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Fossil water striders from the Middle Eocene fossil sites of Eckfeld
and Messel, Germany (Hemiptera, Gerromorpha)

TORSTEN WAPPLER, Darmstadt & NILS M@LLER ANDERSEN, Copenhagen
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Kurzfassung: Wasserldufer (Hemiptera, Gerromorpha) sind
eine hochspezialisierte Gruppe von Wasserwanzen, die
vorziiglich an das Leben auf der Wasseroberflache angepasst
sind. In der vorliegenden Arbeit werden zwei neue Gattungen
und Arten der Gerridae, Lutetiabates eckfeldensis n. gen. et n.
sp. und Cylindrobates messelensis n. gen. et n. sp., aus dem
Mittel-Eozén des Eckfelder Maares und der Grube Messel be-
schrieben. Zudem handelt es sich bei zwei Funden mit einiger
Sicherheit um Jugendstadien eines Angehérigen der Gattung
Gerris. Der Nachweis zwei neuer paldogener Angehdriger der
Gerriden und die bislang bekannten Gerromorpha aus fossilen
Baumharzen belegen eine eindeutig hohere Diversitit von
Wasserwanzen im Paldogen Europas als heute. Zudem werden
Aspekte der Fossilgeschichte, der Paldobiologie und Paldobio-
geografie der Gerridae kurz diskutiert.

Schliisselwirter: Heteroptera, Gerridae, Mittel-Eozin, Eck-
feld, Messel, Lutetiabates eckfeldensis n. gen. et n. sp., Cylin-
drobates messelensis n. gen. et n. sp., Paldodkologie.

Abstract: Water striders (Hemiptera, Gerromorpha) are a very
distinct ecological group specially adapted for life on the water
surface. The present paper reports on four species of Gerro-
morpha from the Middle Eocene fossil sites of Eckfeld and
Messel describing Lutetiabates eckfeldensis n. gen. et n. sp.,
Cylindrobates messelensis n. gen. et n. sp. (both Gerridae), and
two nymphs most probably of the genus Gerris. The record of
two new members of Gerridae from the Paleogene as well as
the hitherto known Gerromorpha from fossiliferous resins
document a distinctly higher diversity of water striders within
die European Paleogene than today. Lastly, comments are
made on the fossil history as well as on the palaeobiological
and palaeobiogeographical significance of the faunas.

Keywords: Heteroptera, Gerridae, Middle Eocene, Eckfeld,
Messel, Lutetiabates eckfeldensis n. gen. et n. sp., Cylindro-
bates messelensis n. gen. et n. sp., palacoecology.

Introduction

Gerromorpha comprise about 1.800 extant species clas-
sified in eight families (ANDERSEN 1982), commonly
called semiaquatic bugs and including the familiar water

strider or pondskaters (Gerridae), as well as some less
familiar forms. Most of them live on the surface film of
freshwater or in the near surroundings of other aquatic
and humid terrestrial habitats (ANDERSEN 1982). The
phylogenetic relationships between the gerromorph
families were analysed and discussed by ANDERSEN
(1982, 1998). So far, 38 fossil species belonging to six
families of Gerromorpha have been described, spanning
more than 120 Ma of geological history (ANDERSEN
1998, 2000, 2001; ANDERSEN & GRIMALDI 2001; PE-
REZ GOODWYN 2002). Most fossils are of Cenozoic age
and only four unequivocal Mesozoic fossils have been
recognised (Tab. 1).

The present paper reports on four taxa of Gerro-
morpha from the Middle Eocene fossil sites of Eckfeld
and Messel: two new genera and species of Gerridae and
two gerrid nymphs. Although not quite as diverse as the
gerromorph palaeofauna in fossiliferous resin, the mate-
rial from Eckfeld and Messel represents an interesting
community of water striders, with evidence of at least
two different gerromorph genera, which increase signif-
icantly our understanding of Middle Eocene palacoecol-
ogy in Europe.

The sediments of both fossil sites consist mainly of
“oil-shale”, a laminated bituminous clay-stone. This
kind of sediment is the result of sedimentation in mero-
mictic lakes under specific morphological conditions
(see “Geological setting”). Fossil insects found in the
clay-stone deposits from both fossil lagerstaetten belong
primarily to terrestrial forms; in particular dominated by
beetles which make up over 80 % of all finds at both lo-
calities (e.g., LUtz 1990, 1993). Unfortunately, autoch-
thonous aquatic organisms that could be used as
bioindicators are quite rare. This is mainly a result of the
chemistry of the monimolimnion which mainly influ-
enced the aquatic flora and fauna. In particular, sub-
aquatic slumpings episodically caused a partial mixing
of the mixo- and monimolinion resulting in some degree
of poisoning in the upper water body (mixolimnion).
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Tab. 1. Gerromorpha in Mesozoic and Tertiary deposits.

TORSTEN WAPPLER & NILS M@LLER ANDERSEN

Locality Deposit Age Reference

Mesozoic localities

Grimmen (northern Germany) marine Lower Jurassic (Toarcian) Poprov & WOOTTON (1977)

Koonwarra bed (Australia) lacustrine | Lower Cretaceous (Aptian) JELL & DUNCAN (1986)

Santana Formation (NE-Brazil) lacustrine | Lower Cretaceous (Aptian) NEL & PoPOV (2000); PEREZ GOODWYN
(2002)

Burmese amber (Myanmar) amber Upper Cretaceous (?Cenomanian) ANDERSEN & GRIMALDI (2001);
GRIMALDI et al. (2002)

Cenozoic localities

Fur and @lst formations (Denmark) | marine Paleocene —- Eocene transition ANDERSEN (1982, 1998)

Havighorst (northern Germany) marine Lower Eocene ILLIES (1941)

British Columbia (Canada) lacustrine | Middle Eocene WILSON (1977, 1978, 1996)

Green River Formation (Wyoming, { lacustrine | Middle Eocene SCUDDER (1890); WILSON (1978)

USA)

Monte Bolca (northern Italy) marine Middle Eocene ANDERSEN et al. (1994)

Grube Messel (Germany) lacustrine | Middle Eocene (Lutetian) LuUTzZ (1990, 1991); this study

Eckfelder Maar (Germany) lacustrine | Middle Eocene (Lutetian) this study

Florissant (Colorado, USA) lacustrine | Upper Eocene SCUDDER (1890); WILSON (1978)

Baltic amber amber Eocene (re-deposited in Pleistocene | GERMAR & BERENDT (1856); LARSSON

sediments) (1978); SCHLEE (1990); POINAR (1992);

POPOV (1996); ANDERSEN (2000)

Bitterfeld amber (Germany) amber ?Eocene (re-deposited in Miocene | POINAR (1992)

sediments)

Kleinkemps at Mulhouse (France) lacustrine | Lower Oligocene NEL & PAICHELER (1993)

Rott am Siebengebirge (Germany) lacustrine | Upper Oligocene STATZ (1950); NEL & PAICHELER (1993)

Enspel (Germany) lacustrine | Upper Oligocene ‘WEDMANN (2000)

Aix-en-Provence (southern France) |lacustrine | Upper Oligocene NEL & PAICHELER (1993)

