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Abstract

Water striders and other semiaquatic bugs (Hemiptera-Heteroptera, Gerromorpha) comprises 
about 1,600 extant species classified in eight families. So far, about 30 fossil species belonging to 
six families have been described or recorded, spanning more than 120 million years of geological 
history. Most fossils are of Cenozoic age but a few indisputable Mesozoic fossils have been recog
nised. The Fur and 01st Formations of northern Denmark (Paleocene-Eocene transition, 55-54 
Ma) contain an unusually rich fauna of insects, including seven species classified in four genera 
and three families of Gerromorpha. The following taxa are described here: Palaeogerris gen. nov., 
P furensis, grandis, and mikkelseni spp. nov. (Gerridae), Eocenometra longicomis sp. nov., Palaeometra 
gen. nov., P madseni sp. nov. (Hydrometridae), Daniavelia gen. nov., D. morsensis sp. nov. (Macro- 
veliidae). Furthermore, Electrovelia gen. nov., E. balticasp. nov. (Veliidae) is described from Baltic 
amber, Denmark. The fossil record of Gerromorpha is reviewed, with redescriptions, descriptive 
notes, etc. of all fossil taxa known from the literature. In addition, Limnoporus wilsoni sp. nov. 
(Gerridae) is described from the Middle Eocene of British Columbia, Canada, and the following 
new combinations proposed: Telmatrechus defunctus (Handlirsch, 1910) comb. nov. and Aquarius 
lunpolaensis (Lin, 1981) comb. nov. Reinterpretations are presented for a number of other fossils: 
Metrobates aeternalis (Scudder) and Halobates bagonensis Lin are cast nymphal skins (exuviae) of 
contemporaneous gerrine water striders; Palaeovelia spinosa Scudder from the Upper Eocene of 
Colorado, U.S.A, and Engynabis tenuis Bode from the Lower Jurassic of Mecklenburg, Germany, 
are incorrectly classified in the Gerromorpha. Although the fossil record is immensely imperfect, 
available fossil taxa can in most cases be placed in phylogenies (cladograms) together with their 
extant relatives. Cladograms calibrated against the fossil record yield phylogenetic trees which 
can be used to estimate minimum divergence time of extant clades. The oldest members of the 
Gerromorpha are of Lower Cretaceous (Aptian) age, but the infraorder probably evolved in the 
Lower Mesozoic. Gerromorphan life on the water surface (pleustonic zone) probably evolved be
fore the beginning of the Paleogene and the marine environment was colonised before Middle 
Eocene time. The geographical distribution of fossil water striders provides in some cases infor
mation which contradict biogeographical hypotheses based on the distribution of extant taxa 
alone.
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Introduction

Water striders and other semiaquatic bugs 
(Hemiptera-Heteroptera, infraorder Gerro- 
morpha) include about 1,600 species most of 
which occupy an adaptive zone defined by wa
ter surfaces (the pleustonic zone). Most spe
cies occur in freshwater, but several lineages 
have colonised marine habitats. These insects 
have conspicuous adaptations for life on the 
surface film of water, especially with respect to 
locomotion, feeding, reproductive behaviour, 
and life history (Andersen 1982b). Their two- 
dimensional habitat makes water striders ideal 
subjects for ecological and behavioural studies 
and many northern temperate species have 
been extensively used as model organisms in 
such studies (for a recent review of the litera
ture, see Spence & Andersen 1994).

Evolutionary biology has the evolutionary 
history or phylogeny of organisms as its general 
framework of reference. Understanding evolu
tion requires the concerted efforts of neonto- 
logical systematics and palaeontology (studies 
of fossils). It is through systematics that biolo
gists delimit and identify species and establish 
how they are related, grouping them into ap
propriate higher taxa. And it is through the 
fossil record that biologists establish the times 
of appearance and disappearance of species 
and higher taxa. The study of fossils provides 
the most direct evidence of how evolution has 
proceeded through geological time.

Phylogenies of extant semiaquatic bugs are 
now available for a reasonably large number of 
higher taxa, mainly based on comparative mor
phological characters (e.g. Andersen 1982b, 
1989b, 1990, 1991b, 1993b, 1995c; Andersen & 
Spence 1992) and, more recently, also on allo- 
zymes and DNA-sequences (Sperling 8c Spence 
1990; Sperling et al. 1997). As is the case with 
most groups of insects, however, the fossil re

cord of semiaquatic bugs is immensely imper
fect. Yet, recent findings of fossil water striders 
have provided useful insights into the evolu
tionär}' history of this group (Andersen 1982a; 
Andersen 8c Poinar 1992, 1998; Andersen et al. 
1993, 1994).

The present work was prompted by the dis
covery of an unusually rich and diverse fauna 
of semiaquatic bugs in sediments of the Paleo
gene Fur and 01st Formations of Denmark 
(Fig. 1). So far, this extinct fauna comprises 
seven species classified in four genera and 
three families of the infraorder Gerromorpha. 
The new genera and species are described and 
illustrated in detail below. In addition, this 
work presents the first comprehensive, critical 
review of the fossil record of semiaquatic bugs, 
spanning more than 120 million years of geo
logical history. All fossil taxa are discussed in a 
phylogenetic perspective, with evaluation of 
their contribution to understanding the adap
tive evolution and historical biogeography of 
semiaquatic bugs. For the benefit of readers 
not familiar with the principles and methods of 
modern systematic biology, elementary intro
ductions are offered to phylogenetic recon
struction (cladistics), ecological phylogenetics, 
and cladistic biogeography.

The fossil record of Gerromorpha

The first fossil semiaquatic bugs were recorded 
by Germar 8c Berendt (1856) from Baltic am
ber (Eocene/Oligocene). Reviews including 
fossil Gerromorpha can be found in Hand- 
lirsch (1906-1908), Bachofen-Echt (1949), Keil- 
bach (1982), Andersen (1982b), Spahr (1988), 
Carpenter (1992), and Nel 8c Paicheler (1993). 
The maps (Figs 2-3) show the localities from 
which fossil gerromorphans have been recov-
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Fig. 1. Paleogene water striders, Fur and 01st Formations, Denmark. Reconstructions (drawn to same scale, x 1.5). 1, Daniavelia mor- 
sensis gen. et sp. nov.; 2, Palaeometra madseni gen. et sp. nov.; 3, Eocenometra danica Andersen; 4, Palaeogerris furensis gen. et sp. nov. (fe
male); 5, Palaeogerris grandis gen. et sp. nov. (male); 6, Palaeogerris mikkelseni gen. et sp. nov.
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ered, including a few other localities men
tioned in this work. Localities with subfossil 
(Pleistocene) gerromorphans are not includ
ed. A list of all localities with geological hori
zon and other relevant information including 
references is given below with the same num
bering as used on the maps (Figs 2-3).

Mesozoic localities
1. Mecklenburg, Germany. Lower Jurassic 

(Toarcian) (Popov & Wootton 1977).
2. Koonwarra fossil bed (Korumburra Gro

up), Victoria, Australia. Lower Cretaceous 
(Aptian). Lacustrine (Jell & Duncan 
1986).

3. Santana Formation, Araripe Plateau, 
northeastern Brazil. Lower Cretaceous 
(Aptian). Lacustrine (Grimaldi & Maisey 
1990).

Cenozoic localities
4. Fur and 01st Formations, Denmark. Pa- 

leocene-Eocene transition. Marine (Lars
son 1975; Pedersen & Surlyk 1983; Heil- 
mann-Clausen, 1995; Heilmann-Clausen 
et. al. 1985; Willmann 1990a; see also be
low).

5. Havighorst near Hamburg, Germany. 
Lower Eocene. Marine (lilies 1941).

6. British Columbia, Canada. Middle Eocene. 
Lacustrine. (Wilson 1977,1978a, 1996).

7. Green River Formation, Wyoming, U.S.A. 
Middle Eocene. Lacustrine (Scudder 
1890; Wilson 1978a).

8. Bolca, Northern Italy. Middle Eocene. Ma
rine (Andersen et al. 1994).

9. Messel, Darmstadt, Germany. Middle Eo
cene. Lacustrine (Lutz 1990, 1991).

10. Florissant, Colorado, U.S.A. Lower Oligo
cène (Upper Eocene according to M.V.H. 
Wilson, in. litt.). Lacustrine (Scudder 
1890; Wilson 1978a).

11. Baltic amber, Denmark, northern Germa
ny, etc. Eocene/Oligocene (secondary in 

Pleistocene deposits). Terrestrial (Larsson 
1978; Schlee 1990; Poinar 1992).

12. Bitterfeldt amber, Germany. Eocene/Oli
gocene (secondary in Miocene deposits). 
Terrestrial (Poinar 1992).

13. Kleinkemps at Mulhouse, Rhein Valley, 
France. Lower Oligocène (Nel & Paichel- 
er 1993).

14. Rott-am-Siebengebirge, Germany. Middle 
Oligocène (Statz 1950; Nel & Paicheler 
1993).

15. Gypse d’Aix, Aix-en-Provence, France. 
Upper Oligocène (Nel & Paicheler 1993).

16. Dominican amber, Dominican Republic, 
Hispaniola. Oligocene/Miocene. Terres
trial (Schlee 1990; Poinar 1992; Grimaldi 
1996).

17. Mexican (Chiapas) amber, Mexico. Oligo
cene/Miocene. Terrestrial (Hurd et al. 
1962; Poinar 1992; Grimaldi 1996).

18. Karagan Formation, northern Caucasus, 
Russia. Miocene. (Y. Popov, personal com
munication).

19. Lunpola Basin, Tibet, China. Miocene. 
Lacustrine (Lin 1981).

The ash-bearing Fur and 01st Formations

Geology and biostratigraphy
The Fur Formation (Pedersen & Surlyk 1983) 
is composed of a about 60 m thick unit of high
ly porous diatomite, so called mo-clay, which 
mainly consists of diatomaceous shells and a 
small clay content. At certain levels, the diato
mite is cemented with calcium carbonate, 
forming large calcareous concretions, so-called 
“cementstones” (Fig. 4, A-E). The formation is 
further characterised by having about 180 con
spicuous, black layers of volcanic ash. Paleo
gene ash-layers are found in several other Dan
ish formations and all over the North Sea Basin 
(Heilmann-Clausen 1995). Estimates of the du
ration of the sedimentation and formation of 
the volcanic ash-layers range from 1 to 3 Ma.
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Fig. 2. World map with fossil localities for semiaquatic bugs (Heteroptera, Gerromorpha). Further explanation in text.

Fig. 3. Map of Europe with fossil localities for semiaquatic bugs (Heteroptera, Gerromorpha). Further explanation in text.

Sediments belonging to the Fur Formation 
are exposed in several localities in northwest
ern part of Denmark, in particular on the is
lands Fur and Mors in the western Limfjord 
area of Jutland (see map, Fig. 5). Most local
ities are situated on the north coast of Fur and 
Mors, but since the mo-clay have been exploit

ed commercially, the formation is also exposed 
in pits (e.g. at Skarrehage and Ejerslev, Mors).

The ash-layers of the Fur Formation have 
been associated with volcanic activity during 
the Lower Paleogene period (60-54 Ma ago), 
where Greenland and Europe drifted apart. 
The thickness of the ash-layers decreases to
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wards southeast, which means that the active 
volcanoes probably were situated Northwest of 
Jutland, approximately at the present location 
of the Faroe Islands. The ash-layers are num
bered according to their relative age, from -39 
(the oldest layer) to +140 (the youngest layer). 
Certain ash-layers are so characteristic that 
they quite easily can be traced from locality to 
locality. The most complete series of ash-layers 
is found on the north coast of Fur, at Knuden 
and Stolleklint (Fig. 5), but most insect fossils 
from these localities are associated with the ash 
layers from No. -28 to -24 (in laminated ce
mentstone of the “B” horizon) or below No. -33 
(in laminated clay, more or less silicified). Most 
of the fossil water striders have been found at 
Stolleklint, usually in loose blocks on the shore 
washed out from the cliffs by the sea. Other fos
sil-rich locations are associated with the ce
mentstone horizons containing the ash layers 
below No. -13 or above No. -11 (the “C” hori
zon) and from No. +25 to No. +30 (the “E” ho
rizon). Fossil water striders are known from 
these horizons at Skarrehage and Ejerslev, 
Mors (Fig. 5).

The ash-layer series of the Fur Formation 
also occur in the correlated 01st Formation 
(Heilmann-Clausen et al. 1985). The oldest 
sediments of this formation is a more or less sil
icified, laminated clay which is exposed below 
the Fur Formation at Stolleklint, intergrading 
with the latter at ash-layer No. -33. It is now rec
ognised that many insect fossils previously asso
ciated with the lowermost ash-layers of the Fur 
Formation in reality belong to the 01st Forma
tion (Heilmann-Clausen 1995 and personal 
communication).

The biostratigraphy of Danish Upper Paleo- 
cene-Middle Eocene sediments is mainly based 
on dinoflagellates, since calcareous microfos
sils usually are absent. The dinoflagellate bio
stratigraphy as summarised by Heilmann-Clau
sen (1985, 1995) integrates previous zonations 
covering the Upper Paleocene and lowermost 

Eocene. The oldest ash-layers in the top of the 
Holmehus Formation occur on Fur and Mors 
and belong to the dinoflagellate Zone 5. This 
zone correlates with the calcareous nannofossil 
NP9 Zone, suggesting that the oldest ash-layers 
in Denmark are of Upper Paleocene age 
(about 55 Ma). Sediments belonging to the Fur 
and 01st Formations were deposited during 
the Paleocene-Eocene transition, but the exact 
position of the boundary between these two 
epochs remains to be settled (Heilmann-Clau
sen, personal communication).

Palaeoenvironment and biodiversity
The sediments of the Fur Formation were de
posited on the bottom of an epicontinental sea 
covering all of Denmark in early Paleogene 
time (Fig. 6). Based on the composition of the 
fish fauna, Bonde (1966, 1974) suggested that 
the formation was deposited at some distance 
from the coast, at depths of 50-500 m. The reg
ular lamination of the diatomite indicates that 
the sediment was deposited without being dis
turbed by wave action and also suggests that 
bottom-dwelling, burrowing marine animals 
were rare (Pedersen 1981).

There are numerous remains of plants (lea
ves, rhizomes, pieces and trunks of wood) in 
the Fur Formation, including conifers, bam
boo, Ginkgo, and Salvinia (Larsson 1975; Bon
de 1987). Some pieces of wood have partly en
closed pieces of resin preserved as amber. The 
plant material bears evidence of having under
gone considerable transport, probably washed 
out by rivers and streams from a coastal wood
land area. According to Bonde (1974) and 
Larsson (1975), this land area was located at 
about the same position as the southwestern 
coast of modern Scandinavia.

The fauna of the Fur Formation comprises 
birds, turtles, about 50 species of fishes, and an 
abundance of insects (Bonde 1966, 1973, 1974, 
1987; Larsson 1975; Nielsen 1959, 1963; Hoch 
1975; Willmann 1990a; Andersen & Andersen
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GEOCHRONOMETRY ASH-LAYERS & 
CEMENTSTONE HORIZONS

GEOLOGICAL FORMATIONS 
& SEDIMENTS
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Fig. 4. Fur and Ølst Formations, northern Jutland, Denmark. Geochronometry, idealized profile with ash-layers (numbered from - 
39 to +140) and principal cementstone horizons (A-E), and boundaries of formations. Further explanation in text (redrawn from 
Heilmann-Clausen 1995).

Fig. 5. Fur and 01st Formations, fossil localities (after Will- 
mann 1990).

Fig. 6. Palaeogeography of Europe and the North Atlantic area 
in Late Paleocene time (60 Ma) (redrawn from Smith et al. 
1994).
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1996; Rust & Ansorge 1996; Rust, in press). 
Henriksen (1922, 1929) described the first in
sects from the formation belonging to the or
ders Odonata, Orthoptera, Neuroptera, Hem- 
iptera (including Heteroptera), and Diptera. 
Other species were described by Zeuner 
(1936), Heie (1967, 1970), Willmann (1977), 
Andersen (1982a), and Schlüter (1982). Dur
ing recent years, the accumulation of material 
has been intensified and an estimated 20,000 
insect fossils are presently known from private 
and public collections. The largest insect grou
ps are the Diptera (both nematocerans and 
Brachycera), Hemiptera-Auchenorrhyncha, 
Heteroptera, and Trichoptera. The Fur and 
01st Formations now appear to be some of the 
richest and most diverse insect-bearing Paleo
gene deposits in Europe, only exceeded by Bal
tic amber (Eocene/Oligocene). The scientific 
processing of this material has just been initiat
ed with works on Odonata (Madsen & Nel 
1997), Dermaptera (Willmann 1990b), Hemip- 
tera-Aphidoidea (Heie 1993), Neuroptera 
(Willmann & Brooks 1991; Willmann 1993), 
Diptera-Tipulomorpha (Freiwaldt 1990, 1991), 
Ptychopteridae (Freiwald & Willmann 1992), 
Dixiidae (Ansorge 1992), Hymenoptera-Para- 
sitica (Rust 1990), and Formicidae (Rust & An
dersen, in press). Preliminary studies by Stig 
Andersen, Jes Rust, and the author, have re
vealed representatives of many other insect 
groups, including the oldest known fossil but

terfly (Lepidoptera-Hesperiidae; R. de Jong, 
unpublished) and species of Psychopsidae (Neu
roptera), a family at present only known from 
South Africa, Southeast Asia, and Australia.

So far, only winged adult insects have been 
recorded from the Fur Formation. The wing
less “giant” ants are queens which have shed 
their wings after the completion of their nup
tial flight (Andersen & Andersen 1996; Rust & 
Andersen, in press). The chironomid larvae 
described by Kohring (1994) is in reality an in
completely preserved heteropteran (Rust, in 
press). Larsson (1975) therefore suggested 
that the insects of the Fur Formation were car
ried out to sea by the wind and not by water 
currents as the plant material (see above). In
vestigations of recent faunas have shown that 
flying insects belonging to many orders are 
transported far out over the sea by air currents 
(Bowden & Johnson 1976). Insects that falls 
upon the water surface are usually eaten by sur
face-feeding fish and birds and have little chan
ce of being deposited on the sea bottom. Ex
ceptional conditions, however, may have pre
vailed at certain periods, during which many 
insects could sink to the bottom of the sea with
out being eaten by benthic fishes. Contempo
raneous mass mortality of fish (Bonde 1966) 
has been explained by periodic anoxic condi
tions and/or excessive bloom of pelagic dino
flagellates, in modern tropical seas known as 
“red tide” (Larsson 1975).
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Material and methods

The fossils examined in the present work were 
gathered from a number of sources. Fossil in
sects from the Fur and 01st Formations are de
posited in the Geological Museum, University 
of Copenhagen, Fur Museum, Fur, and in Mo
lermuseet, Skarrehage, Mors, and have been 
examined by me. The collections of the first 
two mentioned institutions were also examined 
by the late S. G. Larsson in connection with his 
survey of the insect fauna of the mo-clay (Lars
son 1975). There are smaller collections of in
sects from the Fur Formation in the Natural 
History Museum, London, U.K., and in the Pal
aeontological Institute, University of Uppsala, 
Sweden. To my knowledge, there are no fossil 
water striders in the London museum. Yuri Po
pov, Palaeontological Institute, Russian Acade
my of Science, Moscow, Russia, has kindly pro
vided me with photographs of mo-clay fossils 
from the latter institution (Figs 93-96).

By far the most important material of fossil 
insects from the Fur and 01st Formations have 
been accumulated during the past 5-7 years by 
private collectors, in particular Henrik and Re
bekka Madsen, Nykøbing Mors, and Bent Søe 
Mikkelsen, the former leader of the collections 
and exhibitions of Molermuseet, Skarrehage, 
Mors. Valuable material have also been collect
ed by Erwin Rettig, Nykøbing Mors, and Søren 
Kristensen, Veksø.

In 1990, the Danish Parliament passed a bill 
declaring “earth-found natural history objects of 
unique scientific and public value” for national 
property. Such objects shall be handed over to 
an appropriate institution by the finder who will 
then receive a proper compensation. An object 
falling within this law has been give the popular 
name “Danekræ” (derived from the ancient con
cept of “Danefæ” which concerns earth-found 
objects of national, historical value). During the 

past 5-6 years, my research associate Stig Ander
sen and I have evaluated about one hundred po
tential “Danekræ” insects and many of the speci
mens used to complete this work have come to 
my knowledge in this way.

Another important source of fossil water 
striders is amber. The Zoological Museum, 
University of Copenhagen, houses one of the 
largest collections of Baltic amber with insect 
inclusions (Larsson 1978; Poinar 1992), includ
ing three specimens of semiaquatic bugs. 
Through the courtesy of George O. Poinar, Jr., 
Oregon State University, Corvallis, U.S.A., I 
have been able to examine some extremely 
well-preserved water striders found in Domini
can amber (Figs 118-119, 120-123).

Other fossil gerromorphans (specimens 
and/or photographs) have kindly been provid
ed by Rolf Mathewes, Simon Fraser University, 
Canada (Figs 113-114), Alessandro Minelli, 
University of Padua, Italy (Fig. 106), André 
Nel, Muséum National d’Histoire Naturelle, 
Paris, France, Yuri Popov, Palaeontological In
stitute, Russian Academy of Science, Moscow, 
Russia (Figs 96, 97-99), and Mark V. H. Wilson, 
University of Alberta, Edmonton, Canada (Figs 
111-112). Finally, an extensive literature search 
have been conducted to complete the review of 
the fossil record of semiaquatic bugs.

The following abbreviations for repositories 
of types and other fossils are used in the text: 
ERC Erwin Rettig collection, Nykøbing

Mors, Denmark.
FM Fur Museum, Fur, Denmark.
GMUC Geological Museum, University of Co

penhagen, Denmark.
GOPC Georg O. Poinar, Jr. collection, Uni

versity of Oregon, Corvallis, U.S.A.
HRMC Henrik and Rebekka Madsen collec

tion, Nykøbing Mors, Denmark.
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MM Molermuseet, Skarrehage, Mors, Den
mark.

PIM Palaeontological Institute, Russian
Academy of Science, Moscow, Russia.

PIU Palaeontological Institute, Uppsala
University, Sweden.

ROM Royal Ontario Museum, Ottawa, Cana
da.

SRC Søren Kristensen collection, Veksø, 
Denmark.

ZMUC Zoological Museum, University of Co
penhagen, Denmark

Essentially two kinds of fossil material have 
been available for study:
(1) Compression fossils in sediments of various 

derivation.
(2) Inclusions in fossil resin (amber).

All of the insects from the Fur and 01st For
mations are preserved as compression fossils, 
either in the silicified, laminated clay of the 01st 
Formation or in the calcareous cementstones of 
the Fur Formation. The best preserved speci
mens are usually found in the more fine-grai
ned clay. Fortunately, both parts and counter
parts have been available for the fossils exam
ined here (except as noted) and the import
ance of keeping these parts together in collec
tions should be emphasised. In many speci
mens, details like hairs, spines, and microtri
chia are well preserved. Wings and some bodies 
usually show patterns of original pigmentation. 
While being studied, specimens were covered 
by distilled water, which has the effect of ren
dering transparent the thin layers of rock cover
ing many of the fossils. Many specimens cannot 
be detected without first being wetted.

Amber inclusions were examined either dir
ectly, in some cases after the piece of amber 
had been polished to bring the inclusion closer 
to its surfaces, or by submerging the piece in 
distilled water or vegetable oil. All observations 
during the present work were made with a Lei- 
tz stereomicroscope and a Volpi fiberoptic lig

ht source. Drawings were made with the aid of 
an ocular grid net and squared paper.

Documentation of the overall structure and 
morphological details of a fossil specimen is 
provided using the following ways of presenta
tion (apart from descriptions):

(1) Unretouched photographs of the fossil 
in situ (Figs 93-123).

(2) Line-drawings of the fossil in situ (e.g. 
Figs 10, 17, and 23) and of morphologi
cal details with interpretations of struc
tures (e.g. Figs 11-15).

(3) More or less detailed reconstructions of 
fossil species also using information 
about the morphology of extant relatives 
(e.g. Figs 7-8).

All measurements are in millimeters. Except 
when noted, measurements are the greatest 
length of body (as measured from the tip of 
head to the end of abdomen), body parts, ap
pendages, or their segments. The age of the 
fossils are given as geological period and as mil
lion years before present, abbreviated Ma. The 
following abbreviations of figure lettering ap
ply to all text-figures (except when noted): 
1A, first anal vein
ab, abdomen
ac, anteclypeus
ag, acetabular groove
an, antenna
bu, buccula
cl, clypeus
cn, connexivum
co, connexival spine
ct, cephalic trichobothrium
ex, coxa 
cx2, middle coxa 
Cu, cubitus 
ev, evaporative structure on metacetabulum 
fe, femur 
fel, fe2, fe3, front, middle, and hind femur 
fw, forewing
gr, grasping comb of front tibia
gx, gonocoxa (segment 8)
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he, head r-m, cross-vein
hw, hind wing ro, rostrum
la3, la4, labial segments 3 and 4 Sc, subcosta
lp, lateral process on proctiger sp, metathoracic spiracle
M, media sc, evaporative scent channel
m, membranous area so, metasternal scent orifice
mn, mesonotum s2-7, abdominal sternites 2-7
ms, mesosternum s8, abdominal segment 8
mt, metanotum/metasternum ta, tarsus
oc, eye tal, ta2, ta3, front, middle, and hind tarsus
pa, paramere th, thorax
pn, pronotum ti, tibia
po, postnotal suture til, ti2, ti3, front, middle, and hind tibia
pr, proctiger tr, trochanter
py> pygophore (segment 9) tl-7, abdominal tergites 1-7.
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Water striders from the Paleogene of Denmark

Family GERRIDAE Leach

BS 50

Water striders, pondskaters

Subfamily Gerrinae Leach

Genus Palaeogerris gen. nov.

Type species: Palaeogerris furensis sp. nov.; by 
present designation.

Diagnosis and description
Large water striders, length 14.2-31.5 mm, with 
long and slender legs, in particular middle and 
hind legs. Ground colour chiefly dark brown
ish or black. Pronotum usually dark with me
dian pale stripe anteriorly.

Head (Figs 7-8, he) extended in front of eyes. 
Eyes (Fig. 21, oc) large and globose. Antenna 
(Figs 7-8, an) longer than half of body length; 
first antennal segment more than 1.3x head 
length; second and third segment together 
subequal to or longer than first segment (at le
ast in P furensis and P mikkelseni spp. nov.). Ros
trum (Figs 8 and 21, ro) relatively long and 
slender, apex surpassing prosternum.

Thorax. Pronotum (Figs 7-8, pn) of macrop
terous (long-winged) form more than 2x as 
long as wide across humeri; pronotal lobe be
hind humeri broadly rounded (Figs 10 and 12, 
pn). Mesothorax (Fig. 8, ms) moderately pro
longed, distance between pro- and mesoace
tabulum less than 2.5x the distance between 
meso- and metacetabula. Metathoracic spiracle 
situated less than its own length from wing bas
es (P furensis sp. nov.; Fig. 12, sp). Metaster
num (Fig. 8, mt) longer than 0.4x mesoster

num. Area of metasternum surrounding scent 
orifice modified, tuberculate (= omphalium of 
Matsuda 1960); scent orifice circular (P furen
sis sp. nov.; Fig. 13, so); evaporative scent chan
nels (sc) present, leading laterally from scent 
orifice to metacetabula.

Legs. Front femur (Fig. 7, fel) slender, less 
than twice as thick as middle femur; apex of 
front tibia rounded on inner margin. Middle 
femur (fe2) subequal to or shorter than body 
length; middle tibia more than 0.7x length of 
middle femur; middle tarsus almost 0.5x 
length of middle tibia. Hind femur (fe3) sub
equal to or longer than middle femur; hind tib
ia more than 0.5x hind femur.

Wings. Forewings (Fig. 7, fw) when folded 
over the back, not reaching abdominal end; fo
rewing venation resembling that of most extant 
Gerrinae, with three basal veins (Fig. 16; termi
nology after Andersen 1982b): the fused sub
costa and radius (Sc + R), the fused media and 
cubitus (M + Cu), and the first anal vein (1A). 
Radius and Media connected by oblique cross
vein (r-m) after first branching of M + Cu. 
Branching of M located close to anterior cross
vein (r-m). Veins connected in distal part of 
wing and there forming two closed cells.

Abdomen distinctly longer than meso- and 
metathorax; abdominal segments 2-6 (Fig. 8, 
s2) subequal in length, segment 7 (s7) slightly 
shorter; posterior corners of abdominal seg-
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Figs 7-8. Palaeogerris furensis gen. et sp. nov. (reconstructions). 7, macropterous male, dorsal view; antennae and legs of right side 
omitted. 8, macropterous male, lateral view; antennae and legs omitted.

ment 7 laterally produced, forming a pair of rel
atively short connexival spines (Figs 14-15, co), 
which barely reach the apex of the genital seg
ments. Posterior margin of sternum 7 (Fig. 14, 
s7) broadly concave but simple in both sexes.

Genital segments of both male and female rel
atively small, without conspicuous modifica
tions (Figs 14-15, 20, 22). Segment 8 (s8) of 

male subcylindrical, pygophore (= segment 9) 
almost completely withdrawn into segment 8 
(Fig. 20, py); proctiger (Figs 14 and 20, pr) sit
uated on top of segment 9, protruding behind 
segment 8. Segment 8 of female very short, 
barely visible behind segment 7; proctiger tri
angular, protruding behind segment 8 (Fig. 15, 
pr).
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Distribution and geological horizon
Western Limfjord area, northern Denmark 
(see map, Fig. 5). 01st and Fur Formations, Pa- 
leocene-Eocene transition, 55-54 Ma (Fig. 4). 
Possibly also present in sediments at Havig
horst near Hamburg, northern Germany (Fig. 
5), of about the same geological age (lilies 
1941).

Remarks
Species of Palaeogerris gen. nov. are superficial
ly quite similar to living water striders belong
ing to the subfamily Gerrinae. With body lengt
hs between 14.2 mm and 31.5 mm, the species 
of this extinct genus are larger than most living 
water striders. The pregenital abdomen is ter
minated by a pair of short, but distinct spinous 
processes (= connexival spines), structures 
which are shared with some genera of the sub
families Gerrinae and Cylindrostethinae (Mat
suda 1960). The location of the metathoracic 
spiracle (close to the wing bases) affiliates the 
fossil genus with the gerrine genera Aquarius, 
Limnoporus, Gerris, and Gigantometra.

