Sims &
Easton (1972: fig. 1H) claim a similar ‘complex’
caecum in 4. morrisi from a non-type specimen
that they fail to identify but this has yet to be
confirmed. Furthermore, the precise arrangement
of its GMs on 7 and 18—19 certainly differ from
A. morrisi proper whilst helping to define the
current taxon.

Summary of A. morrisi species-group revision
results

® Amynthas morrisi is restricted to its lectotype
and the original type-description; efforts
should be made to relocate this missing type
and to analyse DNA samples, preferably from
Penang topotypes that comply morpho-
logically. Only then can its relation to other A.
morrisi group members be determined.

® Amynthas barbadensis is restricted to the lec-
totype which is specimen “b” that now comp-
lies with prior A. gracilis as its junior syno-
nym.

® A. mauritianus may be provisionally restored
although there is little to separate it from quad-
rithecal forms of prior 4. gracilis. Certainly it
is separate from the restricted 4. morrisi.

® The other previous synonyms of morrisi that
were questioned by Blakemore (2003, 2007,
2008) revert to the earliest name which is
Amynthas pallidus that is also restored as per
its original description. Whether species such
as A. insulae and A. cupuliferus actually agree
may again be settled by inspection of types
and progressive DNA analysis of taxa repre-
sentatives.

® It is noteworthy that DNA sequences currently
posted on GenBank (Appendix) show that
samples identified by different authors under
the name A. morrisi represent different taxa —
none of which may be the same as the current
concept — thus there is justification for estab-
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lishment of a species-complex and for urging
further studies on actual species identities and
boundaries of these in their Asian homeland
and in translocated populations.

Figure 7c. Sketch of specimen 1904:10:5:199-201 from jar
of “A. morrisi TYPE” is herein found exchanged: it cannot
possibly be the same because it is undissected and its external
characters do not agree. [This mature specimen is actually the
anomalous specimen from Beddard’s (1900a: 424) Hong
Kong samples (1904:10:5:106-116) themselves mistakenly
redescribed as A. morrisi types by Gates (1937: 361). This
specimen here figured is superficially similar to A. insulae
type (as is Sims & Easton’s 1972: figs. 1A, 1H of “A.
morrisi” non-type male pore and caecum!), whereas the
remaining Hong Kong non-type sample descriptions are
reminiscent of both 4. insulae and several other members of
the newly proposed A. morrisi spp-complex].

138

Amynthas talus sp. nov.

(Figures 8a—b cf- 8c)

Amynthas “morrisi group” (Sims and Easton 1972):
Blakemore 1994: 353, fig. 1.27.

Material examined. University of Queensland
farm at Mt Cotton (27°53°S, 153°14'E), collected
by RJB, 19.1.1993 from pasture and under Albizia
spp. in reddish soil; other material collected by D.
Mercer in 1975 and A. Wilkie in 1992 from the
same site. Numerous mature and immature speci-
mens those lodged in ANIC (RB.95.1.1) listed as
H and P1 other, supposedly still in collection at
Queensland University. Contemporary details of
the Mt Cotton site soils and vegetation are
provided by Gutteridge (1990).

Habitat. Under pasture; sandy soil of lower
creek bank almost in gravels of water line, also in
moister clay under trees and shrubs at 0-20 cm
depth.

Lengths. Current 75-100 mm (cf. 45-120 Gates
for morrisi).

Width. 3—4 mm.

Segments. 122—156 body cylindrical anteriorly
but tapering and becoming more trapezoid poste-
riorly, some secondary annulation in anterior,
deep furrows in posterior. Segment 10 is wide and
semi-transparent: paired ventral blood vessels
show through.

Colour. Dark brown anterior and dorsum (but
setal auriolae paler), paler ventrum, clitellum buff,
after clitellum dark mid-ventral line. In formalin,
a uniform buff but with deep puce clitellum.

Prostomium. Parallel open epilobous, often
compressed.

First dorsal pore. 11/12 and then 12/13 but not
on clitellum, although present subsequently and
continuously to posterior.

Setae. Numerous ca. 40—50 per segment, vent-
ral and dorsal gap slight if at all; only faintly
retained ventrally on clitellum; typically setae
occluded between male pores but in two speci-
mens two larger (penial?) setae seen midventrally
between male pores (figured).
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Figures 8a—b. Amynthas talus sp. nov. from Mt. Cotton, Qld.; a = ventral view of H with spermathecae, intestinal cacca and
prostate in situ; b = paratype with spermathecae and prostate in situ (note blood vessels showing in 10). Differs from other
A. morrisi spp-group by GMs on 18 being outside male pores plus multiple, mid-ventral GMs paired in 5,6—7 and 18,
(rather than 6,7 & 8), etc..

Nephropores. None visible.

Clitellum. Annular 14—16, furrows obliterated
or faintly retained.

Male pores. 0.3 circumference apart on
slightly raised equatorial porophores surrounded
by several faint concentric grooves with markings
nearby (see Genital markings).

Female pore. Single, central on 14 in small
countersunk dish or in lateral groove.

Spermathecal pores. Two pairs in 5/6 and 6/7
lateral, ca. 0.4 circumference apart with slightly
tumid lips concealed in furrows.

Genital markings. Variable as small mid-
ventral paired (occasionally single, or quadruple)
presetal discs in 5—7 or 6 and 7, and often a
postsetal pair in 6 (and occasionally 5); plus
always one pair mid-ventral and presetal on 18
between male pores, and often another pair post-

139



Blakemore: Miscellaneous earthworm types in the Natural History Museum, London

setally. Also immediately lateral to the porophores
on 18 a pair (may be doubled) of small raised
papillae anteriorly and posteriorly; or one or both
of the anterior pair may be absent. In sub-adults
only the male pores are present, papillae and
genital markings are lacking.

Septa. 4/5/6—7/8 getting progressively thicker
and displaced posteriorly, with tendons reaching
to succeeding segmental walls; 8/9 membranous
or absent, 9/10 aborted; 10/11—-14/15 getting
progressively weaker with tendons persisting.

Dorsal blood vessel. Single continuous to
pharynx in 4.

Hearts. Weak in 7 then strong in 10 (from
dorsal vessel), 11-13 (from supra-oesophageal
vessel). Supra-oesophageal vessel from region of
10/11 to 14. Ventral blood vessel bifurcated under
gizzard from 10. In 5 and 6 numerous small blood
vessels appear clustered together.

Gizzard. Large, tubular to bell-shaped and
muscular with evenly spaced longitudinal blood
capillaries occupying space between 7/8 and 9/10.

Calciferous glands. Small oesophageal pouch-
es which appear pink due to blood capillaries and
have internal lamellae present in 10 (annular)
11-13 (ventrally pouched) and 14 (weakly annu-
lar). These outgrowths of the oesophageal wall are
easily deformed and in section the walls are thick
and squamous but calciferous granules were not
seen. (Beddard found oesophagus in segments
10—14 thickened and whitish in A. morrisi).

Intestine origin (caeca, typhlosole). Oesopha-
geal valve in 14 or 15 opens into intestine in 15 or
16; caeca simple and extending from 27 to 24. At
the region of the caecal origin, a large single
lamelliform dorsal typhlosole commences.

Nephridia. Meroic, from 4—7 numerous tu-
bules are obvious on the posterior septa, further
anteriorly they are much larger, almost tufted;
from segment 8 posteriorly micro-nephridia are
equatorial on the body wall.

Male organs. Testes/funnels in membranous
testis sacs in 10 and 11. Segments 7—14 are filled
with white coagulum, but seminal vesicles (and
pseudovesicles?) can be distinguished in 10—12
but not in 9.

Ovaries. Rather small pair ventrally from
anterior septum of 13 as flattened palmate or
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clustered egg strings with oviducts in the posterior
septum.

Prostates. Racemose, bi- or tri- or multi-
partite, from 17/18—19/20, large muscular ducts in
single loops. Vasa deferentia enter the glands near
the junction with the duct.

Spermathecae. Two pairs in 6 and 7 with long
slender duct widening to sub-spherical (or flat-
tened) ampulla, ectally a single diverticulum
branches with a thin stalk and dilated bulb which
is either elongate or lobular. The curved diver-
ticula do not reach to the apices of the ampullae.
Iridescence was generally not seen in the bulbs of
the diverticula although some stalks possibly had
an internal sheen; the ampullae were often filled
with clear coagulum. In one specimen the sperma-
thecae were noticeably heteromorphic: the am-
pullae of the anterior pair were flattened with
small, bulbous (iridescent) diverticula on short
stalks, whereas the posterior pair had larger,
elongate diverticular bulbs filled with an opaque
coagulum.

Behaviour. Two specimens (one with 135
segments) had autotmy of posteriors. Much
ejected mucus adhered to dorsum in several speci-
mens (see note below). Vigorous lashing escape
response on being handled.

Gut contents. Fine soil and few pieces of
organic debris suggesting a geophagous diet but
possibly selective.

Etymology. From Latin talus for dice, after the
GMs looking like dots on face of a dice.

Notes. Pharyngeal mass extends back to 5/6
obscuring the nephridial form. Internally, small,
squat glands were associated with the genital
markings, which were not clearly stalked but rath-
er flattened to the body wall and were invested in
a coagulum of sticky mucus. Mucus was also e-
jected onto the dorsal surface of several of the
specimens and may be a natural defence against
predators or desiccation, here activated by preser-
vation. In the coelomic cavity the mucus may be a
defence against parasites, e.g. Gates (1972: 203)
reports spores and nematode eggs being dis-
charged in coagulum through the most anterior
dorsal pores in specimens he identified with 4.
morrisi.
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Figure 8c. Amynthas tripunctus (Chen, 1946) showing sper-

mathecal and male fields and a spermatheca after Chen’s ori-

ginal (the spermathecal pores are in segments 6 & 7 ante-

riorly thus strictly complying with A. canaliculatus spp-

group of Sims & Easton, 1972). Note the similarity of male
field to that of Sims & Easton’s (1972: figs. 1 A)

Remarks. Queensland specimens described
here comply with the Amynthas morrisi species-
group of Sims & Easton (1972) for which A4.
morrisi, as diagnosed above, is the representative
species. Considerable variation in the distributions
of genital markings appears permissible within
this species-complex, however, the current speci-
mens are somewhat unusual in having more than
100 segments, closely paired mid-ventral anterior
markings but with male field markings lateral of
the male pores, plus a typhlosole that is well de-
veloped rather than rudimentary (cf. Gates’
descriptions). It is therefore possible that they
more closely resemble some other of the 30—40
nominal taxa within the A. morrisi-spp. group but
no exact match has been found as yet from
searches of the literature after twenty years.

I rejected the following possibilities of about
20 candidates, in order of priority: morrisi Bed-
dard, 1892; insulae Beddard, 1896, lalangi or sil-
vestris both by Michaelsen, 1923; choeinus
Michaelsen, 1927; incongruus Chen, 1933; alutus
Chen, 1936, hainanicus, puerilis, sinuosus, all by
Chen, 1938; gravis or sapinianus Chen, 1946;
loveridgei Gates, 1968; nanulus Chen & Yang,
1975 (only 51 mm long); parvus Chen & Zhifang;
either of A. campanoporophoratus (Thai, 1982)

and A4. plantopapillatus (Thai, 1982), or one of
Hong & James’, 2001: draconis, naejangensis,
piagolensis, taebaekansis. But these should all
now be compared with the revised version of A.
morrisi, A. pallidus and some quadrithecal
synonyms of A. gracilis.

A species that perhaps comes closest to the
current is Amynthas instabilis Qiu & Jiang, 2014
just published in Jiang et al. (2014: 3, fig. 1) from
Hainan and Guangdong, itself compared to par-
thenogenetic 4. incongruus (Chen, 1933) from
Taiwan and China and possibly to A. tripunctus
(Chen, 1946) from China. It is similar in having
only a few setae (0-2 stated, 03 figured) between
the male pores but lacks the mid-ventral markings
there (although it too has paried markings lateral
to the male pores, in their holotype at least). Its
spermathecal pores are each preceded by a small
papilla, plus a postsetal papilla is mid-ventral in 6
and a presetal pair is mid-ventral in 7. This com-
parison also serves to indicate likely region of
origin for A. talus in Hainan and/or Guangdong,
China.

Amynthas tokioensis (Beddard, 1892)

Perichaeta tokioénsis Beddard, 1892d: 762. [Published
December, 1892 according to Michaelsen (1900:
272)]. [From Japan (probably Tokyo as in “toki-
oensis”). Lectotype in British Museum: BMNH:
1904.10.5.166 inspected and designated by Sims &
Easton (1972: 181, 191) and re-inspected and refi-
gured by RIJB when on loan to YNU in October,
2004 and again in NHM, London in June, 2013; the
specimen was 65 mm long with 67 segments but
looks like a posterior amputee as the last segment
has setae and is blunt rather than tapering. It is
browny-grey in preservative and the clitellum is
darker. The specimen had been dissected by Bed-
dard and was slightly damaged: spermathecae in 8
were removed, only one remained in the jar that I
put in a calcium vial along with a detached diverti-
culum, also the glands from 7rhs looked to have
been removed, as was 18lhs prostate. The three
labels inconsistenly state:

“Perichaeta tokioensis”;

“Pheretima tokioensis (Bedd.) 1892 1904:10.5.166
Loc? Coll Beddard”;

“Perichaeta tokioénsis Beddard, TYPE 1974.1.172
Loc. Japan Col. Mr Masataka Rokugo Ref. Zool.
Jahrb. Syst. v6 p. 7627].
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Notes. The same person collected Beddard’s P,
masatakae and P. rokugo (see M. hilgendorfi),
perhaps also from Tokyo. As re-described by
Blakemore (2010: fig. 2), nothing in the des-
cription of Korean Amynthas sonjaesiki Hong &
James, 2009 separates this from prior 4. tokio-
ensis.

Genus Duplodicodrilus Blakemore, 2008

Duplodicodrilus schmardae schmardae (Horst,
1883)

(Figure 9)

Megascolex schmardae Horst, 1883: 194. [From “Ja-
pan”. Syntypes in Leiden: 1818 (inspected by Sims
& Easton 1972: 181 and 191 where the multiple =
manicate condition of caeca was noted since Horst
omitted its mention); types also (erroneously?)
reported as in Vienna: 3970 by Reynolds & Cook
(1976)]. [Non Megascolex schmardae Michaelsen,
1897. Since these taxa have not been considered
congeneric after 1899, e.g. Michaelsen (1900) had
them in separate genera, a replacement name is not
required and prevailing usage is maintained (ICZN,
1999: Art. 23.9.5)].

Perichaeta trityphla Beddard, 1896: 205, [From Bar-
bados. Types actually BMNH 1904:10:5:69 (listed
as BMNH:1904.10.5.169) with labels: “Metaphire
scmardae (Horst, 1883)”; “Perichaeta trityphla
Beddard 1896 TYPE”: “1904:10:5:69 Loc:
BARBADOS W.1. REF:- BEDDARD 1896 PROC.
ZOOL. SOC. LOND. 1886: 205”; “..... trityphla
[crossed out] schmardae Type ...arbados” faded;
and “Perichaeta trityphla Barbados”. Jar contains a
dark and brittle specimen about 35 mm long that
had been dissected previously with several organs
removed and floating in the jar; also included was
the intestinal caecal section of another specimen].
[Note, name misspelt “trityphia” e.g. Sims &
Easton (1972: 246), or “triphyla™].

Remarks. This species is included only to con-
firm that trityphla is a junior synonym of schmar-
dae since the specimen had the copulatory pouch-
es fore and aft of the prostatic duct internally and
the intestinal caeca were clearly manicate. For
some reason, this taxon is often mutually con-
fused with Metaphire californica that lacks both
structures.
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Gland?

Spermatheca
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271hs

Figure 9. Duplodicodrilus schmardae (Horst, 1883) sketch
of type of P. trityphla Beddard, 1886 synonym showing out-
line of whole body, a spermatheca loosely atttached in 7 or 8,
18rhs prostate with swollen copulatory pouches either side
and manicate caeca around intestine from segment 27.