Dominican amber (Hispaniola) amber Oligocene / Miocene ANDERSEN & POINAR (1992);
ANDERSEN (2001)

Mexican amber {Chiapas) amber Oligocene / Miocene HURD et al. (1962); POINAR (1992);
GRIMALDI (1996)

Karagan Formation (northern Cauca- | ?lacustrine | Miocene RASNITSYN & QUICKE (2002)

sus, Russia)

Lunpola Basin (China) lacustrine | Miocene LN (1981)

Geological setting

Eckfeld

The crater of the Eckfeld Maar near Manderscheid,
Eifel, Germany, originally had a diameter of 900 m and
a depth of about 170 m. The depth of the maar lake ini-
tially exceeded 110 m and might have reached 150 m
(PIRRUNG 1992, 1998; FISCHER 1999; PIRRUNG et al.
2001) (Fig. 1). Consequently, its water body was ther-
mally and chemically stratified (meromictic). Anoxic,
alkaline conditions and a raised content of electrolytes
within the monimolimnion explain the perfect preserva-
tion of both the lamination of the oilshale (no bioturba-
tion) and of the fossils (WILDE et al. 1993; MINGRAM
1998). Up till now more than 30.000 macrofossils have
been excavated, all of which document a highly diverse

terrestrial flora and fauna (e.g., NEUFFER et al. 1996;
LUTZ et al. 1998; L.UTZ & NEUFFER 2001; WAPPLER
2002, 2003a; WAPPLER & ENGEL 2003; WILDE &
FRANKENHAUSER 1998). These fossils, accurately re-
covered with their precise stratigraphic position, permit
for the first time a correlation between facies and the
composition of the insect communities. Nevertheless, it
must be mentioned that approximately 84 % of all re-
covered insects are beetles (Coleoptera).
Biostratigraphically, Eckfeld represents the Middle
Eocene mammal reference level MP (Mammal Paleo-
gene) 13 of the European Land Mammal Age (ELMA)
Geiseltalian (i.e., Middle Lutetian) (FRANZEN 1993).
MERTZ et al. (2000) determined an age of 44.3+0.4 Ma by
4OAr9Ar dating of basalt from the diatreme breccia un-
derlying the lake sediments. So far, this is the first numer-
ical calibration mark for the terrestrial Eocene in Europe.
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Messel

Messel is located on the eastern shoulder of the northern
Rhine rift valley. Today, the Messel Pit has a diameter of
700-1000 m (Fig. 1). Despite the fact that Messel’s per-
fectly preserved fossils have been studied for nearly a
century (e.g.,L.UTZ 1990, 1991; HORNSCHEMEYER 1994;
HORNSCHEMEYER & WEDMANN 1994; WEDMANN &
HORNSCHEMEYER 1994; TROSTER 1991, 1992,1993a, b,
1994a, b, 1999; WAPPLER 2003b), its formation was a
matter of considerable debate until only recently
(SCHAAL & ZIEGLER 1992; PIRRUNG 1998; LIEBIG

& GRUBER 2000; LIEBIG 2002). New geophysical data
and evidence from a core drilled in 2001 (HARMS 2002)
demonstrate that the Messel locality was a maar like
Eckfeld and some other well known European fossil
sites (LUTZ et al. 2000, 2001; PIRRUNG et al. 2001), as
had previously been proposed by PIRRUNG (1998). How-
ever, with an initial diameter of about 1500 m the Messel
Maar was considerably larger than the Eckfeld Maar.

Biostratigraphically, Messel represents the Europe-
an Mammal Reference Level MP 11, thus marking the
beginning of the Geiseltalian (i.e., lowermost Lutetian,
approximately 49 Ma).
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Material and Methods

The fossils examined in the present work were gathered
from the collections of the Naturhistorisches Museum
Mainz, Landessammlung fiir Naturkunde Rheinland-
Pfalz (NHMM) and the Forschungsinstitut und Natur-
museum Senckenberg, Frankfurt am Main (SMF). Spec-
imens were studied by immersing the slabs in glycerine
to prevent oxidation. All measurements were made us-
ing an ocular micrometer and are given in millimeters;
structures were measured as preserved. Total body
length was measured from the tip of the head to the apex
of the abdomen. Morphological terminology used in the
descriptions follows that employed by ANDERSEN (1998).

Systematic Palaeontology

Infraorder Gerromorpha PopPov, 1971
Family Gerridae LEACH, 1815
Subfamily incertae sedis

Lutetiabates n. gen.

Derivatio nominis: The new genus-group name is a combina-
tion of “Lutetian” (a stage of the Middle Eocene time period)
and “bates” (meaning gliding). The gender is masculine.
Type species: Lutetiabates eckfeldensis n. sp., by monotypy.

Diagnosis: Small to medium-sized, apterous gerrids.
Body elongate oval. Head relatively short, eyes large,
globular, located close to the anterior margin of protho-
rax. Antennae long, segment 1 about twice as long as
head. Rostrum slender and moderately elongated. Pro-
notum very short, shorter than head, with sides and pos-
terior margin rounded. Mesonotum prolonged; me-
tanotum very short. Forelegs short and robust. Middle
and hind legs long and slender. Abdomen relatively
short; mediotergites subequal in length; laterotergites
(connexiva) very broad. Genital segments (female?) rel-
atively large; proctiger probably button-like, protruding.

Comments: The general structure and in particular the
prolonged mesothorax, relatively short forelegs, and
very long middle and hind legs which are inserted later-
ally on the thorax, unequivocally place the fossil species
in the gerromorphan family Gerridae. The current clas-
sification of this family contains eight extant sub-
families (ANDERSEN 1982) and one extinct subfamily
(ANDERSEN & POINAR 1992; ANDERSEN 1998). The
fossils from Eckfeld do not reveal many of the charac-
ters which are used to identify gerrids to subfamily level
(MATSUDA 1960; ANDERSEN 1982), e.g., number of ce-
phalic trichobothria, presence/absence of pretarsal aro-
lia, and presence and structure of a metathoracic scent
apparatus. The relatively broad body shape and short-
ened abdomen of the fossil species suggest affinity with
one of the extant subfamilies Charmatometrinae,
Eotrechinae, Gerrinae (at least in part), Halobatinae, and
Trepobatinae, and also with the extinct subfamily Elec-
trobatinae (see below).

The distinctly shortened pronotum of the apterous
form is shared with members of the above mentioned
subfamilies, except the Charmatometrinae and most
Gerrinae. Some species of the latter subfamily, howev-
er, show this character, including the extinct genus Elec-
trogerris ANDERSEN described from Baltic amber
(ANDERSEN 2000). The Eckfeld species differs from this
genus in the following characters (characters of Electro-
gerris in parentheses.

1. Antennae longer, about 0.75x total length (0.4x total
length).

2. Antennal segment 4 subequal in length to segments 2-3
(longer than segments 2--3).

3. Rostrum longer, about 0.3x total length (less than 0.2x total
length).

4. Segment 1 of fore tarsus very short, less than 0.25x seg-
ment 2 (more than 0.25x% segment 2).

5. Middie femur longer, 0.8-0.9x total length (about 0.6x fo-
tal length).

6. Middle tibia subequal in length to middle femur (shorter
than middle fernur).

Thus, despite of a superficial similarity in size and gen-
eral body shape, we cannot justify a taxonomic decision
that places the fossils in the genus Electrogerris (or in
the subfamily Gerrinae).