Palaeogerris is distinguished from the cosmo
politan genus Aquarius Schellenberg (Ander
sen 1990) by the relatively longer antennae, es
pecially longer second and third antennal seg
ments. The Holarctic genus Limnoporus La- 
treille (Andersen & Spence 1992) shares the 
antennal structure of Palaeogerris and both gen
era also have hind femora which are longer 
than middle femora (Table 1), although more 
distinctly so in the former genus. However, the 
six living species of Limnoporus all have a pro- 
notal lobe which is paler than anterior prono- 
tum. Most species belonging to the genus Gerris 
have angular instead of spinous connexival cor
ners and the first antennal segment is relatively 
shorter than in Palaeogerris spp. nov.

The monotypic genus Gigantometra Hunger
ford & Matsuda includes the largest living ger- 
rid, G. gigas (China) from Vietnam and Hai
nan, China (body length 32-36 mm). The me

sothorax of this giant water strider is relatively 
short, only about twice as long as metathorax, 
and the abdomen relatively long. As the only 
gerrine genus, Gigantometra has distinct evapo
rative scent channels on metathorax (see Mat
suda 1960: fig. 173). If this structure occurs in 
all species of Palaeogerris (only observed in one 
specimen of P. furensis sp. nov.; see below), it 
further adds to the similarity between Palaeoger
ris and Gigantometra. It is true, however, that 
evaporative scent channels and connexival spi
nes also are present in the genus Cylindrostethus 
Mayr (Cylindrostethinae), but other characters 
separate this genus from Palaeogerris, viz., short
er antennae (segments 2 and 3 together much 
shorter than segment 1), short and stout ros
trum, and relatively longer mesothorax.

Based upon the comparisons above, it might 
be justified to place the palaeogene gerrid spe
cies from the 01st and Fur Formations in the 
extant genus Gigantometra. However, none of 
the fossil specimens identified as males have 
the extraordinary long middle and hind legs 
characterising the male G. gigas (China) (see 
Andersen 1982b: fig. 424). I therefore prefer to 
erect a new genus for the fossil species.

Decisions on species separation
More than 50 specimens of gerrids from the 
01st and Fur Formations have been examined 
and measured. Only 12 of these are so com
pletely preserved that estimates of body length 
(from anterior margin of head to apex of abdo
men) could be obtained. The range of varia
tion is 14.2-31.5 mm (Mean= 22.7, S.D.= 5.41, 
C.V.= 23.9). The pronotum (dorsal part of first 
segment of thorax including its posterior, shi
eld-like extension or lobe) is the body part 
which is most constantly well preserved and 
measurable. A total of 31 measurements of pro
notum length was obtained. The frequency dis
tribution of these measurements is shown in a 
diagram (Fig. 9). The range of variation is 4.0- 
9.0 mm (Mean= 6.0, S.D.= 1.24, C.V.= 20.7)
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Fig. 9. Palaeogerris spp. Distribution of pronotum lengths (his
togram; each box represents one specimen) and body length 
(left ordinate, logarithmic scale) of most complete specimens 
plotted against pronotum length (abscissa).

which is a much higher variability than ob
served in four large, extant species of water 
striders (Table 1). Assuming that the variability 
of the fossil species is comparable to that of ex
tant species, I conclude that the samples of fos
sil water striders most likely contain more than 
one species.

Living species of water striders exhibit sexual 
size dimorphism (Andersen 1994, 1996a). The 
female is usually slightly larger than the male 
(the female/male size ratio about 1.1), but the 
size difference varies allometrically (slope of re
gression line for male size over female size less 
than 1.0), which means that males approach or 
reach the size of females as the overall length of 
the species increases. Assuming that the fossil 
species exhibit the same characteristics of sexu
al size dimorphism as extant species, the fe
males should generally be larger than the males 
except when the body length of the species sur

pass 20 mm (Table 1 ). Among the 24 fossil spec
imens for which the sex could be determined, 
the males have pronotal lengths varying be
tween 4.7 and 9.0 mm, females between 4.0 and 
8.5 mm. This also indicates that we are dealing 
with more than one species.

Given the more or less incomplete state of 
preservation of the fossil specimens, the deci
sion on how many species there should be rec
ognised and how to separate these from each 
other must necessarily be rather arbitrary. I 
have used the following criteria to identify the 
species of Palaeogerris of the Fur and 01st For
mations:

(1) Differences in overall size, in particular 
gaps in the distribution of size measurements 
(e.g. body length and length of pronotum). 
There are significant gaps in the measurements 
of pronotal length (Fig. 9), dividing the speci
mens into three groups which corresponds to 
the three species recognised (Table 2).

(2) Presence of diagnostic, structural charac
ters in the most completely preserved speci
mens.

(3) Geological age as indicated by the posi
tion of the specimen in relation to the series of 
ash-layers of the 01st and Fur Formations. The 
oldest specimens are found in sediments with 
ash-layers from the negative series at the local
ities Ejerslev and Skarrehage on Mors, and in 
particular Stolleklint on Fur. Younger species 
associated with ash-layers from the positive se
ries at Ejerslev and Sundby on Mors.

By applying these criteria, three species of 
Palaeogerris can be separated by the following 
characters (see also Table 2):

P grandis sp. nov. is a very large species 
(length 27.0-31.5 mm) with pronotum longer 
than 7.0 mm. Pronotum dark with a median 
and two sublateral pale stripes anteriorly. First 
antennal segment 0.8x pronotal length. Front 
femur slightly longer than pronotum, slender, 
not thicker than middle femur. Middle femur 
0.7x (female) to 0.9x (male) as long as body 
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length, hind femur distinctly longer than mid
dle femur. Found at Ejerslev, Mors, and Stollek
lint, Fur (negative ash-layer series).

P furensis sp. nov. is intermediate in size 
(length 19.0-23.0 mm) with pronotum measur
ing 4.7-6.9 mm. Colour of pronotum similar to 
that of P grandis sp. nov. First antennal seg
ment about 0.7x pronotal length and distinctly 
longer than second segment. Front femur not 
longer than pronotum and distinctly thicker 
than middle femur. Middle femur 0.7x (fe
male) to 0.9x (male) as long as body length, 
hind femur slightly longer than middle femur. 
Most frequently found at Stolleklint, Fur (neg
ative ash-layer series), less common at Ejerslev 
and Sundby, Mors (positive ash-layer series).

P mikkelseni sp. nov. is distinctly smaller than 
the two other species (length 14.2-16.6 mm) 
with pronotum measuring 4.0-4.4 mm. Prono
tum uniformly dark, lacking the pale stripes 
anteriorly. First antennal segment less than 
0.7x pronotal length and only slightly longer 
than second segment. Front femur about as 
long as pronotum, slender, not as thick as mid
dle femur. Middle femur 0.7x as long as body 
length, hind femur slightly longer than middle 
femur. Only known from Ejerslev, Mors (both 
negative and positive ash-layer series).

Palaeogerris furensis sp. nov.
(Figs 10-16, 93-99)

Material examined
Holotype 
Macropterous male (Figs 10, 93-94); whole 
specimen in lateral aspect with abdomen in dis
torted position, obscured by overlying brown
ish material not belonging to specimen; anten
nae and most leg segments preserved; wing ve
nation distinct. Locality data: Skarrehage Mo
lergrav, Mors; date unknown, Bent Søe Mikkel
sen leg. Part and counterpart unmarked. Geo
logical data: cementstone, ash-layer unknown. 
Holotype deposited in MM.

Paratypes
No. 1. Macropterous female (Fig. 95); com

plete specimen in dorsal aspect; head (incom
plete), thorax, abdomen, wings, and parts of 
middle and hind legs preserved. Locality data: 
Fur, date and collector unknown. Part and 
counterpart marked “220” (also containing the 
holotype of Palaeogerris grandis sp. nov.). Geo
logical data: cementstone, ash-layer unknown. 
Paratype deposited in FM.

No. 2. Macropterous specimen, probably fe
male (Figs 97-99); almost complete, head and 
thorax in lateral aspect, abdomen partly in dor
sal aspect; antennae and legs almost complete. 
Locality data: locality, date, and collector un
known. Part and counterpart marked “I 157”. 
Geological data: cementstone, ash-layer un
known. Paratype deposited in PIU.

No. 3. Macropterous female; complete speci
men in dorsal aspect with parts of antennae 
and legs preserved. Locality data: Stolleklint, 
Fur, 8.XÜ.1991, Henrik Madsen leg. Part and 
counterpart marked “16-2835”. Geological 
data: striped cementstone, ash-layer No. -25. 
Note: Two other, poorly preserved specimens 
are present in the same part and counterpart. 
Paratype deposited in HRMC.

No. 4. Macropterous male; pronotum and 
abdomen in oblique dorsal aspect; wings dis
tinct. Locality data: Stolleklint, Fur, 29.xii.1991, 
Henrik Madsen leg. Part and counterpart mar
ked “16-2891”. Geological data: laminated clay, 
ash-layer No. -31 or lower. Paratype deposited 
in GMUC.

No. 5. Macropterous female; thorax and ab
domen in dorsal aspect. Locality data: Stolle
klint, Fur, 23.vii.1992, Henrik Madsen leg. Part 
and counterpart marked “16-3562”. Geological 
data: laminated clay, ash-layer No. -31 or lower. 
Para type deposited in GMUC.

No. 6. Macropterous specimen, sex un
known; complete specimen in dorso-lateral as
pect, most of antennae and legs preserved. Lo
cality data: Ejerslev, Mors, date unknown, Bent
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Figs 10-15. Palaeogerris furensis gen. et sp. nov. 10, macropterous male holotype, oblique lateral view. 11, chaetotaxy of hind femur. 12, 
thorax of paratype No. 24, dorsal view. 13, thorax of paratype No. 9, ventral view. 14, abdominal end of male paratype No. 9, ventral 
view. 15, abdominal end of female paratype No. 5, dorsal view.
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Søe Mikkelsen. Part unmarked (no counter
part). Geological data: cementstone, ash-layer 
unknown. Paratype deposited in GMUC.

No. 7. Macropterous specimen, probably 
male; thorax and abdomen in dorsal aspect. 
Locality data: Stolleklint, Fur, date unknown, 
Henrik Madsen leg. Part marked “16-4707” (no 
counterpart). Geological data: laminated clay, 
probably negative ash-layer series. Paratype de
posited in HRMC.

No. 8. Incomplete specimen, probably mac
ropterous male (in same plate as paratype No. 
7); thorax and incomplete abdomen in ob
lique dorsal aspect, wings indistinct. Locality 
data: Stolleklint, Fur, date unknown, Henrik 
Madsen leg. Part and counterpart marked “16- 
4707”. Geological data: laminated clay, prob
ably negative ash-layer series. Paratype deposit
ed in HRMC.

No. 9. Macropterous male; thorax (incom
plete) and abdomen in ventral aspect, counter
part with indistinct wings. Locality data: Stol
leklint, Fur, date unknown, Henrik Madsen 
leg. Part and counterpart marked “16-4730”. 
Geological data: laminated clay, probably nega
tive ash-layer series. Paratype deposited in 
HRMC.

No. 10. Macropterous specimen, probably 
male; thorax and abdomen in ventral aspect. 
Locality data: Manhøj, Fur, date unknown, 
Henrik Madsen leg. Part and counterpart mar
ked “23-2645”. Geological data: cementstone, 
ash-layer Nos. -28 to -24. Paratype deposited in 
HRMC.

No. 11. Macropterous specimen, sex un
known; pronotum and incomplete abdomen 
in dorsal aspect. Locality data: Stolleklint, Fur, 
6.iv,1992, Henrik Madsen leg. Part and coun
terpart marked “16-3151 Geological data: stri
ped cementstone, ash-layer No. -25. Paratype 
deposited in HRMC.

No. 12. Macropterous specimen, sex un
known; pronotum and abdomen in dorsal as
pect, loose femur. Locality data: Skarrehage 

Molergrav, Mors, 16.V.1992, Henrik Madsen 
leg. Part and counterpart marked “11-3250”. 
Geological data: shale, ash-layer Nos. -11 to -13. 
Paratype deposited in HRMC.

No. 13. Macropterous specimen, sex un
known; head (incomplete), thorax, and abdo
men (incomplete) in dorsal aspect. Locality 
data: Ejerslev Molergrav, Mors, 19.x.1991, 
Henrik Madsen leg. Part and counterpart mar
ked “14M-2643”. Geological data: shale, ash
layer Nos. -11 to -13. Paratype deposited in 
HRMC.

No. 14. Macropterous specimen, probably 
male; thorax in oblique dorsal aspect, abdo
men in dorsal aspect, wings indistinct. Locality 
data: Stolleklint, Fur, date unknown, Henrik 
Madsen leg. Part and counterpart marked “16- 
4547”. Horizon, laminated clay, probably nega
tive ash-layer series. Paratype deposited in 
HRMC.

No. 15. Macropterous specimen, probably 
male; thorax, abdomen, and wings in dorsal as
pect. Locality data: Stolleklint, Fur, 1994, Hen
rik Madsen leg. Part and counterpart marked 
“16-B2052”. Geological data: laminated clay, 
ash-layer No. -33. Paratype deposited in 
HRMC.

No. 16. Isolated forewing from specimen of 
unknown sex (Fig. 96). Locality data: locality, 
date, and collector unknown. Part marked “I 
140”. Geological data: cementstone, ash-layer 
unknown. Paratype deposited in PIU.

No. 17. Macropterous specimen, probably 
male; thorax and abdomen in oblique dorsal 
aspect, two middle femora, one detached. Lo
cality data: Sundby, Mors, 1995, Henrik Mad
sen leg. Part and counterpart marked “5- 
B2741”. Geological data: cementstone, ash-lay
er Nos. +25 to +30. Paratype deposited in 
HRMC.

No. 18. Incomplete macropterous male; tho
rax and abdomen in dorsal aspect. Locality 
data: Stolleklint, Fur, date unknown, Bent Søe 
Mikkelsen leg. Part marked “I 514” (no coun-
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Table 1. Comparisons between size measurements and variation in Palaeogerris spp. and large extant species of 
water striders (Gerridae). C.V. = coefficient of variation; N = number of specimens; S.D. = standard deviation. 
All measurements in mm.

Species N
Meai

Body length 
n (Range) S.D. C.V.

Pronotum length
Mean (Range) S.D. C.V.

Palaeogerris spp. nov. 
all * 22.7 (14.2-31.5) 5.41 23.9 6.0 (4.0-9.0) 1.24 20.7

Aquarius paludum 
males 10 13.6 (12.6-14.6) 0.66 4.9 4.9 (4.6-5.2) 0.24 5.0
females 10 15.3 (14.2-15.8) 0.55 3.6 5.3 (4.9-5.5) 0.19 3.5
all 20 14.4 (12.6-15.8) 1.03 7.1 5.1 (4.6-5.5) 0.29 5.8

Aquarius elongatus 
males 5 23.4 (20.6-26.0) 1.95 8.4 7.9 (7.1-8.6) 0.54 6.9
females 3 23.8 (22.3-25.0) 1.37 5.7 8.0 (7.6-8.3) 0.36 4.5
all 8 23.5 (20.6-26.0) 1.66 7.0 7.9 (7.1-8.6) 0.46 5.8

Limnoporus notabilis
males 12 18.1 (16.6-19.2) 0.93 5.2 5.9 (5.4-6.4) 0.39 6.6
females 10 18.4 (16.6-19.6) 0.85 4.6 5.7 (5.2-6.2) 0.26 4.6
all 22 18.2 (16.6-19.6) 0.88 4.8 5.8 (5.2-6.4) 0.35 5.9

Gigantomelra gigas 
males 5 34.3 (32.0-36.0) 1.51 4.4 10.5 (10.0-10.9) 0.36 3.4
females 2 33.4 (31.8-35.0) 2.26 6.8 9.7 (9.3-10.0) 0.49 5.1
all 7 34.1 (31.8-36.0) 1.60 4.7 10.3 (9.3-10.9) 0.56 5.5

Species N Middle femur length Hind femur length
Mean (Range) S.D. C.V. Mean (Range) S.D. C.V.

Palaeogerris spp. nov.
all * 18.1 (9.7-30.0) 6.37 35.2 18.7 (10.6-34.7) 7.32 39.2

Aquarius paludum 
males 10 11.0 (10.3-12.0) 0.52 4.8 11.6 (10.5-12.6) 0.63 5.4
females 10 11.8 (10.7-12.4) 0.62 5.2 12.1 (11.1-12.8) 0.69 5.7
all 20 11.4 (10.3-12.4) 0.68 6.0 11.9 (10.5-12.8) 0.68 5.8

Aquarius elongatus 
males 5 29.9 (23.2-37.0) 5.15 17.2 23.2 (19.8-26.8) 2.63 11.3
females 3 22.1 (20.3-23.5) 1.64 7.4 20.4 (19.4-21.0) 0.87 4.3
all 8 27.0 (20.3-37.0) 5.67 21.0 22.2 (19.4-26.8) 2.51 11.3

Limnoporus notabilis
males 12 12.6 (11.1-14.0) 1.06 8.4 15.3 (13.6-17.0) 1.45 9.5
females 10 11.1 (9.7-11.9) 0.64 5.8 13.1 (11.0-14.2) 0.97 7.4
all 22 11.9 (9.7-14.0) 2.14 9.5 14.3 (11.0-17.0) 1.60 11.2

Gigantometra gigas 
males 5 47.1 (42.0-52.0) 3.84 8.1 42.9 (42.0-52.0) 3.22 6.8
females 2 31.5 (29.9-33.0) 2.19 7.0 30.9 (28.8-33.0) 2.97 9.6
all 7 42.7 (29.9-52.0) 8.32 19.5 42.9 (28.8-52.0) 8.68 20.2

* For Palaeogerriss'p'p., N = 12 (total length and middle femur length), N - 31 (pronotum length), N - 8 (hind 
femur length).
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terpart). Geological data: laminated clay, prob
ably negative ash-layer series. Paratype deposit
ed in MM.

No. 19. Incomplete specimen, probably mac
ropterous female; thorax and abdomen in ob
lique dorsal aspect. Locality data: Ejerslev Mo
lergrav, Mors; date unknown, Bent Søe Mikkel
sen leg. Part and counterpart marked “I 515”. 
Geological data: cementstone, ash-layer un
known. Paratype deposited in MM.

No. 20. Macropterous specimen, probably 
female; head, thorax, and abdomen in lateral 
aspect, parts of legs preserved. Locality data: 
Stolleklint, Fur, date unknown, Søren Kristen
sen leg. Part marked “9573”. Geological data: 
laminated clay, probably negative ash-layer se
ries. Paratype deposited in SKC.

No. 21. Incomplete specimen, probably fe
male; incomplete abdomen in dorsal aspect. Lo
cality data: Stolleklint, Fur, 9.Ü.1992, Henrik 
Madsen leg. Part and counterpart marked “16- 
3056”. Geological data: laminated clay, ash-layer 
No. -31 or lower. Paratype deposited in HRMC.

No. 22. Incomplete macropterous specimen, 
sex unknown; abdomen and forewing (incom
plete). Locality data: Stolleklint, Fur, 23.vii.1992, 
Henrik Madsen leg. Part and counterpart mar
ked “16-3561”. Geological data: laminated clay, 
ash-layer No. -31 or lower. Paratype deposited 
in HRMC.

No. 23. Isolated pronotum from specimen of 
unknown sex. Locality data: Stolleklint, Fur, 
date unknown, Henrik Madsen leg. Part and 
counterpart marked “16-4560”. Geological 
data: laminated clay, probably negative ash-lay- 
er series. Paratype deposited in HRMC.

No. 24. Macropterous specimen, sex un
known; thorax in oblique dorsal aspect, abdo
men (incomplete) in dorsal aspect, wings dis
tinct. Locality data: Stolleklint, Fur, date un
known, Henrik Madsen leg. Part and counter
part marked “16-4617”. Geological data: lami
nated clay, probably negative ash-layer series. 
Paratype deposited in HRMC.

No. 25. Macropterous specimen, probably 
male; thorax and abdomen in oblique lateral 
aspect. Locality data: Stolleklint, Fur; date un
known, Henrik Madsen leg. Part marked “16- 
4709” (no counterpart). Geological data: lami
nated clay, probably negative ash-layer series. 
Paratype deposited in HRMC.

Description
Holotype. Macropterous male embedded in dor
solateral position (Figs 10, 93-94); abdomen 
detached from body, rotated about 90° to dor- 
soventral position; basal antennal segments, 
front legs, and femora of middle and hind legs 
preserved but partly obscured by pale brownish 
colouration of stone; distal parts of forewing 
venation distinct. Cuticular remains dark 
brown to black. Pronotum dark without indica
tion of pale stripes. Possible remains (legs) of 
another specimen below head and anterior 
thorax (Fig. 10, fe?).

Body elongate, length 21.7 mm (from tip of 
head to apex of forewing) or 23.5 mm (includ
ing abdomen). Head relatively short (2.4 mm), 
about one third of the pronotal length. First 
antennal segment 4.8 mm (Fig. 10, al), or twi
ce the head length. Rostrum indistinct, slen
der. Thorax. Pronotum (Fig. 10, pn) including 
posterior lobe about 6.4 mm long. Structure of 
meso- and metathorax not observable. Legs. 
Front femur (Fig. 10, fel) 5.4 mm and stout, 
about 0.9 mm wide; tibia (til) 5.1 mm, slightly 
curved and widened towards apex; tarsus (ta)
1.4 mm. Middle femur (fe2) 19.8 mm or 
slightly shorter than body, greatest width 0.6 
mm. Middle tibia and tarsus missing. Hind fe
mur (fe3) about 20 mm or about as long as 
middle femur; greatest width 0.5 mm; tibia and 
tarsus missing. Middle and hind femora with 
dense pilosity of slender hairs (Fig. 11), but 
without spinous hairs (as in P grandis sp. nov.). 
Front and middle femora with fringe of short, 
slender hairs along ventral margin. Wings fold
ed over the back, distal part of wing venation
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Fig. 16. Palaeogerris furensis gen. et sp. nov.; right fore wing of paratype No. 16.

distinct (Fig. 10, fw). Abdomen (Fig. 10, ab) de
tached from body, measuring about 11.5 mm 
(from third segment and backward); lengths of 
terga 3-7: 2.2, 2.3, 2.2, 2.2, and 1.7 mm; con- 
nexival spines (Fig. 14, co), slender and point
ed, about 0.6 mm long. Genital segments relat
ively small; proctiger triangular (Fig. 14, pr).

Paratype No. 1. Macropterous female em
bedded in dorsal view (Fig. 95). Head incom
plete (antennae missing); thorax, abdomen, 
wings and parts of middle and hind legs pre
served. Measurements: length 20 mm, greatest 
width (across mesoacetabula) 4.5 mm; head
2.5 mm; pronotum 5.5 mm, with median and 
lateral pale stripes on anterior lobe; distance 
between pro- and mesoacetabula 4.9 mm, be
tween meso- and metacetabula 2 mm; middle 
femur about 13 mm or distinctly shorter than 
body; hind femur 13.5 mm. Wing venation in
distinct. Abdominal end with relatively short, 
triangular connexival spines; genital segments 
small, proctiger triangular.

Paratype No. 2. Probably a macropterous fe
male with head and thorax in lateral view, ab
domen partly in dorsal view (Figs 97-99); an
tennae and legs almost complete. Measure
ments: length 22.5 mm; head about 2 mm; an
tennal segments 1-2: 4.5 and 2.3 mm; prono
tum about 6 mm; distance between pro- and 
mesoacetabula 5 mm, between meso- and met
acetabula 2 mm; front femur 5.5 mm, distinctly 
thicker than middle femur; front tibia 4.8 mm; 
middle femur 16.8 mm or distinctly shorter 
than body, middle tibia 12 mm or more; hind 

femur 17.3 mm, hind tibia 10.5 mm or more. 
Abdominal end indistinct.

Paratype No. 3. Macropterous female em
bedded in dorsal view. Head, thorax, abdo
men, and parts of antennae and legs pre
served. Measurements: length 19.2 mm; first 
antennal segment 3.4 mm, second segment 2.8 
mm; middle femur 13.4 mm.

Paratype No. 4. Macropterous male with tho
rax, wings, and abdomen in oblique dorsal 
view. Pronotum dark with anterior median and 
submarginal pale stripes. Forewing venation 
distinct (as in Figs 16 and 94). Measurements: 
thorax width about 4.3 mm; pronotum length 
6.2 mm; distance between pro- and mesoace
tabulum 6.2 mm; length of abdomen 13.3 mm; 
connexival spines about 1.0 mm, slender.

Paratype No. 5. Macropterous female with 
thorax and abdomen in dorsal view. Measure
ments: length of thorax + abdomen 17.9 mm; 
width of thorax 4.3 mm; distance between pro- 
and mesoacetabulum 4.6 mm; distance be
tween meso- and metacetabulum 2.7 mm; ab
dominal tergites 4-5 measure 1.9 mm, tergite 6 
measures 1.6 mm, and tergite 7 measures 1.2 
mm; length of connexival spines 0.6 mm (Fig. 
15, co).

Paratype No. 6. Macropterous specimen of 
unknown sex preserved in dorso-lateral view. 
Measurements: body length 22.5 mm; length 
of head 2 mm; length of pronotum 6.2 mm; 
distance between pro- and mesoacetabulum 5 
mm; between meso- and metacetabulum 2 
mm; lengths of antennal segments 1-3: 4.5, 2.3, 
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and about 2 mm; length of front femur 5.5 
mm: front tibia 4.8 mm; length of middle fe
mur 16.8 mm and middle tibia about 12 mm; 
length of hind femur 17.2 mm and hind tibia 
about 10.5 mm.

Paratypes Nos. 7-25. More or less incompletely 
preserved specimens. Pronotum large, sides 
slightly diverging posteriorly to humeral angles 
{Paratype No. 24, Fig. 12, pn); hind margin of 
pronotal lobe broadly rounded; colouration 
chiefly dark, anterior lobe with a broad, pale 
median stripe fading toward middle of prono
tal lobe; anterior pronotum usually with a pair 
of pale, sublateral stripes. Mesothorax distinct
ly widened across mesoacetabula; metathoracic 
spiracle situated close to bases of wings (Fig. 
12, sp). Forewings dark brownish; venation dis
tinct in some specimens and especially in iso
lated wings {Paratype No. 16, Figs 16 and 96); 
length of forewing 13.0-14.9 mm. Ventral struc
ture of thorax usually indistinct except for su
tures between meso- and metasternum. One 
specimen {Paratype No. 9), however, has a mid- 
ventral, circular structure on metasternum 
(Fig. 13, so) which probably marks the position 
of the scent orifice and superficial, evaporative 
scent channels (sc) leading laterally from the 
scent orifice to the metacetabula. Abdomen 
relatively long, segments 2-5 subequal in 
length, segments 6 and 7 slightly shorter. Ab
dominal end of male {Paratype No. 9, Fig. 14) 
with relatively short, slender and pointed con- 
nexival which do not extend beyond apex of 
genital segments. Connexival spines of female 
triangular, pointed, reaching apex of genital 
segments (Fig. 15).

Measurements of paratypes nos. 7-25 (in
cluding range of variation): head length 1.9 
mm; antennal segments 1-3: 3.0, 2.4, and 2.4 
mm, length of thorax + abdomen 15.7-22.7 
mm; greatest width of thorax (across mesoa
cetabula) 4.2-5.4 mm; length of pronotum 5.1-
6.5 mm; distance between pro- and mesoace
tabulum 4.3-6.2 mm; between meso- and met- 

acetabulum 2.4-3.5 mm; mesosternum 5.6 
mm; metasternum 2.7 mm; length of leg seg
ments: front femur 5.0-5.5 mm, front tibia 4.4 
mm, middle femur 15.5 mm; length of forew
ing 14.5-17.8; length of abdominal tergites 4- 
7: 1.9, 1.9, 1.6, and 1.2 mm (male); 1.6, 1.7, 
1.2, and 1.1 mm (female); length of ventral 
abdomen 10.1-13.6 mm; length of abdominal 
sternites 2-7: 1.8, 2.0, 1.8, 1.8, 1.5, 1.1 mm 
(male); length of connexival spines 0.6-0.7 
(male) and 0.6 mm (female); length of geni
tal segments 0.8-1.1 mm (male) and 0.6-0.7 
mm (female).

Geological horizon
01st and Fur Formations (ash-layer series Nos. - 
33 to +30). Paleocene-Eocene transition, 55-54 
Ma.

Distribution
Most frequently found at Stolleklint, Fur, less 
common at Ejerslev and Sundby, Mors, north
ern Jutland, Denmark (see map, Fig. 5).

Remarks
Palaeogerris furensis sp. nov. is a distinctly smal
ler species than P. grandis sp. nov. (Table 1), 
with body length between 19.0 and 23.0 mm 
and length of pronotum between 4.7 and 6.9 
mm (minimum values recorded for P. grandis 
are 27.0 mm and 7.8 mm, respectively). The 
first antennal segment is 1.5-1.7 times as long 
as second segment. The front femur is distinct
ly thicker than middle femur. The middle fe
mur is 0.7-0.8 times as long as the body length, 
shortest in the female. The hind femur is 
slightly longer than the middle femur. The co
lour pattern of pronotum is similar in P. furensis 
and P. grandis spp. nov., dark with anterior me
dian and submarginal pale stripes.

Palaeogerris grandis sp. nov.
(Figs 17-22, 100-103)
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Material examined
Holotype. Macropterous male (Figs 100-101); 
complete specimen in lateral view, including 
parts of antennae and most of leg segments. 
Locality data: Fur, date and collector unknown. 
Part marked “220A” and counterpart marked 
“220B”. Geological data: cementstone, ash-lay
er unknown. Holotype deposited in FM. The 
specimen is embedded in a large block of ce
mentstone together with a specimen of Palaeo- 
gerris furensis sp. nov. (Fig. 93), numerous plant 
leaves as well as twigs and branches of trees, 
and scales offish. This block is on permanent 
display in the exhibitions of Fur Museum.

Paratypes
No. 1. Macropterous male; head, thorax, 

and abdomen in lateral view, one incomplete 
middle femur. Locality data: Stolleklint, Fur, 
date unknown, Henrik Madsen leg. Part and 
counterpart marked “16-4635”. Geological 
data: cementstone, ash-layer probably No. -31 
or lower. Paratype deposited in HRMC.

No. 2. Incomplete specimen, probably male; 
thorax and abdomen in lateral view, basal parts 
of legs. Locality data: Ejerslev Molergrav, Mors, 
24.xi.1991, Henrik Madsen leg. Part and coun
terpart marked “14M-2766”. Geological data: 
cementstone, ash-layer above or below Nos. -11 
to -13. Paratype deposited in GMUC.

No. 3. Macropterous female (Fig. 102); who
le specimen in lateral view, inchiding most of 
middle and hind legs. Locality data: Ertebølle, 
1954, collector unknown. Part and counterpart 
marked “1954-401”. Geological data: cement
stone, ash-layer unknown. Paratype deposited 
in GMUC.