Genus Metaphire Sims & Easton, 1972

Metaphire hilgendorfi (Michaelsen, 1892)
(Figure 10)

Perichaeta Hilgendorfi Michaelsen, 1892: 235, fig. 15.
[Published in September, 1892 therefore has
priority over Beddard’s December, 1892 P rokugo
and P, tokioensis]. [From ‘Japan’ (Hakodate, Yoko-
hama and possibly another locality). Types of five
specimens of the original seven specimens (i.e., two
missing) in Zoological Museum, Berlin. In NHM,
London are Hamburg Museum specimens marked
with red tape to indicate type material (none of
which are the two of five types missing from
Berlin):

1. Sample V.314 labelled “O. Meg V314 Pheretima
Hilgendorfi Mich. Hilgendorf Japan” comprises
one previously dissected specimen with its in-
testines loose in jar; it lacks male pores and only
has a spermathecal pore in 6/7rhs and GMs on
7lhs and 7rhs. This is here sketched, agreeing
with Amynthas vittatus (Goto & Hatai, 1898).

2. Sample V.315 labelled “O. Meg V315 Pheretima
Hilgendorfi Mich. Hilgendorf Japan” comprises
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Figure 10. Metaphire hilgendorfi (Michaelsen, 1892) specimen V315 agreed; A = V314 specimen, actually 4. vittatus as for
V8505; B = V4008 specimens, actually A. agrestis.

one macerated, undissected mature; it lacks
male pores and has spermathecal pores in 6/7/8
and GMs mid-ventrally on 8. This agrees with
Metaphire hilgendorfi (Michaelsen, 1892).

3. Sample V.4008 labelled “O. Meg. V.4008 Phere-
tima Hilgendorfi Mich 2 XII [18]95 Linz
Nakahama” comprises four specimens two pre-
viously dissected one of which is sketched here,
that all agree with Amynthas agrestis (Goto &

Hatai, 1899) as figured by Blakemore (2010: fig.

3lhs, that of fig. 3rhs may be a different species
as the caeca differ) and see also Blakemore
(2013a: fig. 1).

4. Sample V.8508 labelled “O. Meg V8508 Phere-
tima Hilgendorfi Mich. Vega Exp. Japan
Fujiyama” comprises one previously dissected
mature with its intestines loose in jar; it lacks
male pores and only has a spermathecal pores in
6/7/8lhs and GMs 7lhs and 7rhs. This also
agrees with Amynthas vittatus (Goto & Hatai,
1898).

Perichaeta rokugo Beddard, 1892d: 756, tab. 32, figs.

1-7 (published in December, 1892). [From “Japan”
collected by Mr Masataka Rokugo, stated types
BMNH 1904:10.5.144-145, actually apparently
now also recatalogued as BMNH 1974.1.166-167
“1904:10:5 144/145 Perichaeta rokugo Beddard,
1892 Loc: Japan Coll: Mr Masataka Rokugo Ref.
Zool Jahrb. Syst V6 p756” inspected by RIB 2010
and again in 2013 — three previously dissected spe-
cimens that are a composite of two species — one is

indeed M. hilgendorfi with GMs mid-ventral on §,
and two that have rows of two-three markings
paired on 7 as found in A. vittatus (Goto & Hatai,
1898)].

Notes. Revision is by Blakemore (2003, 2010,
2012b, 2012c: fig. 3 of “M. glandularis” = M.
hilgendorfi, 2013a: fig. 6), but full re-description
based on types is yet in progress.

Metaphire sandvicensis (Beddard, 1896)
sp. incerti sedis.

Perichaeta sandvicensis Beddard, 1896: 203. [From
Lanai, 2000 ft; Mauna Loa, Hawaii, Molokai and
from Hong Kong. Type material NHM 1904:10:5:
87-88 labelled: “1904:10:5:87-88 Perichaeta sand-
vicensis Bedd. 1996 ?SYNTYPES Lanai, Mauna
Loa, olokai Ref PZ.S. 1896: 194-211"; “Perichaeta
lanaiensis (Lanai) cliff on Mauna Loa, Hawai” — in
Beddard’s hand; plus a note from Ed Easton dated
4/2/1974 that this latter is a probable MS name and
that the “specimen” (sic) is M. californica whereas
it actually contains two specimens. Both are dis-
sected, with spermathecal pores in 7/8/9 no GMs
and male pores everted or inverted in a small
copulatory pouch, with simple intestinal caeca. This
pers. obs. RJB June, 2013].

Note. The conclusion is possibly M. javanica
but most likely M. californica Q.E.D.
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Genus Perionychella Michaelsen, 1907

Notes. Type of genus is Perichaeta dendyi
Spencer, 1893 from Victoria, Australia.

Taxonomic ‘housekeeping’ of recently des-
cribed Terrisswalkerius leichhardti Jamieson, Mc-
Donald et James, 2013 with tubuloracemose pros-
tates like in the type-species of that genus (viz.
Perichaeta canaliculata Fletcher, 1887) requires
it too to comply with Perionychella under ICZN
(1999) Principle of Priority, as was clearly ex-
plained by Blakemore (2000: 292) and by Mich-
aelsen (1907: 163) when he included P. canalicu-
lata in his genus Perionychella. Some other taxa
mistakenly placed in the congeries named 7erris-
walkerius with actual tubular prostates belong in
prior Diporochaeta Beddard, 1890 or in Reflech-
todrilus Blakemore, 2005.

The description of P. leichhardlti is confused as
the key gives the spermathecae in 5/6/7 in cd lines,
whereas the text has them in 5/6/7 in f lines or
“opening anteriorly in VI and VII” (i.e., 6 & 7),
whereas the sketch figure twice shows them in
segments VII and VIII (i.e., 7 & 8). Moreover, the
tubuloracemose prostates are misconstrued as
“elongate racemose” contradicting the -earlier
stated generic diagnosis of “tubular or tubulora-
cemose prostates” that is of itself clearly unaccep-
table in a single genus.

Blakemore (2011b: 42-43, 2012a: 122) al-
ready remarks on oversights and shortcomings in
recent cladograms by non-specialists from New
Zealand cited in Jamieson et al.’s (2013) Queens-
land paper that there should be no need to repeat
here save to remind that the types of neither the
prior Diporocheta nor Perionychella have yet
been tested genetically thus there is no definitive
conclusion as those authors imply (especially
since several claimed taxa are clearly misidenti-
fications as already explained).

Genus Tokea Benham, 1904 (19057?)

Tokea Benham, 1904: 240; Lee 1952: 26; 1959: 259,
284; Blakemore 2012a: 120.
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Remarks. Of the N.Z. genus, Benham (1904:
284) said: “The genus Tokea (from the Maori toke,
an earthworm) is very widely distributed over the
North Island, as will be seen from the varied
localities at which it has been collected from Oha-
eawai at the north to Ruatahuna in the south-east
portion of the island. It is probably the commonest
earthworm in these parts, as two species occur in
and around Auckland, three species at Ruatahuna,
and from the majority of the other localities no
other genus has been received. It is, so far,
unknown in the South Island”. Its history and
reasons for revival is described by Blakemore
(2012a) who, after Lee (1959: 284), confirmed
type fixation as 7. esculenta Benham, 1904.

It should be here re-emphasized that the state
of the prostates is key for morphological place-
ment for all megascolecids (Blakemore, 2013d),
as eruditely determined by Benham (1904: 262,
1941: 30), Michaelsen (1907: 160, 1916) and
Stevenson (1923: 316). The “tongue-shaped”
tubular form in 7okea has been discussed by
Benham (1904, 1941) and Lee (1952: 26; 1959:
259) — as noted by Blakemore (2012a: 121) — and
in greater detail with clarity of purpose by
Michaelsen (1916: 48) from his inspection of the
type specimen of 7. esculenta and several other
species such as Tokea? orthostichon as noted in
the description of this latter taxon below.

The conclusion is building that Michaelsen
was once again correct and that those prostates
with small but generally unbranched offshoot
‘canalicules’ (or lacunae. later termed “mere eva-
ginations” by Benham 1941: 31) are a derivation
from the strictly tubular form as found in
Ocnerodrilidae, Acanthodrilidae, Octochaetidae
and ‘primitive’ members of the Megascolecidae
such as Plutellus Perrier, 1873 s. stricto. Thus the
prostates in 7okea may indeed be classed as first-
stage, non-tubular derivatives as per Blakemore
(2000a, b) — here termed ‘quasi-tubular’ (although
‘tubulo-lingual’ better defers to Benham’s classi-
fication) — and this again raises the possibility that
the currently cohesive genus Tokea may merge
with Aporodrilus Blakemore, 2000 that, neverthe-
less, is maintained on its more definitive tubulo-
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racemose prostates as found in its Tasmanian type
and most congeners there. This does not preclude
the reallocation of the four New Zealand species
currently placed in Aporodrilus to Tokea — in fact
Tokea equestris (Benham, 1942), T aotea (Blake-
more, 2011) and 7. ponga (Blakemore, 2011)
combs. novae certainly comply leaving only A.
mortenseni (Michaelsen, 1924) with more clearly
tubuloracemose prostates remaining as a New
Zealander Aporodrilus. Neither does Tokea re-
quire absorption with prior Notoscolex that has
more definitive tubuloracemose to racemose pros-
tates and typically retains dorsal pores in its mem-
bers. It is still indeterminate which genus Noto-
scolex napierensis (Benham, 1941) belongs in,
nor whether it is a NZ native. As noted by
Michaelsen (1916: 54), only exotics in NZ have
truly racemose prostates.

From reappraisal of Tokea maorica Benham,
1904 below, it appears the definition of the genus
should be further amended from its having quasi-
tubular prostates, to further allow dorsal pores
sometimes present but in the segments posterior
to the clitellum. Thus Tokea reptans (Ude, 1905)
comb. nov. is now reallocated since it is described
with “Riikenporus vorhanden...Riickenporen sind
als sehr kleine Offnungen hinter dem Giirtel
sichtbar” (dorsal pores present behind clitellum)
and ditto Tokea unipapillata (Ude, 1905: 426, fig.
4) comb. nov. which has “Riickenporen habe ich
hinter dem Giirtel erkannt”. Then too Tokea
neglecta (Congnetti, 1909: 327) comb. nov. is
reallocated since it is described with “pori dorsali
irriconoscibile”, and also Tokea fusca (Lee, 1952:
32) comb. nov. should now likely be transferred
since it is described with dorsal pores in every
intersegmental groove posterior to the clitellum
(i.e.,>18/19).

The only five N.Z. taxa now provisionally re-
maining in Megascolides are: M.? albus Lee,
1952: 35, M.? irregularis Lee, 1959: 299, M.?
raglani Lee, 1952: 306, M.? ruber Lee, 1952: 28
[held as Tokea? ruber (sic laps. pro T? rubra by
Blakemore, 2012a: 131)] and M.? rubicundus Lee,
1959: 309, for which the presence or absence of

their dorsal pores were not noted. Should their
prostate glands also prove quasi-tubular, then
there should be little reason to retain these latter
species in that genus.

Tokea kirki Benham, 1904
(Figure 11)

Tokea kirki Benham, 1904: 251. [From Ohaeawai in
North Auckland. Five Otago syntypes (A.02.137),
collected by Professor H.B. Kirk, re-examined by
Lee, 1959: 301]; Benham 1905: 283; Blakemore
2012a: 131.

Megascolides kirki : Michaelsen 1907: 2.

Notoscolex kirki: Michaelsen 1916; Blakemore 2004;
2010; 2011.

Megascolides kirki: Lee 1952: 26; 1959: 301, fig. 312.

Diagnosis. Reddish. 80—100 by 6 mm with 110
segments. Spermathecae in 7/8/9. No GMs. Clitel-
lum 13-17 saddle-shaped. Tanylobous. Setae e-
venly spaced. Gizzard in 5, oesophageal glands in
14. Last hearts in 12. Meroic. Holandric, seminal
vesicles in 11 & 12 (¢f. T. morica and T.?
orthostichon). Prostates “tubular” (quasi-tubular?).
Spermatheca with neither distinct nor muscular
duct has small diverticulum (see fig.).

Distribution. Ohaeawai, near Kaikohe, NZ.

Remarks. This species is included to different-
tiate it from 7. maorica next below.

Text-tig. V8.

Text-fig. 79.

Figure 11. Tokea kirki Benham, 1904 from Benham’s
original text-figs. 78—79.
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Tokea maorica Benham, 1904

(Figure 12)

Tokea maorica Benham, 1904: 252, text-figs. 80-82.
[From “neighbourhood of Auckland” in Waitakerei
Bush and Nikau Palm Bush. Eight Otago syntypes
(now A.04.97 two specimens according to Lee,
1959: 302), collected by Mr H. Suter, plus
specimens “from the sheaths of nikau and Astelia
leaves, Auckland (C. Cooper)” Benham 1906a:
241]; Benham 1906a: 240, figs. 1, 8-9 (part?).

Tokea decipiens Benham, 1906a: 241, fig. 2. [From
Waitakerei Bush near Auckland (H. Suter) “some
half-dozen specimens” apparently from the original
eight Otago syntypes. One at least sent to Hamburg
and inspected by Michaelsen (1916: 50)].

Notoscolex decipiens: Michaelsen 1916: 50.

Megascolides maorica: Lee 1952: 26 (syn. decipiens).

Megascolides maoricus: Lee 1959: 301, fig. 312 (syn.
decipiens); Blakemore 2012a: 131.

Notoscolex maorica: Blakemore 2004; 2010; 2011 (syn.

decipiens).

Megascolides orthostichon: (laps.) Lee 1962: 175, tab.
(from inspection of same BM material as re-
examined below).

Material examined. BMNH 1904:10:5:488—
490 non-type specimens of unknown provenance
from the British Museum ‘Beddard Collection’,
(two clitellate matures, both having GM in 14 but
one entire and one dissected along the dorsal mid-
line (by Lee?), plus four aclitellate specimens,
total six specimens, whereas Lee says five)
labelled: “BMNH 1904.10.5 488—490 Hypogaeon
orthostichon Schmarda, 1861 ?SYNTYPES Vienna
Museum see Beddard Bibliog. ITEM 807
“Megascolides  [crossed out] Megascolex
orthostichon - - - -9[87]8 -0 [illegible]” (in
Beddard’s hand?); “Current name is Megascolides
orthostichon (Schmarda), 1861 (Idet. Dr K.E. Lee
1961)”. A small vial has Ken Lee’s label
“Megascolides orthostichon spermatheca’.

Notes. Benham (1904) had eight original syn-
types but Lee (1959) only found two remaining in
Otago, and one syntype (by then was called T.
decipiens) was sent to Michaelsen (1916: 50) in
Hamburg (and returned?); hence there is a slight
chance these six NHM specimens are missing
syntypes. However, this is difficult to reconcile
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with their registration date of “7904”. Cole (1981)
says four Vienna specimens were inspected by
Beddard (1892: 113-134) — this being referenced
as “Bibliog. ITEM 80” in the sample jar’s label —
that were probably H. heterostichon and, more-
over, the number of current specimens (six of)
contradicts this, plus it is more likely Beddard
visited Vienna rather than just borrowed and,
moreover, Beddard (1892) only saw one H.
orthostichon type specimen in Vienna (as
described under that species name below).

Diagnosis. [From Benham, Lee (in part) and
pers. obs.]. Dark reddish-brown. From 25 x 2 to
75 x 4 mm with 75-90 segments (BM specimens
are ca. 36 by 3.5 mm with 64-66 segments).
Epilobic (Benham and pers. obs.) or tanylobic
(Lee 1962). Setal ca. ab<cd<bc; bc=ab=aa;
dd=2aa (Lee has slightly different ratios). Clitel-
lum annular 213,14-17. GMs as tumid central
pads below female pores on 14 and around male
pores on 18 with corresponding glandular mass
internally (sometimes that on 14 missing in what
was to be called “decipiens”). Spermathecal pores
posterior in 7 & 8 (mistakenly said to be in 8 & 9
by both Benham initially and by Lee 1962).
Dorsal pores absent from the anterior are present,
“at least in the postclitellar region” (Benham,
1904: 254 but not noted by Lee nor found in these
BM specimens). Last hearts in 12. Gizzard small
distinct in 5; oesophageal glands absent (Benham
1906a) or in 13 (Lee 1962); intestine from 16.
Meroic. Holandric (testis 10 & 11); seminal
vesicles in 9 & 12 from generic definition (Ben-
ham 1904: 240) but in 9-12 in present dissected
specimen (pers. obs. but ¢f. 11 & 12 by Lee 1962:
176). Prostates flattened, quasi-tubular reaching to
segment 25rhs (pers. obs.). Spermathecae each
with small pyriform diverticulum on broad duct in
types (or narrower in BM specimens — see Figs.).