The extinct subfamily Electrobatinae was de-
scribed by ANDERSEN & POINAR (1992) for the species
Electrobates spinipes ANDERSEN & POINAR from Do-
minican amber. The fossil species from Eckfeld differs
from Electrobates by the following characters:

1. First antennal segment without spinous hairs.

2. Antennal segments 2-4 subequal in length (segment 2
shortest in Electrobates).

3. Ventral margin of femora not armed with spines.

4. Female mesonotum not divided by a median, longitudinal
sulcus into two sclerites connected by a hairy membrane.

5. Metanotum without a secondary, transverse line in front of
the first abdominal tergum.

Additionally, the female abdomen is unusually short
in Electrobates. In our opinion, the Eckfeld fossil
does not belong to the extinct subfamily Electrobat-
inae.

Most members of the extant subfamily Trepobat-
inae have a very characteristic middle leg structure,
where the femur is distinctly shorter than the tibia. This
character is less pronounced in the tribe Metrobatini, but
in this group the fore tibia has a distal process or “spur”
not found in the Eckfeld fossil. The three distal antennal
segments are, however, distinctly shorter in these trepo-
batines as well as in members of the subfamily Halobat-
inae. The fossil species does not reveal the spine-like
hairs on the first antennal segment and spinous hairs on
the tibiae and tarsi which characterize most members of
the subfamily Eotrechinae. In conclusion, it is impossi-
ble to place the Eckfeld water strider in any of the
known subfamilies of Gerridae, extant as well as extinct.
We nevertheless describe it as a new genus and species
to facilitate future reference.



Fossil water striders from the Middle Eocene fossil sites of Eckfeld and Messel, Germany (Hemiptera, Gerromorpha) 45

Lutetiabates eckfeldensis n. sp.
Figs. 2-3

Derivatio nominis: Name after the Middle Eocene (Lutetian)
fossil lagerstaette Eckfeld Maar (Germany, Eifel).

Holotype: PE 1990/472-LS, nearly complete, apterous fe-
male, preserved as a compression fossil, deposited in the
NHMM (Figs. 2A, 3A).

Type locality: Eckfeld Maar near Manderscheid, Eifel Moun-
tains, Germany.

Paratypes: Specimens no. 1 (PE 2000/1a+b-LS), incomplete,
apterous specimen, preserved as a compression fossil in two
blocks; no. 2 (PE 2000/823-LS), incompletely preserved spec-
imen, apical part of abdomen partly covered with a thick layer
of sediment; no. 3 (PE 1992/472a+b-LS), incomplete speci-
men, preserved as a compression fossil in two blocks; no. 4
(PE 2000/542a+b-LS), almost complete specimen, preserved
as a compression fossil in two blocks.

Additional material probably belonging to Lutetiabates n.
gen.: PE 1992/5809a+b-LS, although clearly identifiable as a

species of Lutetiabates sp. based on the dorsal structure of the
abdomen; PE 2000/543-LS, the individual is preserved as al-
most a pale, reddish-brown apparition on light brown matrix;
PE 1992/454-18), very incompletely preserved apterous speci-
men, compressed laterally.

Stratigraphic distribution: Middle Eocene (Middle Lutetian,
ELMA Geiseltalian, MP13,44 .3 + 0.4 Ma).

Diagnosis: As for genus (see above).

Description: Small to medium-sized, apterous gerrids,
total length (from tip of head to end of abdomen) 3.1-
44 mm, greatest width (across thorax) 1.7-2.1 mm.
Body elongate oval, length (from tip of head to end of
abdomen) 1.8-2.2x greatest width. Head relatively short
(0.40 mm), eyes large, globular, located close to the an-
terior margin of prothorax. Antennae long (2.74 mm),
about 0.75x total length: segment 1 longest (0.85-1.00
mm), about twice as long as head; segments 2—4 sub-

q

o

Fig. 2. — A: Lutetiabates eckfeldensis n. gen. et n. sp. Dorsal view of an apterous female from the Eckfeld Maar (PE 1990/472, LS)
(holotype).~ B: Electrogerris kotashevichi ANDERSEN, 2000; dorsal view of an apterous female (holotype) from Baltic amber (adapt-
ed from ANDERSEN 2000: 261). — C-D: Lutetiabates eckfeldensis n. gen. et n. sp. C. Ventrolateral view of an apterous specimen from
the Eckfeld Maar (PE 2000/542a+b, LS) (paratype no. 4). D. Apex of left fore tarsus (PE 2000/542a+b, LS). — Abbreviations: an, an-
tennae; cn, connexivum; ms, mesothorax; mt, metathorax; pn, pronotum; pr, proctiger; ro, rostrum; tg, tergum. — Scale bar = 1 mm

(Figs. A-C), 0.3 mm (Fig. D).
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Fig. 3. Lutetiabates eckfeldensis n. gen. et n. sp.— A: Apterous fe-
male (PE 1990/472, LS) (holotype). — B: Ventrolateral view of an
apterous specimen from the Eckfeild Maar (PE 2000/542a+b, LS)
(paratype no. 4). — C: Left fore tarsus and distal part of tibia (PE
2000/542a+b, LS) (paratype no. 4). — Scale bar = 1 mm.

equal in length (0.60—0.70 mm), relatively slender. Ros-
trum slender and moderately prolonged (labial segments
3 +4 =1.13 mm), about 0.3x total length, reaching an-
terior part of mesosternum. Pronotum very short, shorter
than head, with sides and posterior margin rounded.
Mesonotum prolonged, length 0.85 mm; metanotum
very short, length 0.19 mm. Forelegs short and robust;
fore femur 1.21-1.43 mm, thickened; fore tibia 0.88—
1.20 mm, almost straight, without distal process; fore
tarsus 0.55 mm, first segment very short (0.10 mm), sec-
ond segment much longer (0.45 mm), with preapical
cleft (claws not visible). Middle and hind legs long and
slender, inserted laterally on thorax. Middle femur 2.97—
3.64 mm or 0.8-0.9x total length; middle tibia 3.30—
3.57 mm, or subequal in length to middle femur; length
of middle tarsus at least 1 mm, hind legs slightly shorter
than middle legs; hind femur 3.18-3.50 mm; hind tibia
1.78-2.09 mm; length of hind tarsus unknown. Abdo-
men relatively short, length (from the point of insertion
of hind legs to abdominal end) 1.82 mm, or only about
0.5x total length; mediotergites 1-7 subequal in length
(0.18-0.25 mm); laterotergites (connexiva) very broad.
Genital segments (female?) relatively large; abdominal
segment 8 (first genital segment) 0.27 mm,; proctiger in-
complete but button-like, protruding.

Comments: See under genus (above).

Gerris FABRICIUS, 1794 (nymphs)

* 1794 Gerris FABRICIUS: 188.