No. 4. Macropterous male (Fig. 103); head 
(incomplete), thorax, and abdomen in lateral 
view, one complete middle femur. Locality 
data: Stolleklint, Fur, date unknown, Søren 
Kristensen leg. Part marked “9528A”, counter
part marked “9528B”. Geological data: cement
stone, ash-layer unknown. Paratype deposited 
in SKC.
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No. 5. Incomplete specimen, sex unknown; 
part of thorax and whole abdomen except 
apex in dorsal view. Locality data: Skibsted 
Strand, Mors, date unknown, Bent Søe Mikkel
sen leg. Part and counterpart marked “I 516”. 
Geological data: cementstone, ash-layer un
known. Paratype deposited in MM.

No. 6. Incomplete specimen, sex unknown; 
head, thorax, and part of abdomen in lateral 
view, rostrum, parts of antenna, middle and 
hind femora. Locality data: Svalklit, Mors, 
1995, Erwin Rettig leg. Part marked “SV 95” 
(no counterpart). Geological data: cement
stone, ash-layer unknown. Paratype deposited 
in ERC.

No. 7. Isolated forewing from specimen of 
unknown sex. Locality data: Stolleklint, Fur, 
1993, Henrik Madsen leg. Part and counter
part marked “16-A2111”. Geological data: lami
nated clay, ash-layer No. -33. Paratype deposit
ed in HRMC.

Description
Holotype. Macropterous male preserved in dor- 
so-lateral position (Figs 17, 100-101), showing 
pronotum and wings in oblique dorsal view, 
and head, rest of thorax, and abdomen in later
al view. Most of the legs and the basal antennal 
segments present. Cuticular remains dark 
brown to black. Pronotum dark with indication 
of pale, median and lateral stripes on anterior 
pronotum.

Body elongate, length (from tip of head to 
abdominal end) 31.5 mm. Head (Fig. 17, he) 
relatively short (3.0 mm), about one third of 
the pronotal length. First antennal segment 
(an) 6.5 mm, or slightly more than 2x head 
length. Rostrum (Fig. 21, ro) with its apex 
reaching anterior part of mesosternum; seg
ments 3 and 4 together about 5 mm. Thorax. 
Pronotum (Fig. 17, pn) including posterior 
lobe about 9 mm long; hind margin of prono
tal lobe broadly rounded. Mesothorax (ms) rel
atively short, distance between pro- and mesoa-
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Figs 17-22. Palaeogerris grandis gen. et sp. nov. 17, macropterous male holotype, lateral view. 18, chaetotaxy of middle femur. 19, cha- 
etotaxy of hind femur. 20, abdominal end of male holotype. 21, head of paratype No. 6, lateral view. 22, abdominal end of male pa
ratype No. 4, lateral view.
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Table 2. Comparison between Palaeogerris grandis, P. furensis, and P. mikkelseni spp. nov. based upon selected 
dimensions of body and appendages. All measurements in mm.

P. grandis P furensis P. mikkelseni

Body length 27.0-31.5 19.0- 23.0 14.2- 16.6
Head length 2.8- 3.4 2.0- 2.4 1.9
Pronotum length 7.8- 9.0 4.7- 6.9 4.0- 4.4
Abdomen length 15.6-20.0 11.1 - 13.6 8.0- 9.7
Antennal segment 1 7.1 3.4- 4.8 2.5- 3.0
Antennal segment 2 ? 2.3- 2.8 2.0- 2.4
Front femur 9.5 4.5- 5.5 4.1 - 4.5
Middle femur 18.5-28.5 13.0- 19.8 9.7- 12.0
Hind femur 21.0-34.7 13.5- 20.2 10.6- 14.9

cetabula 6.5 mm, or one fifth of body length. 
Distance between meso- and metacetabula 4.0 
mm. Legs. Front femur (Fig. 17, fel) 9.5 mm 
and slender throughout, only about 0.5 mm 
wide. Front tibia and tarsus (ta) incomplete. 
Middle femur (fe2) 28.5 mm, or almost as long 
as body, relatively stout, 0.7 mm wide. Middle 
tibia (ti2) 24.0 mm long and 0.5 mm wide. Mid
dle tarsus missing. Hind femur (fe3) 34.7 mm 
or distinctly longer then middle femur; great
est width 0.7 mm. Hind tibia 15 mm but prob
ably incomplete. Hind tarsus missing. Chaeto- 
taxy of middle and hind legs distinct (Figs 18- 
19); there are three kinds of hairs: (1) numer
ous small, slender hairs which form a dense 
pile on the entire surface; (2) scattered, larger 
hairs, chiefly on ventral surface; and (3) scat
tered spinous hairs on the ventral parts of mid
dle femur and basal tibia, some of these have 
been torn off, only leaving traces of their circu
lar sockets. Wings folded over the back of abdo
men, with apices of forewings (Fig. 17, fw) 
reaching hind margin of tergum 6; wing vena
tion indistinct. Abdomen (Fig. 17, ab) relatively 
long, measuring about 19.5 mm from hind 
margin of pronotum to abdominal end. Inter
segmental sutures between sterna fairly dis
tinct; lengths of sterna 3-7: 2.8, 2.9, 2.8, 2.4, 
and 1.6 mm; lateral sutures between terga and 
sterna visible on segment 6 and 7 (Fig. 20, s7); 

each postero-lateral corner of tergum 7 (Fig. 
17, t7) produced into a slender connexival spi
ne (Fig. 20, co), 0.8 mm long. Male genital seg
ments (Fig. 20) relatively small, protruding 
from pregenital abdomen with less than length 
of tergum 7; segment 8 (s8) subcylindrical, 
ventral length slightly less than dorsal length; 
pygophore (py) withdrawn into segment 8 with 
its apex barely visible; proctiger (pr) small, 
blunt.

Paratype No. 1. Macropterous male preserved 
in dorsolateral view. Head, thorax, and abdo
men well preserved; one incomplete middle fe
mur present. Measurements: length 29.2 mm; 
head 3.4 mm; pronotum 8.0 mm; and abdo
men 17.8 mm. Incomplete middle femur 15.3 
mm, stout (0.6 mm wide), and with spinous ha
irs (as in Fig. 18). Connexival spines slender, 
relatively short (0.7 mm).

Paratype No. 2. Probably a macropterous 
male embedded in lateral position. Head miss
ing; thorax, abdomen, and basal parts of legs 
preserved. Measurements: thorax + abdomen 
23.4 mm; pronotum 7.8 mm; middle femur 
about 30 mm; fourth and fifth abdominal ster
na 2.4 mm and 2.5 mm, respectively.

Paratype No. 3. Macropterous female em
bedded in a lateral position (Fig. 102). Head 
incomplete (antennae missing); thorax, abdo
men, and basal segments of middle and hind 
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legs preserved. Measurements: length about 27 
mm; head about 2.8 mm; pronotum 8.5 mm; 
distance between pro-and mesoacetabula 7.5 
mm, between meso- and metacetabula 3.2 mm. 
Middle and hind femora both distinctly shorter 
than body length (18.5 and 21 mm, respective
ly). Abdomen stouter than in male; connexival 
spines short, triangular; genital segments 
small, slightly protruding from pregenital ab
domen.

Paratype No. 4. Macropterous male em
bedded in a lateral position (Fig. 103). Head 
incomplete (antennae missing); thorax, abdo
men, and one middle femur completely pre
served; other legs incomplete or missing. Meas
urements: body length about 29 mm; prono
tum 7.9 mm; middle femur 23.3 mm. Connexi
val spines (Fig. 22, co) slender and pointed, 
0.65 mm long. Genital segments (s8 and pr) 
small, partly detached from abdominal end.

Paratype No. 5. Specimen with thorax and ab
domen partly preserved in a dorso-ventral posi
tion. Sex indeterminable. Measurements: tho
rax + abdomen >18.6 mm; abdomen about 
16.1 mm; abdominal tergites 4-6 measure 1.9 
mm, tergite 7 measures 1.6 mm.

Paratype No. 6. Specimen embedded in a lat
eral position. Head (Fig. 22; detached from 
thorax) and thorax complete, abdomen partly 
preserved; antennae, middle and hind femora 
incomplete. Sex indeterminable. Measure
ments: head 3.0 mm; first antennal segment
4.6 mm; rostrum (segment 3+4) 4.0 mm; pro
notum 7.5 mm; middle femur length >17.2 
mm, width 0.6 mm.

Paratype No. 7. Isolated forewing. Colour pale 
brownish, length 17.8 mm. Venation distinct, 
as in P. furensis (Figs 16 and 94).

Geological horizon
01st and Fur Formations (ash-layer series No. - 
33 to -11). Paleocene-Eocene transition, 55-54 
Ma.

Distribution
Found at various localities in the western Lim- 
fjord area, northern Jutland, Denmark (see 
map, Fig. 5).

Remarks
Palaeogerris grandis sp. nov. is above all distin
guished by its large body size, 27-31.5 mm, 
which is matched by only one living species of 
Gerridae, Gigantometra gigas (China), which 
has a body length of 32-36 mm (Table 1 and 
Fig. 46). The male front femur is slender, 
about as wide as hind femur. The relative lengt
hs of middle and hind femora are conspicuous
ly different in the two sexes. In the male (Figs 
17, 100-101), the middle femur is almost as 
long as the body length, the hind femur dis
tinctly longer. In the female (Fig. 100), the 
middle and hind femora are both distinctly 
shorter than the body length. The ventral sur
face of the male middle femur is armed with 
scattered spinous hairs (Fig. 18). The segments 
of the male abdomen are about equal in length 
except for the last pregenital segment which is 
distinctly shorter; the connexival spines are 
slender and pointed, but relatively short, not 
reaching the apex of the genital segments (Figs 
20 and 22).

Palaeogerris mikkelseni sp. nov.
(Figs 23, 104-105)

Material examined
Holotype
Macropterous specimen, probably a female 
(Figs 104-105); almost complete specimen in 
oblique dorsal view, antennae and legs well 
preserved. Locality data: Ejerslev, Mors, date 
unknown, Bent Søe Mikkelsen leg. Part and 
counterpart unmarked. Geological data: ce
mentstone, negative ash-layer series [No. -13?]. 
Holotype deposited in GMUC.

Paratypes
No. 1. Incomplete macropterous specimen,
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Fig. 23. Palaeogerris mikkelseni gen. et sp. nov.; macropterous holotype.

sex unknown. Locality data: Ejerslev, Mors, 
date unknown, Bent Søe Mikkelsen leg. Part 
and counterpart marked “I 298”. Geological 
data: cementstone, ash-layer No. +28. Paratype 
deposited in MM.

No. 2. Macropterous specimen, probably 
male; head, thorax, and abdomen in oblique 
dorsal view, parts of antenna, legs, and wings. 
Locality data: Ejerslev Molergrav, Mors, date 
unknown, Bent Søe Mikkelsen leg. Part mar
ked “I 513” (no counterpart). Geological data: 
cementstone, ash-layer unknown. Paratype de
posited in MM.

Description
Holotype. Macropterous specimen, probably fe
male, embedded in oblique dorsal position 
(Figs 23, 104-105); Head, thorax, antenna, 
and legs well preserved; forewing and abdo
men indistinct. Cuticular remains dark brown. 
Pronotum dark without indication of pale stri
pes.

Body elongate (Fig. 23), length 14.2 mm, tho
rax width 3.1 mm. Head (Fig. 23, he) 1.9 mm 
long or about 0.4x pronotal length; large com
pound eye visible on right side. Lengths of an
tennal segments 1-4: 2.5, 2.0, 2.7, 1.9 (incom- 
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plete?); first segment about 1.3x head length, 
much less than second and third segments to
gether; distal three segments very slender. Ros
trum slender, about 3 mm long, its apex reach
ing anterior part of mesosternum. Thorax. Pro- 
notum (Fig. 23, pn) about 4.4 mm long; hind 
margin of pronotal lobe broadly rounded. Dis
tance between pro- and mesoacetabula 3.5 mm, 
between meso- and metacetabula 1.8 mm. Legs. 
Front femur (Fig. 23, fel) 4.1 mm long and 
about 0.5 mm wide; tibia (til) 3.4 mm, slightly 
widened towards apex; tarsus (tai) 1.2 mm. 
Middle femur (fe2) 9.7 mm or distinctly shorter 
than body, greatest width 0.5 mm wide; tibia 
(ti2) 8.1 mm; tarsus (ta2) 4.3 mm and very slen
der. Hind femur (fe3) 10.6 mm or slightly long
er than middle femur; greatest width 0.4 mm; 
tibia (ti3) incomplete but at least 6.5 mm; hind 
tarsus missing. Chaetotaxy of middle and hind 
legs quite similar to that of Palaeogerris furensis 
sp. nov. (Fig. 11). Wings (Fig. 23, fw) folded over 
the back of abdomen, wing venation indistinct. 
Abdomen (Fig. 23, ab) about 8 mm (as measured 
from hind margin of pronotum to abdominal 
end); segmentation indistinct. Structure of ab
dominal end and genital segments obscure.

Paratype No. 1. Thorax and wings of a macrop
terous specimen impressed in a dorso-ventral 
position, sex indeterminable. Measurements: 
thorax + wings 10.9 mm; pronotum 4 mm; dis
tance between pro- and mesoacetabula 3.4 mm; 
between meso-and metacetabula 1.6 mm.

Paratype No. 2. Almost complete macropter
ous specimen, probably a male; head, thorax, 
wings, and abdomen in oblique dorsal view; 
parts of antenna and legs preserved. Colour 
brownish with some darker parts. Measure
ments: body length about 16.6 mm; head 1.9 
mm; pronotum 4.4 mm; abdomen 9.7 mm; an
tennal segments 1-3: about 3, 2.4, and about 
2.4 mm; front femur about 4.5 mm (width 0.35 
mm); front tibia >3.4 mm; middle femur about 
12 mm; middle tibia >6.5 mm; hind femur 
about 14.9 mm.

Geological horizon
Fur Formation (ash-layer series No. -11 to 28). 
Paleocene-Eocene transition, 55-54 Ma.

Distribution
Only known from Ejerslev, Mors, northern Jut
land, Denmark (see map, Fig. 5).

Remarks
Palaeogerris mikkelseni sp. nov. can be separated 
from the two other species of Palaeogerris by be
ing distinctly smaller (Table 1), the body 
length being 14.2-16.6 mm and the pronotum 
length 4.0-4.4 mm. (the corresponding mini
mum values recorded for P. furensis sp. nov. are 
19.0 mm and 5.1 mm, respectively). Pronotum 
appears uniformly dark, without pale longitu
dinal stripes anteriorly. The antennal segments 
are very slender, first segment only 1.3 times as 
long as both length of head and second anten
nal segment. Front femur slender, about as 
thick as middle femur. In P. furensis sp. nov., the 
first antennal segment is about twice as long as 
both length of head length and second anten
nal segment. Front femur distinctly thicker 
than middle femur. Even allowing for allomet- 
ric relations, these differences are deemed sig
nificant enough to justify a separate specific 
status of the smaller Palaeogerris mikkelseni sp. 
nov.

Palaeogerris sp. - Paleocene/Eocene, Havig
horst, Germany

Material examined
A weak imprint of an isolated forewing in a pla
te of hardened, laminated clay from Havi
ghorst, northern Germany, date and year un
known; deposited in PIM. Several remains of 
other insects (mostly wings) in the same plate.

Descriptive notes
The length of the forewing, 13.2 mm, as well as 
its venation compares favourably with that de
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scribed above for Palaeogerris furensis sp. nov. 
(Figs 16 and 93).

Distribution and geological horizon
Havighorst near Hamburg, northern Germany 
(see map, Fig. 3). The sediments contain fossil 
fishes, bird-feathers, and numerous insects (li
lies 1941). Volcanic ash-layers have been found 
in this sediment which can be referred to the 
same series as the uppermost ash-layers of the 
Fur Formation which determine their age to 
the Paleocene-Eocene transition, 55-54 Ma 
(Heilmann-Clausen 1995).

Remarks
This fossil specimen was presented to me by 
Yuri Popov, Palaeontological Institute, Acade
my of Sciences, Moscow. According to Will- 
mann (1990a), fossils from Havighorst deposi
ted in institutions in Hamburg were lost during 
the 2nd World War.

Genus Gerris Fabricius

Gerris Fabricius, 1794: 188.
Limnotrechus Stål, 1868: 397.
Ures Distant, 1911.

Type species:
Gerris: Cimex lacustris Linnaeus, 1758; subse
quent designation (Latreille, 1810).
Limnotrechus: Cimex lacustris Linnaeus, 1758; 
subsequent designation (Kirkaldy 1906).
Ures: Ures custos Distant, 1911 (nymph); desig
nation by monotypy.

Diagnosis
Medium sized water striders, length usually less 
than 11 mm. Body elongate but usually more 
robust than in Limnoporus or Palaeogerris gen. 
nov. Antennae distinctly shorter than half the 
body length; first segment less than 1.3x head 
length; second and third segments together 

longer than first segment; fourth segment 
shorter than third. Adults usually macropter
ous (long-winged) or brachypterous (short
winged), rarely apterous (wingless). Pronotal 
lobe usually uniformly dark; median yellowish 
stripe of anterior pronotum not extending 
onto pronotal lobe. Metasternal scent orifice 
transverse ovate, sometimes situated on a tu
bercle; metathorax without lateral evaporative 
grooves. Front femora usually pale with dark 
bands, relatively robust, especially in the male. 
Hind femora usually shorter than middle fe
mora. Posterior corners of abdominal connexi- 
va angular, rarely produced into spines (fe
males only). Nymphs variable in colour, but 
never dark with longitudinal pale stripes.

Distribution and habitats
Chiefly Holarctic. The majority of the 42 de
scribed, extant species are distributed in Eur
asia and North America. A few species occur in 
Africa (Andersen 1993b).

Species of Gerris are almost exclusively con
fined to stagnant (lentic) freshwater like pools, 
ponds, and smaller lakes. Some species inhabit 
temporary pools bodies and these are usually 
long-winged or wing dimorphic, eventually 
with seasonal differences in morph frequency 
(Andersen 1973). The ecology and behaviour 
has been extensively studied in a number of 
northern temperate Gerris species (for a review, 
see Spence & Andersen 1994).

Remarks
Pond skaters belonging to Gerris are most easily 
recognised by their moderately sized and rath
er robust body, moderately thickened front fe
mora, angular connexival spines, and by their 
relatively short antennae (second and third 
segments together longer than first segment). 
A number of fossil gerrids have been assigned 
to this genus (see below), none of these match
ing the diagnostic characters of the genus. I 
classify with some reservation the following 
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juvenile specimens in the genus Gerris. So far, 
only nymphs are available for study. I therefore 
decline to give them a specific name.

Gerris sp. - Baltic amber
(Figs 24, 116-117)

Hydrometra (nymph). Germar & Berendt, 1856: 
19, plate 2, fig. 7.

Halobates (nymph). Germar & Berendt, 1856: 
19, plate 2, fig. 8.

Gerroidea (nymph). Larsson, 1978: 119, plate 
8, fig. A.

Material examined
Specimen No. 1 (Fig. 116), almost complete 
specimen (nymph) embedded in piece of Bal
tic amber (dimensions in mm: 14 x 10 x 4), 
Denmark, 28.iii.1968, A.K. Andersen; deposit
ed in ZMUC.

Specimen No. 2, almost complete specimen 
(nymph) embedded in piece of Baltic amber 
(dimensions in mm: 6x5x1), Denmark, 
28.iii.1968, A.K. Andersen; deposited in ZMUC.

Descriptive notes
Specimen No. 1 (Figs 24, 116-117) is probably 
a fourth instar nymph. Length (abdomen ex
tended) 4.65 mm; greatest width (across me
sothorax) 2.05 mm. Head length 0.60 mm, 
width (across eyes) 1.23 mm. Lengths of an
tennal segments 1-4: 0.63, 0.45, 0.58, and 1.00 
mm; first antennal segment slender and 
slightly curved. Pronotum length 0.53 mm, 
width 1.08 mm. Mesonotum length 1.60 mm. 
No wing pads. Lengths of leg segments (fe
mur, tibia, tarsus): front leg: 1.08, 1.15, and 
0.48 mm; middle leg: 3.15, 2.78, and 1.70 mm; 
hind leg: 2.78, 1.43, and 0.73 mm. Front and 
middle femora of equal width, hind femora 
distinctly thinner. Ventral side of abdomen 
abraded.

Specimen No. 2 is probably a third instar 
nymph. Length (abdomen contracted) 1.98 

mm; greatest width (across mesothorax) 1.25 
mm. Head length 0.63 mm, width (across eyes) 
0.98 mm. Lengths of antennal segments 1-4: 
0.25, 0.23, 0.25, and 0.30 (?) mm. Pronotum 
length 0.35 mm. Mesonotum length 0.65 mm. 
Without wing pads. Lengths of leg segments 
(femur, tibia, tarsus): front leg: 0.75, 0.80, and 
0.25 (?) mm; middle femur 1.58 mm and hind 
femur 1.45 mm, both femora thickened; tibiae 
and tarsi abraded.

Geological horizon
Baltic amber. Eocene/Oligocene, 40-35 Ma.

Distribution and palaeoecology
Denmark (see map, Fig. 3). Accounts of the pa
laeoenvironment of Baltic amber insects are 
given by Larsson (1978) and Poinar (1992). 
Remarks

I believe that specimen No. 1 is a fourth in
star nymph for the following reasons: prono
tum is shorter than the head and there are no 
wing-pads (Figs 24 and 115). Specimen No. 2 is 
poorly preserved, but may be a third instar 
nymph. The swollen leg segments of this speci
men are judged to be caused by taphonomic 
processes. Based on comparison with descrip
tions of all nymphal instars of western Palearc
tic Aquarius, Gerris, and Limnoporus (Vepsäläi- 
nen & Krajewski 1986; Zimmermann 1987), I 
classify these gerrids as belonging to the genus 
Gerris s.lat. based on the following characters: 
first antennal segment distinctly shorter than 
second and third segments together; fourth 
segment longer than first segment; middle fe
mur longer than hind femur; middle tibia 
shorter than middle femur.

Specimen No. 1 compares most favourably 
with fourth instar nymphs of Gerris (Gerrisel- 
loides) asper (Fieber) or G. (G.) lateralis Schum
mel. These pondskaters are wing dimorphic, 
with macropterous and micropterous (short
winged) adult morphs. The fourth and fifth in
star nymphs of the latter morph have distinctly
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24

Fig. 24. Gmv.s sp. nymph, dorsal view. Figs 25-27. Electrovelia balticagen. et sp. nov. 25, Holotype, oblique lateral view; abdomen, two 
distal antennal segments, and tibiae and tarsi of middle and hind legs missing. 26, apex of fore tibia and fore tarsus. 27, metaceta- 
bulum and hind coxa with evaporative structure of metathoracic scent apparatus.

26

27

reduced wing-pads like the specimens from nymphal instar, then the adult body length of
Baltic amber. If specimen No. 1 is a fourth the species can be estimated as 10-12 mm.
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Subfamily Veliinae Brülle

Family VELIIDAE Brullé

Water crickets, riffle bugs

Genus Electrovelia gen. nov.

Type species: Electrovelia baltica sp. nov.; by pre
sent designation.

Diagnosis and description
Small water striders, length about 5 mm. 
Colouration predominantly dark brownish.

Head (Fig. 25, he) moderately deflected in 
front of eyes. Three pairs of cephalic tricho- 
bothria (ct); one pair inserted close to prono- 
tal margin, the other two pairs inserted anteri
or to the eye margins. Eyes large, globular; oc
elli absent. Antennae probably four-segment
ed, first segment stout, slightly longer than 
head. Rostrum (ro) relatively long and slender, 
reaching mesosternum.

Thorax. Pronotal lobe (Fig. 25, pn) large, 
pentagonal, covering meso- and metanotum. 
Meso- and metapleura relatively short; acetabu- 
la (composed of supracoxal lobes) prominent, 
inserted laterally on body. Meso- and metaster
num relatively large. Metasternal scent channel 
curved forward and leading laterally to scent 
evaporatoria on metacetabula (Figs 25 and 27, 
ev), each provided with a tuft of hairs. Only ap
terous adult form known.

Legs. Front femora (Fig. 25, fel) rather stout; 
tibia (til) broad, without grasping comb (fe
male only?); tarsi (Fig. 26, ta) with three seg
ments, basal two segments very short; claws not 
visible but judging from the shape of the last 
tarsal segment probably inserted preapically 
on the latter. Middle femora (Fig. 25, fe2) 

about as thick as, but distinctly longer than 
front femora. Hind femora (fe3) as long as 
middle femora but slightly more incrassate.

Abdomen incomplete. Basal abdominal me- 
diotergites (Fig. 25, t2) with a median pair of 
longitudinal ridges or carinae. Structure of 
posterior abdomen including genital seg
ments, unknown.

Distribution and geological horizon
Baltic amber, Denmark (see map, Fig. 3). Eo
cene/ Oligocène, 40-35 Ma.

Remarks
The deflected head, presence of metasternal 
scent channels and evaporatoria, relatively 
stout middle and hind femora, and apparently 
preapical claws, unequivocally place this genus 
in the family Veliidae (Andersen 1982b). The 
three-segmented front tarsi, relatively long and 
slender rostrum, and large pronotal lobe (even 
in the apterous form), justify the placement of 
Electrovelia in the subfamily Veliinae. The type 
species, E. baltica, is relatively small (estimated 
body length about 5 mm) compared to most 
veliines. On account of the presence of longi
tudinal ridges or carinae on the basal medio- 
tergites of abdomen, the fossil species is seem
ingly more close to the New World genus Para- 
velia (and related genera) than to the wide
spread Palaearctic genus Velia Latreille. The in
complete state of the material, however, does 
not permit an evaluation of its closer relation
ships.
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Electrovelia baltica sp. nov.
(Figs 25-27, 115)

Material examined
Holotype
Incomplete specimen (Fig. 115), embedded in 
piece of Baltic amber (dimensions in mm: 13 x 
13x4), Denmark, 22.xi.1961, C.V. Henningsen 
leg. Holotype deposited in ZMUC.

Description
Holotype. Apterous adult specimen, probably a 
female (Figs 25 and 115); head, thorax, basal 
segments of abdomen, and most of the ap
pendages preserved. General colour dark 
brownish, but most of insect covered with grey
ish debris.
Head (Fig. 25, he) relatively short and broad, 
length 0.53 mm, width across eyes 0.75 mm; an
terior part of head distinctly deflected. Eyes 
globular, 0.18 mm wide. Only basal two anten
nal segments (an) preserved; length of seg
ments 1-2: 0.73 and 0.58 mm; first segment 
rather stout, curved. Rostrum (ro) long and 
slender, segments 3+4 measuring 0.95 mm, 
apex reaching mesosternum. Thorax. Prono- 
tum (Fig. 25, pn) with large pentagonal lobe 
covering meso- and metanotum, length 1.43 
mm, greatest width 1.20 mm; antero-lateral 
corners prominent. Pronotal lobe witha low 
median longitudinal ridge in anterior part and 

some scattered punctures along anterior and 
lateral margins. Metacetabular scent evapora- 
toria large (Figs 25 and 27, ev), with a tuft of 
long hairs. Legs. Front femora (Fig. 25, fel) rel
atively stout, 1.05 mm long, 0.25 mm wide; 
front tibia (til) 0.95 mm, straight and relatively 
broad, without tibial grasping comb; front tar
sus 0.45, with three segments (Fig. 26, ta) meas
uring 0.08, 0.13, and 0.25 mm, respectively; 
claws not visible. Middle legs incomplete; tro
chanter 0.38 mm, femur (Fig. 25, fe2) 1.50 mm 
long and 0.28 mm wide; tibia (ti2, broken) 
more than 0.4 mm. Hind legs incomplete; tro
chanter 0.40 mm, femur (fe3) 1.45 mm long 
and 0.33 mm wide, without ventral spines or 
teeth. Abdomen broken off behind segments 2- 
3; basal two mediotergites (Fig. 25, t2) with a 
median pair of longitudinal ridges or carinae.

Geological horizon
Baltic amber, Eocene/Oligocène, 40-35 Ma.

Distribution and palaeoecology
Denmark (see map, Fig. 3). The Palaeoenvi
ronment of Baltic amber insects is thoroughly 
discussed by Larsson (1978) and Poinar 
(1992).

Remarks
See under generic heading (above).
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Family HYDROMETRIDAE Billberg

Marsh treaders, water measurers

BS 50

Subfamily Hydrometrinae Billberg

Genus Eocenometra Andersen

Eocenometra Andersen, 1982a: 91-92. - Ander
sen, 1982b: 250; Carpenter, 1992: 263; Nél & 
Paicheller, 1993: 81.

Type species: Eocenometra danica Andersen, 
1982; by original designation and monotypy.

Diagnosis and description
Relatively large water measurers, length 13.2- 
15.8 mm, with very elongate head and body, 
and long and slender, almost thread-like anten
nae and legs. Ground colour chiefly dark 
brownish or black.

Head (Figs 28-29, he) very slender, longer 
than thorax (as measured from anterior mar
gin of prothorax to point of insertion of hind 
legs), but shorter than twice length of prono- 
tum; head in lateral view (Fig. 29) swollen in 
basal and apical fourths. Antennae very long 
(Fig. 28, an), at least three times as long as 
head; first antennal segment thicker than 
other segments, 0.6-1.lx head length; second 
segment inserted apically on first segment, but 
much shorter and more slender than the latter 
(Fig. 31); third (and possibly also fourth) seg
ment very long, thread-like. Rostrum (Fig. 29, 
ro) long and slender, subequal to or slightly 
longer than head length.

Thorax prolonged; pronotum (Figs 28-29, 
pn) almost two-third of thorax length (meas
ured as above), slightly arched above in lateral 
view. Points of insertion of legs on thorax al
most equally spaced apart longitudinally.

Legs slender and very long (Fig. 28), hind leg 
about 1.6 times body length; front femur (fel) 
distinctly shorter than middle femur (fe2), lat
ter slightly shorter than hind femur (fe3), tibia 
(til, ti2, ti3) of each leg longer than femur; tar
si short and very slender with small, apical 
claws (Fig. 34).

Wings rather long and narrow, forewing with 
two distinct longitudinal veins (Fig. 28, fw).

Abdomen (as measured from the point of in
sertion of hind leg to abdominal end) about 
two-third of combined length of thorax and ab
domen. Lateral hind corner of connexivum 
slightly produced (Fig. 35). Genital segments 
of female (s8, pr) small but distinct.

Distribution and geological horizon
Western Limfjorcl area, northern Denmark 
(Fig. 5). 01st and Fur Formations. Paleocene- 
Eocene transition, 55-54 Ma (Fig. 4).