Distribution. Benham and Lee provide distri-
bution around Auckland and nearby islands.

Remarks. It is unclear why Lee (1962) missed
the overwhelming evidence of the London non-
types, as re-examined here, being Tokea maorica
in favour of what was then N. orthostichon.
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Text-tig. 82.

Text-fig. 80,

Text-tig. 81.

abcd
1 Tokea maorica.

abcd
2 Tokea decipiens.

a a b

Figure 12. Tokea maorica from Benham’s originals (1904: figs. 80—82; 1906a, figs. 1-2, 8—9) and Lee’s subsequent (1962: figs.
11-12 mislabelled as “M. orthostichon™) plus on bottom rhs sketches of two of the same NHM specimens (that on lhs
previously dissected that on rhs aclitellate and lacking marking in 14) and both having spermathecal pores
posteriorly in segments 7 & 8 (cf. Lee laps. in 8 & 9).

Possibly he was guided by the Museum labels
by Beddard written at a time (1904) before the
publication of Benham’s species. Or perhaps be-
cause Lee’s (1959) monograph omitted details of
GMs and dorsal pores, the obvious compliance
was lost. What is interesting is that the London
specimens have some slight differences to the
type description of 7. maorica, however there is

insufficient evidence to attribute them to 7.?
orthostichon for reasons given in the account of
that taxon below.

This species is returned to Tokea on the
grounds that its overall similarity is with other
member of the genus and, furthermore its (ves-
tigial?) dorsal pores, although stated by Benham
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to be at least postclitellar in the type, were not
located in the present specimens that undoubtedly
agree on most other points. Whereas Tokea kirki
Benham, 1904 has intersegmental spermathecal
pores in 7/8/9, Tokea maorica has them seg-
mentally in posterior of 7 & 8, and not 8 & 9 as
Benham originally stated and inadvertently re-
tained by Lee (1959: 302). [This correction ac-
cording to Benham (1906a: 240, pl XL, figs. 1-2,
8-9) or where Benham unconventionally records
segments 7 & 8 as “7/8” and 8 & 9 as “8/9”]. Lee
(1962: 176) apparently also erred in having
spermathecal pores at anterior margins of 8§ & 9
since my reinspection of the same BM specimens
clearly locates them posteriorly in 7 & 8 (see
Figs.).

Tokea maorica was originally described by
Benham (1904), but then divided into two taxa by
Benham (1906a: 240) who said in his first account
the external features were for the smaller spe-
cimens (maorica) and the internal characters for
larger specimens lacking the distinctive markings
in 14 that he separated off as decipiens; both were
recombined by Lee (1952; 1959) and put in genus
Megascolides whereas Michaelsen (1916), on
inspection of a type of decipiens, had it in Noto-
scolex. Lee (1962) was seemingly unconvinced of
Michaelsen’s (1916) reallocation of decipiens to
Notoscolex but this is where its senior synonym
also then belonged, and both are now combined
and returned to their original genus following
Blakemore’s (2012a) restoration of Tokea.

Tokea? orthostichon (Schmarda, 1861)
(Figure 13)

Hypogaeon orthostichon Schmarda, 1861a: 12, P1. 18,
fig. 159. [From Mt Wellington Auckland, not Tas-
mania (see Blakemore 2012a). Syntype in Vienna
inspected by Beddard (1882) and later deemed
lectotype by Beddard (1895: 495) who said “..I had
only the type of SCHMARDA, which it was necessary
to respect.” before its transfer to Hamburg as
ZMUH 8615 where Michaelsen (1916) said it was
by then poorly preserved].

Megascolides orthostichon: Beddard 1892a: 130; 1895:
496; Lee 1959: 349; (non Lee 1962: 175-176, figs.
11, 12 of non-types of a different species — see
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below); Blakemore 2000: 261-263, fig. 105; 2010;
2011;2012a: 121.

Notoscolex orthostichon: Michaelsen 1900: 189;
Benham 1904: 255; 1916: 3840, figs. 12—14.

Other material. None known. Coles (1981)
reports: firstly, that Beddard (1892a) re-inspected
Vienna Museum type specimens of Hypogaeon
orthostichon [4 specimens (= syntypes?) but this
probably a mistake for Hypogaeon heterostichon];
and secondly, that he found Perichaeta vitiensis
Beddard, 1892 [= Pheretima (Pheretima) montana
Kinberg, 1867] had a single specimen in the
Vienna Museum mislabeled as “Hypogeon ortho-
stichon Schm. Viti Ins. [= Fiji].” Interestingly, this
was the species described by Beddard (1892a:
131) immediately following his description of M.
orthostichon, perhaps accounting for the misla-
belling. Lee (1962) described several specimens
in NHM, London as Megascolides orthostichon
but this in error as noted above (under 7. maorica
description) and also below in current account.

BTGt e Te 0TIy, ws
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Figure 13. Tokea? orthostichon after Schmarda’s original
text-fig. magnification of a seta (far lhs) and Michaelsen’s
(1916: vol. 52 No. 13, Tafel 1, figs. 12-14) of: 12 - the
prostate (X12), 13 - a spermatheca (X25) and 14 - part of a
horizontal section through a prostate gland in the plane of the
central channel (X500) [cf. Benham’s (1941: figs. 9-11) of
prostate sections of 7. esculenta that are similar].

Original description (in full). “Hypogaeon
orthostichon. Schmarda. Taf. XVIII Fig. 159.
Char.: Corpus teretiusculum cingulatum. Seg-
menta 60. Octo series setarum paralellae. Der
Korper ist drehrund. Der Kopflappen ist etwas
zugespitzt. Der Giirtel beginnt hinter dem 13
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Ringe. Seine Ringelung ist undeutlich, hinter ihm
stehen 48 Ringe. Die Ldinge ist bis 80mm, grosste
Breite 4mm. Die Farbe ist dunkelroth. Die Borst-
en stehen in 8 Reihen und sind riickwdrts am
deutlichsten. Der festsitzende Theil ist stdrker
gekriimmt und abgerundet, der freie Theil wenig
hakenformig gekriimmt, von der Mitte gegen das
Ende allmdhlig verschmdchtigt. Neu-Seeland,
Mount Wellington in der Dammerde.”

Diagnosis. (From Schmarda, Beddard, and
Michaelsen). Dark red. Prostomium pointed. Dor-
sal pores? Length 80 (Schmarda, Michaelsen) or
180 (lapsus by Beddard) by 2.5-4 mm. Segments
65. Setae 8 in equidistant rows in the anterior, in
the posterior Michaelsen gives ratio aa:ab:bc:
cd:dd = 5:3:4:4:6. (Spermathecae in 7/8/9 or 7 &
87). Clitellum annular %213,14—17. Male pores on
18 on moderately roundish porophores in line
with missing setae a. No GMs (but Michaelsen
thought they may have rudiments posteriorly on
17). Gizzard in 5. Nephridia meroic but also with
meganephridia in the last eleven segments
(Michaelsen 1916). Seminal vesicles in 10-12
(Beddard). Ovaries in 13; ovisacs in 14. Prostates
flattened quasi-tubular (described in detail by
Michaelsen (1916) who found them with signi-
ficant multiple and minute side branches to the
lumen). No penial setae noted. Spermathecae two
pairs in 8 & 9 each with a small, pyriform
diverticulum (see Michaelsen’s figure).

Distribution. Only from Mt Wellington, N.Z.,
possibly extinct (Blakemore 2012a).

Remarks. For the male pores Michaelsen
(1916: 39) said: “Die mdnnlichen Poren liegen
ungefihr (genau?) an Stelle der fehlenden
Borsten am des 18 Segments auf je einem kleinen
dunklen, von einem mdssig breiten hellen Bande
eingefassten Feldchen. Das mdnnliche Gesch-
lechtsfeldchen der rechten Seite ist fast kreisrund
und nimmt ungefihr eine halbe Segmentldinge ein,
das der linken Seite zeigt hinten einen schmalen
Vorsprung und ist fast ohrformig. Von akzesso-
rischen Pubertditsorganen ist nichts zu erkennen;
doch erscheint es mir fraglich, ob nicht etwa am
ventralen Hinterrande des 17 Segments etwaige
Papillen oder Griibchen gewesen und postmortal

zerstort sein mogen”. He thus indicates that the
male pores are on separate dark and roundish
porophores which are interconnected by a wide
lighter band, and that GMs are absent nearby,
which is perhaps a different configuration to the
male field of the either of the two Tokea species
described above with which it was compared (as
noted below).

As noted by Benham (1904: 284) Schmarda’s
worm may indeed belong in his genus Tokea
Benham, 1904 since Michaelsen (1916: 39)
described the fine branching details of the
prostates being similar to those already noted by
Lee (1952: 26) in Tokea as restored by Blakemore
(2012a: 121) and wherein this species is also
summarized. Also similar, but not unique, is the
posterior meganephridia. Lee (1962) had appa-
rently overlooked Michaelsen’s (1916) type redes-
cription as he omitted citing this key paper.

The present uncertainty of orthostichon place-
ment is due to the required reduction of dorsal
pores in Tokea allowing default to Megascolides
(if with tubular prostates) or less likely to
Notoscolex (if tubuloracemose-racemose rather
than current interpretation from Michaelsen as
‘quasi-tubular’). Its similarities were discussed by
Benham (1904) and by Lee (1962: 176) who
thought the non-type BM specimens he inspected
resembled Tokea kirki Benham, 1904 (originally
and currently in 7okea after Blakemore (2012a:
appendix II). However, Lee’s non-type specimens
as redescribed above are actually much closer to
Tokea maorica.

The type of Tokea? orthostichon still requires
confirmation and comparison with both 7. kirki
and 7. maorica especially with regards nature of
its spermathecal, male, and dorsal pores in order
for its extinct status to be confirmed.

Family MONILIGASTRIDAE Claus, 1880
Genus Drawida Michaelsen, 1900
Dype-species. Moniligaster barwelli Beddard,

1886 by original designation.
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Drawida barwelli (Beddard, 1886)

Moniligaster barwelli Beddard, 1886: 94, figs. 4-6.
[Type locality “from the neighbourhod of” Manila,
Luzon, PI.; Gates (1937: 307) said the twenty
aclitellate syntypes were either dissected, sectioned
or mounted between 1886—-1891 and he questioned
whether any were undispersed. Types in British
Museum (BMNH 1904:10:5:522-3) were disputed
by Easton (1984: 112) who re-described the species
from new material after finding that the type series,
that he labelled “(BMNH: 1904:10.5.2-3)”, comp-
rised a posterior portion and an associated slide that
produced no useful data (although DNA is
retained?)].

Material Examined. In May, 2010 I received
the BMNH types in Tokyo, apparently re-num-
bered 1974.1.101-102 and labelled: “Moniligaster
barwelli TYPE 1974.1.101-102 Loc. Manila, Phi-
lippines Coll. Mr Hlerbert]. E. Barwell Ref. Ann.
Mag. Nat. Hist. 5 xvii p. 74" and “Beddard 1886
Manila, Phillipines [sic] Collector: H.E. Barwell”
plus another note: “These fragments are far too
large to be types of M. barwelli which is less than
40 mm long EGE[aston] April, 1981”. This
material comprised one tail portion with the
anterior end cleanly cut (length = 35mm, seg-
ments = 152) and one mid-portion that is cleanly
cut at both ends (length = 30mm, segments =
198), both blackened and neither yielding useful
information but small tissue samples were taken
from each for COI barcoding (JET002-10
http://www.boldsystems.org) that was unsuccess-
ful with current techonlogy on such old material.

Note. This material was reinspected and details
confirmed, they are yet possibly syntypes and
were previously commented on by Blakemore &
Kupriyanova (2010).

Family OCTOCHAETIDAE Michaelsen, 1900

Type-species. Octochaetus multiporus (Bed-
dard, 1885: 813) from Dunedin, NZ.

Note. An unregistered old jar on the museum

shelf has label “Octochaetus multiporus [Dupli-
cates]” contains four immature specimens (syn-
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types?) without any further information. Reynolds
& Cook (1976: 142) have types BMNH 1904:10:
5:877, other types are supposedly 1904:10:20:47—
55, 58-60 and Hamburg 7314 (lost). Lee (1959:
116) was unsure the type was in London and gave
registration only as “7904:10”.
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Appendix 1.
DNA (barcodes)

From ENA (www.ebi.ac.uk/ena/data/search?query=amynthas%20morrisi) and GenBank
(www.ncbi.nlm.nih.gov/genbank).

1). “Four new earthworm species of the genus Amynthas Kinberg (Oligochaeta: Megascolecidae) from Hainan and
Guangdong Provinces, China” Jiang J., Sun J., Zhao Q., Qiu J. (2014) |KF021247.1 Amynthas morrisi voucher
Sichuan, China SC201006-03 cytochrome c oxidase subunit I (COI) gene, partial cds; mitochondrial. : Location:
1..700

2). Shen (2012) “Three new earthworms of the genus Amynthas (Megascolecidae: Oligochaeta) from eastern
Taiwan with redescription of Amynthas hongyehensis Tsai and Shen, 2010.” J. Nat. Hist. 46: 2259-2283;
JX290441-5 eg. |JX290441.1 Amynthas morrisi voucher morl cytochrome c oxidase subunit 1 (COI) gene, partial
cds;mitochondrial. Location: 1...658

3). “Molecular phylogeny and systematics of Japanese pheretimoid earthworms (Oligochaeta: Megascolecidae).”
Minamiya et al. Submitted (JAN-2010) ABS542516-8 from Okinawa eg: ABS542516.1 Amynthas morrisi
mitochondrial COI gene for cytochrome oxidase subunit 1, partial cds, isolate: Amor-1242. Location: 1...637

4). Huang, et al. (2007) “Identifying earthworms through DNA barcodes.” Pedobiologia 51: 301-309: [EF077578 —
EF077590 Amynthas morrisi voucher 06-252 from China cytochrome ¢ oxidase subunit I (COI) gene, partial cds;
mitochondrial. : Location: 1...602

5). >HY 14|Amynthas gracilis - Jejul from Blakemore et al. 2014 (in press).
GAGCAGGAATAAGACTACTTATTCGAATTGAGCTCAGACAGCCGGGATCGTTTCTGGGAAGAGATCAAT
TATATAATACAATTGTAACAGCTCATGCATTCGTAATAATTTTCTTTCTAGTAATACCAGTATTCATTGGTG
GATTTGGAAACTGACTACTACCTCTAATGCTGGGTACACCAGACATAGCATTTCCGCGGCTTAATAATATA
AGATTTTGGCTACTCCCCCCGTCACTTATCTTACTAGTAAGATCCGCGGCCGTTGAAAAGGGGGCGGGA
ACTGGATGGACAGTATATCCCCCGCTGGCAAGAAATATTGCACATGCTGGTCCATCAGTAGATCTAGCAA
TCTTCTCACTACACTTAGCAGGGGCATCATCTATTCTTGGGGCCATTAACTTTATTACAACTGTAATTAAT
ATGCGATGATCTGGATTACGGCTAGAGCGAATCCCCCTATTTGTATGGGCCGTAGTAATTACTGTAGT
ACTTCTACTATTATCTCTACCTGTACTAGCCGGAGCTATTACTATACTATTAACAGATCGAAACCTTA
ACACATCATTCTTTGATCCCGCTGGAGGTGGAGACCCTATTCTATATCAACACCTATTT

Blast result: Amynthas gracilis (AB542489.1 & 542491.1 from Japan), 100%.

July, 2013 BLASTn and megaBLAST (www.ncbi.nlm.nih.gov/BLAST/) comparisons; Max Identities:

1 2 4
1, KF021247 _

2| 601/658 (91%)

3a, AB542516 | 636/637 (99%)

3b, AB542517

580/637 (91%)

3¢, AB542518

580/637 (91%)

4, EF077579

601/602 (99%)

5

520/614 (85%)

525/614 (86%)

85%

I.e., both “morrisi” haplotypes different to A. gracilis.