1856 Hydrometra (nymph). — GERMAR & BERENDT: 19,
pl. 2 fig. 7.

1856 Holobates (nymph). — GERMAR & BERENDT: 19, pl.
2 fig. 8.

1978 Gerroidea (nymph). — LARSSON: 119, pl. 8 fig. A.

1998 Gerris sp. (nymphs). — ANDERSEN: 34-35, figs. 24,
116-117.

Type species: Cimex lacustris LINNAEUS, 1758; subsequent
designation (LATREILLE 1810).

Diagnosis: SEE ANDERSEN (1998: 33).

Distribution: Representatives of Gerris have a chiefly holarc-
tic distribution. The majority of the 42 extant species are dis-
tributed in Eurasia and North America (ANDERSEN 1993).
They are exclusively confined to stagnant freshwater like
pools, ponds, and smaller lakes. In particular, gerrid nymphs
often aggregate in more protected areas of the water surface
than adult water striders. Such places are usually close to the
shore (e.g., ANDERSEN 1982, 1993),

Gerris sp. indet. (nymph)
Fig. 4

Material: Very incomplete specimen, probably also an nym-
phal instar, preserved as a compression fossil, deposited in the
NHMM (PE 1993/216a+b-LS). Almost complete specimen,
probably the 4th or 5t nymphal instar, preserved as a compres-
sion fossil, deposited in the NHMM (PE 2000/2-LS).

Stratigraphic and geographical distribution: Eckfeld Maar
near Manderscheid, Eifel Mountains, Germany; Middle
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Fig. 4. Gerris sp. indet. (PE 2000/2, LS), probably 4™ or 5% nymphal instar. — Scale bar = 2 mm.

Eocene (Middle Lutetian, ELMA Geiseltalian,
443 + 0.4 Ma).

Description: The specimen (PE 2000/2-LS) is dorsally
compressed and probably a nearly completely pre-
served 41 or 5t nymphal instar. Ventral surface of the
specimen dark to pale brown. Forelegs directed anteri-
orly alongside and above head and pronotum. Mid and
hind legs extended out from the body. Total length (ab-
domen extended) 3.43 mm, greatest width 1.38 mm.
Antennae a little more than 0.67x length of insect;
length of segments 1-4:0.75,0.48,0.58,0.50 (segment
incomplete). Mesonotum length 1.48 mm, with two
elongated, oval structures visible. It is possible that
these are superimposed structures of wing pads from
the dorsal site. Length of leg segments (femur, tibia,
tarsus. front leg: 1.08, 0.90, and 0.33 mm; middle leg:
240248, 2.58-2.98, and 143 mm; hind leg: 2.38—
2.68, 1.78 mm (incomplete). Front femur relatively
short; middle femur longer than hind femur and all of
equal width. Abdomen extended and slightly tapering
at the apex.

MP13,

Comments: Until now only two specimens of gerrid
nymphs are known from Baltic amber (ANDERSEN
1998, 2000). Based on comparisons with descriptions of
all nymphal instars of western Palaearctic Aquarius,
Gerris, and Limnoporus, ANDERSEN (1998) classified

these fossil gerrids as belonging to the genus Gerris s.
lat. Based on characters of the antennae (second and
third segments together longer than first segment), their
moderate size, and rather robust body we believe that
the Eckfeld Maar specimens belong to the genus Gerris
s. lat.

Subfamily incertae sedis
Cylindrobates n. gen.

Derivatio nominis: The generic name is combined after the
cylindrical body shape and “bates” (meaning gliding). The
gender is masculine.

Type species: Cylindrobates messelensis n. sp.

Diagnesis: Medium-sized, apterous gerrids. Body elon-
gate and slender. Head relatively short, eyes large, glob-
ular, located close to the anterior margin of prothorax.
Antennae long; segment 1 longest; segment 2 distinctly
shorter; segments 3-4 subequal in length. Pronotum
shorter than head, with sides rounded and posterior mar-
gin sinuated. Mesonotum prolonged. Forelegs short and
robust, without distal process. Middle and hind legs long
and slender. Hind legs slightly shorter than middle legs.
Abdomen long; laterotergites (connexiva) relatively
narrow. Genital segments (female?) relatively large;
proctiger probably button-like, protruding.



48 TORSTEN WAPPLER & NILS M@LLER ANDERSEN

Comments: The general structure and in particular the
prolonged mesothorax, relatively short forelegs, and
very long middle and hind legs (which are inserted lat-
erally on thorax), unequivocally place this new fossil
species in the gerromorphan family Gerridae. The fos-
sils from Messel do not reveal many of the characters
which are used to identify gerrids to subfamily level (see
above). The Messel species represents another of the
general body shapes found in extant Gerridae, where the
mesothorax is prolonged but narrow, and the abdomen
prolonged and relatively narrow (MATSUDA 1960; AN-
DERSEN 1982). The fossils thus resemble species of the
extinct genus Palaeogerris ANDERSEN, known from the
Danish Mo Clay (Fur and @lst formations, Upper Pale-
ocene — Lower Eocene transition). The thorax of Palaeo-
gerris, however, is never as narrow as that seen in the
Messel fossils. The almost cylindrical body is character-
istic of the extant genus Cylindrostethus FIEBER which
is tropicopolitan in distribution. The antennal structure
is similar in that the first antennal segment is about as
long as segments 2—4 combined. The structure of the
fore leg of the Messel species is rather different, howev-
er, especially the relatively short fore tibia. It is therefore
impossible to place the Messel water strider in any of the
known subfamilies of Gerridae. Nevertheless, we de-
scribe it as a new genus and species to facilitate future
reference.

Cylindrobates messelensis n. sp.
Fig. 5

Derivation nominis: Name after the Middle Eocene fossil la-
gerstaette “Messel”, now in the world heritage list of the
UNESCO.

Holotype: SMF Mel 4763, a complete individual, dorsoven-
trally compressed with venter exposed, mid and hind legs are
extending away from the body, deposited in the SMF (Figs.
5A-B).

Type locality: Grube Messel near Darmstadt, Grabungsstelle
grid square E89.

Paratype: SMF Mel 6264, a complete individual, dorsoven-
trally compressed with venter exposed, abdomen twisted, fore-
legs lying alongside the head, mid and hind legs extending
away from the body.

Stratigraphic distribution: Lower Middle Eocene (Lower
Lutetian, ELMA Geiseltalian, MP11), Messel Formation;
1.75-2.05 m below marker horizon a (holotype), and 3.54—
4.50 m above marker horizon o (paratype).

Diagnosis: As for genus (see above).