Remarks
Andersen (1982a) classified Eocenometra in the 
family Hydrometridae which, above all, is 
characterised by the prolonged state of the 
head capsule. The phylogeny of the seven ex
tant genera of Hydrometridae was discussed 
by Andersen (1977a, 1982b) and a cladogram 
of relationships presented. Species belonging 
to the subfamily Hydrometrinae have extreme
ly prolonged head, slender body, and very 
long, almost thread-like antennae and legs. 
These characters are also shared by Eocenome
tra. Although it is impossible to tell whether 
the fossil species had other of the autapomor-
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Figs 28-29. Eocenometra danica Andersen (reconstructions). 28, macropterous female, dorsal view; antenna and legs of right side 
omitted. 29, macropterous female, lateral view; antennae and legs omitted.

phies of the Hydrometrinae, e.g. absence of 
metathoracic scent apparatus, Andersen 
(1982a: 94) classified Eocenometra in this sub
family. Its relationships with the four extant 
hydrometrine genera are more uncertain. The 
head is not as long relative to the body as in 
Dolichocephalometra Hungerford, Chaetometra 
Hungerford, Bacillometra Esaki (Figs 38 and 

39), and some species of Hydrometra Latreille. 
The structure of the thorax is more like that of 
the first three mentioned genera, i.e., the met
athorax is not prolonged as in Hydrometra (Figs 
38 and 40). The first antennal segment of Eo
cenometra is much longer than the second, whi
le it is subequal to or distinctly shorter than 
the second segment in the four hydrometrine 
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genera. The antennal structure of Eocenometra 
was judged as plesiomorphic since it is shared 
with the non-hydrometrine genera, Veliometra 
Andersen, Heterocleptes Villiers, and Limnoba- 
todes Hussey. Based upon this evidence, Ander
sen (1982a) placed Eocenometra as sister group 
of the four extant genera of the Hydrometri- 
nae.

Eocenometra danica Andersen
(Figs 30-35, 107)

Eocenometra danica Andersen, 1982a: 92-93, figs. 
1-8. - Andersen, 1982b: 250-251, Plate 15C; 
Carpenter, 1992: 263; Nél & Paicheller, 1993: 
81.

Material examined
Holotype
Almost complete specimen, probably a mac
ropterous female (Fig. 107). Locality data: 
Vester Sundby, Mors, Denmark, 1975, M. 
Sørensen leg. Part marked “922A”, counterpart 
marked “922B”. Geological data: cementstone, 
probably ash-layer series Nos. +25 to +30. Holo
type deposited in GMUC (Nos. MGUH 15912A 
& B).

Description
Holotype. Almost complete specimen, probably 
a macropterous female, fairly well preserved in 
both part (Fig. 107) and counterpart. The in
sect has been impressed in a lateral position. 
Cuticular remains blackish; an unpigmented, 
median longitudinal region present on thorax 
and abdomen.

Body elongate (Fig. 30), length (from tip of 
head to end of abdomen) 15.8 mm. Head (Fig. 
30, he) very long, length 5.0 mm from anteri
or margin of thorax to apex. Dorsal and ven
tral outline of head fairly distinct (Fig. 32); ex
act position of eyes not known and ratio of 
ante- and postocular parts of head therefore 
unknown. Anterior region of head slightly 

swollen, showing protruding anteclypeus (Fig. 
32, ac) and semicircular ventral lobes or buc- 
culae (bu), probably concealing basal seg
ments of rostrum. Traces of pubescence visible 
in some parts of the head (Fig. 33), composed 
of slender hairs and a few stouter, hook-sha
ped hairs. Antennae (Fig. 30, an) inserted clo
se to the apex of head, second and especially 
the first segment much stouter than third seg
ment, covered by numerous fine hairs (Fig. 
31). Lengths of antennal segments 1-3 (per
haps incomplete; segment 4 probably miss
ing): 3.1, 1.0, and 10 mm. Rostrum (Fig. 30, 
ro) very long and slender, 4.8 mm, slightly 
swollen at base, tapering to pointed apex; 
third rostral (or labial) segment (Fig. 32, la3) 
very long, perhaps more than 6x length of 
fourth segment (la4). Thorax relatively short, 
length (from anterior margin of prothorax to 
point of insertion of hind legs) 4.1 mm; length 
of pronotum 2.8 mm. Distances between po
ints of insertion of front and middle legs 2.0 
mm, and of middle and hind legs 1.9 mm. 
Legs. Femora of right side almost intact (Fig 
30): front femur (fel) 7.5 mm, middle femur 
(fe2) 9.3 mm, and hind femur (fe3) 11 mm; 
tibiae incomplete and only approximate lengt
hs can be given: front tibia (til) 9 mm, middle 
tibia (ti2) 10 mm, and hind tibia (ti3) 13 mm; 
front tarsi (Fig. 30, tai) and middle tarsi in
complete, but perhaps 1 and 2 mm, respective
ly; hind tarsus (Fig. 30, ta3) intact, 1.7 mm, 
very slender, tapering from base to apex (Fig. 
34); segments of tarsus (probably three in 
number) not discernible; claws very small. Leg 
segments covered with a pubescence of fine 
hairs. Wings. No traces of wings although the 
specimen probably is macropterous (as indi
cated by the distinctly arched pronotum). Ab
domen (Fig. 30, ab) rather high in lateral view, 
but this may be the result of compression; to
tal length of abdomen (from point of inser
tion of hind legs to abdominal end) 6.7 mm; 
an unpigmented, median longitudinal band
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Figs 30-35. Eocenometra danica Andersen. 30, macropterous female holotype. 31, apex of antennal segments 1 and 2. 32, outline of 
head, lateral view. 33, chaetotaxy of head. 34, apex of hind tibia and hind tarsus. 35. Abdominal end, lateral view (redrawn from An
dersen 1982a).
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on the abdomen may indicate the connexival 
margin; intersegmental sutures of abdomen 
invisible except for one (probably between 
sternum 2 and 3). Genital segments probably 
protracted in the specimen at hand. Apex of 
abdomen (Fig. 35) showing hind margin of 
segment 7 (s7) with distinctly pointed connex
ival corner, segment 8 (s8), and proctiger 
(pr).

Geological horizon
Fur Formation (ash-layer series No. +30). Pa- 
leocene-Eocene transition, 55-54 Ma.

The holotype is from Vester Sundby, Mors, 
northern Jutland, Denmark (see map, Fig. 
5).

Remarks
The reconstruction of Eocenometra danica (Figs 
28-19) shows a relatively large hydrometrid 
(15.8 mm) with extremely long and slender an
tennae and legs, thereby resembling extant 
species of the genus Bacillometra (see, e.g. An
dersen 1982b: fig. 206).

Eocenometra longicomis sp. nov.
(Figs 36-37, 108-109)

Material examined
Holotype
Almost complete specimen, probably a mac
ropterous female (Fig. 108), preserved as com
pression fossil in two blocks. Locality data: 
Stolleklint, Fur, Denmark, date and year un
known, H. Madsen leg. Part and counterpart 
marked “16-3925”. Geological data: shale, ash
layer series No. -25. Holotype deposited in 
GMUC.

Paratype
Almost complete specimen, probably a mac

ropterous female (Fig. 109). Locality data: Stol
leklint, Fur, Denmark, date and year unknown, 

H. Madsen leg. Part marked “16-4634” (no 
counterpart). Geological data: laminated clay, 
ash-layer series No. -31 or lower. Paratype de
posited in GMUC.

Description
Holotype. Almost complete specimen, probably 
a macropterous female, fairly well preserved 
(Figs 36 and 108). Head and thorax impressed 
in an oblique lateral position, the abdomen in 
a dorso-ventral position. Cuticular remains 
blackish.

Body elongate, length (from tip of head to 
end of abdomen) 13.2 mm. Head (Fig. 36, he) 
fairly distinct and very long, length 4.5 mm 
from anterior margin of thorax to apex; an un
pigmented, roundish area about 1.5 mm in 
front of thorax probably indicates the position 
of the compound eye; ratio of ante- and postoc
ular parts of head thus 5 : 3. First antennal seg
ment (an) very long, about 5 mm, much stout
er than the other segments; second segment 
not visible; third segment incomplete but at le
ast 5.5 mm long. Rostrum (ro) closely ap- 
pressed against ventral side of head, 4.8 mm 
long. Thorax (Fig. 36, th) relatively short, 
length (from anterior margin of prothorax to 
point of insertion of hind legs) about 3.5 mm; 
length of pronotum about 2 mm. Legs incom
pletely preserved. Front femora (Fig. 36, fel) 
7.2 and 7.5 mm; middle femur (fe2) more than 
8 mm; and hind femur (fe3) 12.5 mm. Front 
and middle tibiae not preserved, hind tibia 
more than 11.5 mm; Tarsi not preserved. Wings 
partly preserved; a pair of dark subparallel li
nes on top of abdomen (Fig. 36, fw) are prob
ably the two major longitudinal veins of the fo
rewing; an indistinct structure extending later
ally from the body (hw) is probably the dis
placed hind wing. Abdomen (Fig. 36, ab) fairly 
distinct, length about 5 mm; abdominal end 
showing short, lateral connexival corners and 
median, blunt proctiger.

Paratype. Probably a macropterous female
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Figs 36-37. Eocenometra longicomis sp. nov. 36, macropterous female holotype, oblique dorsal view; distal antennal segments omitted 
and hind femora cut off. 37, macropterous paratype, oblique lateral view.

(Figs 37 and 109). The body is preserved in a 
dorso-ventral position, the head in an oblique 
lateral position, slightly inclined in relation to 
thorax. The abdominal end is partly obscured, 
but the body length is approximately 13.6 

mm. Head (he) 4.6 mm long; only the dorsal 
outline of the head distinct; first antennal seg
ment 4.1 mm, much stouter than the incom
pletely preserved antennal segment 3 (an); 
segment 2 not visible. Rostrum (ro) partly ex
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tended from tip of head, 5 mm long. Boun
dary between thorax and abdomen indistinct, 
combined length of thorax and abdomen 9- 
11.5 mm. Legs incompletely preserved. Front 
femur (fel) about 10 mm, middle femur 
(fe2) 11-11.3 mm, and hind femur (fe3, dis
placed) 12 mm; front tibia (til) 9.5-10.5 mm, 
middle tibia (ti2) 11.5 mm, and hind tibia 
13.5-16.5 (ti3, probably including tarsus); tarsi 
not visible. Wings (fw) indistinct; a pair of 
dark, subparallel lines on top of the abdomen 
is possibly the longitudinal veins of the forew
ing.

Geological horizon
01st and Fur Formations (ash-layer series nos. - 
25 to -31 or below). Paleocene-Eocene transi
tion, 55-54 Ma.

Distribution
The types are from Stolleklint on the island Fur, 
northern Jutland, Denmark (see map, Fig. 5).

Remarks
Eocenometra longicornis sp. nov. is slightly small
er (13.2-13.6 mm) than E. danica (15.8 mm). 
This is not an expression of sexual dimor
phism (generally, males are smaller than fe
males in hydrometrids) since both types of E. 
longicornis probably are females. The most im
portant distinguishing character of the new 
species is its distinctly longer antennae, in par
ticular the first segment, which is subequal in 
length to the head (not nearly so in E. danica). 
The legs are also relatively longer, with middle 
and hind femora almost as long as the body 
length.

Subfamily Limnobatodinae Esaki

Genus Palaeometra gen. nov.

Type species: Palaeometra madseni Andersen sp. 
nov.; by present designation.

Diagnosis and description
Relatively small water measurer, length 5.1 
mm, with elongate head and body, and slender 
antennae and legs. Ground colour chiefly 
blackish.

Head (Figs 41-42, he) prolonged, slightly 
longer than thorax (as measured from anterior 
margin of prothorax to point of insertion of 
hind legs), almost twice as long as pronotum; 
head in lateral view swollen in basal and apical 
parts. Antennae (an) slender, longer than 
head; first antennal segment probably relat
ively short, only about one fourth of head 
length; remaining segments thread-like. Ros
trum (ro) slender and long, probably slightly 
shorter than head length.

Thorax relatively short and stout; pronotum 
(Figs 41-42, pn) almost two-thirds total length 
of thorax (measured as above), distinctly ar
ched above in lateral view. Mesothorax (ms) 
and metathorax (mt) of about the same 
length; points of insertion of legs on thorax al
most equally spaced apart longitudinally.

Legs slender; front femur (Fig. 41, fel) a little 
more than one fourth of body length; relative 
length of middle femur unknown; hind femur 
(fe3) about two fifths of body length; front tibia 
(til) and hind tibia (ti3) very slender, front tib
ia distinctly longer than front femur; structure 
of middle tibia and tarsi of all legs unknown.

Wings probably relatively narrow, forewing 
(Fig. 41, fw) with a few, predominantly longitu
dinal veins.

Abdomen (Figs 41-42, ab; as measured from 
the point of insertion of hind leg to abdominal 
end) about 0.67x body length (excluding the 
head), relatively broad. Abdominal end broad
ly rounded, connexival corners not pointed. 
Structure of genital segments unknown.

Distribution and geological horizon
Fur, western Limfjord area, northern Den

mark (Fig. 5). Fur Formation. Paleocene-Eo
cene transition, 55-54 Ma (Fig. 4).
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Figs 38-40. Head and thorax of fossil and extant Hydrometrinae, lateral view; antenna and legs omitted. 38, Eocenometra. 39, Bacillo- 
metra. 40, Hydrometra. Figs 41-42. Palaeometra madseni gen. et sp. nov. 41, macropterous holotype, lateral view. 42. Head and thorax, 
lateral view (reconstruction); legs omitted.
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Remarks
The prolonged head capsule with eyes dis
placed towards middle, elongate thorax, and 
slender antennae and legs classify Palaeometra 
gen. nov. in the family Hydrometridae. The fo
rewing venation seems to be quite similar to 
that of the Hydrometrinae (see above), but 
the head is shorter and the abdomen broader 
than in most species belonging to this subfam
ily. Habitually, the fossil genus resembles the 
extant genus Limnobatodes Hussey (1925) and 
is therefore provisionally classified with this 
genus in the subfamily Limnobatodinae Esaki 
(1927).

Palaeometra madseni sp. nov.
(Figs 41-42)

Material examined
Holotype
Almost complete macropterous specimen (Fig. 
41). Locality data: Stolleklint, Fur, Denmark, 
21.i.1994, Henrik Madsen leg. Part and coun
terpart marked “16-A2920”. Geological data: 
striped cementstone, ash-layer series No. -25. 
Holotype deposited in GMUC.

Description
Holotype. Almost complete specimen; head, 
most of thorax, and some leg segments in 
counterpart. Sex not determined. The insect 
has been impressed in an oblique lateral posi
tion. Cuticular remains blackish. Fig. 41 is ba
sed upon the most complete impression sup
plemented with details from remains preserved 
in the counterpart.

Body elongate, length (from tip of head to 
encl of abdomen) 5.1 mm. Head (Fig. 41, he) 
prolonged, length 1.5 mm from anterior mar
gin of thorax to apex. Dorsal and ventral out
line of head fairly distinct, posterior and ante
rior parts of head slightly swollen; an unpig
mented, roundish area in the middle of the 
head probably marks the position of the com

pound eye; ratio between the ante- and post
ocular parts of head 3 : 2.5. Antennae (Fig. 
41, an) slender, inserted close to the apex of 
head, at least 2 mm long but probably incom
plete; first antennal segment possibly 0.3-0.4 
mm long, the length of other antennal seg
ments unknown. Rostrum (Fig. 41, ro) incom
plete, but at least 0.9 mm long and slender. 
Thorax relatively short and stout, length (from 
anterior margin of prothorax to point of in
sertion of hind legs) 1.3 mm or slightly short
er than head; pronotum (Fig. 41, pn) distinct
ly arched dorsally, length about 0.8 mm. Dis
tances between points of insertion of front 
and middle legs about 0.7 mm, and of middle 
and hind legs about 0.6 mm. Legs. Femora rel
atively slender: front femora (Fig. 41, fel) 1.5- 
1.6 mm, middle femur (fe2) broken and in
complete, but at least 1.5 mm, and hind fe
mur (fe3) about 2.1 mm; tibiae incomplete 
and only approximate lengths can be given: 
front tibia (til) 1.7 mm and hind tibia (ti3) 
more than 1.5 mm; tarsi not visible. Wings. 
The distinctly arched pronotum (Fig. 41, pn) 
suggest that the specimen is macropterous; in
distinct traces of forewing (fw) venation on 
top of abdomen. Abdomen (Fig. 41, ab) relat
ively broad, distinctly widened across middle, 
rounded apically; total length of abdomen 
(from the point of insertion of hind legs to 
the apex) about 2.3 mm. Genital segments 
not discernible.

Geological horizon
Fur Formation (ash-layer series No. -25). Paleo- 
cene-Eocene transition, 55-54 Ma.

Distribution
The holotype was collected at Stolleklint on 
Fur, northern Jutland, Denmark (see map, Fig. 
5).

Remarks'
See under generic description (above).
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Family MACROVELIIDAE McKinstry

Genus Daniavelia gen. nov.

Type species: Daniavelia morsensis Andersen sp. 
nov.; by present designation.

Diagnosis and description
Medium-sized gerromorphan bugs, with elon
gate body and moderately long and slender an
tennae and legs. Cuticular remains of body 
dark brownish, legs pale.

Head (Figs 43 and 45, he) elongate, extended 
in front of eyes, but distinctly shorter than tho
rax (as measured from anterior margin of pro
thorax to point of insertion of hind legs). Eyes 
probably relatively small, distinctly removed 
from the anterior margin of prothorax (pn). 
Antennae (an) slender, about half the length of 
whole insect; first antennal segment distinctly 
shorter than head, slightly thicker than remain
ing segments; second and third segment sub
equal in length to first segment, fourth segment 
slightly shorter. Structure of rostrum unknown.

Thorax relatively short and stout, about one 
third length of whole insect, distinctly widened 
across metacetabula. Pronotum (Figs 43 and 
45, pn) probably large, with posteriorly extend
ed lobe. Middle legs inserted on thorax slightly 
closer to hind legs than to front legs. Metaceta
bula (mt) situated laterally on thorax.

Legs moderately slender, femora thickest in 
basal third, tapering towards apex, without spi
nous hairs. Front femur (Figs 43 and 45, fel) 
about one fifth of the body length, middle fe
mur (fe2) slightly longer, hind femur (fe3) 
longest, more than two thirds of body length. 
Tibiae slender, without spinous hairs; front tib
ia (til) and middle tibia (ti2) slightly longer 
than their respective femora. Tarsi of front and 
middle legs relatively short, each with three 
segments (Fig. 44, ta); first tarsal segment very 

short, second segment subequal (front leg) or 
slightly longer (middle leg) than third seg
ment; claws small, falcate, inserted on apex of 
tarsi (Fig. 44); structure of hind tarsus un
known.

Wings probably relatively broad; forewing 
(Figs 43 and 45, fw) with a few, predominantly 
longitudinal veins.

Abdomen (Fig. 43, ab; as measured from the 
point of insertion of hind leg to abdominal 
end) almost half length of whole insect, with 
broadly rounded lateral margins. Abdominal 
end broadly rounded, connexival corners not 
prominent. Female genital segment relatively 
small, proctiger (pr) large and broadly round
ed; no signs of large ovipositor.

Distribution and geological horizon
Mors, western Eimfjord area, northern Den

mark (Fig. 5). Fur Formation, Paleocene-Eo- 
cene transition, 55-54 Ma (Fig. 4).

Remarks
A reconstruction of the type-species of Dania
velia based on the description above is shown 
in Fig. 45. The most important features are 
the elongate head capsule with eyes removed 
from the anterior margin of prothorax, the 
large pronotal lobe which covers the mesono- 
tum, the reduced forewing venation, and the 
relatively slender antennae and legs. The tho
rax structure excludes the fossil from the fam
ily Mesoveliidae. Besides, mesoveliids (e.g. 
Mesovelia spp.) have dark spines on their tibia 
and a well developed female ovipositor, struc
tures which should be visible on a compres
sion fossil. Daniavelia shares many of the char
acters of the extant species Macrovelia horni 
(Uhler) (Polhemus & Chapman 1979; Ander
sen 1982b) and may be classified in the family
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43 Pr

an

Figs 43-45. Daniavelia morsensis gen. et sp. nov. 43, macropterous female holotype, dorsal view. 44, apex of middle tibia and middle 
tarsus. 45, macropterous female, dorsal view (reconstruction); antennae and legs of right side and wings of left side omitted.

Macroveliidae. Admittedly, this decision is ba
sed on rather weak evidence and since the di
agnostic features for the macroveliids (e.g. 
egg shell with 3-7 micropyles) cannot be ob
served in fossils, the classification is provisio
nal.

Daniavelia morsensis sp. nov.
(Figs 43-45, 110)

Material examined
Holotype
Almost complete macropterous specimen, 
probably female (Figs 43 and 110). Locality 
data: Ejerslev Molergrav, 2.i. 1993, Henrik Mad
sen leg. Part marked “14M-4081” (no counter
part). Geological data: cementstone, ash-layer 
No. +15. Holotype deposited in GMUC.
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Description
Holotype. Almost complete specimen; probably 
a female impressed in a dorso-ventral position 
(Figs 43 and 110). Cuticular remains of body 
dark brown; antennae and legs pale, femora 
with numerous dark punctures.

Body elongate, length (from tip of head to 
end of abdomen) 5.7 mm. Head (Fig. 43, he) 
moderately prolonged, length 1.2 mm from 
anterior margin of thorax to apex. Outline of 
head (except eyes) fairly distinct, anterior mar
gin protruding, rounded. Positions of com
pound eyes probably marked by a semicircular 
indentation on each side of head, slightly ante
riad to base of head; interocular width of head 
0.6 mm. Both antennae (Fig. 43, an) pre
served, inserted slightly before apex of head; 
antennal segments slender, relative lengths of 
antennal segments 1-4: 0.7, 0.7, 0.75, and 0.6 
mm (left) or 0.65, 0.7, 0.75, and 0.5 (incom
plete?). Rostrum not visible. Thorax relatively 
short and stout, length (from anterior margin 
of prothorax to point of insertion of hind legs) 
1.8 mm or distinctly longer than head, maxi
mum width (across metacetabula) 1.4 mm. 
Pronotum (Fig. 43, pn) indistinct, but prob
ably with large, posteriorly produced pronotal 
lobe. Distances between points of insertion of 
front and middle legs about 1.2 mm, and of 
middle and hind legs about 0.8 mm. Legs. All 
femora preserved, basally thickened (width 
0.2-0.25 mm), tapering in width distally; front 
femur (Fig. 43, fel) about 1.2 mm, middle fe
mur (fe2) 1.6-1.7 mm, and hind femur (fe3) 
2.1 mm. Front tibia (til) and middle tibia (ti2) 

preserved, length 1.4 and 1.9 mm, respectively. 
Tarsal structure of front and middle legs dis
tinct (Fig. 44), tarsal length 0.6; length of front 
tarsal segments 1-3: 0.1, 0.25, and 0.25 mm; 
length of middle tarsal segments 1-3: 0.1, 0.3, 
and 0.2 mm. Wings. The relatively broad anteri
or thorax suggests that the specimen is mac
ropterous; possible traces of forewing venation 
(Fig. 43, fw) on top of abdomen. Abdomen (Fig. 
43, ab) very broad, distinctly widened across 
middle (1.6 mm); total length of abdomen 
(from the point of insertion of hind legs to the 
abdominal apex) about 2.7 mm. Fairly distinct 
lateral, longitudinal sutures between meclioter- 
gites and laterotergites (together forming the 
connexivum). Intersegmental sutures indis
tinct, but lateral indentations towards abdomi
nal apex probably marks the anterior limit of 
segment 7 (0.4 mm long). Connexiva not form
ing spines or angular corners posteriorly. Geni
tal segments distinctly protruding from abdomi
nal end, proctiger (Fig. 43, pr) broadly round
ed.

Geological horizon
Fur Formation (ash-layer series No. +15). Pa- 
leocene-Eocene transition, 55-54 Ma.

Distribution
The holotype was collected in Ejerslev Moler
grav on Mors, northern Jutland, Denmark (see 
map, Fig. 5).

Remarks
See under generic description (above).
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Other Cenozoic Gerromorpha

Family GERRIDAE Leach

Water striders, pondskaters

Subfamily Gerrinae Leach

Genus Limnoporus Stål

Limnoporus Stål, 1868: 395-396. - Andersen & 
Spence, 1992: 756-757.

Type species: Gerris rufoscutellatus Latreille, 
1807; designation by monotypy.

Diagnosis
Relatively large water striders, length 7.0-19.7 
mm. Body elongate and slender. Antennae 
long, more than half the body length; first seg
ment more than 1.3x head length; second and 
third segments together at least 1.2x length of 
first segment; fourth segment longer than 
third. Adults usually macropterous (long-win
ged). Pronotal lobe reddish brown; median 
yellowish stripe of anterior pronotum extend
ing onto pronotal lobe. Metasternal scent ori
fice circular, not situated on tubercle; meta
thorax without lateral evaporative grooves. 
Front femora relatively slender in both male 
and female. Hind femora distinctly longer than 
middle femora. Posterior corners of abdomi
nal connexiva produced into long spines. Nym
phs (particularly the third and fourth instars) 
dark with longitudinal pale stripes.

Distribution and habitats
Holarctic. The six extant species have the fol
lowing distribution (Andersen & Spence 1992): 
L. rufoscutellatus (Latreille): northern Eurasia, 

Alaska, and northwestern Canada; L. genitalis 
(Miyamoto): northern Japan, Kurile Islands, 
and southern Sakhalin; L. esakii (Miyamoto): 
East Asia; L. dissortis (Drake & Harris): north
ern and eastern North America; L. notabilis 
(Drake & Hottes): western North America; and 
L. canaliculatus (Say): eastern North America.

Species of Limnoporus are typically inhabi
tants of stagnant freshwater bodies including 
the most temporary ones (Andersen & Spence 
1992). All species except one, L. canaliculatus, 
are monomorphic long-winged, and are known 
to be strongly migratory with the potential of 
spreading their reproductive efforts over sever
al habitats, each of a rather temporary nature.

Limnoporus wilsoni sp. nov.
(Figs 47-53, 111-112)

Material examined
Holotype. Macropterous male (Fig. Ill); com
plete specimen in lateral view, including most 
of antennae and legs. Compression fossil in tuf
faceous shale. Locality data: Driftwood Creek 
E. of Smithers, British Columbia, Canada, 
1969-71, M. V. H. Wilson leg. Horizon: Middle 
Eocene. Holotype deposited in ROM (ROM 
31036).

Paratypes
No. 1. Fifth instar nymph (Fig. 112); com

plete specimen in dorsal view, including most 
of antennae and legs. Compression fossil in tuf-
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Fig. 46. Measurements of fossil Gerrinae compared with extant Gigantometra gigas (China), Aquarius, Gerris, and Limnoporus spp., all 
plotted against total length (logarithmic scales). Regression lines drawn for extant genera (expressions in upper part of diagram). 
A, first antennal segment; B, second antennal segment; C, middle femur; D, hind femur. Fossil species nos: 1, P. furensissp. nov., hol
otype; 2, P furensis sp. nov., paratype No. 2; 3, P. furensis sp. nov., paratype No. 3; 4, Palaeogerris grandis sp. nov., holotype; 5, P. mik- 
kelseni sp. nov., holotype; 6, P. mikkelseni sp. nov., paratype No. 2; 7, Limnoporus wilsoni sp. nov.; 8, Telmatrechus stali (Scudder), type; 9, 
T. defunctus (Handlirsch), specimen from Quilchena; 10, Aquarius lunpolaensis (Lin), type; 11, Aquarius sp. from Caucasus.
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faceous shale. Locality data: Driftwood Creek 
E. of Smithers, British Columbia, Canada, 
1969-71, M. V. H. Wilson leg. Horizon: Middle 
Eocene. Paratype deposited in ROM (No. 
31065).

No. 2. Fifth instar nymph; complete speci
men in dorsal view, including most of antennae 
and legs. Compression fossil in tuffaceous sha
le. Locality data: Smithers, British Columbia, 
Canada, date unknown, M. V. H. Wilson leg. 
Horizon: Middle Eocene. Paratype deposited 
in Institute of Biological Sciences, University of 
Edmonton.

Description
Holotype. Macropterous male preserved in later
al position (Figs 47 and 111). Legs except tar
sal segments of hind legs, one antenna, and 
two basal segments of another antenna pres
ent. Cuticular remains black.

Body elongate, length (from tip of head to 
abdominal end) 19.3 mm. Head (Fig. 47, he) 
relatively short (2.3 mm). Length of antennal 
segments 1-4: 2.9, 2.3, 1.5, and 1.25 mm; thus, 
fourth antennal segment slightly shorter than 
third segment (Fig. 48). Rostrum incomplete, 
its apex probably reaching anterior part of me
sosternum. Thorax (Fig. 47, th). Pronotum not 
well delimited but probably covering mesono- 
tum. Mesothorax relatively long, distance be
tween pro- and mesocoxae 5.2 mm, or about 
one fourth of body length. Distance between 
meso- and metacoxae 2.1 mm. Legs (Fig. 47). 
Front femur (fel) 4.9 mm long and relatively 
slender throughout, about 0.6 mm wide. Front 
tibia (til) 4.3 and 4.7 mm, straight and slightly 
widened towards apex. Front tarsi (tai) 1.9 
and 2.0 mm; first and second tarsal segments 
(Fig. 49) 1.0 and 0.85 mm, respectively. Mid
dle femur (Fig. 47, fe2) 13.7 mm long, or 
about 0.7x body length, relatively stout, 0.5 
mm wide. Middle tibiae (ti2) 11.3 and 11.5 
mm long or little more than 0.8x middle fe
mur. Middle tarsus (ta2) 6.3 and 6.5 mm long; 

first and second tarsal segments 4.9 and 1.4 
mm, respectively. Hind femur (fe3) 16.3 mm 
or distinctly longer then middle femur; great
est width 0.4 mm. Hind tibia (ti3) 11.5 mm or 
0.7x hind femur. Hind tarsus incomplete. 
Chaetotaxy of middle and hind femora quite 
distinct (Figs 50-51); there are three kinds of 
hairs: (1) numerous small, slender hairs which 
form a dense pile on the entire surface; (2) 
scattered, larger hairs, chiefly on ventral sur
face; and (3) scattered spinous hairs on the 
ventral parts of middle femur. Wings not dis
tinct but probably folded over the back of ab
domen. Abdomen (Fig. 47, ab) relatively long, 
measuring about 9.1 mm from hind coxae to 
abdominal end. Intersegmental sutures be
tween sterna fairly distinct; lengths of sterna 4- 
7: 1.5, 1.5, 1.4, and 1.0 mm; postero-lateral 
corner of abdominal segment 7 (Fig. 52, s7) 
produced into a slender connexival spine 
(co), about 0.7 mm long. Male genital segments 
(Fig. 52) relatively large, protruding from pre
genital abdomen with more than length of 
sternum 7 (1.6 mm); segment 8 (s8) probably 
subcylindrical, ventral length slightly less than 
dorsal length; pygophore (py) partly with
drawn into segment 8; proctiger (pr) small 
and blunt.