It appears that genetic data differ so at least some (if not all) identifications must be incorrect for 4. morrisi thus
it is beholden on Chinese/Taiwan and Japanese workers to confirm their species and/or vouchers against the types.
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A few new Western Australian earthworms (Oligochaeta:
Megadrilacea: Megascolecidae sensu Blakemore, 2000)

R. J. BLAKEMORE

Robert J. Blakemore, VermEcology, Yokohama, Japan. E-mail: rob.blakemore @ gmail.com

Abstract. Earthworm samples, apparently collected in the 1980’s from the northern Jarrah (Eucalyptus marginata) forests of
Western Australian and deposited in the London Natural History Museum, were studied. Due to limited time and budget only
a few of the hundred samples were inspected. Description of just five new taxa are reported here.

Keywords. Soil biodiversity, Australasia, Perth region, earthworm taxonomy, new species.

INTRODUCTION

he only broadly systematic survey of south-

western Australian earthworms was nearly
one hundred ten years ago by Michaelsen (1907)
as reviewed by Jackson (1931). Thirty years ago,
in the early 1980’s, native earthworms were col-
lected in parts of the northern Jarrah (Eucalyptus
marginata) forests of Western Australia (Abbott
1985), but unfortunately taxonomic identification
was not budgeted in the study and the samples
were simply sent to London for storage. A brief
visit to London gave the opportunity to inspect
some of these specimens in the Natural History
Museum’s collection but, due to limited time and
resources, only a few of the hundred plus samples
were inspected resulting in description of just five
new taxa herein.

MATERIALS AND METHODS

Dr Ian Abbot (pers. comm. email 19" June,
2013) informs: “I looked up my 1985 paper, and
find that all the collection sites use the Forests
Dept. grid ref system. State forest is divided up
into forest blocks, each named e.g. Chandler, and
of c. 5 kha in size. I suggest that Chandlers Block
16 probably refers to Chandler block, compart-
ment 16.”

Chandler Block of the northern Jarrah Forest is
located ca. 10 km north-east of Jarrahdale town-
ship (32.339°S, 116.062°E) itself 45 km south-
east of Perth in the Darling Range with online WA
Forestry map available giving Chandler co-ordi-
nates approximately Lat. -32.26922 Long.
116.18561 (here: www.fpc.wa.gov.au/content_
migration/_assets/documents/native_forests/harve
st_plans/2013/Indicative_2013_harvest_plan_map
_swan.pdf). Myara block is about 15 km due
South of Jarrahdale.

Material was fixed in 4% formalin (Allan
Wills pers. comm.) which combined with age of
samples means that DNA extraction and analysis
is unlikely with current methods.

Taxonomy uses Michaelsen’s (1907: 160)
excellent regulation table (also presented by Jack-
son 1931: 84) to determine genera that are update-
ed to follow the most recent taxonomy from spe-

cies/genera reviews by Blakemore (2000: tab. 1,
2005, 2008, 2012).

Abbreviations are: DPs — dorsal pores; GMs —
Genital Markings; l/rhs — left/right-hand-side
viewed from above; NHM - Natural History
Museum, London; WA — state of Western
Australia.

urn:lsid:zoobank.org:pub:F2056E8D-116E-436B-88AB-CCDB1D7A32DC

HU ISSN 2063-1588 (online), HU ISSN 0237-5419 (print)
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TAXONOMIC RESULTS

Family MEGASCOLECIDAE Rosa, 1891 sensu
Blakemore, 2000

Genus Graliophilus Jamieson, 1971
Graliophilus chandleri sp. nov.

(Figures 1a, b)

Material Examined. H, holotype NHM Accessi-
on No. 415 one mature of ten specimens (a poste-
rior amputee, here dissected and figured) from
“Chandler block 4 (Burnt 1976)”, “Species A”;
remainder of batch were five matures (paratypes
P1-5), three subadults and an immature (P6-9).
Sample 416 with nine specimens (P10-18) and
sample 417 with one mature specimen (P19) had
same location labels.

Description. Pale unpigmented with yellow cli-
tellum when preserved. Body length (H) 42+ with
81+ segments; paratypes were (P1) 60 mm with
137 segments, and (P19) 58 mm with 138 seg-
ments; other mature paratypes were 50-60 mm.
Prostomium tanylobous. Setae small, lumbricine in
series (sensory papillae on equators of all non-
clitellar segments). First dorsal pore 5/6. Nephro-
pores not found. Clitellum 13-18 mostly saddle-
shaped. Spermathecal pores in 7/8 & 8/9 in a-lines.
Female pores on 14 in a-lines. GMs are paired, mid-
ventral discs in 16/17, single pads in 17/18 and
18/19 and unilateral or paired in a-lines in 19/20; in
paratypes GMs were as in H except they were
paired in 19/20 (P1, P19) or sometimes missing and
P1 uniquely had extra paired markings in 20/21.
Male pores superficial with penial setae protruding
in position of missing ab in mid-ab-lines.

Septa mostly thin. Gizzard large, muscular in 5.
Spermathecae in 8 & 9 with short duct branching at
joint of large, leaf-shaped and possibly multi-
loculate diverticulum (iridescent = inseminated) and
larger, saccular ampulla itself on a short stalk.
Oesophagus dilated but no clear evidence of calci-
ferous glands in 14-16. Intestinal origin 17. Male
organs holandric, seminal vesicles in 9 & 12; testes
(iridescent) in 10 & 11. Dorsal blood-vessel single.
Hearts in 10-12. Ovaries as delicate sheets in 13

158

without obvious ovisacs in 14. Prostates tubular in
18 on short, thin duct with long (ca. 3 mm) penial
setal ensheaved. Nephridia avesiculate, holoic but
their exit duct not noted. Gut contains soil (geo-
phagy); no typhlosole found.

Distribution. Jarrahdale, Western Australia.
Etymology. Named after type-locality.

Remarks. Michaelsen (1907) described nine WA
Plutellus species (here Graliophilus) with sperma-
thecal pores paired in 7/8/9, viz.:- P. termitophilus, P.
wellingtonianus, P. strelitzi, P. woodwardi, P. mur-
rayensis, P. mendilai, P. blackwoodianus, P. schue-
manni and P. carneus. Closest match, with similar
leaf-shaped spermathecal diverticulum, is with
Graliophilus strelitzi (Michaelsen, 1907: 168) from
Lion Mill that has an annular clitellum, slightly dif-
ferent GMs, calciferous glands in 17 and a small
typhlosole. Next similar, especially with regards its
spermathecal pores and lack of calciferous glands,
is G- woodwardi (Michaelsen, 1907: 171) from
Collie with GMs paired in 15/16/17 & 18/19/20.
Then, somewhat similar to the last two, G. murray-
ensis (Michaelsen, 1907: 175) from Jarrahdale has
GMs mid-ventral in 8 & 9 amongst other differ-
ences. In contrast, G blackwoodianus (Michaelsen,
1907: 179) from Bridgetown has closely paired
spermathecal and male pores and usually unpaired
GM pads in 12/13, 16/17 & 19/20; while G
candidus (Jackson, 1931) from Roleystone typically
has GMs in or near anterior of 8 & 9 as well as
markings widely paired in 16/17 & 18/19. Having
several features in common, G wellingtonianus
(Michaelsen, 1907: 168), however, is differentiated
on its twin spermathecal diverticula.

All comparable taxa also share long penial setae.
Unique combination of features in this relatively
small species are tanylobous prostomium (cf. cana-
liculate prolobous in G candidus, mostly epilobous
in others), saddle-shaped clitellum (as in G can-
didus, mostly annular in others), lack of calciferous
glands (as in G woodwardi, in 16 and/or 17 in
others) plus the distribution of the GMs and the
distinctive spermathecal shape (as figured).
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Figure 1a. Graliophilus chandleri sp. nov. holotype, H.

Graliophilus myara sp. nov.

(Figure 2)

Material Examined. H, holotype NHM Acces-
sion No. 418-1 one mature (here dissected and
figured) from “Myara block 167, “Species B”;
paratype (P1) 419—1 only mature from batch of four
specimens (419) that agrees superficially from
“Chandlers block Chandler Rd 8/8/83”, “Species
B”; other three specimens are an immature pos-
terior-amputee, (P2) 419-2, possibly the same taxon,
and two aclitellates that are of a taxon described
separately below.

Description. Unpigmented yellowish when pre-
served. Body length 77 mm with 161 segments.

lits§ wardi

1.
=" !
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rayensis candidus

Figure 1b. A = Graliophilus strelitzi, B = G woodwardi, C = G.
murrayensis and D = G candidus compared after Michaelsen’s

(1907) and Jackson’s (1931) original figures (not to scale
and sketches of penial setae omitted).

Prostomium tanylobous. Setae lumbricine in
series but converge in 25-30 where body narrows.
First dorsal pore 4/5. Nephropores not found. Cli-
tellum 14-17, saddle-shaped. Spermathecal pores,
each appearing doubled but this not confirmed, in
7/8 & 8/9 in ab-lines. Female pores on 14 just
anterior to setae a. GMs are paired, median to a-
lines in 811, in 16/17 & 19/18 with less distinct
mid-vental pads in 17/18, (18/19) & 20/21. Male
pores on small papillae slightly median to position
of missing ab.

Septa mostly thin. Crop large in 4, gizzard mus-
cular in 5. Spermathecae in 7 posteriorly and 9 ante-
riorly with particularly long and thin duct leading to
junction of saccular ampulla and almost equi-sized
diverticulum (inseminated). Note that each pair of
spermathecae are con-joined and compressed with-
in a shared saccular sheath or septal pocket. Oeso-
phagus narrow in 12-14, calciferous gland annular
in 15. Intestinal origin 16. Male organs holandric,
seminal vesicles absent from 9, present in 10 ante-
riorly and in 11 & 12; testes (iridescent) free in 10
& 11. Dorsal blood-vessel single. Commissurals in
8-9, hearts in 10-12. Ovaries as delicate sheets in
13; ovisacs absent. Prostates convoluted tubular in
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Figure 2. Graliophilus myara sp. nov. H with enlargement of
male field and 7lhs spermatheca.

18 on short duct with long (ca. 4.5 mm) penial setae.

Nephridia avesiculate, holoic. Gut contains fine,
yellow soil (geophagy); no typhlosole found.

Distribution. South and east of Jarrahdale, West-
ern Australia.

Etymology. Non-declining noun in apposition
derived from type-locality name.

Remarks. This species is close to the previous
one differentiated on its distinctive spermathecal
pores (possibly doubled or accompanied by gland
pore or related to intromission of partner’s penial
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setae), spermathecae with their long duct, the pre-
sence of curved penial setae (near concomitant
length to the duct plus diverticulum) and on the
arrangement of its GMs (paired mid-ventrally in 8—
11, 16/17 & 19/20 with pads in intersegments
adjacent to male pores and in 19/20). It differs from
G. mendilai (Michaelsen, 1907: 177) from Eradu
and G candidus (Jackson, 1931) that have
spermathecal pores in b-lines plus GM discs paired
in 11/12/13 & 20/21/22 or 16/17 & 18/19, re-
spectively. G murrayensis or G carneus (Mich-
aelsen, 1907: 182) from Albany have spermathecal
pores in a-lines and GMs unpaired in 8, 9 &
19/21/22 or paired in 10/11 & 16/17/18/19, res-
pectively. The current species has an annular calci-
ferous gland in 15, unlike in G mendilai and G
candidus in 16 or G strelitzi where they are paired,
sessile in 17.

Genus Notoscolex Fletcher, 1886
Notoscolex ajax sp. nov.

(Figure 3)

Material Examined. H, holotype BMNH Acces-
sion No. 419-3 an aclitellate mature (here dissected
and figured) from “Chandlers block Chandler Rd
8/8/83”, “Species B”; P, paratype, 419-4, also an
aclitellate specimen with same details; other two
specimens in the jar are listed under the previous
species.

Description. Pale colour. Body length 75 mm.
Prostomium tanylobous. Setae lumbricine. First
dorsal pore 4/5. Nephropores not found. Clitellum
not formed. Spermathecal pores appear in 7/8 & 8/9
in ab-lines. Female pores on 14 just anterior to setae
a. GMs single, mid-ventral in 7 & 8 and elongate
pads in b-b-lines in 17/18 & 18/19. Male pores on
small papillae slightly lateral to b-lines but setae ab
deleted on 18 (penial setae not found).

Spermathecae vestigial in 8 and paired in 9 with
short duct leading to multi-lobed spermatheca with
diverticulum closest to the duct and iridescent and
ampulla largest of other appendages. Oesophagus
dilated in 12—16 but not calciferous, narrow in 17—
18. Intestinal origin 19. Male organs holandric,
seminal vesicles in 9, 11 & 12; testes (iridescent)
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Figure 3. Notoscolex ajax sp. nov. H, prostomium,
spermathecal and male fields.

free in 10 & 11. Last hearts in 12. Ovaries in 13;
ovisacs absent. Prostates tubuloracemose in 18 on
short ducts; penial setae absent (even though setae
deleted). Nephridia avesiculate meroic, but some
enlarged in anterior; in posterior three or four ‘fatty
bodies’ per segment indicate location of nephridia.
No trace of parasitism noted.

Distribution. Jarrahdale, Western Australia.

Etymology. For nickname of Ada Acraman
Jackson (aka Mrs. William Fawcett) of Perth.

Remarks. This is a species ‘in transition’ losing
its anterior pair of spermathecae. Michaelsen (1907)
described six species of Notoscolex from WA, viz.:-
N. maecenatis, N. hortensis (also found at and
around Jarrahdale), N. prestonianus, N. modestus, N.
rubescens and N. suctorius, plus Jackon (1931)
described N. leios (specimens also aclitellate). All
have spermathecal pores in 7/8/9 without vestigial
spermathecae in 7/8 and their GMs differ from the
current species although N. leios lacked markings.
The description is brief but the current species is

distinct in the shape of its single pair of functional
spermathecae. It is perhaps closest nonetheless to .
modestus from Yarloop and York or N. rubescens
from Pickering Brook that also have elongate GM
pads, respectively, in 7/8-9/10 plus 17/18-20/21 or
in 15/16,16/17-19/20; neither has mid-ventral GM
discs in 7 & 8 of the current species.

Notoscolex michaelseni sp. nov.

(Figure 4)

Material Examined. H, holotype BMNH Acces-
sion No. 420 mature (here dissected and figured)
from “Chandlers block 4 Burnt 1976, “Species C”,
“Plutellus ? sp 7/8/9”; paratypes P1-2, two matures
421-422, and P 3—4 two immatures 423, with same
details. [Note sample jar labelled “Chandler block
3 burnt 19?77, “Species D” contained seven
specimens (424) possibly similar but smaller and
seem to have dried out during storage].

Description. Pale unpigmented in alcohol.
Length H 36 mm with 105 segments; P1 35 mm; P2
38 mm. Prostomium Y-shaped tanylobous (possibly
interpreted as cleft epilobous), ventral peristomium
also cleft. Setae lumbricine widely spaced laterally.
First dorsal pore in 5/6. Nephropores not found.
Clitellum saddle-shaped 14—17. Spermathecal pores
in 7/8 in a-lines and in 8/9 just lateral of a-lines.
Female pores on 14 just anterior to setae a. GMs
paired, elliptic pads lateral in ab-lines in 10/11/
12/13, in b-lines in 15/15/1/6/17 and in ab-lines in
19/20; P1 the same except not in 12/13 nor 14/15
but present in all of 15/16-20/21 the latter pair con-
joined midventrally; P2 has the same arrangement
as H. Male pores in small slits in position of deleted
setae ab on 18 (penial setae not found).

Septa all thin. Gizzard in 5 but displaced to 6
with septum 5/6 traced to below its midriff. Sper-
mathecae in 8 & 9 with particularly wide duct and
small, clavate diverticulum (iridescent) at junction
with saccular ampulla. Holandric seminal vesicles
in 10, 11 & 12; testis (iridescent) in 10 & 11.
Ovaries in 13 with largish eggs visible; no ovisacs
found. Dorsal blood vessel single; last hearts in 12.
Oesophagus moniliform dilations in 11-14 (not
calciferous), valvular in 15 with intestine from 16.
Prostates circular racemose with short duct and no
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Figure 4. Notoscolex michaelseni sp. nov. H lateral views with 8lhs spermatheca enlarged and boxed sketch comparison of N.
rubescens from Michaelsen’s (1907) original figures (its GMs stated in 15/16—19/20 but shown in 16/17-19/20).

penial setae in 18. Nephridia avesiculate meroic. No
typhlosole found to 30. Gut contains yellow soil
with charcoal and coarse organic matter (from soil
A-horizon?).