Description: Medium-sized, apterous gerrids, total
length (from tip of head to end of abdomen) 7.6-8.7 mm,
greatest width (across thorax) 1.25-1.6 mm. Body elon-
gate and slender, length 5.4-6.1x greatest width. Head
poorly preserved, but seemingly relatively short, eyes
large, globular, located close to the anterior margin of
prothorax. Antennae long (3.44 mm), about 0.4x total
length: segment 1 longest (1.70 mm); segment 2 dis-
tinctly shorter (0.73 mm); segments 3-4 subequal in

length (0.43-0.58 mm), relatively stout. Rostrum not
visible. Pronotum short (0.48-0.60 mm), shorter than
head, with sides rounded and posterior margin sinuated.
Mesonotum prolonged, length 1.25-2.25 mm; metano-
tum indistinct, but probably very short. Forelegs short
and robust; fore femur 1.95 mm, thickened; fore tibia
short, 0.88 mm, almost straight, without distal process;
fore tarsus very short 0.33 mm, segmentation and claws
indistinct. Middle and hind legs long and slender, insert-
ed laterally on thorax. Middle femur 5.53-7.02 mm (hol-
otype) or 2.97 mm (paratype), thus 0.4—0.8x total length;
middle tibia 3.64—4.05 mm, or distinctly shorter than
middle femur; length of middle tarsus at least 1.21 mm.
Hind legs slightly shorter than middle legs; hind femur
3.91-4.86 mm; hind tibia 2.83-2.97 mm; length of hind
tarsus unknown. Abdomen long, almost parallel-sided,
length (from the point of insertion of hind legs to abdom-
inal end) 4.45-4.86 mm, or about 0.55-0.6x total length;
length of abdominal terga 2-6: 0.94, 0.94, 0.81, 0.81,
and 0.67 mm; length of tergum 7: 0.24 mm; laterotergites
(connexiva) relatively narrow, width 0.13 mm. Genital
segments (female?, paratype) relatively large; abdomi-
nal segment 8 (first genital segment): 0.33 mm; proctiger
indistinct but probably button-like, protruding. Entire
specimens covered with a pubescence of tiny fine hairs.

Comments: See under genus (above).

Discussion

Fossil history

As pointed out earlier, at present 38 fossil species of Ger-
romorpha belonging to six families have been described,
spanning more than 120 Ma of geological history (e.g.,
ANDERSEN 1998, 2000, 2001; ANDERSEN & GRIMALDI
2001; PEREZ GOODWYN 2002). ANDERSEN (1998) re-
cently monographed the fossil Gerromorpha. The best
preserved specimens are found in fossiliferous resin.
From the Mesozoic only five gerromorphan fossils have
been described (Tab. 1). The only one in Mesozoic am-
ber, Carinametra burmensis ANDERSEN & GRIMALDI, is
also the most completely preserved Mesozoic fossil of
the infraorder. Carinametra shares many characters with
the Heterocleptinae, the most primitive subfamily of Hy-
drometridae (ANDERSEN & GRIMALDI 2001).

The most ancient members of the family Gerridae
belong to the genus Palaeogerris ANDERSEN with three
species in the Fur and @lst formations of Denmark
(Paleocene — Eocene transition), which constrain the
minimum age of the entire family back to 55-54 Ma. A
possible veliid fossil from the Lower Cretaceous of Aus-
tralia suggests that their sister group, the Veliidae,
evolved even more than 120 Ma ago.

Biology and taphonomy

As is typical for the gerromorphan bugs in general, they
possess long legs covered by hydrofuge hair layers to
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Fig. 5. Cylindrobates messelensis n. gen. et n. sp. — A-B: Dorsal view of an apterous specimen from Messel (Mel 4763) (holotype). —
C-D: Dorsal view of an apterous specimen from Messel (Mel 6264) (paratype). — Abbreviations: ab, abdomen; an, antennae; cn, con-
nexivum; ms, mesothorax; pn, pronotum; fe, femur; ta, tarsus; ti, tibia. — Scale bar = 1 mm.
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prevent wetting, and well-developed pairs of trichoboth-
ria on the head (ANDERSEN 1982). In particular, species
of the family Gerridae are highly specialised (e.g., mor-
phological structures associated with locomotion and
feeding) for life on the water surface. Some are winged
and others are wingless. Gerris is usually fully winged
and a good flier, but short-winged individuals are regu-
larly found in most populations. They feed on various
small insects that fall on the water surface. The genus
Halobates deserves mention as one of the few insect
groups that have conquered marine environments.
These insects are found on floating seaweed, and on the
water surface itself in mainly tropical and subtropical
seas (ANDERSEN 1998).

Because the Gerromorpha form a very distinct eco-
logical group specially adapted for life on the water sur-
face they are preferentially fossilized in lacustrine/
marine fossil beds rather than in resin (Tab. 1). In Eck-
feld and Messel, they constitute approximately less than
0.5 % of the whole entomofauna. This can mainly be ex-
plained on the one hand by individual and taxon-specific
factors and on the other hand by abiotic and biotic fac-
tors. In particular, the effects of the maximum possible
length of transport and the water density and viscosity
considerably affect the composition of insect tapho-
coenoses in meromictic lakes (e.g., LUTZ 1997, 1998b;
WILSON 1980; WAPPLER 2003a). In case of these locally
restricted fossil lagerstaetten, Eckfeld and Messel, with
a relatively small diameter-range between 700-1500 m,
especially “filigreed” taxa like gerrids with long and
slender legs were preadapted for long post-mortem sur-
face drifting and an accumulation ashore where the fos-
silization potential was very low. Moreover, Eckfeld and
Messel were deep meromictic lakes. Meromictic lakes
are those in which complete overturn is prevented by
density stratification because of dissolved substances in
the lower water layer (monimolimnion). Water circula-
tion in meromictic lakes is therefore limited to the upper
water layer (mixolimnion). This would slow down the
sinking velocity of dead insects. It is especially true that
taxa which have long legs and/or large wings causing a
high frictional resistance while compact forms with a
lower frictional resistance like most Coleoptera are less
biased (e.g., NACHTIGALL 1998). Weakly sclerotized
taxa can even be destroyed within the chemocline by in-
tensive bacterial activity or may even be transported to
the surface again (LUTZ 1997, 1998a, b). This is prob-
ably a reason why “filigreed” taxa are under-represented
in sediments of meromictic lakes, in contrast to marine
deposits, e.g., of the Fur and @lst formations where the
Gerromorpha yield an unusually rich and diverse fauna
of semiaquatic bugs (ANDERSEN 1998).

Biogeography and palaeoenvironment

Although the exact taxonomic relationships of the taxa
from Eckfeld and Messel are unclear, the morphological
structures clearly show that they belong to the Gerridae.
Extant Gerridae are cosmopolitan in distribution. They

comprise eight subfamilies with 60 genera and approxi-
mately 500 species (ANDERSEN 1982). Today the north-
ern temperate latitudes are dominated by representatives
of the genera Aquarius (15 species), Limnoporus (6 spe-
cies), and Gerris (42 species). The fossil data suggest
that during the Paleogene Europe, in particular northern
Europe, was inhabited by a rather diverse fauna of ger-
rids as compared to the present (ANDERSEN 1995). The
gerromorphan bugs of the Baltic amber and the Fur and
Dlst formations seem to have their closest extant repre-
sentatives in Palaearctic, Neotropical, and central Pacif-
ic regions (ANDERSEN 1998,2000). The specimens from
Eckfeld and Messel show close affinities to genera from
Baltic amber and the Fur and Olst formations (see
“Comments”). In the case of Cylindrobates n. gen. there
may be a close relationship to the extant genus Cylin-
drostethus FIEBER which is tropicopolitan in distribution.
Lastly several other taxa, like Isoptera (Mastotermit-
idae), Auchenorrhyncha (Fulgoridae: Lycorma sp.), and
Coleoptera (Buprestidae, Elateridae) are found at Eck-
feld and Messel, whose Recent distribution is disjunct or
restricted to southern temperate regions, especially
South-East Asia.