Paratype No. 1. Fifth instar nymph, probably 
a female, preserved in dorso-lateral position 
(Figs 53 and 112). Antenna (Fig. 53, an) ex
cept distal segments and legs except distal 
parts of hind legs, present. Cuticular remains 
brownish; pro- and mesonotum except in mid
dle and wing-pads, blackish. Body elongate, 
length (from tip of head to abdominal end) 
12.1 mm. Head length 1.6 mm. Length of an
tennal segments 1-3: 2.0, 1.4, 1.0 (?) mm. Ros
trum not visible. Pronotum (pn) relatively 
short, 1.3 mm. Mesonotum (ms) about 2.6 
mm long; distance between pro- and mesocox
ae 3.4 mm, or a slightly more than one fourth 
of body length; distance between meso- and 
metacoxae 1.5 mm. Front femur (fel) 3.4 mm
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Figs 47-53. Limnoporus wilsoni sp. nov. 47, macropterous male holotype, lateral view. 48, distal antennal segments. 49, apex of fore 
tarsus. 50, chaetotaxy of middle femur. 51, chaetotaxy of hind femur. 52, abdominal end. 53, fifth instar nymph (paratype), dorsal 
view.
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long, moderately thickened, 0.5 mm wide. 
Front tibiae (til) 2.9 and 3.1 mm, straight and 
slightly widened towards apex. Front tarsus 1.2 
mm. Middle femur (fe2) 9.2 mm long, or 
about 0.75x body length, relatively stout, 0.4 
mm wide. Middle tibia 7.0 mm long or about 
0.75x middle femur. Middle tarsus (ta2) 4.4 
mm long; tarsal segments not differentiated. 
Hind femur (fe3) incomplete but more than 
7.9 mm long; not as thick as middle femur. 
Hind tibia and tarsus incomplete. Forewing
pads (fw) distinct, 2.1 mm long. Abdomen 
(ab) extended, measuring 4.9 mm from hind 
coxae to abdominal end. Intersegmental su
tures between abdominal terga partly visible. 
Genital segments indistinct, proctiger small, 
blunt.

Paratype No. 2. Fifth instar nymph, probably a 
male, preserved in dorsal position. Antenna 
and legs except hind tibia and tarsus of left 
side, present. Cuticular remains brownish; pro- 
and mesonotum except in middle and wing
pads, blackish. Description and measurements 
made from photograph (courtesy of M. V. H. 
Wilson, Edmonton). Body elongate, length 
13.3 mm. Head length 1.5 mm. Length of first 
antennal segment 2.3 mm, second and third 
segments together 2.7 mm, and fourth seg
ment 1.1 mm. Pronotum relatively short, 1.4 
mm. Distance between pro- and mesocoxae 3.3 
mm, or about one fourth of body length. Front 
femur 3.7 mm long, moderately thickened. 
Front tibia 3.3 mm, straight and slightly wid
ened towards apex. Front tarsus 1.4 mm. Mid
dle femora 10 and 10.4 mm long, or about 
0.75x body length, relatively stout. Middle tibia 
7.8 mm long or 0.75x middle femur. Middle 
tarsus 4.8 mm long. Hind femora 10.4 and 11 
mm long. Hind tibia and tarsus together 10 
mm long. Forewing-pads distinct, about 3 mm 
long. Abdomen extended, measuring 5.2 mm 
from hind coxae to abdominal end. Genital 
segments indistinct, proctiger blunt.

Geological horizon
Lower/Middle Eocene, 52-47 Ma (Wilson 

1977, 1978a).

DA/rz'Zmfø'on and palaeoecology
Driftwood Creek E. of Smithers, British Colum
bia, Canada (see map, Fig. 2). Lacustrine envi
ronment. At this locality, Wilson (1977: 1143) 
states that “the water striders are one of the 
most common insects.” The Eocene insect fau
na of British Columbia contains representa
tives of 30 families in seven orders (Wilson 
1977, 1978a). In numbers of individuals it is 
dominated by Bibionidae (Diptera) of the ge
nus Plecia, although locally Gerridae, large Ho- 
moptera, and Ichneumonidae (Hymenoptera) 
are abundant. According to palaeobotanical 
evidence, the Middle Eocene climate in British 
Columbia was warm temperate, with wet sum
mers and dry winters (Wilson 1978a).

Remarks
The holotype and paratype No. 1 were illustrat
ed by Wilson (1977: 1143-1144, figs 3 B, C.) 
and identified as belonging to the water strider 
subfamily Gerrinae. Based on detailed compar
ison with extant species, Andersen et al. (1993) 
placed them in the genus Limnoporus. The 
adult male specimen (Fig. 109) compares fa
vourable with species of this genus (in particu
lar L. notabilis}. The second and third antennal 
segments taken together are clearly longer 
than the first segment. The antenna, however, 
are not quite half as long as the body length 
and the fourth antennal segment is shorter 
than the third segment. The fossil shares the 
following characters with members of the L. ru- 
foscutellatus group (L. dissortis, genitalis, notabi- 
lis, and rufoscutellatusp. (1) first middle tarsal 
segment more than half the length of middle 
tibia, and (2) hind tibia subequal in length to 
middle tibia.

Paratype No. 2 was illustrated by Wilson 
(1988: fig. 9C; 1996: fig. 18.2E). The two fifth 
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instar nymphs from Smithers compares favour
ably with samples of fifth instar nymphs of L. 
notabilis, except that the middle and hind fe
mora are distinctly longer. However, the relat
ive shortness of the first antennal segment as 
compared with the second and third antennal 
segments, and the apparent overall slimness of 
the body excludes the fossil nymph from the 
genus Aquarius (see below).

To further clarify relationships of L. wilsoni 
sp. nov. to extant members of the L. rufosc.utella- 
tus group, Andersen et al. (1993) undertook a 
principal component analysis (PCA) using 19 
linear measurements that could be made on 
the fossilised adult specimen. Most measure
ments of the fossil are correlated with its large 
size, and so the first principal component score 
of the fossil compares favourably with those for 
L. notabilis males. Length of the fourth anten
nal segment loaded most heavily on the second 
PCA axis. Although the second axis explains 
only about 6% of the variation in the data set, 
the score for the fossil clearly separates it from 
any of the four modern species.

Wilson (1977: fig. 3D) also illustrated a sec
ond water strider nymph from Driftwood Cre
ek E. of Smithers, British Columbia (Royal On
tario Museum No. 31057), which he (with 
some reservation) classified as belonging to the 
family Veliidae. Judging from the illustration, 
however, this specimen clearly belongs to the 
Gerridae on account of its long and slender 
middle and hind legs, shape of body, etc. The 
size (about 5 mm) and absence of distinct 
wing-pads indicate that the specimen could be 
a third instar nymph of L. wilsoni sp. nov.

Genus Telmatrechus Scudder

Telmatrechus Scudder, 1890: 351. - Andersen, 
1982b: 415.

Type species: Hygrotrechus stali Scudder, 1879; 
subsequent designation (Andersen 1982b: 415).

Diagnosis
Relatively large water striders, length 15.0-19.8 
mm. Body elongate (Fig. 55) but usually more 
robust than in Limnoporus or Palaeogerris gen. 
nov. Antennae (an) subequal to or shorter 
than half the body length; first segment more 
than 1.3x head length; second and third seg
ments together subequal in length to first seg
ment; third segment shorter than second. Pro- 
notal lobe (pn) long with posterior margin 
broadly rounded. Adults wing dimorphic, ap
terous (wingless) or macropterous (long-win
ged). Front femora (fel) relatively robust. Mid
dle tibiae (Fig. 54, ti2) subequal to or slightly 
shorter than middle femora (fe2). Hind (fe3) 
femora subequal to middle femora. Posterior 
corners of abdominal connexiva produced 
into short spines (co).

Distribution and geological horizon
British Columbia, Canada, and Wyoming, 

U.S.A, (see map, Fig. 2). Lower/Middle Eo
cene, 52-47 Ma.

Remarks
Scudder (1890) erected the genus Telmatrechus 
stating that it is “closely related to Hygrotrechus 
Stål [= Aquarius Schellenberg], and, combin
ing as it does many of the features of this genus 
and Limnotrechus Stål [= Gerris Fabricius], may 
well have been the lineal predecessor of both.” 
(Scudder 1890: 351). The distinguishing char
acters mentioned by Scudder were: first anten
nal segment only a little longer than second 
segment; eyes not prominent; thorax relatively 
shorter than in Aquarius', legs very long with tib
iae of each pair of legs about as long as the fe
mora of the same legs, posterior lateral edges 
of abdominal segment 7 produced, forming 
connexival spines.

Species of Telmatrechus share the large body 
size, middle tibiae being almost as long as mid
dle femora, and presence of connexival spines, 
with most extant species of Aquarius and Lim- 
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noporus species. If Scudder’s interpretation of 
antennal structure is correct, Telmatrechus dif
fers from Aquarius in the relatively longer sec
ond antennal segment and from Limnoporus in 
the middle and hind femora being subequal in 
length.

Handlirsch (1910: 126) stated that “The ge
nus Telmatrechus established by Scudder on this 
species [Gerris stali] is not well founded”. How
ever, the antennal structure does not justify the 
synonymisation of Telmatrechus with Aquarius.

Telmatrechus stali (Scudder)

Hygrotrechus stali Scudder, 1879: 183-184B.
Telmatrechus stali (Scudder, 1879). - Scudder, 

1890: 351-353, Plate 2, figs. 11 and 12.

Descriptive notes
The type specimens of this species are from 
British Columbia, Canada, and were collected 
three miles up the north fork of the Similka- 
meen River (Scudder 1879). Scudder (1890) 
gives a fairly detailed description of his species 
based upon two adult and one immature speci
men. He gives the body length as 19.75 mm, 
stating that “The insect is of about the same 
size as our H[ygrotrechus] remigis (Say)”. Howev
er, Aquarius remigis measures only 11.5-16 mm 
(Andersen 1990). The antennae are character
ised as being nearly (perhaps quite) as long as 
the head and thorax together (6.5 mm), and 
(Scudder 1890: 351-352) “the first antennal jo
int would seem, from the position of the oth
ers, to be shorter than in Hygrotrechus'. The 
front femora are described as “stout”, 5 mm 
long, as long as front tibiae. The middle and 
hind legs are “very slender” with the following 
dimensions: middle femur, 12.5 mm; middle 
tibia, 14 mm; hind femur, 14 mm; and hind tib
ia, 11 mm. Scudder finds traces of wings on 
both adult specimens, but his illustrations 
(1890: plate 2, figs. 11 and 12) do not show this 
very clearly and the specimens could equally 

well be apterous. The abdominal end of one 
adult specimen (1890: plate 2, fig. 11) seems to 
be distorted and the “pair of stout lappets” 
probably represents the proctiger and the gon- 
apophyses of the female. The connexival spi
nes are distinct, but since the genital segments 
seems to be extended in the specimen illustrat
ed by Scudder (1890: plate 2, fig. 11), the spi
nes probably surpass the middle of the first 
genital segment.

Geological horizon
Lower/Middle Eocene, 52-47 Ma (Wilson 
1977, 1978a).

Distribution and palaeoecology
Similkameen River, British Columbia, Canada 
(see map, Fig. 2). The Eocene insect fauna of 
British Columbia was described by Wilson 
(1977, 1978a). According to palaeobotanical 
evidence, the Middle Eocene climate in British 
Columbia was warm temperate, with wet sum
mers and dry winters (Wilson 1978a).

Telmatrechus parallelus Scudder

Telmatrechus parallelus Scudder, 1890: 353, Plate
4, fig- I-

Descriptive notes
Original description (Scudder 1890) based on 
two specimens from Twin Creek [Green River], 
Wyoming, U.S.A. Scudder (1890: 353) states 
that this species “differs markedly from the pre
ceding [T. stali] (with which it agrees in size) in 
the almost perfectly parallel sides of the abdo
men”. Scudder gives the following measure
ments for this species: length of body, 20 mm; 
width of thorax, 2.75 mm; front femora, 5-5.5 
mm; front tibiae, 5-5.5.5 mm; middle femora, 
11-13 mm; hind femora, 13-15 mm.

Judging from the illustration of one speci
men (Scudder 1890: plate 4, fig. 1), I suggest 
that the relatively narrow abdomen is an arti-
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Figs 54-56. Telmatrechus defunctus (Handlirsch). 54, apterous female from Quilchena, dorsal view. 55. Apterous female, dorsal view 
(reconstruction); distal parts of middle and hind legs of left side and antenna and legs of right side omitted. Fig. 56. Aquarius lun- 
polaensis Lin; apterous female, dorsal view (reconstruction); antenna and legs of right side omitted.



58 BS 50

fact because most of the lateral parts of the ab
dominal tergites (the laterotergites) are miss
ing.

Geological horizon
According to Wilson (1978a: 14), the Green 
River Formation, Wyoming, ranges in age from 
the Lower Eocene to Middle Eocene, 52-47 Ma.

Distribution and palaeoecology
Twin Creek [Green River Formation], Wyo
ming, U.S.A, (see map, Fig. 2). Wilson (1978a: 
14-15, table 1) provides an overview of the in
sect faunas of the Green River Formation. Pal- 
aeobotanical evidence suggests that climates 
during the deposits of this formation ranged 
from tropical to subtropical.

Telmatrechus defunctus (Handlirsch) comb. nov. 
(Figs 54-55, 113-114)

Gerris defuncta Handlirsch, 1910: 126-127, figs 
34-35. - Nel & Paicheler, 1993: 81.

Descriptive notes
Handlirsch (1910) described this species from 
an almost complete specimen (including coun
terpart) from Quilchena, British Columbia, 
Canada, which he said (p. 126) “doubtless rep
resents an apterous form, the body, including 
the head, measuring 15 mm in length.” Anten
nal segment 1 much longer than head; anten
nal segments 1 and 3 subequal, both about one 
third longer than segment 2. Front femur bare
ly one third length of middle femur, slightly 
longer than front tibia. Middle femur as long 
as thorax and abdomen together; middle tibia 
about two fifths length of femur. Hind femur as 
long as head and body together; hind tibia 
barely two thirds of femur. Abdomen exhibits 
the slightly projecting corners of the preanal 
(7th) segment.

I have photographs (Figs 113-114; courtesy 
of Rolf Mathewes, Simon Fraser University, 

Canada) of another specimen from Quilchena, 
collected in 1988. The essential features of this 
(probably apterous) specimen are depicted in 
Fig. 54. Body length is about 15 mm. Length of 
head (he) 1.6 mm. Pronotum (pn) is not well 
defined but probably measures about 4.5 mm. 
The abdomen (ab; as measured from the hind 
margin of pronotum to its apex) is about 9 mm 
long. Antennae (an) incomplete, antennal seg
ments (1-3): 2.3, 1.5, and 0.6 mm (possibly in
complete). Both front legs are preserved; front 
femur (fel) 3.8 mm, front tibia (til) 3.3, front 
tarsus 1.2 mm (first and second tarsal segment 
0.7 and 0.5 mm, respectively). Middle legs in
complete; femora (fe2) measuring 10 and 11 
mm, middle tibia (ti2) more than 8 mm long. 
Hind legs incomplete; femur (fe3) 10 mm, 
hind tibia (ti3) more than 5 mm long. The 
structure of the abdominal end is obscured, 
but there seems to be a very short connexival 
spine (co).

Geological horizon
Lower/Middle Eocene (not Oligocène as stat
ed by Nel & Paicheler 1993), 52-47 Ma (Wilson 
1977, 1978a).

Distribution and palaeoecology
Recorded from Quilchena [near Merritt], Brit
ish Columbia, Canada (Handlirsch 1910) (see 
map, Fig. 2). Lacustrine environment (Wilson 
1977; 1978a).

Remarks
Handlirsch (1910: 127) ends his description of 
this species by stating that: “These dimensions 
sufficiently characterise the species, and prove 
it to be distinct from G[erris] stali." The relat
ively long first antennal segment and middle 
tibiae excludes Telmatrechus defunctus from the 
genus Gerris (Andersen 1993b). The large and 
relatively robust body, the relatively long sec
ond antennal segment, absence of wings, and 
the presence of small, but distinct connexival 
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spines, suggest that this species belongs to the 
extinct genus Telmatrechus rather than any of 
the extant genera of large, northern temperate 
water striders (Aquarius and Limnoporus).

Genus Aquarius Schellenberg

Aquarius Schellenberg, 1800: 25. - Andersen, 
1990: 45.

Hygrotrechus Stål, 1868: 395. Synonymised by 
Kirkaldy, 1906: 155.

Type species:
Aquarius'. Cimex najas De Geer, 1773; subse
quent designation (ICZN, Opinion 247/1954). 
Hygrotrechus'. Cimex najas De Geer, 1773; desig
nation by monotypy.

Diagnosis
Relatively large water striders, length 8.0-26.5 
mm. Body elongate but usually more robust 
than in Limnoporus or Palaeogerris gen. nov. An
tennae subequal to or shorter than half the 
body length; first segment more than 1.3x 
head length; second and third segments to
gether usually shorter than first segment; 
fourth segment shorter than third. Adults usu
ally apterous (wingless), rarely macropterous 
(long-winged) or brachypterous (short-win
ged). Pronotal lobe uniformly dark; median 
yellowish stripe of anterior pronotum not ex
tending onto pronotal lobe. Metasternal scent 
orifice transverse ovate, situated on a tubercle; 
metathorax without lateral evaporative groo
ves. Front femora relatively robust, especially in 
the male, usually uniformly dark. Hind femora 
usually shorter than middle femora. Posterior 
corners of abdominal connexiva produced 
into spines. Nymphs variable in colour, but nev
er dark with longitudinal pale stripes.

Distribution and habitats
Cosmopolitan. The majority of the 17 de
scribed, extant species are distributed in Eur

asia and North America (Andersen 1990). A 
few species occur in the southern hemisphere, 
viz. Australia (2 species; Andersen & Weir 
1997), Africa, and South America (both with a 
single species).

Species of Aquarius have a rather diverse 
habitat use, life history, and behaviour (Ander
sen 1990). Several species are inhabitants of 
flowing (lotie) freshwater bodies and these are 
usually wing dimorphic with the flightless (ap
terous) adult form being much more frequent 
than the long-winged (macropterous) form. 
The largest species, A. elongatus (Uhler) from 
East Asia, a monomorphic long-winged species, 
inhabits stagnant waters and exhibits a com
plex sexual behaviour (Hayashi 1985).

Remarks
Water striders belonging to Aquarius are most 
easily recognised upon their large and rather 
robust body, moderately thickened front femo
ra, fairly distinct connexival spines, and above 
all on the relative lengths of the antennal seg
ments (second and third segments together 
subequal to or shorter than first segment). The 
extinct genus Telmatrechus (see above) shares 
several of the characters and may be the sister- 
group of Açuarms (see phylogeny section be
low) .

Aquarius lunpolaensis (Lin) comb. nov.
(Fig. 56)

Gerris lunpolaensis Lin, 1981: 345, fig. 1, plate 1.

Descriptive Notes
Lin (1981) described this species from the 
“grey-yellow paper shale of the Miocene lake 
deposits”, Lunpola Basin, Baingoin county, Xi- 
zang [Tibet], China. The type specimen is 
probably deposited in the Nanjing Institute of 
Geology and Palaeontology, Academia Sinica, 
PR. China.

The following descriptive notes are chiefly 
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based on the excellent photograph accompany
ing the original description (Lin 1981: plate 1). 
The reconstruction (Fig. 56) has been made 
from this photograph. The type is a well pre
served adult specimen, probably an apterous fe
male, impressed in a dorso-ventral position. All 
appendages except distal antennal segments, 
middle tibiae and tarsi preserved. The body 
length (from tip of head to end of abdomen) is 
about 15.5 mm, greatest width (across mesoa
cetabula) about 3.2 mm. Head length 1.6 mm; 
eyes not visible. Lengths of antennal segments 
1-3: 2.8, 1.1, and 0.9 mm (fourth segment ab
sent). Pronotum length about 3.9 mm, prono- 
tal lobe (pn) indistinct but probably covering 
mesonotum. Lengths of leg segments (femur, 
tibia, tarsus): front leg: 4.1, 3.1, and 1.5 mm; 
middle leg: 9.2, >6.5 mm (tibia incomplete, tar
si absent); hind leg: 9.6, 7.4, and 2 mm. Front 
femora slightly thicker than middle femora 
which are thicker than hind femora. First and 
second segments of front tarsi 0.7 and 0.8 mm, 
respectively. Abdomen 9.2 mm long and 2.7 
mm wide; mediotergites separated from latero- 
tergites (connexiva, co) by unpigmented, prob
ably membranous longitudinal band (m) on 
each side of abdomen. Lengths of abdominal 
tergites (t2): 1: 0.5 mm; 2-6: each 1.1 mm; and 
7: 0.9 mm. Seventh and last laterotergites each 
produced into a short but distinct connexival 
spine. Genital segments probably extended, 
proctiger (pr) elongate.

Geological horizon 
Miocene, 24-5 Ma.

Distribution
Lunpola Basin, Baingoin County, Xizang [Ti
bet], China (see map, Fig. 2).

Remarks
Lin (1981: English summary, p. 348) placed this 
fossil species in the genus Gerris, comparing it 
with G. defuncta Handlirsch and stating that it 

differs in the shape of the head, the different 
structure of the genital segments, and the an
tennae. In my opinion, however, the Miocene 
species from Tibet clearly belongs to the genus 
Aquarius based on the following characters (An
dersen 1990, 1995c): 1, first antennal segment 
much longer than 1.3x head length; 2, first an
tennal segment distinctly longer than second 
and third segments together; and 3, terminal 
abdomen with connexival spines. In addition, 
the size of the fossil (15.5 mm) falls within the 
known range of body length for extant Aquarius 
spp. (Andersen 1990), but above the range for 
extant Gems spp. (Andersen 1993b).

A. lunpolaensis (Lin) is superficially very simi
lar to females of the extant water strider spe
cies A. najas (De Geer), a common inhabitant 
of flowing waters throughout the western Pa- 
laearctic region. In this species, the female ab
domen swells as the ovarian eggs ripen. This 
phenomenon is termed hypogastry (see Ander
sen 1982b: 318) and is facilitated by the infla
tion of membranes connecting the median 
(mediotergite) and lateral sclerites (lateroter
gites) of the female abdominal dorsum. The 
unpigmented, longitudinal bands (Fig. 56, m) 
separating the mediotergites and laterotergites 
may indicate the presence of such membranes 
in the female specimen of A. lunpolaensis. The 
structure of the terminal abdomen is quite sim
ilar to that of A. najas (see Andersen 1990: fig. 
53) which also occurs in an apterous adult 
form (the most frequent one in most popula
tions of the extant species). The middle and 
hind femora of A. lunpolaensis, however, are rel
atively shorter in the latter than in A. najas 
(Fig. 46, C-D) which justifies the separate spe
cific status of the Miocene fossil.

Aquarius (?) sp. - Miocene, Caucasus

Material examined
Incomplete specimen, probably an apterous fe
male, labelled “Northern Kaukasus, Stavropol, 
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18 km W Sengeleevskoye lake, Vishniovaya riv
er”. Part and counterpart marked “224/39”, 
deposited in PIM.

Descriptive notes
Incomplete specimen, probably an apterous 
female, preserved in lateral position. Head, 
anterior thorax, and most of abdomen pre
served; body length 19.0 mm. Antennae and 
front legs missing; middle femur 17.9 mm, 
middle tibia about 12 mm; hind femur 17.6 
mm. Abdomen except anterior part preserved; 
length of sternites 3 and 4, 1.6 mm, sternite 7, 
0.8 mm; connexival spines distinct, pointed, 
length 0.8 mm, almost reaching end of genital 
segments.
Geological horizon

Karagan Formation. Miocene, 24-5 Ma (Y. 
Popov, personal communication).

Distribution
Northern Caucasus, Russia (see map, Fig. 3).

Remarks
The relative lengths of the middle and hind fe
mora (Fig. 46, C-D) compare favourably with 
females of Aquarius elongatus (Uhler) from East 
Asia (body length 20-26 mm, middle femora 
20-24 mm, hind femora 19-21 mm), but the 
missing information on the antennal structure 
does not permit a more accurate identification 
of this fossil.

Subfamily Electrobatinae Andersen & Poinar

Genus Electrobates Andersen & Poinar

Electrobates Andersen & Poinar, 1992: 258-261.

Type species: Electrobates spinipes Andersen & 
Poinar, 1992; by original designation and 
monotypy.

Diagnosis and description
Small water striders (Figs 120-123), length 2.5- 
3.6 mm, body subovate. Colouration predom
inantly black above with pale markings on 
head and pronotum; ventral surface pale.

Head (Fig. 58) rather long, length in middle 
about 0.8x greatest width across eyes, widened 
posteriorly and in front of eyes, with slightly 
protruding clypeus (cl) on anterior margin. 
Three pairs of cephalic trichobothria (ct) pla
ced equidistantly on head surface. Eyes globu
lar, only covering antero-lateral angles of pro
notum; inner margins slightly sinuated. Ocular 
setae short, length only about diameter of two 
eye facets. Antennal tubercles conspicuous, sit
uated in front of and distinctly removed from 
eyes (Fig. 62). Antennae (Fig. 58, an) slender 
and long, about 0.8x body length; first segment 
longest, with three long, subapical spinous ha
irs; second segment distinctly longer than 
third, second and third segment together long
er than first; fourth segment slender, as long as 
second segment. Ventral lobes (= gular lobes) 
of head small. Rostrum short and stout (Fig. 
62, ro), its apex extending to prosternum; first 
and second labial segment subequal in length; 
thirds segment straight, about twice as long as 
fourth segment.

Thorax. Pronotum (Figs 57 and 62, pn) 
slightly shorter than head in middle; slightly 
narrower than head including eyes. Mesono
tum (mn) about twice as long as pronotum, si
des almost straight (male) or broadly rounded 
(female); posterior margin slightly sinuate, lat
erally connected to margin of abdominal con- 
nexiva (cn) and metacetabular groove (ag). 
Metanotum with transverse, thickened line (tl) 
situated slightly behind posterior margin of 
mesonotum. Female mesonotum (Fig. 62, ms) 
with median longitudinal sulcus dividing the 
sclerite into lateral parts connected by a hairy 
membrane (m). Metathoracic spiracle (Figs 57 
and 62, sp) inconspicuous, oriented nearly ce- 
phalo-caudally. Only apterous form known.
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Legs. Front leg (Figs 59 and 62) short and 
stout; femur distinctly thickened basally, taper
ing in width distally; tibia slightly widened in 
middle, especially in male (Fig. 59); first tarsal 
segment about half as long as second segment; 
claws long, surpassing apex of tarsus. Trochant
er and femur of front leg armed beneath with 
dense row of short spines and a few longer spi
nous hairs; tibia armed with a row of short spi
nes. Middle femur (Fig. 60) longer than the 
body length, armed beneath with rows of spi
nes; tibia distinctly shorter than femur; tarsi 
more slender than tibiae. Hind femur sub
equal in length to middle femur, but distinctly 
more slender; armed beneath with small spi
nes. Relative lengths of tarsal segments and size 
and shape of claws of middle and hind legs un
known.

Abdomen. Male abdomen (Fig. 57) short, not 
longer than pro- and mesonotum together. Ba
sal abdominal mediotergites steeply depressed 
behind transverse, thickened line (tl) across 
metanotum. A pair of lateral, transverse im
pressions probably marks the anterior limit of 
tergite 1; intersegmental sutures between ter- 
gites 2-3 indistinct, those between tergites 4-7 
distinct. Connexiva (cn) very broad, almost 
vertical. Genital segments (Figs 57 and 61) lar
ge; segment 8 (s8) posteriorly widened. Pygo- 
phore (py) ovate. Proctiger (pr) with long, lat
eral process (lp) on each side, directed ventrad 
and cephalad. parameres not visible and prob
ably small or absent. Female abdomen very 
short (Fig. 62), abdominal end barely extends 
beyond coxae of hind legs. Connexiva prob
ably broad and vertically raised. Sterna 3-6 very 
short, sternum 7 (s7) about three times as long 
as sternum 6, posterior margin straight. Gono- 
coxae (gx) large, rectangular; proctiger (pr) 
button-like, protruding.

Distribution and geological horizon 
Dominican Republic, Hispaniola (see map, 
Fig. 2). Oligocene/Miocene, 30-20 Ma. The ex

act age of these deposits is still not known, and 
estimates based on microfossil and chemical 
analyses have produced a range from 20-15 Ma 
(Iturralde-Vincent & McPhee 1996) to 45-30 
Ma (Cepek in Schlee 1990).

Remarks
Andersen & Poinar (1992) discussed the rela
tionships of Electrobates in great details. The fos
sil genus has a superficial resemblance to ger- 
rids belonging to the subfamily Trepobatinae 
(Matsuda 1960; Andersen 1982b). Among the 
characters shared are that the intersegmental 
suture between meso- and metanotum is rep
resented dorsally in apterous forms by posteri
or margin of mesothoracic postnotum (Fig. 57, 
po), the long, lateral processes of the male 
proctiger (Fig. 61, lp; shared with the tribes Na- 
boandelini and Stenobatini), the median, lon
gitudinal sulcus dividing the female mesono
tum into two sclerites connected by a hairy 
membrane (Matsuda 1960: fig. 1038). The 
monophyly of the Trepobatinae is, among 
other characters, defined by the thickened 
middle femora which are distinctly shorter 
than middle tibia and the almost dorso-ventral- 
ly oriented metathoracic spiracle. The middle 
femora of Electrobates are definitely longer than 
their middle tibiae and thereby similar to the 
leg structure of most gerrids. The orientation 
of the metathoracic spiracle in Electrobates (Figs 
57 and 62, sp) is also different from that of tre- 
pobatines. Thus, the fossil gerrids do not quali
fy as members of the subfamily Trepobatinae. 
Thus, the similarities between Electrobates and 
some trepobatines may be either symplesio- 
morphies or homoplasies.

In the reconstructed phylogeny of the Gerri- 
dae (Andersen 1982b: fig. 480), the subfamilies 
Rhagadotarsinae and Trepobatinae (in that or
der) represent the two basal branches of the 
cladogram. Among the characters used as syn- 
apomorphies for the higher branches of the 
cladogram, Electrobates shares the relatively



BS 50 63

Figs 57-62. Electrobates spinipes Andersen 8c Poinar. 57, apterous male holotype, dorsal view; antennae and most of legs omitted. 58, 
head of apterous male, dorsal view; left antenna omitted. 59, left fore leg of apterous male. 60, middle trochanter and femur of ap
terous male. 61, Abdominal end of apterous male, caudal view. 62. Apterous female paratype, lateral view; distal antennal segments 
and most of middle and hind legs omitted (redrawn from Andersen 8c Poinar 1992).
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short ocular setae (less than the diameter of 
four eye facets). In addition, the basal segment 
of the front tarsus is more than one third the 
length of second segment (shorter in both 
Rhagadotarsinae and Trepobatinae). Electro
bates has retained the plesiomorphic state of 
dorsal thorax structure (intersegmental suture 
between meso- and metanotum straight).