Distribution. Jarrahdale, Western Australia.

Etymology. Named after Professor Wilhelm
Michaelsen of Hamburg.

Remarks. This species is perhaps most similar to
Notoscolex rubescens Michaelsen, 1907 that has
similar shaped spermathecae opening in b-lines and
elongate GM pads only in 15/16-19/20, (described)
or 16/17-19/20 (figured) amongst other differences.
N. suctorius Michaelsen, 1907 from Bridgetown
has spermathecal pores paired mid-ventrally with
paired markings only in 15/16/17, while N. pres-
tonianus Michaelsen, 1907 from Donnybrook has
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spermathecal and male pores lateral to b-lines and
widely-paired markings in 15/16/17 & 19/20/21
(described) or 20/21/22 (figured). Spermathecae of
both the latter species are also quite different.
Notoscolex leios Jackson, 1931, its description
based on a single immature worm from Murchison,
has three pairs of vesicles in 10, 11 & 12 too, but
shares few other characteristics with the current
species.

Genus Woodwardiella Stephenson, 1925
nom. nov. pro Woodwardia Michaelsen, 1907
(praeocc.)

Woodwardiella michaelseni sp. nov.
(Figure 5)

Material Examined. H, holotype BMNH Acces-
sion No. 425 mature (dissected and figured) from
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Fig. XIV.
W oodwardia
callichacti

Figure 5. Woodwardiella michaelseni sp. nov. H ventral and
lateral views (9lhs spermathecal diverticulum accidentally
sectioned) and boxed sketch comparison of W. callichaeta
from Michaelsen’s (1907) original figures.

“Chandlers block 4 Burnt 1937 1”, “Species E”;
P1-3, paratypes 426, one mature and two subadults
with same details.

Description. Pale colour. Length 28 mm with
105 segments; P1 27 mm. Prostomium essentially
tanylobous. Sete lumbricine widely spaced laterally.
First dorsal pore 5/6. Nephropores not found.
Clitellum annular 14-17. Spermathecal pores in
7/8/9 just lateral of a-lines. Female pores on 14 just
anterior to setae a. Male pores on small porophores
in a-lines on 18; setae ab deleted but penial setae
not found. GMs in H single, mid-ventral papillae in
19/20 & 20/21 in common tumid pads in ¥219-1221
as wide as b-lines; in P1-3 only in 19/20.

Septa all thin. Gizzard muscular in 5. Sperma-
thecae in 8 & 9 with short duct to branch of elon-
gate diverticulum (terminal bulb iridescent) after
which there is slight bulge before saccular ampulla.
Holandric seminal vesicles weak in 9 & 12; testis
(iridescent) in 10 & 11. Ovaries in 13; no ovisacs

found. Last hearts in 12. Oesophagus dilated in 15
& 16, striated but not necessarily calciferous; intes-
tine from 17. Prostates circular racemose with short
duct and no penial setae in 18. Nephridia avesi-
culate holoic. No typhlosole. Gut contains yellow
soil with charcoal flakes (from soil A-horizon?).

Distribution. Jarrahdale, Western Australia.

Etymology. Named after Professor Wilhelm
Michaelsen of Hamburg.

Remarks. Michaelsen (1907) described four WA
Woodwardia species (here Woodwardiella), viz.:- W.
affinis, W. callichaeta, W. libferti and W. molae-
leonis, all similar in having spermathecal and male
pores near a-lines and GMs anteriorly and in some
of 19-20,21. The current species differs from
Woodwardiella affinis (Michaelsen, 1907) from
Jarrahdale (with possibly synonyms W. libferti from
Subiaco and W. magna Jackson, 1931 from Les-
murdie) as it lacks the distinctive GM pad mid-
ventrally in 11/12, or W. molaeleonis (Michalesen,
1907) from Lion Mill with GM pad in 10/11. W.
callichaeta (Michaelsen, 1907), the type of the
genus, also from Jarrahdale is perhaps closest al-
though it too has markings in 11/12 (sometimes) as
well as in 19/20 and (sometimes) 20/21. In Mich-
aelsen’s fig. 14 the pores and markings appear
much broader but this may relate more to state of
preservation and drawing style. Its main morpho-
logical differences being an epilobous prostomium,
paired oesophageal dilations in 13 and the form of
the spermathecae. Michaelsen gave setal ratios as
(aa:ab:bc:dd = 5:3:5:4:10) but dorsal pores were
found only after the clitellum in W. callichaeta,
moreover it has distinct penial setae 1.2 mm long
that were absent from the present species. None of
the previous species have such long spermathecal
diverticula approaching the tip of the ampulla.
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Abstract. We evaluate diversity status of the Brachionidae of India and present an annotated checklist of 46 species
excluding dubious and unconfirmed reports. These merit biodiversity value as ~27% of the global diversity of the taxon and
~81% of its Oriental species. We observed two Australasian elements, two Oriental endemics, one Indian endemic, one paleo-
tropical and one cosmo (sub) tropical species. The cold-water Keratella serrulata and Notholca squamula are new records from
eastern Himalayas. Maximum brachionid diversity (32 species) from Assam state of northeast India (NEI) is followed by the
reports of 27 and 26 species from Tamil Nadu and West Bengal, respectively; 25 species each from Tripura and Maharashtra;
and 24 species from Jammu & Kashmir. Brachionus, the most diverse brachionid genus, is widely distributed in India with low
richness in hill states of NEI and coastal waters in particular. The Indian brachionid taxonomy is confounded with unconfirmed
reports, misidentifications, invalid taxa, and inconsistent treatment of morphological variants, while analysis of cryptic
diversity in Brachionus calyciflorus, B. caudatus, B. forficula, B. plicatilis, B. quadridentatus, B. urceolaris, Keratella coch-

learis and K. quadrata species-groups awaits attention.

Keywords. Brachionids, biodiversity, dubious report, interesting taxa, misidentification, taxonomic status.

INTRODUCTION

Brachionidae, an important family of mono-
gonont Rotifera and of the rotifer fauna of
India (Sharma 1996, 1998a, Sharma & Sharma
2008) has received relatively more attention of the
Indian workers relying on limnetic collections.
The rotiferologist effect (Fontaneto et al. 2012)
resulted in reasonably good number of regional
reports including those primarily on the family
(Sharma 1979, 1981, Sharma & Sharma 1990)
while Sharma (1983, 1987) dealt with the diver-
sity of Brachionus and the Brachionidae of the
country, respectively. A resurgence of interest on
the family, during more than last two and half
decades, added interesting brachionids to the
Indian Rotifera but indiscriminate listing of
unconfirmed reports of dubious and ambiguous
taxa, and misidentifications nevertheless con-
founded brachionid taxonomy necessitating its
critical evaluation.

We assess diversity status of the Indian Bra-
chionidae and provide an annotated checklist of

valid species with comments on their richness and
composition known till date from different states /
union territories (UT) of India, biogeographically
important elements, distribution of interesting
taxa and on anomalous reports.

MATERIALS AND METHODS

This review is based on analysis of our ex-
tensive samples collected, during the last two and
half decades, from Northeast India (NEI) and
collections from scattered localities from different
states of Northern, Eastern, and Southern India;
our earlier reports; and evaluation of various
published Indian reports. The plankton and littoral
periphytic samples were collected from the lit-
toral, semi-limnetic and limnetic regions of di-
verse aquatic ecosystems by towing a plankton
net (# 50 um) and were preserved in 5% formalin.
All of the collections were screened, different
brachionids were isolated and mounted in Poly-
vinyl alcohol-lactophenol mixture, and were ob-
served with Leica (DM 1000) stereoscopic phase

urn:1sid:zoobank.org:pub:2B73B6A9-96F 1-4560-B948-CB300C8B 1 BBS
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contrast microscope fitted with an image analyzer.
The different taxa were identified following Koste
(1978), Sharma (1983, 1998b), Koste & Shiel
(1987), and Sharma & Sharma (1999, 2000, 2008,
2013). The remarks on biogeography were made
following Segers (2007). The community similari-
ties between the rotifer assemblages of different
states and union territories (UT) of India were cal-
culated vide Serensen’s index and SPSS (version
20) was used for the hierarchical cluster analysis.

RESULTS

We present, hereunder, an annotated check-
list of 46 valid species of the Brachionidae of
India:

Phylum: Rotifera Cuvier, 1817
Class: Eurotatoria De Ridder, 1957
Subclass: Monogononta Plate, 1889

Order: Ploima Hudson & Gosse, 1886
Family: Brachionidae Ehrenberg, 1838

Anuraeopsis coelata De Beauchamp, 1932
A. fissa Gosse, 1851
A. navicula Rousselet, 1911
Brachionus ahlstromi Lindeman, 1939
Syn. B. caudatus var. personatus Ahlstrom, 1940
B. caudatus var. indica Novotona-Dvotako-
va, 1963
5. B. angularis Gosse, 1851
B. angularis bidens Plate, 1886
B. bennini Leissling, 1924
7. B. bidentatus Anderson, 1889
B. bidentatus f. adornus Wulfert, 1966
B. bidentatus f. crassispineus Hauer, 1963
B. bidentatus f. inermis Rousselet, 1906
B. bidentatus f. jirovci Bartos, 1946
B. bidentatus f. testudinarius Jakubski, 1912
B. budapestinensis Daday, 1885
9. B. calyciflorus Pallas, 1766
B. calyciflorus f. anuraeiformis Brehm, 1909
B. calyciflorus . amphiceros Ehrenberg,
1838
B. calyciflorus f. dorcas Gosse, 1851
B. calyciflorus borgerti Apstein, 1907

el

*

>
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Syn. B. calyciflorus var. hymani Dhanapathi,
1974

10. B. caudatus Barrois & Daday, 1894
B. caudatus var. aculeatus Hauer, 1937
(including f. lateralis Hauer, 1937)
B. caudatus f. apsteini Fadeev, 1925
B. caudatus f. majusculus Ahlstrom, 1940
B. caudatus f. vulgatus Ahlstrom, 1940
11. B. dichotomus reductus Koste & Shiel, 1980
12. B. dimidiatus Bryce, 1931
13. B. diversicornis (Daday, 1883)
14. B. donneri Brehm, 1951
15. B. durgae Dhanapathi, 1974
16. B. falcatus Zacharias, 1898

17. B. forficula Wierzejski, 1891
Syn. B. forficula var. keralensis Nayar & Nair,
1969
B. forficula f. minor (Voronkov, 1913)

18. B. kostei Shiel, 1983

19. B. leydigii Cohn, 1862

20. B. mirabilis Daday, 1897

21. B. plicatilis O.F. Miiller, 1786 s. lato
B. plicatilis murrayi Fadeev, 1925

22. B. pterodinoides Rousselet, 1913

23. B. quadridentatus Hermann, 1783
B. quadridentatus f. melhemi Barrois &
Daday, 1894
B. quadridentatus f. brevispinus Ehrenberg,
1832
B. quadridentatus f. cluniorbicularis
Skorikov, 1894
B. quadridentatus f. rhenanus Lauterborn,
1893

24. B. rotundiformis Tschugunoff, 1921
25. B. rubens Ehrenberg, 1838

26. B. sessilis Varga, 1951

27. B. urceolaris O. F. Miiller, 1773

28. Kellicottia longispina (Kellicott, 1879)
29. Keratella cochlearis (Gosse, 1851)
30. K. edmondsoni Ahlstrom, 1943

31. K. javana Hauer, 1937

32. K. hiemalis Carlin, 1943

33. K. lenzi Hauer, 1953

34. K. procurva (Thorpe, 1891)

35. K. quadrata (O. F. Miiller, 1786)
36. K. serrulata (Ehrenberg, 1838)
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37. K. tecta (Gosse, 1851)
38. K. ticinensis (Callerio, 1921)
39. K. tropica (Apstein, 1907)
40. Notholca acuminata (Ehrenberg, 1832)
41. N. labis Gosse, 1887
42. N. squamula (O.F. Miiller, 1786)*
43, N. striata (O. F. Miiller, 1786)
44. Plationus patulus (O.F. Miiller, 1786)
P. patulus macracanthus (Daday, 1905)
45. Platyias leloupi (Gillard, 1967)
Syn. P. longispinosus Arora, 1966
46. P. quadricornis (Ehrenberg, 1832)
P. quadricornis andhraensis Dhanapathi,
1974

* New record from NEI.

Infrasubspecific categories indicated above have no no-
menclatural validity as per ICZN; these are invariably cited
in the Indian literature and, hence, require cautious use by
amateur workers.

Brachionus includes 24 species; 11 species be-
long to Keratella; Notholca, Anuraeopsis and Pla-
tyias are represented by four, three and two spe-
cies respectively, and Plationus and Kellicottia
include one species each. Our collections parti-
cularly from NEI indicate several interesting taxa
namely Brachionus dichotomus reductus (Fig. 1),
B. donneri (Fig. 2), B. durgae (Fig. 3), B. kostei
(Fig. 4), Keratella edmondsoni (Fig. 5) and K.
javana (Fig. 6). Notholca squamula (Fig. 7) and
Keratella serrulata (Fig. 8), observed in our
recent samples from Arunachal Pradesh, are new
records from NEI. Platyias quadricornis andhra-
ensis is the sole Indian endemic.

The richness of Brachionidae and Brachionus
from different parts of India varies between 7-32
(19£6) species and 5-18 (11+4) species, respect-
tively. The community similarities (vide Seren-
sen’s index) and dendrogram depicting the hierar-
chical cluster analysis of the Brachionidae occur-
ring in different states / Union territories of this
country are indicated in Table 1 and Figure 9,
respectively. Their community similarities range
between 22.2-96.7%. We observed 32, 27, 26
species from Assam, Tamil Nadu and West
Bengal, respectively; Tripura and Mahrashtra

recorded 25 species each; Jammu & Kashmir
showed 24 species; 23 species each are observed
from Delhi and Kerala, and 22 species each are
listed from Andhra Pradesh, Meghalaya, Orissa
and Punjab. On the other hand, only seven species
are known from Andaman and 11 species each are
documented from the states of Arunachal Pradesh,
Himachal Pradesh, Mizoram and Nagaland.

DISCUSSION
Richness and composition

We recognize a total of 46 valid species (53
taxa, including subspecies) of Brachionidae from
India. These are of biodiversity value as ~27% of
the global diversity and ~81% of Oriental species
(Segers 2008) of the taxon. Notholca squamula
and Keratella serrulata, from Arunachal Pradesh,
are new records from NEI. The former is known
from Kashmir Himalayas (Shah et al. 2014) while
the latter is known by its un-validated reports
from Kashmir and elsewhere from India (BKS
unpublished). This report is the first validation of
K. serrulata from India and extends the distri-
bution of both species to eastern Himalayas; it is
incidentally the first report of genus Notholca
from NEI. Our inventory provides a notable up-
date (~48.0%) to earlier Indian reports of 31 spe-
cies of the Brachionidae (Sharma & Michael
1980, Sharma 1987). All seven genera of the
family (Segers 2007, 2008) are represented in the
rotifer fauna of India.

The richness of the Indian Brachionidae is
higher than 41 species known from Thailand (Sa-
Ardrit et al. 2013); their composition compares
well with the latter (~73.0% similarity vide Seren-
sen’s index) but differs in the absence of Notholca
and Kellicottia in Thai fauna in particular. The
cosmopolitan species form main component
(~48.0%) of the brachionids known from India
while the pantropical (~24.0%) and the biogeogra-
phically important (~15.5%) species form impor-
tant fractions. Five species (~11.0%) are charac-
terized by restricted distribution and Brachionus
mirabilis and Platyias leloupi are tropicopolitan
elements.