Many bioindicators like palms and reptiles are
present in the fossil record at Eckfeld and Messel and
point towards a humid paratropical climate. Corre-
spondence between fossils and Recent taxa in their sys-
tematics and especially their morphology suggests that
they also correspond in their ecological requirements.

Acknowledgements

Excavations at Eckfeld were financed by the federal state gov-
ernment of Rheinland-Pfalz. Various forms of support were
received from the local administrations and municipal author-
ities of Eckfeld and Manderscheid, and from the RWE Ak-
tiengesellschaft, Essen. Among others, this study was financed
by a grant from the German Science Foundation (DFG) (LU
794/1-1, 1-2 to TW). All this we gratefully acknowledge. We
express our sincere thanks to H. LUTZ for the loan of the Eck-
feld material and for permission to study these interesting
specimens. We also thank F.-J. HARMS and S. SCHAAL, both
Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt
a. M., for valuable comments and information, and for the loan
of the specimens from their collection. Lastly, we are grateful
to M.S. ENGEL (Lawrence, Kansas) for constructive comments
on the manuscript. J. RUST (Bonn) and J. DUNLOP (Berlin) re-
viewed the manuscript and suggested several improvements.
This is contribution no. 86 of the “Fossilfundstitte Eckfelder
Maar (Mittel-Eozén)”.

Literature

ANDERSEN, N.M. 1982. The semiaquatic bugs (Hemiptera, Gerro-
morpha). Phylogeny, adaptations, biogeography, and classifi-
cation. — Entomonograph 3: 1-455.

ANDERSEN, N.M. 1993. Classification, phylogeny, and zoogeogra-
phy of the pond skater genus Gerris FABRICIUS (Hemiptera,
Gerridae). — Canadian Journal of Zoology 71: 2473-2508.

ANDERSEN, N.M. 1995. Cladistics, historical biogeography, and a
check list of gerrine water striders (Hemiptera, Gerridae) of
the world. — Steenstrupia 21: 93-123.



Fossil water striders from the Middle Eocene fossil sites of Eckfeld and Messel, Germany (Hemiptera, Gerromorpha) 51

ANDERSEN, N.M. 1998. Water striders from the Paleogene of Den-
mark with a review of the fossil record and evolution of se-
miaqautic bugs (Hemiptera, Gerromorpha). — Biologiske
Skrifter 50: 1-157.

ANDERSEN, N.M.. 2000. Fossil water striders in the Eocene Baltic
amber (Hemiptera: Gerromorpha). — Insect Systematics &
Evolution 31: 257-284.

ANDERSEN, N.M. 2001. Fossil water striders in the Oligocene/Mi-
ocene Dominican amber (Hemiptera: Gerromorpha). — Insect
Systematics & Evolution 31: 411-431.

ANDERSEN, N.M.; FARMA, A.; MINELL], A. & PICCOLI, G. 1994. A
fossil Halobates from the Mediterranean and the origin of sea
skaters (Hemiptera, Gerridae). — Zoological Journal of the
Linnean Society 112: 479-489.

ANDERSEN, N.M. & GRIMALDI, D. 2001. A fossil water measurer
from the mid-Cretaceous Burmese amber (Hemiptera: Gerro-
morpha: Hydrometridae). — Insect Systematics & Evolution
32:381-392.

ANDERSEN, N.M. & POINAR, G.O. jr. 1992. Phylogeny and classi-
fication of an extinct water strider genus (Hemiptera, Gerri-
dae) from Dominican amber, with evidence of mate guarding
in a fossil insect. — Zeitschrift fiir Zoologische Systematik
und Evolutionsforschung 30: 256-267.

FaBrICIUS, J.C. 1794. Entomologia systematica emendate et aucta,
4.—472 p., Hafniae.

FISCHER, C. 1999. Grobklastika im mitteleozénen Eckfelder Maar
(Siidwesteifel). Sedimentologische und petrographische An-
alyse. — Mainzer Naturwissenschaftliches Archiv 37: 21-54.

FRANZEN, J.L. 1993, Das biostratigraphische Alter der Fossillager-
stitte Eckfelder Maar bei Manderscheid (Eifel). — Mainzer
Naturwissenschaftliches Archiv 31: 201-214.

GERMAR, E.F. & BERENDT, G.C. 1856, Die im Bernstein befindli-
chen Hemipteren und Orthopteren der Vorwelt. — In: BE-
RENDT, G.C., ed., Die im Bernstein befindlichen Organischen
Reste der Vorwelt 2: 1-40, Berlin.

GRIMALDI, D.A. 1996. Amber - Window to the Past. — 216 p.,New
York (Abrams).

GRIMALDI, D.A.; ENGEL, M.S. & NASCIMBENE, P.C. 2002. Fos-
siliferous Cretaceous amber from Myanmar (Burma): Its re-
discovery, biotic diversity, and paleontological significance.
— American Museum Novitates 3361: 1-71.

HARMS, F.-J. 2002, Maare und andere eozianzeitliche Sedimentfall-
en auf dem Sprendlinger Horst (Siidhessen). — In: NIEBUHR,
B., ed., GEO 2002 - Planet Erde: Vergangenheit, Entwick-
lung, Zukunft. — Schriftenreihe der Deutschen Geologischen
Gesellschaft 21: 149-150.

HORNSCHEMEYER, T. 1994. Ein fossiler Tenebrionidae Ceropria?
messelense n. sp. (Coleoptera: Tenebrionidae: Diaperinae)
aus dem Mitteleozén der Grube Messel bei Darmstadt. - Cou-
rier Forschungsinstitut Senckenberg 170: 75-83.

HORNSCHEMEYER, T. & WEDMANN, S. 1994. Fossile Prachtkifer
(Coleoptera: Buprestidae: Buprestinae) aus dem Mitteleozéin
der Grube Messel bei Darmstadt, Teil 1. — Courier For-
schungsinstitut Senckenberg 170: 85-136.

Hurp, P.D. jr.; SMITH, R.F. & DURHAM, J.W. 1962. The fossilifer-
ous amber of Chiapas, Mexico. — Ciencias 21: 107-108.
ILLIES, H. 1941. Das Insekten fithrende Alttertidr von Havighorst.
- Zeitschrift fiir Geschiebeforschung und Flachlandsgeologie

17: 16-24.

JELL, P.A. & DUNCAN, P.M. 1986. Invertebrates, mainly insects
from the freshwater, Lower Cretaceous, Koonwarra Fossil
Bed (Korumburra Group), South Gippsland, Victoria. —
Memoirs of the Association of the Australasian Journal of
Palacontology 3: 111-205.

LARSSON, S.G. 1978. Baltic amber — a palaeobiological study. —
Entomonograph 1: 1-192.