The transverse line in front of the abdomen 
of Electrobates (Fig. 57, tl) is superficially similar 
to the secondary, transverse line across metano
tum found in members of the Neotropical sub
family Charmatometrinae (Andersen 1982b: 
fig. 444). In addition to this character, the char- 
matometrines are, e.g. characterised by the api
cal processes of front tibiae, and metathorax 
having lateral grooves leading from the scent 
orifice to evaporative areas on metacetabula.

The spine-carrying antenna, modified front 
legs, and shortened female abdomen are char
acters found in some members of the Oriental 
subfamily Eotrechinae, especially Amemboa 
(Amemboides) spp. (Polhemus & Andersen 
1984). The thoracic structure of eotrechines is, 
however, quite different from that observed in 
Electrobates.

Andersen & Poinar (1992: 263 and fig. 11) 
concluded that Electrobates cannot be placed in 
any of the extant subfamilies of Gerridae. In 
some characters, the fossil genus is more de
rived than any member of the Rhagadotarsinae 
and Trepobatinae. In others characters it is 
more primitive than any member of the Char
matometrinae, Gerrinae, Eotrechinae, Cylin- 
drostethinae, Ptilomerinae, and Halobatinae. 
Electrobates wets therefore placed as sister-group 
to all gerrid subfamilies except the Rhagado
tarsinae and Trepobatinae. On these grounds, 
Andersen & Poinar (1992) erected a new sub
family, Electrobatinae, with Electrobates as its 
type genus.

Electrobates spinipes Andersen & Poinar 
(Figs 57-62, 120-123)

Electrobates spinipes Andersen & Poinar, 1992: 
261, figs 1-10. - Poinar, 1992: 114, plate 7.

Material examined
Holotype
Apterous male (Fig. 122). In piece of Domini
can amber (26 x 17 x 10 mm) originating from 
a mine near El Valle, Cordillera Oriental, east
ern Dominican Republic, Hispaniola. Holo
type deposited in GOPC.

Paratype
Apterous female (Fig. 123), in same piece of 

amber as holotype; deposited with holotype.

Other material examined
Apterous male in piece of Dominican amber 
together with remains (pieces of detached 
legs) of a female (Andersen & Poinar 1992: 
265). Deposited in GOPC.

Description
Holotype. Apterous male (Figs 57 and 122), 

length 2.5 mm, greatest width (across mesoa
cetabula) 1.0 mm. Body predominantly black 
dorsally and pleurally. Dorsal head surface with 
a yellow U-shaped marking along posterior 
margin and inner margins of eyes. Pronotum 
with anteriorly widened yellow band in middle. 
Front femora pale, ventrally darkened; tibiae 
and tarsi dark, middle and hind legs dark. Ven
tral surface of insect pale.

Body subovate. Head length in middle 0.58 
mm; width (across eyes) 0.70 mm; eye width 
0.22 mm or two thirds of interocular space. An
tennal segments 1-4: 0.62, 0.48, 0.38, and 0.50 
mm. Thorax. Median length of pronotum 0.35 
mm and of mesonotum 0.69. Legs. Lengths of 
leg segments (femur, tibia, first tarsal segment, 
second tarsal segment): front leg 0.96, 0.80, 
0.12, and 0.25 mm; middle leg: 2.75 and 2.05 
mm (tarsus incomplete); hind femora incom
plete, tibiae and tarsi missing. Front trochanter 
(Fig. 59) armed beneath with three spines. 
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Front femur distinctly thickened basally, taper
ing in width distally, slightly curved in dorsal 
view; ventral margin of front femur armed with 
dense row of short, dark spines and a few long
er spinous hairs. Front tibia slightly widened in 
middle, inner margin armed with row of short 
spines. Middle femur (Fig. 60) and hind femur 
armed beneath with a row of short spines. Abdo
men. Length including genital segments 1.0 
mm; abdominal tergites 4-7 subequal in length 
(0.06 mm). Structure of genital segments, see 
generic diagnosis; length of genital segments 
0.35 mm; lateral processes of proctiger 0.18 
mm.

Paratype. Apterous female (Figs 62 and 123), 
length 3.6 mm, greatest width 1.8 mm. Colour
ation as in male. Head structure as in male. 
Lengths of antennal segments 1-4: 0.80, 0.62, 
0.48, and 0.58 mm. Length of pronotum 0.45 
mm, mesonotum 1.08; latter with scattered, 
suberect bristle-like hairs, lengthy of leg seg
ments (femur, tibia, first tarsal segment, sec
ond tarsal segment): front leg: 0.98, 0.88, 0.12, 
and 0.22 mm; middle leg: 3.55 and 2.45 mm 
(tarsus incomplete); hind leg: 3.45 mm (hind 
tibiae incomplete, tarsi missing). Armature of 
legs as in male. Abdomen including genital 
segments) about 1.25 mm; abdominal sternites 
4-6 subequal in length (0.05-0.08 mm), ster
num 7 much longer (0.25 mm). Genital seg
ments, see generic diagnosis.

Geological horizon 
Dominican amber, Oligocene/Miocene, 30-20 
Ma (see above).

Distribution and palaeoecology
Dominican Republic, Hispaniola (see map, 
Fig. 2). The palaeoenvironment of Dominican 
amber insects has been thoroughly discussed 
by Poinar (1992) and Grimaldi (1996). Domin
ican amber was formed from extinct species of 
Hymenaea trees (Leguminosae, Caesalpinio- 
dea) and recent studies have revealed an ex

ceedingly rich extinct fauna including almost 
every type of insect life form.

The close association of a conspecific male 
and female specimen in the same piece of am
ber (Figs 120-121) was taken as the earliest 
evidence of mate guarding in a water strider 
species (Andersen & Poinar, 1992: 265; see also 
below).

Remarks
See under generic heading (above)

Subfamily Halobatinae Bianchi

Genus Halobates Eschscholtz - Sea skaters, oce
an striders

Halobates Eschscholtz, 1822: 106.
Euratas Distant, 1911: 146. Synonymised with 

Halobates by Esaki, 1929:417.
Fabatus Distant, 1911: 147 [nymph]. Synonym- 

ised with Euratas by Annandale and Kemp, 
1915: 183.

Type species:
Halobates: Halobates micans Eschscholtz, 1822; 
subsequent designation by Laporte (1832: 24). 
Euratas: Euratas formidabilis Distant, 1911; desig
nation by monotypy.
Fabatus: Fabatus serous Distant, 1911; designa
tion by monotypy.

Diagnosis
Relatively small water striders, length 3.2-6.5 
mm, with broad thorax and short abdomen. 
Chiefly dark-coloured or silver-grey species 
without extensive pale markings except on vent
er (immature specimens have more extensive 
pale body areas). Yellow markings on head usu
ally restricted to a basal, crescent-shaped mark; 
if most of the head yellow, then the male front 
femora are unarmed beneath. Intersegmental 
suture between meso-and metanotum incom
plete, usually reduced to a pair of lateral V-sha-
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Figs 63-64. Halobates ruffoi Andersen, Farma, Minelli & Piccoli. 63, apterous female holotype, lateral view; body and appendages 
drawn in situ; reconstructed parts shown as stippled lines. 64, head, thorax, left fore leg, and bases of left middle and hind legs of ap
terous female, lateral view (full reconstruction) (redrawn from Andersen et al. 1994).

ped pits. Male front femora rarely with ventral 
spines or tubercles. First segment of front tarsus 
variable in length. Males with eighth abdominal 
segment wider than long, with rounded, tuber- 
culate, or finger-like spiracular processes; styli- 
form processes present, usually long and slen
der. Male proctiger usually pentagonal in out
line, produced or dilated laterally.

Distribution and habitats
Five species of Halobates are widespread in trop
ical oceans and live permanently on the sea 
surface. There are an additional 38 Halobates 
species in sheltered coastal waters throughout 

the tropical Indo-Pacific (Herring 1961; An
dersen & Polhemus 1976; Cheng 1985; Ander
sen 1991a). Their distribution seems more or 
less to coincide with the distribution of reef
building corals and mangroves which require a 
relatively high sea temperature. Adult sea skat
ers are always wingless but may disperse along 
coasts, chains of islands and, occasionally, 
across wider stretches of open sea.

Remarks
The abdomen of adult Halobates is reduced in 
size relative to the thorax and the middle and 
hind legs seem to be inserted near the abdomi-
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nal end of the insect. Although several groups 
of gerrids are similar in this respect, workers 
not familiar with this group of insects have clas
sified fossils with short abdomen in the genus 
Halobates. Gerrid nymphs from Baltic amber 
have previously been assigned to this genus 
(Germar & Berendt 1856; Larsson 1978), an 
error which was already pointed out by White 
(1883: 14) in his monograph on sea skaters. 
Scudder (1885) first placed specimens of his 
Metrobates aetemalis (Scudder 1890) in Halo
bates. Finally, Lin (1981) described Halobates 
bagonensis from the Miocene deposits of the 
Lunpola Basin, Tibet. In my opinion, neither 
of these fossils are correctly classified (see fur
ther discussion below). So far, only the follow
ing fossil Halobates has been recognised.

Halobates ruffoi Andersen, Farma, Minelli & 
Piccoli
(Figs 63-64, 106)

Halobates ruffoi Andersen, Farma, Minelli & Pic
coli, 1994: 480-483, figs. 1-2.

Material examined,
Holotype
Apterous female (Fig. 106), from Bolca near 
Verona, Italy. Catalogue Nos IG 24526 (part) 
and IG 24527 (counterpart), in Museo Civico 
di Storia Naturale, Verona, Italy.

Description
Holotype. Almost complete specimen, probably 
and apterous female, preserved in a lateral po
sition (Figs 63 and 106).

Body ovate in lateral view, length 5.8 mm, 
maximum height 2.3 mm. Head moderately ex
tended (Figs 63-64, he), its length a little less 
than one fifth of the body length; dorsal side 
describing an even curve. Traces of a large, ova
te compound eye (Fig. 64, oc) partly overlap
ping prothorax (pn). Basal 2-3 segments of an
tenna preserved in front of head (Figs 63-64, 

an); first antennal segment measures 1.7 mm, 
about two and a half times as long as second 
segment. Indistinct traces of maxillary and 
mandibulary7 plates and probably also of the 
socket of left antenna. Clypeus slightly arched 
with possible traces of labrum below. Rostrum 
(ro) preserved in a position folded under the 
head, fairly stout, a little longer than head; ros
trum apparently with four segments of which 
the third segment is the longest. Thorax. Prono- 
tum (Figs 63-64, pn) shorter than head, dorsal- 
ly arched and posteriorly delimited by a curved 
line. Sutures between mesonotum (mn) and 
metathorax indistinct but together they are 
probably more than one third of the body 
length. Ventral margin of meso-metathorax al
most straight, rounded anteriorly. No traces of 
wings. Legs. Front leg much shorter than body 
as well as middle and hind legs; front femur 
(Fig. 64, fel) robust, measuring 1.9 mm; front 
tibia more slender than femur, measuring at le
ast 1.4 mm; tarsus not preserved. Middle leg 
much longer than body; middle femur (fe2) 
measures 6.1-6.6 mm (left side; inaccuracy due 
to indistinct displacement of femur) or 6.5 mm 
(right side); middle tibia (ti2) 4 mm (left) or 
3.5 mm (right); tarsus (ta2) incomplete. Hind 
leg a little shorter and more slender than mid
dle leg; left hind femur (fe3) measures 5.1 mm 
and hind tibia (ti3) at least 2.4 mm (incom
plete?); hind tarsus missing. Acetabula, coxae, 
and trochanters of all legs indistinct. Abdomen 
(Figs 63-64, ab) indistinctly delimited from 
meso-metathorax, but probably much shorter 
than the thorax (as judged by the positions of 
the two posterior legs); abdominal segments 
indistinctly visible dorsally, abruptly deflected 
toward abdominal end. Terminal abdominal 
segments apparently not enlarged or otherwise 
differentiated.

Geological horizon
The fossil originates from the deposit “Pesciara 
di Bolca”, in the province of Verona, northeast-
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Fig. 65. Scatter diagram showing variation of selected measurements (length of hind femur, middle tibia, and antennal segment 1) 
of 10 extant species of Halobates and the extinct species Halobates ruffoi Andersen et al. (points indicated by arrows). Length of mid
dle femur used as independent variable. Regression lines (measurements for males and females combined) are shown for hind fem
ur (broken line), middle tibia (unbroken line), and antennal segment 1 (dotted line) (reproduced with permission from Andersen 
et al. 1992).

Extant species Fossil species
O Hind femur: male X Hind femur: female
• Hind femur: female ▲ Middle tibia: female
□ Middle tibia: male + Antennal segment 1: female
■ Middle tibia: female
O Antennal segment 1: male
♦ Antennal segment 1: female

ern Italy. It is imprinted in a whitish, fine-grai
ned limestone rich in fossils of marine animals, 
especially fish. The geological age of this de
posit is about 45 Ma, on the borderline be
tween Middle and Upper Eocene (Andersen et 
al. 1994, and references therein).

Distribution and palaeoecology
Bolca near Verona, northern Italy (see map, 

Fig. 3). The fauna of marine fish from the ‘Pes- 
ciara di Bolca’ is very similar to the present fau
na of the Indo-West Pacific region. Part of the 
Bolca formation contains also remains of 
plants, jellyfish, a few mollusks, crabs, lobsters, 
terrestrial insects, crocodiles, and bird feath
ers. No colonial corals have been found in the 
Bolca area, but fossil coral reefs of more or less 
the same age are found in deposits only a few 
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kilometers away. This indicates water surface 
temperatures not lower than 20° C, that is, abo
ve the tolerance level of extant Halobates spe
cies. In somewhat younger sediments from Col
li Berici, 30 km from Bolca, pollen from man
grove trees has been recovered. Thus, it is esti
mated that the Eocene climate was tropical in 
the Veneto area where Bolca is situated (An
dersen et al. 1994, and references therein).

Remarks
Andersen et al. (1994) classified this fossil in 
the gerrid subfamily Halobatinae by the follow
ing combination of characters: Body relatively 
short and stout. Eyes large, partly overlapping 
prothorax. First antennal segment much long
er than any of the following three segments. 
Rostrum relatively short and stout. Prothorax 
shorter than head. Meso- and metathorax not 
distinctly delimited from each other, together 
much longer than prothorax. No traces of 
wings in adult. Middle leg longer than hind 
leg, both inserted towards the end of body. Fe
mora longer than tibiae in the two posterior 
pairs of legs. Abdomen distinctly shortened, 
much shorter than thorax.

The subfamily Halobatinae comprises both 
limnic species (tribe Metrocorini) and marine 
species (tribe Halobatini), the latter belonging 
to the genera Asclépios and Halobates (Herring 
1961; Andersen & Polhemus 1976; Cheng 
1985; Andersen 1991b). The presence of the 
fossil gerrid in a marine sediment favours its 
classification in one of the marine genera. It is 
true that flying insects are frequently blown out 
from land and deposited on the sea surface, 
but the wingless state of the fossil specimen ex

cludes this possibility.
The three extant species of Asclépios measure 

3.0-4.0 mm in body length while Halobates-scpe- 
cies show a size range of 3.0-6.5 mm with most 
species within the range of 4.0-5.5 mm. The 
fossil specimen measures 5.8 mm in body 
length, which is toward the upper limit of the 
range for Halobates species. Fig. 65 shows a scat
ter diagram of selected measurements from in
dividuals of ten extant species of Halobates. 
Middle femur length was chosen as the inde
pendent variable instead of body length, be
cause the latter, especially in females, depends 
on the state of filling of the abdomen (food, 
eggs). Most of the points for measurements on 
the fossil specimen (Fig. 65) are situated close 
to the regression lines for the measurements of 
the first antennal segment, hind femora, and 
middle tibiae (left and right side) upon middle 
femora. These and other measurements re
corded in the description above corroborate 
the classification of the fossil specimen in the 
genus Halobates.

The fossil does not reveal enough structural 
details to permit a closer comparison with ex
tant sea skaters. However, from its size alone, 
Halobates ruffoi compares favourably with the 
coastal species H. formidabilis (Distant) (4.6-5.5 
mm) from India, Sri Lanka, and the Maldives, 
H. alluaudi Bergroth (5.0-5.8 mm) from the 
Seychelles, and H. princeps White (6.0 -6.6 mm) 
from the Indo-Malay archipelago. In view of its 
age, we find it unlikely that the fossil Halobates 
belongs to any of these extant species. The fos
sil species is larger than any open-ocean spe
cies, e.g. H. micans Eschscholtz (4.0-4.5 mm) or 
H. splendensWitia.cz.ii (4.5-5.0 mm).
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Family GERRIDAE Leach, incertae sedis

Metrobates (?) aetemalis Scudder

Metrobates aeternalis Scudder, 1890: 353-354. - 
Andersen, 1982b: 250.

Descriptive notes
Described from three specimens (syntypes), of 
which one immature, from the Florissant For
mation, Colorado, U.S.A. Types probably de
posited in the Royal Ontario Museum, Ottawa, 
Canada. Scudder (1890: 353-354) states: “Body 
considerably elongated, but solely by the pro
longation of the mesonotum, which is about 
twice as long as broad, thus separating at con
siderably distance the front and aft legs; the ab
domen is no longer than the width of thorax 
and tapers rapidly to a point; the wings are slen
der, pupæform, ovate pads ..., these do not 
clearly appear on all specimens. The head is not 
well preserved on any specimen”. The following 
measurements are given: Length of body 7 mm; 
width, 1.75 mm; length offrant femora, 2 mm; 
tibiae, 1.6 mm; tarsi, 1.1 mm; middle femora, 
4.25-6 mm; tibiae, 4.3 mm; tarsi, 2+ mm; hind 
femora, 3.5-5.5 mm; and tibiae 4 mm.

Geological horizon
The Florissant Formation has commonly been 
dated as Lower Oligocène, 37-30 Ma (Wilson 
1978a), but more recent evidence suggests that 
this formation my be Upper Eocene or about 
40 Ma (M. Wilson, personal communication).

Distribution and palaeoecology
Colorado, U.S.A, (se map, Fig. 2). The Floriss
ant fauna is the best known, most prolific, and 
most diverse of the North American Paleo
gene insect faunas (Scudder 1890; Wilson 
1978a). The climate was warm temperate to 
subtropical according to the evidence of fossil 

floras. The evidence from the composition of 
the insect fauna is in accord with this interpre
tation, but the evidence is conflicting as to 
whether the climate was wet or dry (Wilson 
1978a: 17-18).

Remarks
Scudder (1890) does not give any particular 
reason for placing his new species in the genus 
Metrobates Uhlcr. This genus belongs to the 
gerrid subfamily Trepobatinae (Matsuda 1960) 
and includes 14 extant species distributed in 
North, Central, and South America (Polhe- 
mus & Polhemus 1993). Species of Metrobates 
are above all characterised by having a short 
and broad, more or less strongly dorso-ventral- 
ly flattened body, very short abdomen, and 
middle femora distinctly shorter than tibiae. 
M. aeternalis does not share any of these char
acters.

Instead, I here offer an alternative interpre
tation of these fossils. When viewed upside 
down, the excellent figure by Scudder (1890: 
plate 22, fig. 15) has a distinct resemblance to 
a cast skin (exuvium) of a gerrine water strid
er, possibly belonging to Limnoporus or the ex
tinct genus Telmatrechus (see above). The mid
dle and hind legs are pointing obliquely back
wards, a position typically found in exuviae. 
The pale area in the middle of the thorax 
probably marks the ecdysial line. Judging 
from the dimensions given by Scudder (1890: 
354), the exuvium may belong to a fourth in
star nymph or to a fifth instar nymph from 
which an apterous adult individual has emer
ged.

Gerris (?) protobates Cockerell

Gerris protobates Cockerell, 1927: 592.
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Descriptive notes
The original description by Cockerell (1927) 
was based upon an incomplete specimen from 
the Florissant Formation, Colorado, U.S.A., 
deposited in the Natural History Museum, 
London. In his description, Cockerell (1927: 
592) states “Similar to modern species; brown; 
body of usual form (abdomen missing); fron
tal angle of head broad, about a right angle; 
first antennal joint 3 mm.; length of head and 
thorax about 8 mm., width of thorax about 2 
mm.; measurements of legs in mm.: anterior 
femur 3.5, its tibia 3; middle femur 8, its tibia 
6; hind femur 7.4. A very ordinary species, 
which differs from Scudder’s extinct genus Tel- 
matrechus by having the tibiae conspicuously 
shorter than the femora. Among modern spe
cies it falls near the common G. marginatus, 
Say.”

Geological horizon
Florissant Formation, Upper Eocene age, 
about 40 Ma (see under Metrobates (?) aetemalis, 
above).

Distribution and palaeoecology
Colorado, U.S.A. )see map, Fig. 2). Notes on 
the palaeoenvironment of the Florissant fauna 
are given under Metrobates (?) aeternalis (above).

Remarks
The length of the first antennal segment (3 
mm) and combined length of head and thorax 
(8 mm) indicate that the fossil specimen must 
have been much larger than the extant, North 
American Gerris marginatus (Say) which has a 
body length of 9-11 mm (Andersen 1993b). 
The original description is insufficient to place 
this fossil species more precisely.

Gerris (?) parabdominalis Theobald

Gerris par abdominalis Theobald, 1937: 254, plate 
19, figs. 19-20, plate 3, fig. 18.

Note
Theobald (1937) described this fossil species 
from the Lower Oligocène (37-30 Ma) of Klein- 
kemps near Mulhouse, Rhein Valley, France (see 
map, Fig. 3). I agree with Nel & Paicheller (1993: 
81 ) that the description and discussion by Theo
bald (1937) is too inadequate to justify the clas
sification of this species in the genus Gerris.

Gerris (?) sp. - Eocene, Germany

Gerris (nymph). Lutz, 1991: 120.

Note
Lutz (1991: 120) recorded a wingless gerrid 
(probably a nymph) from the Middle Eocene 
of Messel near Darmstadt (see map, Fig. 3), 
preliminary identified as belong to the genus 
Gerris Fabricius. The specimen was found to
gether with notonectid nymphs, dytiscid and 
nematoceran larvae, as well as cladocerans, in
dicating a lacustrine palaeoenvironment. Clos
er examination of the gerrid nymph is neces
sary to confirm its identity.

Halobates (?) bagonensis Lin

Halobates bagonensis Lin, 1981: 346, fig. 2, plate 
2.

Descriptive Notes
Lin (1981) described this species from the 
“grey-yellow paper shale of the Miocene lake 
deposits”, Lunpola Basin, Baingoin county, Xi- 
zang [Tibet], China (see map, Fig. 2). The type 
specimen is probably deposited in the Nanjing 
Institute of Geology and Palaeontology, Acade
mia Sinica, P.R. China.

The following descriptive notes are chiefly 
based on the photograph accompanying the 
original description (Lin 1981: plate 2). The 
type is impressed in a slightly distorted posi
tion. Head (carrying a pair of antennae), a bro
ad thorax, and a short pointed abdomen, can
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be differentiated. Middle and hind femora and 
middle tibiae preserved in situ, other append
ages displaced or lost. Body length (from tip of 
head to end of abdomen) about 8 mm, greatest 
width about 4 mm. Antennae (perhaps incom
plete) about 4 mm long; individual segments 
not visible. The very broad thorax is composed 
of two lateral, dark parts separated by a wide 
unpigmented median part. Length of middle 
femora 9.8-10 mm and of middle tibiae 7.9 
mm; length of hind femora about 9 mm. Abdo
men very short, about 3 mm long.

Geological horizon 
Miocene, 24-5 Ma.

Distribution
Lunpola Basin, Baingoin County, Xizang [Ti
bet], China (see map, Fig. 2).

Remarks
Li (1981: English summary, p. 348) placed this 
fossil species in the marine genus Halobates 
Eschscholtz stating “Halobates alpinus [error for 
bagonensis] sp. nov. is similar to H. micans 
Eschsch, the former being distinct from the lat
ter in the structure of thorax, antennae and 
rostrum.”

The dimensions of this fossil do not match any 
living or fossil species of Halobates (Herring 
1961; Andersen et al. 1994). H. micans only meas
ures 3.5-4.6 mm and even the largest species, H. 
princeps White, does only reach a body length of 
6.0-6.7 mm. The leg segments of extant Halobates 
spp. have the following ranges of lengths: mid
dle femur, 5-8 mm; middle tibia, 2.5-5 mm; and 
hind femur, 3.5-6 mm. thus, the leg segments of 
the fossil form are much longer than would be 
expected for a species belonging to the genus 

Halobates. During the Miocene the northern 
part of Tibet was nowhere near the coastlines of 
any ocean (Smith et al. 1994). It is therefore qui
te unlikely that the fossil form should belong to 
any group of marine water striders.

An alternative interpretation of this Miocene 
fossil from Tibet is, that it represents the cast 
skin (exuvium) of a large freshwater gerrid. 
The wide pale area in the middle of the thorax 
may represent the middorsal, ecdysial opening 
through which the following instar emerges. 
The very short abdomen also resembles the 
nymphal condition. Judging from the dimen
sions of the exuvium, it may belong to a fifth 
instar nymph from which an apterous adult in
dividual has emerged, possibly belonging to 
the extinct species Aquarius lunpolaensis (Lin) 
which was found in the same deposits and geo
logical horizon (see above).

Halobates (?) sp. - Baltic amber

Note
Germar & Berendt (1856: 19, plate 2, fig. 8) il
lustrated a “Larva Halobates” from Baltic am
ber (Eocene/Oligocene, 40-35 Ma) which ob
viously is a (fourth instar?) nymph belonging 
to a species of Gerris or an allied genus. Gerrid 
nymphs from baltic amber classified as Gerris 
are described earlier in this work. Bachofen- 
Echt (1949: 172) stated (in translation) “three 
species of the genera Gerris and Metrobates in 
amber”. I have been unable to find any refer
ence to a record of Metrobates (copied by Spahr 
1988: 9) from amber and therefore suspect 
that Bachofen-Echt (1949) by mistake used this 
name instead of Halobates.
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Family VELIIDAE Brullé

Water crickets, riffle bugs

73

Subfamily Haloveliinae Esaki

Genus Halovelia Bergroth - Coral bugs

Halovelia Bergroth, 1893: 277. - Andersen, 
1989a: 83-84.

Type species: Halovelia maritima Bergroth, 
1893; designation by monotypy.

Diagnosis
Small or ver}' small water striders, length 1.7-2.6 
mm; adults always apterous (wingless). Body 
usually subovate, chiefly dark coloured, cov
ered by a thick, greyish pilosity. Head and pro- 
notum without extensive pale markings. Head 
much shorter than wide, moderately deflected 
in front of eyes; eyes globular but relatively 
small, width of each eye less than 0.3x interocu
lar width. Antennae long and slender, usually 
0.6-0.8x body length; segment 1 usually sub
equal to or slightly shorter than segment 4; seg
ment 3 longer than segment 2. Pronotum very 
short; suture between pro- and mesonotum usu
ally obscured laterally. Dorsal boundaries be
tween meso- and metathorax and between met
athorax and abdominal terga indistinct. Ventral 
sutures of thorax and abdomen distinct; meta
thoracic scent channels extending laterally and 
obliquely backward. Front tibia of male with a 
grasping comb composed of a compact row of 
short spines along the inner margin. Mesotro
chanters prolonged; middle femur very long, 
usually more than 0.5-0.6x body length, usually 
with short pubescence along anterior margin; 
middle tibia and tarsus very slender and long. 
Hind femur relatively short, usually thickened 

proximally. Abdomen short with broadly 
rounded sides in male, longer and usually with 
more straight sides in female. Male genital seg
ments relatively large but withdrawn into pre
genital abdomen and only slightly protruding 
from abdominal end; parameres large and sym
metrically developed. Hind margin of sternum 
7 of female usually produced in middle. Female 
genital segments clearly visible behind tergum 
7; proctiger cone- or button-shaped, usually 
concealed beneath tergum 8.

Distribution and habitats
The genus Halovelia contains 31 described spe
cies (Andersen 1989a, 1989b) which are dis
tributed throughout the Indo-West Pacific re
gion, ranging from the Red Sea and east coast 
of Africa (including Madagascar) to the islands 
of the West Pacific Ocean as far east as Samoa. 
The discovery of a fossil Halovelia in the Carib
bean was quite unexpected, representing an 
enormous extension of the geographical range 
of this group.

Most species of Halovelia are found on inter
tidal coral reef flats (hence the name coral 
bugs), on the surface of tidal pools among 
stands of Porites and Acropora corals on the mid
reef flat, but only rarely on the inner-reef flat 
or towards the outer reef margin. They have 
also been recorded from rocky coasts without 
corals. Halovelia species are occasionally found 
in mangrove habitats, especially when these 
border coasts fringed by coral reefs, but are 
otherwise replaced by species of the genus Xen- 
obates Esaki in such habitats. The coral bugs 
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usually appear when the tide recedes, in par
ticular upon the surface of shallow pools aro
und or beneath blocks of coral or porous rock. 
When the tide rises, both adults and nymphs 
retreat to cavities and holes in such blocks and 
stay submerged during high tide, surrounded 
by an air bubble.

Remarks
The genus Halovelia was monographed by An
dersen (1989a, 1989b). It is separated from the 
genus Xenobates by the presence of a grasping 
comb on the male front tibia and the con
cealed male genital segments. In addition, 
most Halovelia species have almost uniformly 
dark head and pronotum, without extensive 
pale markings. The body is covered by a dense 
clothing of short pubescence (which may ap
pear greyish in some parts), but never by sil
very pubescence forming definite spots. The 
middle femora and tibiae are covered by short 
pubescence but only rarely have a hair fringe 
along their anterior margins.

Halovelia electrodominica Andersen 8c Poinar 
(Figs 66-72, 118-119)

Halovelia electrodominica Andersen 8c Poinar, 
1998: 1-9.

Material examined
Holotype, apterous female (Fig. 118), contained 
in a piece of amber (12 x 7 x 2.5 mm) originat
ing from the northern mountain ranges in the 
Dominican Republic (Hispaniola); holotype 
catalogued under the code HE-4-28 and depos
ited in GOPC.

Paratype, apterous male (Fig. 118), enclosed 
in the same piece of amber as holotype, same 
code and repository as holotype.