167



Sharma & Sharma: The diversity of Indian Brachionidae (Rotifera) and their distribution

L
[ [RPRPE Sd
P

Figure 1. Brachionus dichotomus reductus
Koste & Shiel, after Sharma (2014)
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Figure 3. Brachionus durgae Dhanapathi
(from Mizoram state, NEI)
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Figure 2. Brachionus donneri Brehm,
after Sharma & Sharma (2008)

Figure 4. Brachionus kostei Shiel
after Sharma (2014)
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6. Keratella javana Hauer

(from Mizoran state, NEI)

igure

F

Keratella edmondsoni Ahlstrom ,

after Sharma (2014)

Figure S
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Keratella serrulata (Ehrenberg)
(from Arunachal Pradesh, NEI)

8

Figure

,NEI)

7. Notholca squamula (O.F. Miiller)

(from Arunachal Pradesh

igure

F
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Our analysis of distinct variations in compo-
sition of the Brachionidae of different States / UT
of India (7-32, 1946 species) is supported by wide
range of community similarities (22.2-96.7% vide
Serensen’s index). The lowest similarity between
species occurring in Andaman and Meghalaya is
hypothesized to contrasting ecological conditions.
The geographical proximity, however, explains
maximum affinity between Delhi vs. Haryana and
again between Delhi vs. Jammu & Kashmir, and is
followed by 93.3% similarity between Haryana vs.
Jammu & Kashmir. Ten more instances in the mat-
rix register higher values of ~ or < 90.0% similari-
ty. The cluster analysis reiterates distinctness of
brachionids of Andaman followed by certain deg-
rees of distinctness in their composition from As-
sam, Jammu & Kashmir, Nagaland and Manipur as
well as Meghalaya, Himachal Pradesh and Sikkim
in particular. The affinities in their composition,
result in main cluster groupings between Haryana,
Jharkhand, Chandigarh, Rajasthan, Karnataka, Ut-
trakhand; Tamil Nadu, West Bengal, Orissa, Kera-
la, Tripura; and Madhya Pradesh, Uttar Pradesh,
Bihar, Goa, Andhra Pradesh, Maharashtra, Delhi
while homology is indicated between species
known from Gujarat and Punjab; Assam and Me-
ghalaya; and Nagaland, Himachal Pradesh and Sik-
kim.

Our collections from Assam record the richest
diversity (~71.0% of the Indian Brachionidae) and
represent total richness of the taxon known from
NEIL This salient feature is hypothesized to envi-
ronmental heterogeneity of sampled aquatic eco-
systems as well as to our intensive sampling. Our
reports of 30 species from the floodplains of the
Brahmaputra basin (BKS unpublished) and 26 spe-
cies (Sharma & Sharma 2013) from Deepor Beel (a
Ramsar site) in particular support the former hypo-
thesis. In addition, the reports of 27 and 26 species
from Tamil Nadu (Sharma & Sharma 2009) and
West Bengal (Sharma 1998b) respectively, 25
species each Tripura (Sharma & Sharma 2000) and
Maharashtra (BKS unpublished); 24 species from
Jammu & Kashmir, and 23 species (BKS unpub-
lished) from Delhi and Kerala exhibit rich diversity
in these states of India.
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The brachionid paucity from the greater Anda-
man (George ef al. 2011) and from certain coastal
ecosystems and backwaters of India (Varghese
2006, 2011, Varghese & Krishnan 2008, Mani-
kannan et al. 2011, Prabhahar et al. 2011, Janaki-
raman et al., 2012, Mohapatra & Patra 2012, 2013)
is attributed to influence of salinity on the rotifers
in general (Sladecek 1983, Attayde and Bozelli
1998) and Brachionidae in particular (Athibai et
al., 2013). Low richness in Arunachal Pradesh,
Mizoram and Nagaland of NEI (Sharma & Sharma
2014a) and Sikkim (BKS, unpublished) is attri-
buted to slightly acidic waters of hilly areas of NEI
(Sharma & Sharma 2005, 2014a) and is also hy-
pothesized to lack of permanent limnetic habitats
(BKS, unpublished).

The predominantly ‘tropic-centered’ and most
diverse genus Brachionus (Segers 2007, 2008)
registers rich diversity in India (24 species) rep-
resenting ~37.0% and ~72.0% of its global and
Oriental species, respectively. It shows consi-
derable richness variations in different states / UT
(5-18, 1144 species) with the reports of 18 and 17
species from Assam and Tripura, respectively; 16
species each from Maharashtra, Tamil Nadu and
West Bengal, and 15 species each from Andhra
Pradesh, Delhi and Kerala. Low Brachionus rich-
ness in brackish waters of Andaman (George ef al.
2011) and coastal ecosystems (Varghese &
Krishnan 2008, Manikannan et al. 2011, Prabhahar
et al. 2011, Varghese 2011, Janakiraman et al.
2012) is attributed to influence of salinity. A pau-
city of Brachionus spp. in several hill states of
India namely Arunachal Pradesh, Himachal Pra-
desh, Manipur, Mizoram, Nagaland, Uttrakhand
and Sikkim is hypothesized to lack of permanent
limnetic habitats as well as to slightly acidic waters
of certain states of NEL

The ‘temperate centered’ Keratella (11 species)
ranks second with ~22.0% its global diversity and
~92.0% of the Oriental richness. Its richness in
India is to be considered with caution as we ob-
served more richness only from Assam, and Tamil
Nadu. Notholca, Anuraeopsis and Platyias include
four, three, and two species, respectively.
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Dendrogram using Average Linkage (Between Groups)
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Figure 9: The hierarchical cluster analysis of Brachionidae known from different states/Union territories of India

Abbreviations. 1. AP-Andhra Pradesh; 2. AN-Andamans (UT); 3. ARN-Arunachal Pradesh; 4. ASS-Assam; 5. BH-Bihar; 6. CHD-
Chandigarh (UT); 7. DEL-Delhi; 8. GOA-Goa(UT); 9. GUJ-Gujarat; 10. HP-Himachal Pradesh; 11. HRY- Haryana; 12. JK-Jammu
& Kashmir; 13. JKD-Jharkhand; 14. KAR-Karnataka; 15. KRL-Kerala; 16. MS-Maharashtra; 17. MP-Madhya Pradesh; 18. MNP-
Manipur; 19. MEG-Meghalaya; 20. MIZ-Mizoram; 21. NGL-Nagaland; 22. ORS-Orissa; 23. PUN-Punjb; 24. RAJ-Rajasthan;
25. TN-Tamil Nadu; 26. TRP-Tripura; 27. UP-Uttar Pradesh; 28. UK-Uttarakhand; 29.WB-West Bengal;
30. SKM-Sikkim (not included Chhattisgarh-insufficient information)
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Kellicottia and Plationus are known by one
species; the latter is invariably identified as Pla-
tyias or Brachionus from this country indicating a
casual approach on its nomenclatural change. We
are yet to confirm the reports of Kellicottia longi-
spina and Notholca striata from Kashmir Hima-
layas in particular notwithstanding their ‘dubious
records’ elsewhere from India. The Indian litera-
ture shows notorious reports of Notholca species.
We seek re-examination of Plationus patulus mac-
racanthus as earlier reports indicate specimens
with longer posterior species but not confirming to
this taxon sensu stricto.

Morphological plasticity inherent in certain
Brachionidae infrequently resulted in designation
of infra-subspecific categories from India as al-
ready commented earlier by Sharma (1983). This
trend has continued unabated in recent reports, by
amateur workers, without recourse even to stan-
dard taxonomic works (Segers 2007, Jersabek et al
2012, Jersabek & Leitner 2013) thus confounding
the Indian literature with records without any no-
menclatural validity.

Analysis of cryptic diversity in the Indian
populations of Brachionus calyciflorus, B. cau-
datus, B. forficula, B. plicatilis, B. quadridenta-
tus, B. urceolaris, Keratella cochlearis and K.
quadrata species-groups awaits attention con-
current with such global initiatives particularly on
the B. plicatilis complex (Ciros-Perez et al. 2001,
Suatoni et al. 2006). Anitha & George (2008)
analyzed the latter complex and classified its vari-
ants into B. plicatilis, B. rotundiformis and B. mur-
rayi describing new infrasubspecific variants with
no taxonomic validity i.e., B. plicatilis f. ovalis f.
nov. and B. murrayi f divergispinus f. nov. Of
these, B. murrayi itself is a junior synonym of B.
plicatilis murrayi and B. rotundiformis is a distinct
taxon. A global rotifer community initiative on
“Cryptic speciation in B. plicatilis” launched at
Rotifera XIII held at Shillong in 2012 is likely to
resolve status of this species-complex. We allo-
cated Brachionus caudatus var. personatus to B.
ahlstromi following Giri & Jose De Paggi (2006).

Interesting taxa

Brachionidae contains taxa with well-docu-
mented ranges (Pejler 1977, Dumont 1983). Like-
wise, various interesting taxa known from India
including the Australasian Brachionus dichotomus
reductus and B. kostei, two Oriental endemics B.
donneri and Keratella edmondsoni, and the sole
known Indian endemic: Platyias quadricornis
andhraensis. The paucity of endemics from this
country concurs with low endemicity model of the
Oriental Brachionidae (Segers 2008) in particular
and also with their paucity in well studied Thai
Rotifera (Sa-Ardrit et al. 2013).

We support the hypothesis of Segers (2001) on
possible Australian origin of Brachionus dicho-
tomus reductus by its relation with the Australian
B. dichotomus dichotomus with recent expansions
of populations of the former to the Indian sub-
region (Sharma 2004, Sharma & Sharma 2005,
2014a). Contrastingly, Sa-Ardrit et al. (2013)
indicated occurrence of names of both taxa in
literature on Thai Rotifera with comments on
need for confirmation of the latter.

Brachionus kostei, the second Australasian spe-
cies, is known elsewhere from Australia, Papua
Guinea and Thailand while its unpublished report
from northeast China is a possible example of
introduction (Sa-Ardrit et al. 2013). Jersabek &
Leitner (2013) indicated verification of conspe-
cifity of the forms of B. kostei known from SE Asia
and northeast India with the ‘typical form’ from
Australia.

The Oriental Keratella edmondsoni, described
from Tamil Nadu (Ahlstrom 1943) as K. quadrata
var. edmondsoni, was raised to the status of a
distinct species by Nayar (1965). It is reported
elsewhere from Northeast Thailand (Sanoamuang
et al. 1995, Sa-Ardrit et al. 2013). Brachionus
donneri, another Oriental species described by
Brehm (1951), was erroneously listed as pantro-
pical species (Sharma & Sharma 2001, 2005). Its
unconfirmed report from Panama Canal i.e. be-
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yond the classical distribution limit is a possible
example of its introduction (Segers 2007).

The sole Indian endemic Platyias quadricornis
andhraensis, described by Dhanapathi (1974a)
from Hussain Sagar reservoir, Hyderabad, Andhra
Pradesh, is known only from its ‘type-locality’.
The other interesting brachionids include Kera-
tella javana and Brachionus durgae. The latter
was described from Andhra Pradesh (Dhanapathi
1974b) and its distribution now extends to the
African, Neotropical, Oriental and Palearctic
regions (Segers 2007).

Distribution

The distribution of Brachionidae merits interest
for its relative paucity in various hill states of India
and in coastal waters. We allocate brachionids
known from this country into three categories:

(a) Species with restricted distribution: Kera-
tella javana, Brachionus dichotomus reductus and
B. kostei are examples with distribution restricted
to NEI. The occurrence of the Australasian B.
dichotomus reductus and B. kostei impart special
affinity of Rotifera of NEI with those of the Ori-
ental region and Australia (Sharma & Sharma
2005, 2008, 2012, 2014a, Sharma 2014). We also
assign Keratella hiemalis, K. ticinensis, Kellicottia
longispina and Notholca striata to this category
because of restricted distribution to Kashmir Hi-
malayas notwithstanding their unconfirmed re-
ports elsewhere from India. The halobiont Bra-
chionus rotundiformis is restricted to coastal
brackish-waters of South India extending up to
Andaman.

(b) Species with disjunct distribution: Eight-
een species i.e. Anuraeopsis coelata, A. navicula,
Brachionus bennini, B. dimidiatus, B. donneri, B.
durgae, B. pterodinoides, B. urceolaris, Keratella
edmondsoni, K. lenzi, K. procurva, K quadrata, K.
serrulata, K. tecta, Notholca acuminata, N. squa-
mula, N. labis and Platyias leloupi show disjunct
populations in India.
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(c) Widely distributed: Fourteen species na-
mely Anuraeopsis fissa, Brachionus angularis, B.
bidentatus, B. budapestinensis, B. caudatus, B.
calyciflorus, B. falcatus, B. forficula, B. plicatilis,
B. quadridentata, Keratella cochlearis, K. tropica,
Plationus patulus and Platyias quadricornis are
widely or nearly widely distributed in India.

Indeterminate species: Segers & Babu (1999,
Figs 1-2) examined single specimen of Keratella
species which appeared close to K. tropica. It is
differentiated by peculiar antero-median facet.
Insufficient material did not allow for a des-
cription of this taxon (Segers & Babu 1999).

Anomalous reports: Various recent publicati-
ons spurted from amateur workers without ade-
quate taxonomic expertise, in several online jour-
nals / even regular journals without expert peer-
review, are an alarming impediment to Rotifera
biodiversity in India (Sharma & Sharma 2014b,
2014c). This generalization holds true to anoma-
lous Brachionidae reports categorized as follows:

Misidentifications

1. Brachionus havanaensis Rousselet, 1911: It is
known from Nearctic and Neotropical regions
with possible introduction to Oriental and
Palearctic regions (Segers 2008). Its notorious
Indian reports from Tamil Nadu (Francis et al.
2003), Maharashtra (Ekhande et al. 2013),
Rajasthan (Paulose & Maheshwari 2008) and
Uttar Pradesh (Khan et al. 1986, Haque et al.
1988, Ali et al. 1990) are considered as ex-
amples of misidentifications of its vicariant —
B. diversicornis.

2. Keratella valga (Ehrenberg, 1834): We agree
with Sa-Ardrit et al. (2013) considering that
the distinction between the cold-water, acido-
philic K. valga and the warm-water, euryoe-
cious K. tropica has long remained proble-
matic. K. valga is indiscriminately listed,
without any validation from India, from Bihar
(Pandey et al 2013), Jammu & Kashmir
(Sharma J.P. & Srivastava 1986, Ahangar et
al. 2012), Gujarat (Nirmal Kumar et al. 2011),
Madhya Pradesh (Adohlia 1979), Maharashtra
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(Tayade & Dabhade 2011), Punjab (Bath &
Kaur 1998, Kaur et al 1999), Rajasthan
(Saxena 2001, Sharma V. ef al. 2008, Sharma
R. et al. 2011), Tamil Nadu (Raghunathan &
Suresh Kumar 2006, Sonia & Ramanibai
2012). We consider all of the stated records as
misidentifications apparently of K. tropica
unless authenticated otherwise.

3. Brachionus urceus Linneaus, 1758: Ahlstrom
(1940) indicated the early descriptions of the
taxon as being inadequate. Jersabek & Leitner
(2013) considered B. urceus as a ‘doubtful
species’ and “recommended the name urceo-
laris, associated for many years with the
species under consideration." The sole un-
validated report of this brachionid from
Madhya Pradesh (Bhat et al. 2012) lacking
‘author citation’ refers to misidentified B.
urceolaris.

4. Keratella canadensis Berzins, 1954: Un-vali-
dated reports of this Nearctic species from
Uttar Pradesh (Khan et al. 1986, Ali et al.
1990) and without ‘author citation’ are mis-
identifications.

5. Keratella earlinae Ahlstrom, 1943: An un-
validated report from Tripura (Banik &
Chakraborty 1998) represents misidentifi-
cation.

6. Notholca caudata Carlin, 1943: The sole un-
validated report from Wular Lake, Kashmir
(Mir et al. 2008) perhaps refers to misidentified
N. acuminata (BKS unpublished).

7. Kellicottia sp.: The report from Andaman
(George et al. 2011, Fig. 2H) does not show
this taxon.

Reports warranting confirmations

Un-validated reports of the following taxa
warrant confirmations to ascertain their validity:

1. Keratella serrulata (Ehrenberg, 1838): Jammu
& Kashmir (Balkhi ef a/.1987, Ticku & Zutshi
1993, Mir et al. (2008), Punjab (Bath & Kaur,
1998) and Uttar Pradesh (Tare 2012).

2. Kellicottia sp.: Punjab (Bath & Kaur 1998).

3. Notholca laurentiae Stemberger, 1976: Kash-
mir (Raina & Vass 1993).

4.

Plationus polyacanthus (Ehrenberg, 1834):
Kashmir (Balkhi ef al. 1987, Pandit & Yousuf
2003; Shah et al. 2014) and Punjab (Bath &
Kaur 1998).

Dubious reports

Sharma and Sharma (2014b) commented on

dubious reports lacking validation without vouch-
er specimens — a recurrent problem with rotifer
records from India. We categorize the following
brachionid taxa, reported in ad hoc ecological
studies, as ’dubious’:

a.