LATREILLE, P.A. 1810. Considérations générales sur 1’ordre naturel
des animaux composant les classes des crustacés, des arach-
nides, et des insectes; avec tableau méthodique de leurs gen-
res, disposés en famille. — 444 p., Paris (Schoell).

LEAcH, W.E. 1815. Hemiptera. — In: Brewster’s Edinburgh Ency-
clopaedia 9: 57-192, Edinburgh.

LIEBIG, V. 2002. Neuaufnahme der Forschungsbohrungen KB 1,2,
4,5, und 7 von 1980 aus der Grube Messel (Sprendlinger
Horst, Siidhessen). — Kaupia 11: 3-68.

LIEBIG, V. & GRUBER, G. 2000. The Messel drillings of 1980: re-
description and interpretation (Grube Messel, southern
Hesse, Germany). — Terra Nostra 2000/6: 254-258.

LN, Q. 1981. Two new species of Tertiary insect fossils from
northern Xizang. — In: Nanjiing Institute of Geology and
Paleontology, Chinese Acadamy of Science, eds., The Series
of the Comprehensive Scientific Expedition to the Qinghai-
Xizang Plateau, Palacontology of Xizang 3: 345-348, Beijing
(Science Press) [in Chinese with English summary].

LINNAEUS, C. VON 1758. Systema naturae per regna tria naturae, se-
cundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis. 10 edition. — 824 p-, Stock-
holm (Laurentius Salvius).

Lutz,H. 1990. Systematische und paltkologische Untersuchungen
an Insekten aus dem Mittel-Eozin der Grube Messel bei
Darmstadt. — Courier Forschungsinstitut Senckenberg 124:
1-165.

Lurtz, H. 1991. Qualitative und quantitative Verteilung von Klein-
fossilien im Bereich des Nordhanges der Fundstitte Messel
(Mittel-Eozén). — Courier Forschungsinstitut Senckenberg
139: 83-97.

Lutz, H. 1993. Grabungskampagne im “Eckfelder Maar”: 1992. —
Mitteilungen der Rheinischen Naturforschenden Gesellschaft
14: 53-59.

Lutz, H. 1997. Taphozonosen terrestrischer Insekten in aqua-
tischen Sedimenten — ein Beitrag zur Rekonstruktion des
Paldoenvironments. — Neues Jahrbuch fiir Geologie und Pali-
ontologie, Abhandlungen 203 (2): 173-210.

LuTtz, H. 1998a. Zur Korrelation von Fazies und Fossilfiihrung im
Eckfelder Maar (Mittel-Eozidn, Vulkaneifel, Deutschland). —
Mainzer Naturwissenschaftliches Archiv 36: 39-46.

Lutz, H. 1998b. Die unteroligoziine Insekten-Taphozdnose von
Sieblos/Rhon — ein Schliissel fiir die Rekonstruktion des
aquatischen Paldoenvironments. - In: MARTINL, E. & ROTHE,
P., eds., Die alttertiire Fossillagerstitte Sieblos an der
Wasserkuppe / Rhon. — Geologische Abhandlungen Hessen
104: 101-114.

LuTz, H.; FRANKENHAUSER, H. & NEUFFER, F.-O. 1998. Fossil-
fundstitte Eckfelder Maar — Archiv eines mitteleozéinen Le-
bensraumes in der Eifel. - 51 p., Mainz (Landessammlung fiir
Naturkunde).

Lutz, H. & NEUFFER, F.-O. 2000. The middle Eocene fossillager-
stdtte Eckfeld maar. — In: SCHMITZ, B.; SUNDQUIST, B. & AN-
DREASSON, F.P., eds., Early Paleogene Warm Climates and
Biosphere Dynamics — Short Papers and Extended Abstracts:
95-96, Stockholm.

Lutz, H. & NEUFFER, F.-O. 2001. A climatic archive with hide and
hair. — German Research 2001: 8-11.

Lutz, H.; NEUFFER, F.-O.; HARMS, F.-J.; SCHAAL, S.; MICKLICH,
N.; GRUBER, G.; SCHWEIGERT, G. & LORENZ, V. 2000. Ter-
tiary maars as fossil deposits: Eckfeld, Messel, Randeck, H6-
wenegg, Ohnigen. — Mainzer Naturwissenschaftliches
Archiv, Beiheft 24: 125-160.

LUTZ, H.; RUST, J.; WAPPLER, T. & BRAUCKMANN, C. 2001. Pale-
oecology of Eocene insects from Central Europe (Eckfeld;
Messel; Geiseltal). — In: ASH, AW, & WING, S.L., eds., Cli-
mate and biota of the Early Paleogene. International Meeting,



52 TORSTEN WAPPLER & NILS M@LLER ANDERSEN

July 3-8, 2001, Powell, Wyoming, Abstract Vol.: 59, Wash-
ington, DC.

MATSUDA, R. 1960. Morphology, evolution and a classification of
the Gerridae (Hemiptera-Heteroptera). — Kansas University
Science Bulletin 41: 25-632.

MEeRTZ, D.F.; SWISHER, C.C.; FRANZEN, J.L.; NEUFFER, F.-O. &
LuTtz, H. 2000. Numerical dating of the Eckfeld maar fossil
site, Eifel, Germany: a calibration mark for the Eocene time
scale. — Naturwissenschaften 87 (2000): 270-274.

MINGRAM, J. 1998. Laminated Eocene maar-like sediments from
Eckfeld (Eifel region, Germany) and their short-term perio-
dicities. — Palacogeography, Palaeoclimatology, Palacoecol-
ogy 140: 289-305.

NACHTIGALL, W. 1998. Warum sinken kleine Plankter so langsam
ab? Eine physikalisch-6kologische Betrachtung. — Biologie
in unserer Zeit 28 (3): 137-144.

NEL, A. & PAICHELER, J .-C. 1993. Les Heteroptera aquatiques fos-
siles, état actuel des connaissances (Heteroptera Mepomor-
pha et Gerromorpha). — Entomologica Gallica 3,4: 159-182,
15-24,79-89.

NEL, A. & POPOV, Y.A. 2000. The oldest known fossil Hydrometr-
idae from the Lower Cretaceous of Brazil (Heteroptera: Ger-
romorpha). — Journal of Natural History 34: 2315-2322.

NEeUFFER, F.-O.; GRUBER, G.; LuTtZ, H. & FRANKENHAUSER, H.
1996. Das Eckfelder Maar — Zeuge tropischen Lebens in der
Eifel. - 102 p., Mainz (Landessammlung fiir Naturkunde).

PEREZ GOODWYN, P.J. 2002. A new genus of water measurer from
the Lower Cretaceous Crato Formation in Brazil (Insecta:
Heteroptera: Gerromorpha: Hydrometridae. - Stuttgarter
Beitrige fiir Naturkunde (B) 316: 1-9.

PIRRUNG, B .M. 1992. Geologische und geophysikalische Untersu-
chungen am tertidren “Eckfelder Maar”, Siidwesteifel. —
Mainzer Naturwissenschaftliches Archiv 30: 3-21.

PIRRUNG, B.M. 1998. Zur Entstehung isolierter alttertiirer See-
sedimente in zentraleuropdischen Vulkanfeldern, — Mainzer
Naturwissenschaftliches Archiv, Beiheft 20: 1-117.