Description
Holotype. Apterous female (Figs 66 and 118), 
length 1.5, greatest width 0.7. Body subovate, 

length about 2x greatest width across thorax 
( 1.50: 0.74). Colour chiefly dark brownish, ba
sal part of dorsal head surface and median part 
of pronotum paler; antennae and legs brown
ish.

Head (Figs 67 and 119) much shorter than 
wide across eyes (0.49 mm). Eyes (oc) small 
and globular, diameter less than half width of 
interocular space. Antennae (an) with dense, 
short pubescence, about 0.6x length of insect; 
lengths of segments 1-4: 0.29, 0.18, 0.24, and 
0.24 mm; first segment curved and slightly 
thicker than segments 2-3; fourth segment fusi
form. Rostrum slender, apex just surpassing 
prosternum. Thorax (Fig. 66) furnished with a 
dense pile of short, erect hairs (most easily ob
served along the margins of pro- and mesono- 
tum). Pronotum very short (0.14 mm), in mid
dle less than half length of head; posterior 
margin of pronotum distinct throughout, 
reaching sides of thorax. Mesonotum much 
longer than pronotum (exact length cannot be 
measured) with sides regularly curved; a longi
tudinal furrow or impression in middle of mes
onotum. Metasternum (Fig. 70, mt) with ante
rior margin produced in middle, median 
length 0.13 mm. Median scent orifice indis
tinct; lateral scent channels (sc) running along 
posterior margin, ending on metacetabula. 
Legs. Lengths of leg segments (femur, tibia, tar
sus): front leg: 0.46, 0.41, and 0.16 mm; middle 
leg: 0.88, 0.85, and 0.53 mm; hind leg: 0.54, 
0.53, and 0.20 mm. Front femur (Fig. 68, fe) 
with almost the same width throughout; front 
tibia (ti) widened and slightly curved, with a 
row of short, spinous hairs on the inner sur
face; front tarsus (ta) with basal segment much 
smaller than second segment (0.04 and 0.13 
mm, respectively). Middle trochanter (Fig. 69, 
tr) long (0.15 mm); femur (fe) about 0.6x 
length of insect, slightly thickened basally; tibia 
and tarsus very slender and long; lengths of 
middle tarsal segments 1-2: 0.29 and 0.24 mm. 
Anterior margin of middle femur with a row of
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Figs 66-72. Halovelia electrodominica Andersen & Poinar. 66, apterous female holotype and male paratype drawn in situ; head and an
terior thorax of male abraded; remains of antenna and legs of other specimens marked with an x. 67, head and first segment of 
right antenna of female, dorsal view. 68, right fore leg of female. 69, trochanter and base of right middle femur of female. 70, right 
side of posterior thorax and abdomen of female, ventral view. 71, left fore tibia and tarsus of male. 72, abdominal end of male, ca
udal view (redrawn from Andersen & Poinar 1998).

long, pale hairs, each hair being shorter than 
femur width; the row continues on middle tibia 
and tarsus. Hind leg segments much shorter 

than those of middle leg; lengths of hind tarsal 
segments 1-2: 0.06 and 0.14 mm. Claws small 
but distinct, inserted preapically on all tarsi. Ab- 
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domen relatively short with indistinct segmenta
tion on dorsal side; ventral segmentation fairly 
distinct; median lengths of sternites 2-7 (Fig. 
70, s2 and s7): 0.09, 0.07, 0.06, 0.06, 0.06, and 
0.16 mm; genital segments obscured.

Paratype. Apterous male (Figs 66 and 118), 
length >0.8 mm (head and most of thorax 
missing), greatest width 0.6 mm. Body prob
ably broadly ovate with greatest width across 
posterior thorax. Colour as in holotype. Head 
missing. One incomplete antenna present, 
segments 2-4: 0.09, 0.13, and 0.14 mm. Thorax 
incomplete. Lengths of leg segments (femur, 
tibia, tarsus): front leg: 0.39, 0.31, and 0.14 
mm; middle leg: 0.56, 0.61, and 0.44 mm; 
hind leg: 0.43 mm (tibia and tarsus missing). 
Front femur slender and slightly curved, tibia 
with long grasping comb (Fig. 71, gr) along in
ner surface, occupying distal 2/3 of tibia. 
Lengths of middle tarsal segments 1-2: 0.25 
and 0.19 mm. Other leg structures as in fe
male. Abdomen (Fig. 66) short with indistinct 
segmentation on dorsal side; longitudinal su
tures delimiting the paratergites from the ster
nites are distinct along the sides of abdomen. 
Abdominal venter simple; segmentation partly 
obscured; sternum 7 (Fig. 72, s7) as long as 
sterna 5 and 6 together. Genital segments 
(segments 8-10) completely withdrawn into 
the pregenital abdomen. As seen in caudal 
view, a pair of fairly long parameres (pa) in
serted laterally on the pygophore (py), curved 
dorsal and almost meeting each other above 
proctiger (pr).

Geological horizon
Dominican amber. Oligocene/Miocene, 30-20 
Ma (see above under Electrobates).

Distribution and palaeoecology 
Dominican Republic, Hispaniola, Greater 
Antilles (see maps, Figs 2 and 90). An intri
guing question is how a marine insect be
came trapped in resin. One possible explana

tion could be that the resin-producing Hyme- 
naea-trees grew along the coast of Oligo-Mio- 
cene Hispaniola (Iturralde-Vinent & Mac
Phee 1996) and drops of resin fall upon a 
porous block of coral where individuals of 
Halovelia electrodominica were aggregating. Al
ternatively, sea level changes or high tides 
may have resulted in the ocean flooding the 
land and bringing the haloveliines with 
them.

The two specimens of H. electrodominica were 
seemingly trapped when mating. The male is 
positioned on top of the abdomen of the fe
male (Figs 66 and 118). The left front leg is st
retched forward and the tibial grasping comb 
(Fig. 71, gr) pressed against the side of the fe
male’s pronotum. The hind leg of the same 
side is curled around the female’s hind femur. 
Seemingly, both leg postures are a function of 
the male’s struggle to uphold his grip of the fe
male. In extant Halovelia species, the male ri
des passively on the back of the (usually larger) 
female for an extended period of time after 
copulation, thus guarding his sperm. Perma
nent genital contact is only observed in species 
of the H. bergrothi Esaki group (Andersen 
1989a) where the male inserts one his very 
long and slender parameres into the genital 
opening of the female (Andersen 1989b: figs 
61-63).

Remarks
Andersen & Poinar (1998) thoroughly dis
cussed the relationship of H. electrodominica. 
The very short pronotum, prolonged mesotho
rax, two-segmented tarsi, and very long and 
slender middle legs are diagnostic for veliid 
subfamily Haloveliinae (Andersen 1982b; 
1989a). There are five extant genera of this 
subfamily which are keyed out by Andersen 
(1992: 391). Since the head is not strongly de
flected anteriorly, eyes less than half as wide as 
the interocular space, first antennal segment 
longer than third segment, the genera Strongy- 
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lovelia Esaki and Entomovelia Esaki (both lim- 
nic) can be excluded. Among the remaining 
three genera (all marine), the uniformly colou
red pronotum, the grasping comb of the male 
front tibia, and the concealed male genital seg
ments classify the fossils as members of the ge
nus Halovelia. The only characters which asso
ciate the fossils with the genus Xenobates Esaki 
are the slightly larger eyes (eye diameter al
most 0.4x interocular width) and the row of 
bristle-like hairs along the anterior margin of 
the middle femora. The last mentioned charac

ter, however, is shared with at least one species 
of Halovelia, H. fosteri Andersen (1989a: 113), 
which is endemic to Fiji. Andersen & Poinar 
(1998) therefore concluded that the fossil spe
cies belongs to the haloveliine genus Halovelia. 
The extinct species is smaller than most living 
species approaching the size of H. polhemi An
dersen, length 1.6 mm (female) and 1.3-1.4 
(male). Unique characters of H. electrodominica 
are the median, longitudinal furrow of the 
mesonotum and the row of spinous hairs on 
the inner side of front tibia in the female.

Family VELIIDAE Brülle, incertae sedis

Genus Stenovelia Scudder

Stenovelia Scudder, 1890: 349-350.

Type species: Stenovelia nigra Scudder, 1890; 
designation by monotypy.

Diagnosis
Body robust, ovate. Head rounded subquad
rate, about half as large as pronotum. Eyes 
moderately large, located at base of head. An
tennae with four segments, first and fourth 
segments longest, second shortest. Pronotum 
faintly set off from the rest of thorax, more 
than twice as wide as long. Whole thorax pen- 
tagonate, posteriorly widened. Legs short and 
stout; front legs about half as long as the 
other leg pairs, hind legs longest. Middle and 
hind femora subequal in length; hind tibia 
longer than middle tibia. Tarsi three-segment
ed, last (third) segment a little shorter than 
the others. Abdomen oval, the last two seg
ments sometimes produced. No trace of 
wings.

Distribution and geological horizon
Florissant Formation, Colorado, U.S.A. Upper 
Eocene, about 40 Ma (see under Metrobates (?) 
aeternalis, above).

Remarks
Scudder’s original description of this genus is 
not very precise. There are two illustrations 
(Scudder 1890: plate 22, figs 8 and 14) of spec
imens belonging to the type species, Stenovelia 
nigra. One of these (plate 22, fig. 14) shows an 
insect habitually quite similar to veliids of the 
genus Rhagovelia Mayr (subfamily Rhagovelii- 
nae China & Usinger). In this genus, however, 
the middle legs are the longest pair of legs and 
the their tarsi are prolonged with the last tarsal 
segment deeply cleft, provided with an elab
orate swimming fan (Andersen 1982b: fig. 
290). On the other hand, the very short anten
nae of the fossil form sets it apart from most 
veliids, including Rhagovelia. A closer study of 
the large material assigned to this genus by 
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Scudder (1890) may reveal details that permit 
a more precise classification of Stenovelia. Until 
then, I prefer to treat this taxon as a veliid ge
nus of uncertain affinity.

Stenovelia nigra Scudder

Stenovelia nigra Scudder, 1890: 350, plate 22, 
figs. 8 and 14.

Descriptive notes
Scudder’s description is based on 23 specimens 
(syntypes), from the Florissant Formation, Col
orado, U.S.A. Types probably deposited in the 
Royal Ontario Museum, Ottawa, Canada. The 
original description (Scudder 1890: 350) says: 
“Whole body uniformly dead black; the pig
ment in some cases has broken in flakes from 
the legs, especially the middle and hinder pa
irs, giving them a mottled appearance which is 

purely accidental. The whole body, including 
the legs, uniformly smooth, with no trace of ha
irs or spines.

Length of body, 3.75 mm; breadth, 1.65 mm; 
length of antennae, 1.1 mm; front femora, 0.75 
mm; tibiae, 0.75 mm; tarsi; 0.35 mm; middle fe
mora, 1.2 mm; tibiae, 1.3 mm; tarsi, 0.8 mm; 
hind femora, 1.2 mm; tibiae, 1.4 mm; tarsi, 0.8 
mm.”

Geological horizon
Florissant Formation, Upper Eocene, about 40 
Ma (see under Metrobates (?) aeternalis, above).

Distribution and palaeoecology
Colorado, U.S.A, (see map, Fig. 2). (See also 
above under Metrobates (?) aeternalis Scudder).

Remarks
See under generic heading (above).

Family HYDROMETRIDAE Billberg

Marsh treaders, water measurers

Subfamily Hydrometrinae Billberg

Genus Limnacis Germar

Limnacis Germar in Germar & Berendt, 1856: 
19.-Popov, 1996: 212-213.

Type species: Limnacis succini Germar & Be
rendt, 1856; designation by monotypy.

Diagnosis and description
Body elongate, length 5-6 mm. Surface of pro- 
notum and lateral parts of head covered by 

scattered “pimples” (small, circular or ovate, 
pale plate-like structures). Head distinctly pro
longed, about one third of body length; ante- 
ocular part of head longer than postocular 
part. Eyes small but distinct, located behind 
middle of head; ocelli absent. Antenniferous 
tubercles very small; first and second antennal 
segments relatively short, subequal in length, 
both distinctly shorter than third segment. Ros
trum long and slender, reaching middle coxae. 
Pronotum relatively short, almost 1.5x as wide 
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as long; sides of pronotum slightly diverging 
posteriorly. Metanotum very small, middorsal 
sulcus very short. Only micropterous and ap
terous adult forms known. Legs slender with
out conspicuous pilosity; hind femora not 
reaching tip of abdomen. Second and third tar
sal segments subequal in length; claws distinct 
but very small, inserted apically on tarsi. Abdo
men widened, with very broad laterotergites; 
mediotergites about as wide as long.

Distribution and geological horizon
Baltic amber, probably from northern Germa
ny (see map, Fig. 3). Eocene/Oligocène, 40-35 
Ma.

Remarks
The type species of this genus, Limnacis succini, 
was originally classified in the family Gerridae 
(= Hydrodromici Burmeister) by Germar & Be- 
rendt (1856: 19) stating: “Bei dem ersten An
blick findet mann grosse Aehnlichkeit mit der 
zu den Reduvinen gehörigen Gattung Pygo- 
lampis, aber es besitzt doch noch grössere Ue- 
bereinstimmung mit der zu den Hydrodromi- 
cis gerechneten Gattung Limnobates.” (in 
translation: “At first glance one finds great sim
ilarity with the reduvine genus Pygolampis, but 
it has even greater correspondence with the 
gerrid genus Limnobates [= Hydrometra]"). The 
first sentence probably has caused subsequent 
authors (Handlirsch 1908; Keilbach 1982; Spa
hr 1988) to include the genus in the family Re- 
duviidae.

I agree with Popov (1996) in that Limnacis 
should be classified in the family Hydrometri- 
dae, chiefly on account of the very elongate 
shape of the head and very long and slender 
rostrum. The relatively short first and second 
antennal segments affiliate the genus with the 
subfamily Hydrometrinae. Among the four hy- 
drometrine genera, Limnacis shares the relat
ively short metathorax with Bacillometra, Chaeto- 
metra, and Dolichocephalometra. The eyes are 

also reduced in the last two genera, both 
monotypic and endemic to the Marquesas Is
lands in the Central Pacific Ocean. LmnacA 
differs from both genera in the dorsal sculptu- 
ration of thorax and head and the very broad 
laterotergites.

Limnacis succini Germar & Berendt

Limnacis succini Germar & Berendt, 1856: 19, 
pl. 3, figs. 18a-c. - Popov, 1996: 213-214, fig. 
1.

Descriptive notes
Described by Germar & Berendt (1856) on a 
micropterous male from Baltic amber. The hol
otype is not very well preserved, its dorsal side 
partly obscured by a opal substance. Type de
posited in Paläontologisches Museum, Mu
seum für Naturkunde der Humboldt Universi
tät, Berlin, Germany (Type Katalog No. 7338). 
Popov (1996: 213-214, fig. 1) examined and re
described the holotype as follows:

“Body length 5.1 mm; greatest width (across) 
abdomen 1.2 mm. General coloration brown
ish gray. Head slightly less than 3 times longer 
than wide across eyes, weakly broadened in 
front of eyes before the level of antennae, nar
rowed before and behind eyes, and again 
broadened at the base of head; anteocular part 
of head 1.5 times longer than postocular one. 
Eyes small but distinct, almost semiglobular, 
occupying horizontal and latero-dorsal posi
tion, as wide as semiocular space and about 1.5 
times wider than long, seen from above. Anten
nae, located [inserted] almost ventrally; ratio 
of antennal joints I-III (IVth joint broken): 9.5: 
9.5: 20 (10). Rostrum broken. Pronotum half 
of head length, nearly 1.5 times wider than 
long, with convex lateral sides, hind margin 
straight; metathorax like a very small triangle; 
middorsal sulcus equal to metathorax length. 
Relative length of leg segments (femur incl. 
trochanter, tibia, tarsus): front legs are broken; 
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middle leg: 30: 36: 7; hind leg: 44: 53: 9. Tarsal 
segment I shortest, II and III segment equal 
size in middle (1: 3: 3) and hind (1: 4: 4) legs. 
Length of abdomen 2.8 mm, width 1.1 mm; la- 
terotergite (connexiva) and mediotergite of 
equal width.”

To this description could be added that the 
head, pronotum, and metapleura are covered 
by numerous, scattered “pimples”. Wing rudi
ments slightly surpass the hind margin of met- 
anotum. Male genital segment(s) conspicu
ous.

Geological horizon
Baltic amber, Eocene/Oligocène, 40-35 Ma.

Distribution
Northern Germany (see map, Fig. 3).

Remarks
Popov (1996: 214) states that “The type species 
[L. succini] distinctly differs from the other spe
cies of this genus L. hoffeinsi n. sp. by the larger 
eyes, the more basal position of the eyes (eyes 
located clearly behind the middle of head) and 
by the shorter hind legs (hind femora not 
reaching apex of abdomen).”

Limnacis hoffeinsi Popov

Limnacis hoffeinsi Popov, 1996: 214, fig. 2, pl. 1, 
figs. 1-2.

Descriptive notes
Described on an apterous female holotype from 
Baltic amber. Deposited in the collection of 
H.W. and C. Hoffeins, Hamburg (No. 521). Po
pov (1996: 214-215) gives the following descrip
tion:

“Body length 5.3 mm. General coloration sil
ver gray. Head 3 times longer than wide across 
eyes, weakly broadened at top and at base; an- 
teocular part of head 1.2 times longer than 
postocular one. Eyes very small, distinctly re

duced and flattened, occupying lateral posi
tion, as wide as long. Ratio of antennal joints I- 
II (III and rVjoints broken): 9.5: 9.5 (7...). Pro
notum 1.7 times of head length, almost 1.5 ti
mes wider than long, hind margin straight. Rel
ative length of leg segments (femur, tibia, tar
sus): front leg: 36: 38: 8; middle leg: 32: 37: 8; 
hind leg: 46: 56: ? Length of abdomen 2.8, 
width 1.1 mm; femora distinctly thickened at 
[their] bases.”

Geological horizon
Baltic amber, Eocene/Oligocène, 40-35 Ma.

Distribution
Northern Germany (see map, Fig. 3).

Remarks
Popov (1996: 215) states: “This species mainly 
differs from the type species L. succini by the 
position of the reduced eyes, and by the longer 
hind femora thickened at [their] bases and, 
reaching the apex of the abdomen. Note: The 
strongly reduced eyes and their median posi
tion on the head as well as the long hind femo
ra thickened at [their] bases may probably jus
tify to establish a separate genus for this spe
cies. However, the fact that there exist only a 
single [specimen] which beyond that is relat
ively poor[ly] preserved prevents us from mak
ing a final conclusion.”

Genus Metrocephala Popov

Metrocephala Popov, 1996: 215.

Type species: Metrocephala anderseni Popov, 
1996; original designation.

Diagnosis and description
Body elongate (Figs 73-74), length not more 
than 5 mm. Dorsal body surface smooth. Head 
(he) much prolonged, length about one third 
of body length; head widened in front of eyes, 
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anteocular part distinctly longer than postocu
lar part, and clearly longer than pronotum. A 
pair of small but distinct tubercles on dorsal 
side of head, just in front of pronotum; each 
tubercle carry a long and thin trichobothrium 
(as illustrated by Popov 1996: plate 2, fig. 2). 
Eyes moderate in size, semiglobular; ocelli ab
sent. Antennae (an) long, first antennal 
slightly shorter than second segment; third seg
ment about twice the length of second; fourth 
segment longest. Rostrum (ro) long and slen
der, reaching middle coxae. Pronotum (pn) 
relatively short, length almost 1.3x greatest 
width, sides almost parallel. Front femur (fel) 
and tibia about as long as middle femur (fe2) 
and tibia; hind femur (fe3) and tibia distinctly 
longer. Basal segment of tarsi shortest, second 
and third longest. Only micropterous form 
known. Abdomen (ab) distinctly widened 
across middle. Male genital segments (s8) con
spicuous behind pregenital abdomen.

Distribution and geological horizon
Baltic amber and Bitterfeldt amber from 
Northern Germany (see map, Fig. 3). Eo- 
cene/Oligocene, 40-35 Ma.

Remarks
The presence of a pair of cephalic trichoboth- 
ria inserted on small tubercles in the posterior 
part of the head clearly indicates that Metroce
phala belongs to the gerromorphan family Hy- 
drometridae. Other structures discussed under 
Limnacis also apply here. Metrocephala differs 
from Lmnads by the shape of the head (post
ocular part not widened), the slightly larger 
eyes, the almost parallel-sided pronotum, and 
by the smooth dorsal surface of body.

Metrocephala anderseni Popov

Metrocephala anderseni Popov, 1996: 215, fig. 3, 
pl.2, figs. 1-3. -Wichard & Weitschat, 1996: fig. 
11, plate 7 (as Metrocephala andersoniPopov).

Figs 73-74. Metrocephala anderseni Popov (reconstruction). 73, 
apterous male, dorsal view; antenna and legs of right side omit
ted. 74, apterous male, lateral view; antennae and legs omitted.

Descriptive Notes
Original description (Popov, 1996) based on 
the micropterous male holotype from Baltic 
amber, Coll. Scheele (No. 52); deposited in 
Geologisch-Paläontologiches Institut der Uni
versität Hamburg, Germany (type Katalog No. 
3750). Two additional specimens (paraty
pes) were also examined, including a microp
terous female (Popov 1996: fig. 3) from “Bit
terfeldt amber”, deposited in Paläontologi
sches Museum, Museum für Naturkunde der 
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Humboldt Universität, Berlin (Type Katalog 
No. 8).

Popov (1996: 215-216) gives the following di
agnosis and description: “Body length 4.7 mm 
(male) and 4.3 mm (female); greatest width 
(1.1 mm) near boundary of the posterior quar
ter of abdomen. General coloration dark me
tallic, appendages ferrous. Head slightly less 
than 3 times longer than wide across eyes, 
weakly broadened in front of eyes before the 
level of antennae; anteocular part of head 1.36 
times longer than postocular one. Eyes as wide 
as interocular space; about 1.3 times longer 
than wide, seen from above. Antenniferous tu
bercles small, located latero-ventrally; ratio of 
antennal joints I-IV: 10: 11: 22: 34 (male);joint 
I slightly thicker, others very thin. Rostrum 
long and slender, reaching middle coxae; 2nd 
segment much longer than others taken to
gether. Pronotum 1.7-1.8 times of head length, 
1.3 times wider than long; metacoxae formed a 
very small triangular elevated area (holotype) 
or a very narrow strip (paratype). Relative 
lengths of leg segments of holotype (femur: 
tibia: tarsus): front leg: 25 (broken); middle 
leg: 25: 37: 8; hind leg: 40: 54: 9.5 (1.5: 4.5: 
3.5); tarsal segment I shortest; II longest, 
length of abdomen 2.3 mm, width 1.1 mm; ab
dominal laterotergites (connexivum) slightly 
wider than mediotergites.

“Note: The female from Bitterfeldt amber 
differs from the male from Baltic amber by the 
slightly smaller size (4.3 mm), the shape of the 
metathorax (very narrow strip) and by the 
coloration of tibiae (ferrous) in all leg pairs. 
Whether these small differences are due to sex
ual dimorphism or to individual variability 
must remain an open question because the ma
terial ia very scarce and the specimen not well 
preserved.”

Geological horizon
Baltic amber and Bitterfeldt amber (see map, 
Fig. 3). Eocene/Oligocène, 40-35 Ma.

Distribution and palaeoecology
Northern Germany. Accounts on the palaeoen
vironment of Baltic amber are provided by 
Larsson (1978) and Poinar (1992).

Remarks
A reconstruction of Metrocephala anderseni (Figs 
73-74) was made from the original description 
and illustrations of the male holotype (Popov 
1996). This species has a certain resemblance 
with the extant species Chaetometra robusta 
(Hungerford) and Dolichocephalometra pacificus 
(Van Duzee), both from the Marquesas Islands, 
southern Pacific Ocean (see Andersen 1982b: 
figs 185 and 186), except for the relatively 
shorter head and larger eyes.

Genus Protobacillometra Nel & Paicheler

ProtobacillometraNeX & Paicheler, 1993: 80.

Type species: Protobacillometra oligocenica Nel & 
Paicheler, 1993; by original designation and 
monotypy.

Diagnosis
Body elongate, thirteen times as long as wide. 
Head very long, as long as thorax and three ti
mes as long as pronotum, slightly thickened at 
base and towards apex. Eyes large, their diame
ter more than interocular width of head; ocelli 
absent. Antennae long, but less than twice the 
head length; first segment stout, slightly short
er than second segment; third segment long
est, fourth segment as long as second segment. 
Pronotum relatively short and parallel-sided, 
its width about two thirds of its length. Legs in
serted on thorax at about equal distances from 
each other. Legs long and slender, femora not 
thickened basally. Front femora almost reach
ing apex of head; hind legs about as long as 
body; hind femora not reaching abdominal 
end. Mediotergites of abdomen much longer 
than wide.
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Distribution and geological horizon
Provence, southern France (see map, Fig. 3). 
Upper Oligocène, 30-24 Ma.

Remarks
Nel & Paicheler (1993: 81) discussed the 
systematic position of Protobacillometra in detail 
and concluded that the extinct genus was 
closest to the hydrometrine genera Bacillometra 
and Hydrometra. Referring to the cladogram of 
relationships between hydrometrid genera 
(Andersen 1977a), Nel & Paicheler (1993: 81) 
concluded (in translation): “Protobacillometra 
probably represents the sister-group of Bacillo
metra with which it shows most affinity, or the 
sister-group of the two genera Bacillometra + 
Hydrometra.” I agree that the very elongate 
head and body, the long and extremely slen
der legs, and especially the relatively short first 
antennal segment place Protobacillometra in the 
subfamily Hydrometrinae. The relatively short 
thorax (metathorax not prolonged) affiliates 
the fossil form with Bacillometra, but its anten
nae and legs are shorter than those of the 
three extant species of the latter genus (An
dersen 1982b).

Protobacillometra oligocenica Nel 8c Paicheler

Protobacillometra oligocenica Nel & Paicheler, 
1993: 80-81, figs. 92-95.

Descriptive notes
Holotype (part and counterpart) from “série 
de gypse d’Aix”, Aix-en-Provence, France, Coll. 

Nel; deposited in Institut de Paléontologie du 
Muséum National d’Histoire Naturelle, Paris 
(MNHN-LP-R.07893). The following extract 
(in translation) from the original description 
(Nel 8c Paicheler 1993: 80-81) will chracterize 
the fossil species:

Insect preserved in dorsal position, body 
length 10.68 mm, width 0.84 mm. Head 2.82 
mm long and 0.34 mm wide; anteocular part 
of head 1.86 mm, postocular part 0.96 mm. Di
ameter of an eye 0.22 mm, interocular dis
tance 0.15 mm. Antennae 5.05 mm long; 
lengths of antennal segments 1-4: 0.50, 0.93, 
2.54, and 1.08 mm. Length of thorax 2.8 mm; 
pronotum 0.93 mm long and 0.68 mm wide. 
Lengths of femora and tibiae: front leg: 3.10 
and 2.02 mm; middle leg: 3.56 and 2.50 mm; 
hind leg: 4.28 and 4.18 mm. Only hind tarsus 
preserved, 0.71 mm long, with three segments 
measuring 0.25, 0.25, and 0.21 mm, respective
ly; claws very small. Abdomen 3.16 mm long; 
longitudinal sutures between sternites and ter- 
gites visible.

Geological horizon
Found in a the formation “Gypse d’Aix” at Aix- 
de-Provence, France. Upper Oligocène, 30-24 
Ma (Nel 8c Paicheler 1993).

Distribution
Provence, southern France (see map, Fig. 3).

Remarks
See under the generic heading (above).
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Family HYDROMETRIDAE Billberg, incertae sedis

Limnobates (= Hydrometra) prodromus Heer

Limnobates (= Hydrometra) prodromus Heer, 1865: 
392. Nomen nudum (Nel & Paicheler 1993: 
82).

Note
This species was recorded by Heer (1865) from 
Miocene deposits at Oeningen in Baden, Ger
many, without any illustrations or descriptive 
notes except for the statement that the fossil 
form had a certain resemblance to Limnobates 
(= Hydrometra) stagnorum L. Declared nomen nu
dum by Nel & Paicheler ( 1993).

Family HEBRIDAE Amyot 8c Serville

Velvet water bugs, Sphagnum bugs

Subfamily Hebrinae Amyot & Serville

Genus Stenohebrus Polhemus

Stenohebrus Polhemus, 1995: 78-79.

Type species: Stenohebrus glaesarius Polhemus, 
1995; by original designation and monotypy.

Diagnosis and description
Small, macropterous bugs with elongate oval 

body (Fig. 75). Head long, porrect, only 
slightly declivent but narrowed anteriorly. Eyes 
globose, exerted and very prominent, located 
adjacent to prothorax. Ocelli obscured, but 
probably present. Antennal tubercles very lar
ge, produced laterally to outer eye level; anten
nae about half as long as body; segment 1 stout, 
shorter than head; segment 2 more slender, 
about half as long as segment 1; segments 3 

and 4 flagelliform, set with scattered long hairs; 
segment 4 subdivided by a “false joint”. Ventral 
head surface with long carinate buccula which 
are produced anteriorly. Rostrum very long, 
reaching beyond posterior coxae. Pronotum 
(pn) longest on midline, with anterior collar, 
prominent humeri, and strongly bilobed hind 
margin. Mesoscutellum short, metanotal eleva
tion (mt) triangular, rounded distally, shallowly 
notched on apex; median carina not visible. 
Paired, ventral carinae of thorax (rostral groo
ve) well developed, parallel throughout, con
tinuing separately onto base of abdominal 
venter. Femora stout; tibia slender, unarmed 
except for spur of stiff hairs distally; tarsi two- 
segmented, first segment shortest, second seg
ment distally set with long hairs, claws long and 
very slender, with prominent basal spur. Forew-
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Fig. 75. Stenohebrus glaesarius Polhemus, dorsal view (reconstru
ction); antenna and legs of right side omitted.

ing (fw) with two prominent, basal veins form
ing a closed cell along anterior margin. Abdo
men longer than broad, not depressed ventral
ly. Female first gonocoxa large, prominent.

Distribution and geological horizon
Mexican (Chiapas) amber, Mexico (see map, 
Fig. 2). Oligocene/Miocene, 30-20 Ma (Hurd 
et al. 1962; Poinar 1992).

Remarks
Polhemus (1995: 79) discussed the relation
ships of this fossil genus as follows: “This genus 
differs from known extant hebrids by the pro
tuberant eyes, strongly laterally produced an
tennal tubercles, long slender claws, and ap
parent lack of arolia. Stenohebrus is most similar 
to Hebrometra Cobben, sharing the basal spur 
on the claws, but in the latter the rostral cavity 

[rostral groove] is closed posteriorly and the 
bucculae are reduced, not produced posterior
ly, whereas in Stenohebrus the rostral cavity is 
open posteriorly, and the bucculae are well de
veloped and strongly produced posteriorly.”