The most notorious report (Adholia 1979) is of
five Notholca spp. from Madhya Pradesh:
Notholca acuminata, N. squamula, N. striata,
N. carinata and N. foliaacea (misspelled!).
Keratella ticinensis (Callerio, 1921): Madhya
Pradesh (Chourasia & Adoni 1986), Maha-
rashtra (Tayade & Dabhade 2011) and Tamil
Nadu (Raghunathan & Suresh Kumar 2006).
Misspelled as ‘K. ticinessis (Carlin)’ from
Tamil Nadu.

Keratella hiemalis Carlin, 1943: Maharashtra
(Tayade & Dabhade 2011) and Rajasthan
(Sharma V. et al. 2008).

Kellicottia longispina (Kellicott, 1879): Ma-
dhya Pradesh (Adholia 1979).

Notholca acuminata (Ehrenberg, 1832): Bihar
(Ahmed & Singh, 1988, Kumar et al. 2011),
Madhya Pradesh (Chourasia & Adoni 1986),
Orissa (Mohapatra & Patra 2012), Punjab
(Bath & Kaur 1998, Kaur et al. 1999) and
West Bengal (Moharana et al. 2012).

Notholca labis Gosse, 1887: Tamil Nadu
(Dheenadayalamoorthy & Sultana 2011) and
West Bengal (Chattopadhyay & Barik 2009).
Notholca priodonta: Uttar Pradesh (Haque et
al. 1988).

Notholca sp.: Bihar (Ahmed & Singh 1988,
Kumar et al (2011).

Notholca accuminata Gosse (Misspelled!):
Puri coast, Orissa (Mohapatra & Patra (2012).
Notholca accuminata Gosse (Misspelled!):
Digha coast, West Bengal (Moharana et al.
2012, Moharana & Patra 2013).
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Invalid reports

The followings are categorized as ‘invalid re-
ports’ from India:

Anuraeopsis  sp.: (Lauterborn 1990). Haryana
(Chopra et al. 2014).

Brachionus longiceps: Rajasthan (Sharma V. et
al. 2008).

Brachionus terminalis: Bihar (Kumar et al. 2011).

Brachionus tropica Apstein: Orissa (Patra et al.
2011).

Brachionus sp. (Pallas, 1776): Haryana (Chopra et
al. 2014).

Brachionus patulus (Attwood, 1881): Haryana
(Chopra et al 2014).

Platyias trgonellus: West Bengal (Datta 2011).

To sum up, Indian Brachionidae is speciose by
its relation to the Oriental diversity of the taxon.
In spite of its low endemicity model in India, it
reveals certain globally interesting elements and
species of regional biogeography interest. The
rotiferologist effect resulted in its documentation
from certain parts of India but casual approach by
several amateur workers invariably culminated in
ad hoc inventories riddled with misidentifications,
unconfirmed dubious and invalid reports. The di-
versity of Brachionidae of India is likely to
increase following studies from biodiversity hot-
spots namely the Himalayan region and Western
Ghats in particular; analysis of cryptic diversity in
certain species groups; and validation / confirma-
tion of questionable reports.
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Abstract. The earthworm genus Helodrilus Hoffmeister, 1845 is shortly reviewed. Its special semi-aquatic and subterranean
way of life and its consequences to the taxonomy of the genus is discussed. Several new occurrences of some little-known
Helodrilus species are given including new country records of H. oculatus for Hungary and H. putricola putricola for
Portugal. Examining a topotype of H. hachiojii revealed presence of saccular nephridial bladders consequently, here we
propose its transposal to the genus Eisenia as E. hachiojii (Blakemore, 2007) comb. nov.

Keywords. Helodrilus, new records, nephridial system, distribution, phylogeny

INTRODUCTION

he genus Helodrilus was described by Hoff-

meister (1845) with the type species Helodri-
lus oculatus Hoffmeister, 1845 and defined by
characters such as a thin body, strong setae, and
the absence of a clitellum which clearly indicates
that the specimens examined by Hoffmeister were
either juvenile or aclitellate adults. Later Michael-
sen (1900) created a large catch-all genus from
the original Helodrilus by merging the genera
Allolobophora Eisen, 1873, Dendrobaena Eisen,
1873, and Bimastos Moore, 1893 into it as inde-
pendent subgenera. Pop (1941) in his revision of
the family Lumbricidae transposed all unpigment-
ed species with closely paired setae, from Helo-
drilus to the genus Allolobophora and furthermore
elevated Dendrobaena to genus rank resulting in
exterminating the former genus Helodrilus.

Omodeo (1953) resurrected the genus Helo-
drilus with the following characteristics: setae

strictly paired, calciferous glands without lateral
diverticula, pigmentation lacking, two pairs of
seminal vesicles in segment 11, 12, spermathecal
pores in setal line cd, small or medium size, me-
dium number of segments. It is worth mentioning
that the Helodrilus species usually possess lateral
calciferous diverticula in segment 10, but these
are sometimes hardly recognizable (Csuzdi &
Zicsi 2003).

Perel (1976a) was among the first earthworm
taxonomists who thoroughly examined the mor-
phology of the nephridial bladders in the family
Lumbricidae and highlighted the absence of neph-
ridial bladders in case of the Helodrilus species,
as an important distinguishing character. Follow-
ing a similar train of thought Zicsi (1985) sepa-
rated the genus Proctodrilus from Helodrilus by
differences in the excretory system. The nephri-
dial bladders are lacking in both cases, but in the
genus Helodrilus each nephridium opens in its
own segment (exonephric system). In the Proc-

urn:lsid:zoobank.org:pub:DA9IBE981-09D8-4DEE-A4CA-6837B64D039F

HU ISSN 2063-1588 (online), HU ISSN 0237-5419 (print)



Szederjesi, Angyal, Balazs & Danyi: Remarks on the earthworm genus Helodrilus

todrilus species each nephridium discharges in a
collecting canal (enteronephric system).

Up to now the genus Helodrilus comprises ca.
20 species and subspecies (Appendix 1) showing
holarctic distribution, from the Iberian Peninsula
(Trigo et al. 1988) to Anatolia (Csuzdi et al.
2006), Levant (Pavlicek et al. 2003) and the
Caucasus (Kvavadze 1985).

The species have special habitat preferences;
most of them prefer highly moist soils or can be
found in the banks of streams, swamps and caves,
and because of their narrow range many species
are considered as endangered or critically endan-
gered (Stojanovi¢ & Karaman 2006). However,
this conservation status may also be attributed to
undersampling in these habitats and more research
should be carried out in these areas to accurately
assess their conservation status and distribution.

A typical example for this is the first records
of Helodrilus oculatus Hoffmeister, 1845 from
Hungary and Helodrilus putricola putricola
(Bouché, 1972) from Portugal presented here.

MATERIAL AND METHODS

Earthworms were collected by digging and
hand-sorting. The specimens were killed and
fixed in 96% ethanol, then transferred into 75%
ethanol and deposited in the earthworm collection
of the Hungarian Natural History Museum
(HNHM). For later molecular studies, tail parts of
specimens of taxonomic importance were placed
into 96% ethanol.

RESULTS

Helodrilus cernosvitovianus (Zicsi, 1967)

Allolobophora cernosvitoviana Zicsi, 1967: 248.
Helodrius cernosvitovianus: Zicsi 1985: 282., MrSié
1991: 115., Csuzdi & Zicsi 2003: 170.

Material examined. HNHM/16511, 1 ex., Hun-
gary, Komoro, leg. Cs. Csuzdi, 16.04.2007.
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Remarks. This species was described from
Hungary (Zicsi 1967) and later was found in
Ukraine (Perel 1976b), Poland (Rosen & Kos-
tecka 1988), Serbia (Mrsi¢ 1991, Karaman &
Stojanovi¢ 2002, Stojanovi¢c & Karaman 2005)
and Greece (Zicsi & Michalis 1981). The real
distribution of this species is still unknown
(Csuzdi et al. 2011).

Helodrilus deficiens Zicsi, 1985

Helodrilus deficiens Zicsi, 1985: 282., Mrsi¢ 1991:
126., Csuzdi & Zicsi 2003: 172.

Material examined. HNHM/14880, 1 ex.,
Hungary, Piiski, Salamon Isle, leg. S. Mahunka,
23.06.2004.

Remark. This species is known only from
Hungary and Austria (Zicsi 1994) from a narrow
area, and all the specimens were collected from
the bank of the Danube.

Helodrilus kratochvili (Cernosvitov, 1937)

Eophila kratochvili Cernosvitov, 1937: 130.
Helodrilus kratochvili: Zicsi 12985: 280., Mrsi¢ 1991:
114.

Material examined. HNHM/16960, 2 ex., Bos-
nia-Herzegovina, Zira Cave, leg. G. Balazs, 01.
08.2014.

Remarks. Zicsi (1985) examining the type
material recognized that it contains only a single
adult specimen, the other four specimens in the
vial were praeadult or juvenile. Our specimens are
also juvenile with only developing tubercles pre-
sent on 29-31.

This troglobiont species lives solely in the Zira
Cave and was found only two times after the
original description. The samples were collected
in the terminal siphon of the cave. The siphon is
filled with fine mud. The cave is considered as a
fossil sinkhole. Its morphology suggests that it
used to consume huge quantities of water, but
now the entrance is situated 7-8 meters higher



Szederjesi, Angyal, Balazs & Danyi: Remarks on the earthworm genus Helodrilus

than the present polje level, therefore normally it
collects only percolating water from the surface
which is just enough to keep the mud wet
throughout the year, and floods can only occur in
the cave when the water level on Popovo polje is
high. Although this area of the Dinaric Karst is
well researched due to the close position of Vjet-
renica Cave, H. kratochvili has only been found in
this single cave. The unique hidrology of the
locality might serve as explanation for this phe-
nolmenon.

Helodrilus mozsaryorum (Zicsi, 1974)

Allolobophora mozsaryorum Zicsi, 1974: 230.
Helodrilus mozsaryorum: Zicsi 1985: 282., Mrsi¢
1991: 125., Csuzdi & Zicsi 2003: 173.

Material examined. HNHM/16134, 2 ex.,
Hungary, Josvafoé, Baradla Rovid-Alsé Cave,
siphon 4, leg. G. Balazs, 07.07.2011.

Remarks. This troglobiont species is endemic
to Hungary, found only in the Baradla R6vid-Alsé
Cave, NE Hungary, where it lives under water in
the mud of siphons and secures its oxygen needs
by the circular moves of its tail (Csuzdi & Zicsi
2003).

The cave is one of the active lower spring
caves of the Baradla-Domica Cave System. Since
the siphons, where these animals lived, were dried
up by intensive pumping, this species was thought
to be extinct (Zicsi et al. 1999).

New research in the Baradla-Domica Cave
System proved that H. mozsaryorum specimens
are still found in their type locality and they occur
not only in the siphons but probably along the
whole cave stream, as they were observed in the
water of the artificial tunnel at the beginning of
the cave, in a distance of about 30-40 meters from
the entrance.

It worth noting, that the species have been
found only in this branch of the Baradla-Domica
Cave System although, since its discovery,
numerous attempts were made to find it in other

parts of the cave with similar conditions, as well
as in surrounding caves.

Helodrilus oculatus Hoffmeister, 1845

Helodrilus oculatus Hoffmeister, 1845: 39., Zicsi
1985: 279., Mrsi¢ 1991: 118., Zicsi 1994: 43., Zicsi
& Csuzdi 1999: 991.

Material examined. HNHM/11855, 1 ex.,
Germany, Rolfshagen, leg. A. Zicsi, 17.06.1963.
HNHM/16133, 1 ex., Hungary, Mecsek, Abaliget
Cave, leg. D. Angyal, L. Danyi, 14.01.2012.
HNHM/16961, 1 ex., Hungary, Mecsek, Spiral
Sinkhole, beginning of streamy branch, leg. D.
Angyal, 23.02.2013.

Remarks. H. oculatus is the most widely
distributed Helodrilus species. It is recorded from
the Iberian peninsula (Trigo et al. 1998) to the
Caucasus (Perel 1979, Kvavadze 1985). Con-
sequently it shows a rather large morphological
variability which resulted in describing many
synonym names (Csuzdi 2012).

Our specimens with the clitellum on 22-31
and tubercles on 29-1/2 31 agrees well with the
modern concept of the species (Michaelsen 1900:
497.).

Both the Abaliget Cave and the Spiral
Sinkhole are situated in the Mecsek Mts. in SW
Hungary. The former is the longest (about 2000
meters) and the later is the deepest (with 86
vertical metres extension and 1600 metres length)
cave in that karstic region. Both caves have been
developed in Triassic limestone and provide
various microhabitats for some eutroglophile and
troglobiont macroinvertebrate species. The col-
lected H. oculatus specimens were found on clay
in a wet environment approximately 70 meters
deep in the Spiral Sinkhole and in a small puddle
on the top of a large rock about 470 meters deep
in the Abaliget Cave.

Helodrilus oculatus is new to the fauna of

Hungary. As it was found in Slovenia (MrSi¢
1991) and Austria (Zicsi 1994) its presence in
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Hungary was to be expected. The fact that it could
have remain undiscovered till now in one of the
biologically best investigated Hungarian caves—
the Abaliget Cave — may indicates the rarity of the
species.

Helodrilus patriarchalis (Rosa, 1893)

Allolobophora patriarchalis Rosa, 1893: 9.

Helodrilus patriarchalis: Zicsi 1985: 280., Csuzdi &
Pavlicek 2005: 92., Szederjesi et al. 2013: 398.,
2014: 566.

Material examined. HNHM/16624, 6 ex.,
Greece, Crete, Chania regional unit, Georgi-
oupoli, swamp E of the village, Sm, N35°21.112°
E24°17.442°, leg. J. Kontschan, D. Muranyi, T.
Szederjesi, 01.04.2013. HNHM/16667, 2 ex., Jor-
dan, Wadi Hassa, leg. T. Pavlicek, 14.05.1996.
HNHM/16925, 2 ex., Turkey, Akyaka Mts.
region, near stream, pine forest, leg. P. Cardet, T.
Pavlicek, 13.04.2014. HNHM/16931, 3 ex., Tur-
key, Akyaka, mount slopes, pine forest, leg. P.
Cardet, T. Pavlicek, 15.04.2014.

Remarks. H. patriarchalis shows a typical East
Mediterranean distribution with its range stretch-
ing from Crete through Anatolia and the Levant
(Csuzdi et al. 2006, Pavlicek et al. 2003) to the
Transcaucasus (Perel 1967, Kvavadze 1985). It
becomes completely adult only for a short period
in the year which results in high variability of the
clitellar and tubercular positions. In case of full
development, the tubercles stretch from the hind
end of segment 30 to the beginning of segment
34. Between this maximal extension large
variations can be seen during development which
have resulted in the description of several
synonymised names such as Helodrilus colchicus
Kvavadze, 2000 and Helodrilus zicsianus Kva-
vadze 2000 with data cl: 21,22-33,34 tb: %430,31-
¥33,%234 and cl: 23-33,34 tb: '430,31-32,%33
respectively.

Helodrilus putricola putricola (Bouché, 1972)

Allolobophora putricola Bouché, 1972: 442.
Helodrilus putricola putricola: Zicsi 1985: 282., Zicsi
& Csuzdi 1999: 991.
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Material examined. HNHM/16414, 1 ex.,
Portugal, Cal de Bois, N41°21.53 W7°29.219,
leg. T. Pavlicek, 05.09.2011. HNHM/16428, 1
ex., Portugal, Palmeira de Faro, stream in a farm,
890 m, leg. T. Pavlicek, 01-05.09.2011.
HNHM/16470, 1 ex., France, Midi-Pyrénées, after
Paréac, forest, 404 m, N43°06.736° E00°00.736°,
leg. Cs. Csuzdi, 07.07.2004.

Remarks. Our specimen with a clitellum on
23— 29, tubercula on 23-28, four pairs of vesicles
in 9-12 and spermatheca in 9/10, 10/11 cd agrees
well with the original description. H. putricola
putricola was previously known only from France
and it is new to the fauna of Portugal.

Helodrilus putricola orionense (Zicsi, 1977)

Allolobophora orionense Zicsi, 1977: 682.
Helodrilus putricola orionensis: Zicsi & Csuzdi 1999:
991.