PIRRUNG, B.M.; BUCHEL, G. & JACOBY, W. 2001. The Tertiary
volcanic basins of Eckfeld, Enspel and Messel (Germany). —
Zeitschrift der Deutschen Geologischen Gesellschaft 152 (1):
27-59.

POINAR, G.O. jr. 1992. Life in Amber. — 350 p., Stanford (Stanford
University Press).

Porov, Y.A. 1971. Historical development of hemiptera infraorder
Nepomorpha (Heteroptera). — Trudy Paleontologicheskogo
Instituta Akademii Nauk SSSR 129: 1-230.

Porov, Y.A. 1996. Water measurer from the Baltic amber (Heter-
optera: Gerromorpha, Hydrometridae). — Mitteilungen aus
dem Geologisch-Paldontologischen Institut der Universitit
Hamburg 79: 211-221.

Porov, Y.A. & WOOTTON, R.J. 1977. The Upper Liassic Heterop-
tera of Mecklenburg and Saxony. — Systematic Entomology
2:333-351.

RASNITSYN, A.P. & QUICKE, D.LJ., eds., 2002. History of Insects.
— 517 p., Dordrecht (Kluwer Academic Publisher).

SCHAAL, S. & ZIEGLER, W ., eds., 1992. Messel - An insight into the
history of life and of the Earth. ~ 322 p., Oxford (Clarendon
Press).

SCHLEE, D. 1990. Das Bernstein-Kabinett. — Stuttgarter Beitrige
fiir Naturkunde (C) 28: 1-100.

SCUDDER, S .H. 1890. The Tertiary insects of North America. — Re-
port of the United States Geological Survey of the Territories
13: 1-734.

STATZ, G. 1950. Alte und neue Hydrocorisae (Wasserwanzen) aus
dem Oberoligocin von Rott. — Palacontographica (A) 98: 47-96.

TROSTER, G. 1991. Eine neue Gattung der Elateridae (Insecta: Co-
leoptera) Macropunctum gen. n. aus der Messel-Formation
des unteren Mittel-Edzén der Fundstelle Messel. — Courier
Forschungsinstitut Senckenberg 139: 99-117.

TROSTER, G. 1992. Zur Kenntnis der Gattung Macropunctum (Ela-
teridae, Pyrophorinae, Agrypnini) aus der mitteleozinen Fos-
sillagerstitte “Eckfelder Maar™ (Eifel) mit der Beschreibung
einer neuen Art Macropunctum eckfeldi n. sp. — Mainzer
Naturwissenschaftliches Archiv 30: 111-118.

TROSTER, G. 1993a. Fossile Schnellkifer der Gattung Lanelater
ARNETT 1952 (Coleoptera, Pyrophorinae, Agrypnini) aus
dem Eozin der Grube Messel bei Darmstadt. — Senckenber-
giana lethaea 73 (1): 49-60.

TROSTER, G. 1993b. Zwei neue mitteleuropiische Arten der Gat-
tung Tenomerga NEBOISS 1984 aus dem Mitteleozén der
Grube Messel und des Eckfelder Maares (Coleoptera: Ar-
chostemmata: Cupedidae). — Mainzer Naturwissenschaftli-
ches Archiv 31: 169-176.

TROSTER, G. 1994a. Fossile Elateridae (Insecta: Coleoptera) aus dem
Unteren Mitteleozin (Lutetium) der Grube Messel bei Darm-
stadt. — Courier Forschungsinstitut Senckenberg 170: 11-64.

TROSTER, G. 1994b. Neue Arten der Gattung Macropunctum (In-
secta, Coleoptera, Elateridae) aus der Olschieferfazies der
mitteleozinen Messelformation der Grube Messel bei Darm-
stadt. — Paldontologische Zeitschrift 68 (1/2): 145-162.

TROSTER, G. 1999. An unusual new fossil click-beetle (Coleoptera:
Elateridae) from the Middle Eocene of the Grube Messel
(Germany). — Neues Jahrbuch fiir Geologie und Paldontolo-
gie, Monatshefte 1999 (1): 11-20.

WAPPLER, T. 2002. Dicranoptycha (Insecta: Nematocera: Limoni-
idae) aus der mitteleozinen Fossillagerstiitte Eckfelder Maar
bei Manderscheid/Eifel (Deutschland). — Mainzer Naturwis-
senschaftliches Archiv 40: 129-134.

WAPPLER, T. 2003a. Die Insekten aus dem Mittel-Eozin des Eck-
felder Maares, Vulkaneifel. — Mainzer Naturwissenschaftli-
ches Archiv, Beiheft 27: 1-234.

WAPPLER, T. 2003b. New fossil lace bugs (Heteroptera: Tingidae)
from the Middle Eocene of the Grube Messel (Germany),
with a catalog of fossil lace bugs. — Zootaxa 374: 1-26.

WAPPLER, T. & ENGEL, M.S. 2003. The Middle Eocene bee faunas
of the Eckfeld maar and Messel, Germany (Hymenoptera:
Apoidea). - Journal of Paleontology 77 (5): 908-921.

WEDMANN, S. 2000. Die Insekten der oberoligozinen Fossillager-
stitte Enspel (Westerwald, Deutschland) ~ Systematik, Bio-
stratinomie und Paldookologie. — Mainzer Naturwissen-
schaftliches Archiv, Beiheft 23: 1-154.

WEDMANN, S. & HORNSCHEMEYER, T. 1994. Fossile Prachtkifer
(Coleoptera: Buprestidae: Buprestinae und Agrilinae) aus
dem Mitteleozdn der Grube Messel bei Darmstadt, Teil 2. —
Courier Forschungsinstitut Senckenberg 170: 137-187.

WILDE, V. & FRANKENHAUSER, H. 1998. The Middle Eocene plant
taphocoenosis from Eckfeld (Eifei, Germany). — Review of
Palaeobotany and Palynology 101: 7-28.

WILDE, V.; FRANKENHAUSER, H. & LuTz, H. 1993. Algenreste aus
den mitteleozénen Sedimenten des Eckfelder Maares bei
Manderscheid in der Eifel. — Mainzer Naturwissenschaftli-
ches Archiv 31: 127-148.

WILSON, M.V H. 1977. New records of insect families from the
freshwater Middle Eocene of British Columbia. — Canadian
Journal of Earth Sciences 14: 1139-1155.

WILSON, M.V H. 1978. Paleogene insect faunas of western North
America. — Quaestiones Entomologicae 14: 13-34.

WILSON, M.V H. 1980. Eocene lake environments: Depth and dis-
tance-from-shore variations in fish, insect, and plant assem-
blages. — Palacogeography, Palaeoclimatology, Palaeoecol-
ogy 32: 2144,

WILSON, M.V H. 1996. Insects near Eocene lakes of the Interior. —
In: LUDVIGSEN, R., ed., Life in Stone: A Natural History of
British Columbia’s Fossils: 225-233, Vancouver (UBC
Press).

Eingang des Manuskriptes am 28. April 2003;
Annahme durch die Schriftleitung am 30. Juni 2003.