Material examined. HNHM/16413, 1 ex.,
France, Aquitaine, Pyrenees Mts., 21 km after
Combo les Bains, before St. James Pied de Port,
forest, stream bank, 63 m, N43°19.517°
WO01°22.963’, leg. Cs. Csuzdi, 06.07.2004.

Remark. This subspecies is only known from
the French part of the Pyrenees.

Eisenia hachiojii (Blakemore 2007) comb. nov.

Helodrilus hachiojii Blakemore, 2007: 17., Blakemore
& Grygier 2011: 276.

Material examined. HNHM/15531, 1 ex.,
Japan, Komiga Park, Hachioji, West Tokyo, leg.
R.J. Blakemore, 05.09.2010.

Remarks. Blakemore (2007) noted that he
observed simple, flask-shaped nephridial bladders
in certain segments of a few of the specimens.
Examining a topotype we found small, simple,
saccular nephridial bladders in all segments which
makes it clear that the species hachiojii belongs to
the genus Eisenia. Similar shaped bladders are
found in other limicolous Eisenia species such as
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the Inner Asian Eisenia colchidica (Perel, 1967)
and the Central European E. balatonica (Pop,
1943).

DISCUSSION

As the Helodrilus species live mostly in stream
banks and caves where earthworm sampling is u-
sually not focused, we still have little information
both on the species and also their exact distri-
bution. This might be the reason that, except the
two most common species (H. oculatus and H.
patriarchalis), the current known species’ ranges
for the other Heliodrilus taxa are quite limited.
Except the truly troglobiont taxa (such as H.
kratochvili and H. mozsaryorum) the other species
are likely to have much larger distribution ranges
than we currently know. This is highlighted by the
recent discovery of Helodrilus vagneri Mrsic,
1991 in Greece (Szederjesi et al. 2012) and also
the record of H. oculatus in the quite well ex-
plored Hungary.

Another problem is that many Helodrilus spe-
cimens recorded in the literature (including the
type specimens of H. oculatus, the generotype)
are not fully adult because the maturity of these
species lasts only for a short period of time in the
year. This can lead to misidentifications and also
recording high morphological variability which
questions the validity of certain species (Omodeo
& Rota 2008).

The genus Helodrilus is problematic also from
phylogenetic point of view. Its most specific
character is the lack of nephridial bladders which
is the plesiomorphic character state according to
Perel (1976a). If we accept this assumption, then
Helodrilus is considered to be an ancient group of
earthworms. The range of this genus totally
covers the whole Lumbricidae domain (except
North America) which could also imply an an-
cient origin. However, if we examine the plesio-
morphic sister groups of Lumbricidae, e.g. Hor-
mogastridae (James & Davidson 2012), we found
nephridial bladders present in all cases. Therefore
the absence of bladders seems to be a derived
character (Csuzdi 2004) and can be related to the

limicolous way of life. Further molecular studies
are needed to determine the true phylogenetic
position (or even monophyly) of this highly
special earthworm taxon.
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Appendix 1.

List of the valid names in the genus Helodrilus
Hoffmeister, 1845

Helodrilus balcanicus balcanicus (Cernosvitov,
1931)

Eiseniella balcanica Cemosyitov, 1931: 321.
Allolobophora macedonica Sapkarev, 1971: 150.
Helodrilus balcanicus plavensis (Karaman,
1972)

Eiseniella balcanica plavensis Karaman, 1972: 78.

Helodrilus cernosvitovianus (Zicsi, 1967)

Allolobophora cernosvitoviana Zicsi, 1967: 248.

Helodrilus deficiens Zicsi, 1985
Helodrilus deficiens Zicsi, 1985: 282.

Helodrilus dinaricus MrS$ié, 1991
Helodrilus dinaricus Mr$i¢, 1991: 108.

Helodrilus duhlinskae Zicsi & Csuzdi, 1986
Helodrilus duhlinshae Zicsi & Csuzdi, 1986: 119.

Helodrilus italicus Zicsi, 1985

Helodrilus italicus Zvicsi, 1985: 284.
Helodrilus serbicus Sapkarev, 1989: 33.
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Helodrilus jadronensis Sapkarev, 1989
Helodrilus jadronensis Sapkarev, 1989: 36.

Helodrilus kratochvili (Cernosvitov, 1937)
Eophila kratochvili Cernosvitov, 1937: 130.

Helodrilus mozsaryorum (Zicsi, 1974)

Allolobophora mozsaryorum Zicsi, 1974: 227.

Helodrilus musicus Qiu & Bouché 2000
Helodrilus musicus Qiu & Bouché, 2000: 11.

Helodrilus oculatus Hoffmeister, 1845

Allolobophora hermanni Michaelsen, 1890: 13.
Helodrilus ospensis Mrsi¢, 1991: 113.
Helodrilus cartlicus Kvavadze, 2000: 82.
Helodrilus cortezi Qiu & Bouché, 2000: 9.
Helodrilus phillipei Qiu & Bouché, 2000: 12.
Helodrilus turquini Qiu & Bouché 2000: 10.

Helodrilus patriarchalis (Rosa, 1893)

Allolobophora patriarchalis Rosa, 1893: 9.
Helodrilus colchicus Kvavadze, 2000: 82.
Helodrilus zicsianus Kvavadze, 2000: 83.
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Helodrilus putricola putricola (Bouché, 1972)
Allolobophora putricola Bouché, 1972: 442,

Helodrilus putricola orionense (Zicsi, 1977)
Allolobophora orionense Zicsi, 1977: 682.

Helodrilus putricola tebra (Bouché, 1972)
Allolobophora putricola tebra Bouché, 1972: 443.

Helodrilus samniticus (Cognetti, 1914)

Helodrilus (Bimastus) oculatus samnitica Cognetti,
1914: 3.

Allolobophora oculata v. dudichi Pop, 1943: 14.

Helodrilus massiliensis Bartoli, 1962: 458.

Helodrilus segalensis (Bouché, 1972)

Allolobophora segalensis Bouché, 1972: 457.

Helodrilus slovenicus MrS§ic, 1991
Helodrilus slovenicus Mr$i¢, 1991: 124.

Helodrilus vagneri MrS$i¢, 1991
Helodrilus vagneri Mrsi¢, 1991: 116.
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Abstract. Examining cave samples from the Bakony Museum of the Hungarian Natural History Museum, Hungary two
pseudoscorpion species were found; Chthonius ressli Beier, 1956 and Neobisium carcinoides (Hermann, 1804). C. ressli is
new to the pseudoscorpion fauna of Hungary. The morphological characters of the specimens found are discussed in detail

and drawings of the C. ressli specimens are given.

Keywords. Pseudoscorpiones, new records, faunistics, Central Europe.

INTRODUCTION

he pseudoscorpion fauna of the Bakony Mts.

(Hungary) was studied earlier by Loksa
(1960, 1966), Szalay (1968), and Novak (2011).
As a result of these investigations eleven pseudo-
scorpion species belonging to six families were
reported as follows: Chthonius tetrachelatus
(Preyssler, 1790), Neobisium carcinoides (Her-
mann, 1804), Neobisium erythrodactilum (L.
Koch, 1873), Neobisium simile (L. Koch, 1873),
Neobisium sylvaticum (C. L. Koch, 1835), Roncus
lubricus L. Koch, 1873, Atemnus politus (Simon,
1878), Chelifer cancroides (Linné, 1758), Rhaco-
chelifer peculiaris (L. Koch, 1873), Pselapho-
cernes scorpioides (Hermann, 1804) and Withius
piger (Simon, 1878). This seems to be quite large
number in comparison with many other
Hungarian middle ranges (Karpathegyi 2007);
however, the pseudoscorpion fauna of the Bakony
Mts. is still understudied.

The zoological research on the Hungarian
caves has a great tradition (Csiki & Mihok 1914);
however, in the last decades only a few investi-
gations have been carried out. In 2009 the Natural

History Museum of Bakony Mountains and the
local caving clubs started to investigate the cave
fauna of the Bakony Mts. Some of these caves,
like the Csodabogyds Cave (discovered only
recently in 1990) were never studied zoologically
before.

More than 50 years ago Imre Loksa collected
material using pitfall traps in the Loczy Cave;
some of his results were published, including the
presence of Chthonius tetrachelatus (Preyssler,
1790) in the cave (Loksa 1960).

Both of the recently studied caves belong to
the authority of the Balaton-felvidéki National
Park and are partly open to the public.

The Csodabogyds Cave is situated at
Balatonederics, in the Keszthelyi Mts. which is
part of the Bakony Mts. The cave was formed in
the Late Triassic period in the Ederics Limestone
formation, and represents a 5200 m long and 121
m deep multi level system of fissures. The cave
chambers are decorated with various dripstone
formations, making it highly protected since 1992
(Karpat 2003).
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The Léczy Cave of Balatonfiired was disco-
vered in 1882 and open to the public in 1934. The
154 m long and 15 m deep cave was formed by
upwelling thermal water in the Fiired Limstone
formation during the Late Triassic period, and it is
highly protected since 1982 (Hazslinszky 2003).

The aim of our present study is to report on the
pseudoscorpion fauna of the two above mentioned
caves of the Bakony Mts.

MATERIAL AND METHODS

The specimens were collected in 250 cm?
volume pitfall traps filled with ethylene glycol in
both caves. In addition, during the winter
sterilized straw was placed in the Csodabogyos
Cave, two months later the arthropods were
collected from this substrate using simple
Tullgren funnels.

The specimens were cleared in lactic acid and
examined by stereo and compound light micros-
copy. Drawings were made with the aid of a Zeiss
Axioskop 2 microscope. Measurements were
taken with the Olympus Soft Imaging analySIS
work 5.0 software. The specimens were identified
using the publications of Beier (1956, 1963) and
Judson (1990).

The identified material is deposited at the
HNHM Bakony Museum, in 70% ethanol. Each
item is accompanied with an inventory number
(,NHMB Pseud-Nr.”).

GPS coordinates of the investigated caves are
as follows: Loczy Cave, Balatonfiired: 46°
58.140° N; 17° 52.409° E; 248 m asl. Csodabo-

gyos Cave, Balatonederics: 46° 47.822° N; 17°
21.873” E; 396 m asl.

RESULTS

Neobisium carcinoides (Hermann, 1804)

Material examined. NHMB Pseud-0035: 13,
Balatonederics, Csodabogyds Cave, Lian cham-
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ber, 70 m from the entrance, 30 m under the
surface, from straw, 17.12.2009-27.02.2010. Leg.:
Lajos Tamas Katona & Csaba Kutasi; NHMB
Pseud-0036: 19 Balatonederics, Csodabogyods
Cave, Bezeng6, 50 m from the entrance, 30 m
under the surface, pitfall traps, 19.10.2010—
13.01.2011. Leg.: Lajos Tamas Katona & Csaba
Kutasi & Zsolt Csermak; NHMB Pseud-0037: 1&
19 Balatonederics, Csodabogyés Cave, Orias
chamber, 40 m from the entrance, 30 m under the
surface, pitfall traps, 27.02.2010-06.05.2010.
Leg.: Lajos Tamas Katona; NHMB Pseud-0038:
19 Balatonederics, Csodabogyés Cave, Chamber
no. 5, 60 m from the entrance, 30 m under the
surface, pitfall traps, 19.10.2010-13.01.2011.
Leg.: Lajos Tamas Katona & Csaba Kutasi &
Zsolt Csermak.

Chthonius ressli Beier, 1956
(Figures 1-3)

Material examined. NHMB Pseud-0033: 1 &,
Balatonfiired, Loczy Cave, Hatso-kar, 50 m from
the entrance and 1-2 m under the surface, pitfall
traps, 25.09.2011-26.03.2012. Leg.: Lajos Tamas
Katona & Csaba Kutasi & Zsolt Csermak; NHMB
Pseud-0034: 1 &, Balatonfiired, Loczy Cave,
Ko6zépso-kar, 50 m from the entrance and 1-2 m
under the surface, pitfall traps, 28.06.2011-—
25.09.2011. Leg.: Lajos Tamas Katona & Csaba
Kutasi.

Short description. Measurements (in mm).
Body length 1.00-1.12. Carapace length 0.30—
0.32. Carapace breadth, anterior margin 0.30.
Carapace breadth, posterior margin 0.22—0.24.
Length of chelicer: 0.30-0.32. Breadth of cheli-
cera 0.14-0.15. Movable cheliceral finger length
0.14-0.17. Palpal femur length 0.33—0.36. Palpal
femur breadth 0.07. Palpal tibia length 0.14-0.15.
Palpal tibia breadth 0.09. Palpal chela length 0.52.
Movable chelal finger length 0.32—0.35. Chelal
hand length 0.17-0.20. Chelal hand breadth 0.11.

Carapace (Fig. 1). Approximately as long as
broad, the posterior margin narrower than the
anterior. Epistome prominent and dentate, the
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Figures 1-3. Chthonius ressli Beier, 1956. 1 = Carapace, 2 = Chelicera, 3 = Pedipalp. Scale bar = 0.1 mm.

dentition is weakly continuous along the anterior
margin. A pair of anterior eyes with weak lenses
is present. The carapace bears 20 setae, with two
long and two short on the posterior margin. Setal
formula: 4:6:4:2:4.

Chelicera (Fig. 2). Six setae on the cheliceral
hand, and one on the movable finger. Fixed
cheliceral finger with 8 small and 2 large teeth;
movable finger with one large and 6 small teeth
and one isolated apical tooth. Spinneret low and
rounded.

Chela. Chelal finger somewhat less than twice
as long as the hand. Fixed finger with 38-42,
movable with 35-37 triangular and pointed teeth
(Fig. 3). Teeth of the movable finger and the
proximal and distal third of the fixed teeth are
close-set. At the medial third of the fixed finger

the teeth are separated, but the distance between
them is less than their basal length.

Opisthosoma. Tergal chaetotaxy from tergite 1.
to X: 4:4:4:4:6:6:6:6:6:8. Sternal chaetotaxy from
sternite IV. to X: 10:7:6:6:6:6:6. The anal cone
bears 2 setae.

Male genital region. Sternite II. with 10,
sternite III. with 8 microsetae.

Coxal area. coxa II. with 7, coxa IIl. with 4
spines.

DISCUSSION
Before the present investigation only three

pseudoscorpion species were known from caver-
nicolous habitats in Hungary, Chthonius tetra-
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chelatus (Preyssler, 1790) from the Loczy Cave
(Loksa 1960), Neobisium (Blothrus) slovacum
Gulicka, 1977 from the Meteor Cave (Aggtelek
Karst) (Duchac & Mlejnek 2000) and Neobisium
(Neobisium) biharicum Beier 1939 from the Imre
Cave (Pilis Mts) (Novak 2013). It is also worth
noting that during the investigations of the Csoda-
bogy6s cave a new mesostigmatid mite species
for the Hungarian fauna, Hypoaspis fishtowni Ruf
& Koehler 1993, was also reported (Szabd et al.
2013).

N. carcinoides was recently reported from the
Bakony Mts. (Novak 2011), and occurs all over
Europe (Harvey 2013).

C. ressli, according to the list of Harvey
(2013) is new to the fauna of Hungary. This spe-

cies was originally described from Austria by
Beier (1956), later it was reported from France
(Judson 1990), Slovakia (Mock et al. 2004; 2005)
and the Czech Republic (Stahlavsky 2006). Jud-
son concluded that Chthonius parvulus Inzaghi,
1981 is a junior synonym of C. ressli therefore it
occurs in Italy as well (Judson 1990) (Fig. 4).

The morphological and morphometrical cha-
racters of the specimens found correspond well
with Beier’s original description (Beier 1956) and
with Judson’s redescription (Judson 1990). How-
ever, a greater variability was observed in the
number of chelal teeth, the number of spines of
coxae II and in the measurement data. With
respect to our present knowledge, after its re-
cording from Slovakia, this is the second report of
this species from the Carpathian Basin.

Figure 4. Distribution of Chthonius ressli in Europe.
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Both species reported here are originally
epigean, their presence in caves should be re-
garded as occasional occurrences, which means
that they are trogloxene species (Sket 2008). Cave
occurrence of C. tetrachelatus and N. carcinoides
is already known in the literature (Mahnert 2013).

With N. carcinoides and C. ressli the number
of pseudoscorpion species occurring in caves in
Hungary is increased from three to five. Further
records of C. ressli from Hungary are also ex-
pected.
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