I have previously (Andersen 1981, 1982b) 
discussed the phylogenetic relationships be
tween the extant genera of the Hebridae. Ste
nohebrus is difficult to place because informa
tion on some critical characters (fine struc
ture of antennae, female gynatrial complex) 
are missing. There is no doubt, however, that 
the fossil genus belongs to the subfamily Heb- 
rinae. Since the fourth antennal segment has 
a “false joint”, and the paired, ventral carinae 
of thoracic venter are parallel throughout, Ste
nohebrus is probably most closely related either 
to the worldwide distributed genus Hebrus 
Curtis or to Hebrometra from East Africa. Pol
hemus (1995: 79) suggested that the laterally 
produced antennal tubercles ally Stenohebrus 
with Hebrus subgenus Timasielloides Poisson 
from the Ethiopian and Oriental regions, but 
that other features place it closer to Hebrome
tra.

Stenohebrus glaesarius Polhemus

Hebrus s\). Poinar, 1992: 114, fig. 61.
Stenohebrus glaesarius Polhemus, 1995: 79-80, 

figs 1-3.

Descriptive notes
Original description (Polhemus 1995) based 
on a female specimen contained in a piece of 
cut and polished amber from Chiapas, Mexico. 
Holotype deposited in the Palaeontological 
Museum, University of California, Berkeley, 
U.S.A. (C. Mus. Paleo. No. 12894). I have not 
seen the holotype and the following descriptive 
notes are extracted from Polhemus (1995).

Holotype. Macropterous female, length 1.83 
mm, greatest width 0.67 mm. Elongate oval, ap
parent ground colour brownish black; legs, ros- 
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trum, and antennae brownish. Head length 
0.30 mm, width across eyes 0.28 mm. Eyes mod
erately large, exerted, with about 30 ommatid
ia; eye width (0.06 mm) less than half width of 
interocular space (0.16 mm). Lengths of an
tennal segments 1-4: 0.18, 0.14, 0.26, and 0.11 + 
0.26 mm; pseudoarticulation in middle of seg
ment 4 broad but indistinct. Length of prono- 
tum 0.35 mm; anterior collar set off with a row 
of pits. Length of mesoscutellum 0.05 mm; 
metanotal elevation 0.16 mm long and 0.30 
mm wide. Lengths of leg segments (femur, tib
ia, tarsus): front leg: 0.35, 0.37, and 0.15 mm; 
middle leg: 0.41, 0.41, 0.17 mm; hind leg: 0.53, 
0.53, 0.18 mm; first tarsal segment (0.03 mm) 
much shorter than second segment (0.12-0.15 
mm). Forewings long, reaching tip of abdo
men; “clavus” (posterior part of wing) lightly 
tinged with brown; “corium” (basal part of 
wing) smoky, indistinct; “membrane” (distal 
part of wing) fumose, with paler spot near dis
tal angle of closed proximal cell. First gonocox- 
ae large, plate-like, covering all but triangular 
proctiger.

Geological horizon
Mexican (Chiapas) amber, Oligocene/Mio- 
cene, 30-20 Ma.

DzsZnTmdon and palaeoecology
Chiapas, Mexico (see map, Fig. 3). Polhemus 
(1995: 79-80) states: “The slender claws with a 
prominent basal spur are similar to semiaquat- 
ic bugs living on damp earth or hygropetric 
habitats, e.g. Hebrometra spp., Ochterus spp. 
[Ochteridae], thus it seems likely that this spe
cies ranged away from the waters edge.”

Remarks
The reconstruction (Fig. 75) was made from 
photographs in Poinar (1992) and Polhemus 
(1995). From the original description (Polhe
mus 1995: 79) one may get the impression that 
the antennae have five segments. However, the 
fourth and last segments of most hebrids are 
subdivided by a “false joint” (see Andersen 
1982b: fig. 114), but all Hebridae have four an
tennal segments like other gerromorphans. 
See also above under the generic description.

(Hass Insecta, incertae sedis

Genus Palaeovelia Scudder

Palaeovelia Scudder, 1890: 349, plate 22, fig. 13.

Type species: Palaeovelia spinosa Scudder, 1890; 
designation by monotypy.

Descriptive notes
Scudder (1890: 349) gave a rather detailed de
scription of this genus, e.g. “Head much as in 
Microvelia, small, subtriangular, with rounded 
angles, a little broader than long, plunged to 

the eyes in the roundly emarginate prothor
ax...”, “Thorax pentagonal, the sides subequal, 
the lateral faces straight, the front concave, the 
posterior faces still more concave but a little 
shorter than the others, the median posterior 
process not reaching far back, rather acute.”, 
and “Hind legs very short, only reaching the tip 
of abdomen, the femora and tibiae of nearly 
equal length, the tarsi longer than either, the 
tibiae and first tarsal joint both armed at the tip 
with prominent delicate spines, the tarsi three- 
jointed.”
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In the description of the type species Scud
der (1890: 349) further writes: “The legs are 
pretty thickly beset with fine, stiff hairs, the ap
ical spines of the tibia and first tarsal joint 
about as long as the width of the joint, the tib
iae also with an apical or preapical spur fully 
twice as long.”

and geological horizon
Florissant Formation, Colorado, U.S.A (see 
map, Fig. 2). Upper Eocene, about 40 Ma (see 
under Metrobates (?) aeternalis, above).

Remarks
The hind legs are unusually short and the hind 
tarsus (being longer than tibia) is unusually 
long for veliids. Most important, the presence 
of apical spines on the tibia and first tarsal seg
ment, and a apical and preapical spur on the 
tibia, set Palaeovelia apart from any living gerro- 
morphan. Therefore, I very much doubt that 
Scudder’s genus can be classified in any family 
of Gerromorpha.

Palaeovelia spinosa Scudder

Palaeovelia spinosa Scudder, 1890: 349, Plate 22, 
fig. 13.

Note
Description and illustration (Scudder 1890: 
349, plate 22, fig. 13) based on a single speci
men from the Florissant Formation, Colorado, 
U.S.A. Type probably deposited in the Royal 
Ontario Museum, Ottawa, Canada. Length 
3.65 mm, width 1.85 mm, length of hind fe
mur 0.8 mm, tibia 0.8 mm, tarsi 1.2 mm. 
Other characters, see generic description 
(above).

Geological horizon
Florissant Formation, Upper Eocene, about 
40 Ma (see under Metrobates (?) aeternalis, abo
ve).

Distribution and palaeoecology
Colorado, U.S.A, (see map, Fig. 2). The palae
oenvironment of the Florissant fauna was dis
cussed above (under Metrobates (?) aeternalis).

Remarks
See under generic heading (above).

Velia (?) bouati Meunier

Velia (?) bouati Meunier, 1914: 191, fig. 3.
Insecta, incertae sedis. - Nel & Paicheller, 1993: 

79.

Note
Meunier (1914) described this species based on 
several specimens contained in a plate of lami- 
nite from the Upper Oligocène “Gypse d’Aix”, 
Aix-en-Provence, Bouches-du-Rhone, France 
(see map, Fig. 3). The tvpe(s) should be depos
ited in the Museum d’Aix-en-Provence, France, 
but Nel & Paicheler ( 1993: 79) consider the ma
terial lost. However, Nel (personal communica
tion) now tells me, that the material was bought 
by the Los Angeles County Museum and that 
the type of this species probably is deposited 
there. The original description (Meunier 1914) 
is too brief and inadequate and the photo of the 
specimens of very bad quality. Nel & Paicheller 
(1993: 79) consider these fossils for indetermin
able. It is not even certain that they should be 
classified in the Heteroptera. I therefore agree 
with Nel & Paicheler (1993) that Velia bouati 
Meunier (1914) should be treated as Insecta, in
certae sedis.

Gerris (?) sp. - Oligocène, France

Note
A fossil insect recorded as Gerris sp. by Serre 
(1829) from the Upper Oligocène of Aix-en- 
Provence, Bouches-du-Rhone, France, is prob
ably not a gerrid. Nel & Paicheler (1993: 82) 
mention that the type of Megalomerium serratum 
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Theobald (1937) (classified in the family Bery- 
tidae; Heteroptera, incertae sedis according to 
Nel 1992) carry the label (probably written by 
Serre): “Hémiptère. Gerris. Gerris ou Ploiaria 
Latreille. Genera”. Therefore, this may be the 
specimen referred to as “Gerris sp.” by Serre 
(1829).

The author of Gerris, I.C. Fabricius (1794) 
was responsible himself for some confusion 
about the taxonomic meaning of this genus 
name. In later writings (Fabricius 1803), he ap
plied this name to various heteropterous bugs 
with long and slender body and legs (e.g. in 
the families Alydidae, Berytidae, and Reduvii- 

dae). Instead, Fabricius and other authors of 
the early 19th century used the name Hydrome- 
tra Latreille for “true” gerrids.

Gerris (?) sp. - Oligocène, Germany

Note
Statz (1950) recorded an almost complete lar
va (nymph) of Gerridae (?) from the Middle 
Oligocène diatomite, Rott-am-Siebengebirge, 
Germany (see map, Fig. 3). Nel & Paicheler 
(1993: 82) recommended a revision of this 
specimen in order to verify its classification in 
Gerris.

Mesozoic Gerromorpha

Family VELIIDAE Brullé, incertae sedis

Water crickets, riffle bugs

Veliidae sp. - Lower Cretaceous, Australia

Veliid indet.]e\\ & Duncan, 1986: 143, figs. 24A, 
25A-C.

Descriptive notes
Jell & Duncan (1986) described this fossil 
form based on two specimens from the Koon- 
warra fossil bed (Korumburra group), South 
Gippsland, Victoria, Australia (see map, Fig. 
2). The specimens are deposited in the Palae
ontological Collection, Museum of Victoria, 
Melbourne (NMVP103235 and 103236). The 
original description says (Jell & Duncan 1986: 
143):

“NMVP103235 dorsoventrally compressed, 3 

mm long, with hind tibia 2.4 mm long. Head 
triangular, with bulging lateral eyes, produced 
anteriorly to obtuse angle. Antennae long, 
thin, apparently with few segments (not clear
ly defined except for two long basal seg
ments). Pronotum about half as long as wide, 
with anterior and posterior margins trans
verse. Mesonotum and metanotum not clearly 
differentiated, together longer than prono
tum. legs all long, thin, with femora obviously 
wider than tibiae, with hind leg distinctly 
longest. Abdomen tapering markedly to apex, 
with wide doublure; segments transverse and 
short anteriorly, becoming longer towards 
posterior; sixth segment more than half as 
long as wide.”
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Distribution and geological horizon
Koonwarra fossil bed (Korumburra group). 
Lower Cretaceous (Aptian), about 120 Ma.

Distribution and palaeoecology
South Gippsland, Victoria, Australia (see map, 
Fig. 3). Jell & Duncan (1986. 112-113) suggest
ed that the palaeoenvironment of this site “for
med a shallow part of, or was periodically lin
ked with, a larger body of water (e.g. a lake) 
from which it received a periodic repopulation 
of its aquatic fauna.” and “Conditions within 
this environment were of the still-water type, or 
nearly so, for most of the period of sedimen
tary deposition.” The insect fauna of this fossil 
bed consists of “1, the resident lake fauna with 
preservation of whole larvae as well as moulted 
cuticles; 2, a transported stream fauna of 
moulted cuticles of larvae that dwelt in the in
flow stream; and 3, a terrestrial component 
floundering onto the lake surface and dying 
there outspread under the stress of surface ten
sion.” Jell & Duncan (1986: 113) further sug
gested: “The fauna of the lake was apparently 
very similar to that of present-day, shallow, 
cold, freshwater lakes of southeastern Australia 
and Tasmania.”

Remarks
Jell & Duncan (1986: 143) give the following 
remarks: “The body resembles that of members 
of the Gerridae but differs in the hind leg be
ing longer than middle leg and in femora not 
being extremely narrow. The shape of the head 
is characteristic of the Veliidae and although 
the hind leg is longer than is usual in that fam
ily we assign the specimen to the Veliidae rath
er than the Mesoveliidae.”

If this fossil form is correctly assigned to the 
family Veliidae it provides us with a minimum 
age, not only for the Veliidae, but also for the 
origin of the other large gerromorphan family, 
the Gerridae. The incomplete nature of the 
specimens, however, makes the interpretation 
and classification extremely difficult. Apomor- 
phic characters of the Veliidae most likely to be 
preserved in compression fossils are (Andersen 
1982b): 1, head broad, deflected in front of 
eyes; 2, ocelli absent (except in Ocellovelia Chi
na & Usinger); 3, first antennal segment usual
ly longer than fourth; 4, middle and hind legs 
inserted laterally on thorax; 5, front tibia with 
grasping comb (at least in male); 6, middle tib
ia with row of long trichobothria-like hairs; 7, 
claws inserted preapically on tarsi. In addition, 
the middle legs are longer than the hind legs 
in many veliid groups. Veliids are, among other 
characters, separated from gerrids by their rel
atively shorter thorax and shorter and more ro
bust middle and (in particular) hind femora.

The description and illustrations of the fossil 
“Veliid indet.” from the Koonwarra Fossil Bed 
(Jell & Duncan 1986: 143, fig. 24A, 25A-C), 
only provide few clues to its systematic posi
tion. The habitus of the fossil is definitely vel- 
iid-like, and its relative short and broad head 
also support Jell & Duncan’s family assign
ment. On the other hand the legs, in particular 
the hind pairs, are longer and more slender 
than typical for veliids, and the structure of the 
tarsi (including the point of insertion of claws) 
is unknown. In conclusion, I accept (with some 
reservation) that this Lower Cretaceous form is 
placed in the family Veliidae. Additional speci
mens showing more of the diagnostic features 
listed above are highly desirable.
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Family HYDROMETRIDAE Billberg

Marsh treaders, water measurers

Hydrometridae sp. - Lower Cretaceous, Brazil

Note
Through the courtesy of André Nel, Paris, I 
have been able to see a manuscript draft with 
the description of a fossil Hydrometridae from 
the Lower Cretaceous (Aptian, about 120 Ma) 
Santana Formation, Araripe Basin, Brazil (see 
map, Fig. 2). Since this species will be de
scribed in a forthcoming paper by A. Nel and Y. 
Popov, I have been permitted to supply the fol
lowing notes relevant in the present context.

The species is apterous (wingless), with very 
long and slender head, body, and legs. Eyes 

ovate, prominent, located in posterior third of 
head; anteocular part of head more than twice 
as long as postocular part. Antennae long, first 
antennal segment a little shorter than second 
segment. Pronotum with subparallel sides, 
slightly longer than anteocular part of head. 
Meso- and metathorax of about same length. 
Abdominal mediotergites longer than broad.

Nel (personal communication) concludes 
that the fossil belongs to the family Hydromet
ridae and probably is a member of the Hydro- 
metrinae or has a sister group relationship to 
this subfamily. So far, this is the oldest known 
fossil hydrometrid.

Family MESOVELIIDAE Douglas & Scott

Pondweed bugs

Genus Duncanovelia Je\\ 8c Duncan

Duncanovelia Jelï 8c Duncan, 1986: 143.

Type species: Duncanovelia extensajeil 8c Duncan, 
1986; by original designation and monotypy.

Diagnosis
Jell 8c Duncan (1986: 143) characterize this fos
sil genus as “Mesoveliid with elongate head, 
with eyes situated near midlength of head, with 
antennae of four long segments, with thoracic 

segments relatively short, subequal although 
becoming slightly longer to posterior.”

To this may be added that the fourth anten
nal segment is shorter than the basal three seg
ments, that metanotum is roughly triangular, 
and that the first tarsal segment is very short. 
Only apterous form known.

Distribution and geological horizon
Victoria, Australia. Koonwarra fossil bed (Ko- 
rumburra group) (see map, Fig. 2). Lower Cre
taceous (Aptian), about 120 Ma.
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Remarks
The reconstruction (Fig. 76) of an apterous fe
male was based upon the photographs and 
drawings presented by Jell & Duncan (1986). 
The authors noted the superficial resemblance 
of this genus to members of the heteropteran 
families Nabidae and Alydidae from which it is 
said to differ in its shorter pronotum (Fig. 76, 
pn); it also resembles some Miridae but the 
combination of short pronotum and long sca
pe (first antennal segment) is said to distin
guish it from that family. Jell & Duncan (1986: 
143) assign the fossil to the Mesoveliidae “on

Fig. 76. Duncanovelia exlensa Jell & Duncan, apterous female, 
dorsal view (reconstruction); appendages of right side omit
ted.

the overall similarity but in particular, similar 
pronotum, head shape, and legs”.

Duncanovelia resembles a number of heter
opteran groups, including the family Lygaei- 
dae and their relatives (Schuh & Slater 1995), 
but the relatively long first antennal segment 
excludes it from most families of Cimicomor- 
pha. If Jell & Duncan’s interpretation of the 
relative lengths of tarsal segments is correct, 
the fossil genus is also excluded from most 
Pentatomorphan families where the first tarsal 
segment usually is much longer than the other 
segments. The interpretation of the thorax 
structure is difficult. Jell & Duncan (1986: 143) 
state “pronotum transverse, half as long as 
wide” meaning that the pronotal lobe is re
duced, exposing the mesonotum. The thoracic 
segments are said to be “subequal although be
coming slightly longer to posterior”. Judging 
from Jell & Duncan’s illustrations of the fossils 
(in particular the camera lucida sketch, fig. 
24B), the metanotum should be roughly trian
gular, thus resembling the scutellum of many 
heteropterous bugs (including some Mesovelii
dae; Andersen 1982b: figs. 69-70). However, a 
scutellum is never present in the apterous 
adult form. An alternative interpretation could 
be that the fossils are winged adults, with a lar
ge pronotal lobe and a triangular scutellum; 
the wings may either have been lost or have left 
no traces during fossilization. However, with
out having examined the fossils myself, I prefer 
to accept the interpretations provided byJell 8c 
Duncan, which classify Duncanovelia as belong
ing to the Mesoveliidae.

Apart from the unique dorsal structure of 
the thorax, the head structure also deviates 
from most living mesoveliids (Andersen 
1982b). The eyes are distinctly removed from 
the base of head, a condition only observed in 
those mesoveliids where the eyes are reduced 
(e.g. Cavaticovelia aaa (Howarth 8c Gagné and 
Cryptovelia terrestris Andersen 8c Polhemus). 
The relatively short fourth antennal segment is 



92 BS 50

also unique. Extant mesovelids are currently 
classified in two subfamilies, Madeoveliinae 
and Mesoveliinae (Andersen 1982b). The ap
terous form is only found in the latter and Dun
canovelia may therefore belong in the subfamily 
Mesoveliinae.

Duncanovelia extensa Jell & Duncan

Duncanovelia extensa Jell & Duncan, 1986: 143- 
144, figs 24B, 25D-F.

Descriptive notes
Jell & Duncan (1986) described this fossil spe
cies based on a holotype and paratype from the 
Koonwarra fossil bed (Korumburra group), 
South Gippsland, Victoria, Australia (see map, 
Fig. 2). The types are deposited in the Palaeon
tological Collection, Museum of Victoria, Mel
bourne (Holotype NMVP27044 and paratype 
NMVP103237). The original description says 
(Jell & Duncan, 1986: 143-144):

“Body heavily sclerotized (so presumably an 
adult), 5 mm long, thin, with long legs. Head 
long, with anteriorly rounded frons produced 
forward in front of laterally placed antennal in
sertions; eyes prominent, situated laterally near 
midlength of head; antennae 4-segmented, all 
segments long, basal three subequal, apical 

segment shorter and slightly expanded. Tho
racic segments distinct; pronotum transverse, 
half as long as wide, slightly drawn out at ante
rolateral corners, with gently convex lateral 
margins. Legs long and thin, increasing slightly 
in length from front to hind legs, femur 
slightly wider towards base, tibia longer than fe
mur; tarsus 3-segmented, basal segment very 
short, second twice as long as apical, tarsal 
claws terminal. Wings absent. Abdomen with 
distinct segmentation, fourth and fifth seg
ments longest; two well-separated longitudinal 
grooves delimiting lateral flanges; terminalia 
not clearly discernible but apparently those of 
a male in NMVP27044 [holotype] with a me
dian, subapical, more heavily sclerotized area.”

Geological horizon
Koonwarra fossil bed (Korumburra group). 

Lower Cretaceous (Aptian), about 120 Ma.

Distribution and palaeoecology
South Gippsland, Victoria, Australia (see map, 
Fig. 2). Notes on palaeoenvironment given by 
Jell & Duncan (1986: 113-114; see above under 
Veliidae - Cretaceous, Australia).

Remarks
See under the generic heading (above).

Infraorder Gerromorpha (?), incertae sedis

Engynabis tenuis Bode

Engynabis tenuis V>od.e, 1953: 130-131, 355, pl. 6, 
fig. 111. - Popov & Wootton, 1977: 348, fig. 
25.

Descriptive notes
This Lower Jurassic fossil from Mecklenburg, 
Germany, was classified as belonging to the in
fraorder Gerromorpha by Popov & Wootton 
( 1977). I have not examined the holotype (de
posited in Mineralogisch-Geologisches Institut 
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der Technische Hochschule Braunschweig, 
Germany) and the following notes are based 
on the redescription and illustration provided 
by Popov & Wootton (1977: 348, fig. 25).

Length 4.5 mm, width 1.3 mm. Head por- 
rect, slightly longer than broad, with large eyes; 
antennae missing. Pronotum with a narrow an
terior collar, the remaining part of pronotum 
circular with four large indentations. Scutel
lum short and narrow. Legs missing. Forewings 
slender, particularly at the base, with reduced 
venation. R close to the costal margin, radial 
cell more heavily sclerotized, or pigmented, 
than the rest of the remigium. R and M separ
ate within the basal quarter of the wing, both 
unbranched. M and CuA may be joined by two 
cross-veins. Clavus very narrow, not projecting 
from the hind margin of the wing.

Distribution and geological horizon
Hondelago near Braunschweig, Mecklenburg, 
Germany (see map, Fig. 2). Lower Jurassic 
(Lower Toarcian or Upper Liassic), about 190 
Ma.

Remarks
Engynabis tenuis has several structural details 
not found in any living gerromorphan (for 
comparisons, see Andersen 1982b), e.g. the an
terior collar of pronotum, indentations of pro
notum, and a forewing venation with a sclero
tized or pigmented radial cell and a distinct 

clavus. A triangular scutellum (or similar struc
ture) is only present in members of the families 
Mesoveliidae and Hebridae. The presence of 
two cross-veins in the forewing resembles the 
venation found in some Hydrometridae. On 
these grounds, I find the conclusions by Popov 
& Wootton (1977: 350) too far reaching: “Engy
nabis is clearly a member of the Gerromorpha 
(Gerroidea) and is probably closely related to 
Karanabis Becker-Migdisova, from the Upper 
Jurassic of Karatau, Kazakhstan. An account of 
this group is in preparation, and further evalu
ation of Engynabis must await its publication. It 
is enough to note here that it is the oldest 
known gerromorpha, and that it also now pro
vides the earliest direct evidence of surface
film predation in insects (cf. Wootton, 1972)”.

Gerromorpha (?) - Lower Cretaceous, Brazil

Note
Grimaldi & Maisey (1990: fig. ID) published a 
photograph of a “Gerromorpha?” from the 
Lower Cretaceous (Aptian, about 120 Ma) San
tana Formation, Araripe Plateau, northeastern 
Brazil (see map, Fig. 3). The specimen seems 
to be well preserved (legs present), with a rath
er stout body. If the scale of this picture is cor
rect, the insect should be about 8.5 mm long 
and about 3.5 mm wide. Further study of this 
specimen is necessary to verify its classification 
in the Gerromorpha.
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General principles and methods

Cladistics and fossils
The evolutionary history or phylogeny of a gro
up of organisms is the most useful, general ref
erence system in evolutionary biology. A phy
logeny is usually presented as a dichotomously 
branching diagram as shown by a simple ex
ample (Fig. 77, A). In this case, a number of 
species (A-F) evolved through a series of di
chotomous splitting of ancestral species, for ex
ample ao and ai. Species and other taxa are dis
tinguished by way of their characters (traits, 
features). Any character can be viewed as a set 
of alternative conditions called character 
states. In a phylogenetic context, we distin
guish between ancestral and derived states of a 
character.

Cladistics is a set of principles and methods 
for reconstructing phylogenies on basis of sha
red, derived character states. Organisms that 
share many derived character states are grou
ped more closely together than organisms that 
do not. The phylogenetic relationships be
tween organisms are shown by a branching, 
tree-like diagram called a cladogram (Fig. 77, 
B). The cladogram is usually constructed so 
that the number of implied character changes 
are minimised. The rationale behind this pro
cedure is that the hypothesis that requires few
est assumptions about character changes is to 
be preferred. This is also called the principle of 
parsimony (see, e.g. Smith 1994).

Modern principles and methods of cladistics 
are founded upon “Phylogenetic systematics” 
developed by the German zoologist Willi Hen
nig (Hennig 1966; Nelson & Platnick 1981; 
Forey et al. 1992; Smith 1994). Following the 
terminology developed by Hennig (1966), the 

ancestral state of a character is called a plesio- 
morphy and the derived state is called an apomor- 
phy. It is important to realise that plesiomorphy 
and apomorphy are relative, not absolute con
cepts. A character state which is apomorphic 
for a set of species may be plesiomorphic for a 
subset of these species.

Without knowing the true phylogeny of a 
group of organisms, the only method of recon
structing this phylogeny is to use the historical 
information embedded in the characters of 
these organisms. In the present example (Fig. 
77, B), each of the species A-F are described by 
either the plesiomorphic or apomorphic state 
for character nos 1-7. Only similarities in relat
ively derived or apomorphic character states 
can be used to reconstruct the phylogenetic re
lationships between organisms. Hennig (1966) 
introduced the term synapomorphy for similarity 
in the derived state (s) of a character. Alterna
tively, similarity in the ancestral state of a char
acter was termed symplesiomorphy.

A monophyletic group or clade is a group of spe
cies that shares a common ancestor exclusive 
to them. That is, the most recent ancestor of 
the group is not shared by any species outside 
the group. In the present example, D + E + F is 
a monophyletic group of species that evolved 
from a common ancestor (Fig. 77, A: ai). The 
group A + B + C is not a monophyletic group 
because it excludes some species (D, E, and F) 
that evolved from their most recent common 
ancestor (ao). Such groups are also termed par- 
aphyletic groups. Two monophyletic groups, or 
a monophyletic group and a single species, are 
sister groups if they are each other’s closest rela
tives, that is sharing a common ancestor exclu-
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Fig. 77. Cladogram and phylogenetic tree for six taxa (A - F). A, definition of paraphyly and monophyly. B, cladogram with chara
cters used in its construction; open box = plesiomorphy, shaded or filled box = apomorphy, hatched cross-bars = synapomorphies. 
C, phylogenetic tree showing same relationships between taxa A-F as (B), but also the temporal distributions of fossils (heavy bran
ches) and minimum times of divergence between sister taxa inferred by fossils (unbroken branches). Further explanations in text.

sive to them. Together, sister groups form a 
more inclusive monophyletic group. A phylog
eny can therefore also be described as a nested 
or hierarchic set of monophyletic groups.

A cladogram of relationships between spe
cies A-F (Fig. 77, B) is constructed by grouping 
species into monophyletic groups, each sup
ported by one or more synapomorphies. Ex
amples of such groups in the cladogram are D 
+ E (supported by apomorphic states of char
acter nos 6 and 7), D + E + F (character No. 
5),C + D + E + F (character nos 3 and 4), etc. 
This method also reconstructs the most likely 
sequence of branching events or nodes in the 
phylogeny of species A-F. Unfortunately, char
acter state distributions are not always that 
simple. In character No. 7, the apomorphic 
state has seemingly evolved twice indepen

dently of each other, in B and D + E. This is 
the third kind of similarity, convergence or 
parallelism, collectively termed homoplasy. 
Most difficulties in reconstructing phylogenies 
stem from problems in distinguishing homo
plasies from synapomorphies. The acceptance 
of the parsimony criterion serves to maximise 
the congruence of characters (nested sets of 
synapomorphies) and to minimise character 
conflict when incongruence due to homoplasy 
is present.

Generally, fossil taxa are difficult to compare 
with extant taxa, in particular when diagnostic 
characters are hidden in morphological struc
tures which are impossible to observe in most 
fossils. This is especially the case when the fos
sils are preserved in rocks, petrified or as casts 
or moulds. Insects enclosed in amber usually 



96 BS 50

reveal more details (see, e.g. Andersen & Poi- 
nar, 1992) and recent advances in molecular 
systematics open the exciting possibility of ex
tracting DNA from amber insects (e.g. DeSalle 
et al. 1992; but see Austin et al. 1997). Although 
fossils can play a crucial role in understanding 
the phylogeny of a groups of organisms with 
both extant and fossil species (for examples 
see, e.g. Smith, 1994), most cladograms will 
have to be based on characters gathered from 
extant species. This is certainly the case with 
the cladograms presented below.

Phylogenetic tree
In agreement with, e.g. Eldredge & Cracraft 
(1980) and Smith (1994), I here use the con
cept of phylogenetic tree to denote a cladogram 
calibrated against the fossil record. A phyloge
netic tree (Fig. 77, C) combines the results of 
a cladistic analysis (presented as a cladogram, 
Fig. 75, B) with biostratigraphic data, using 
the fossil record to date the earliest appear
ances of taxa with apomorphic character states 
and thus establish the time by which each 
branch of the cladogram must have come into 
existence.

The example cladogram (Fig. 77, B) pres
ents the reconstructed phylogeny for species 
only known from extant material (A and F), 
species with both extant and fossil material (C 
and E), and species known only as fossils (B 
and D). In the phylogenetic tree (Fig. 77, C), 
the range of each species is shown in relation 
to a time scale (to= present). Since sister grou
ps have evolved by the splitting of one ances
tral species, such groups have by definition the 
same time of origin. For example, the species 
D and E are sister groups, and the fossil speci
men (s) of D (recorded at time ti) determine 
not only the minimum age of this extinct spe
cies, but also of the lineage leading to the ex
tant species E. The extra stratigraphic range 
added to the observed range of fossils repre
sents a range extension (Smith 1994: 138). Like

wise, the split between the extinct species B 
and the monophyletic species group C + D + E 
+ F must have occurred at the time t2 or 
earlier. By applying such ad hoc assumptions 
about range extensions, minimum ages can be 
assigned to lineages with an incomplete fossil 
record.

In a phylogenetic context, the word extinction 
cannot be used without specification. Only 
monophyletic groups can go extinct because 
these are the only groups that consist of all des
cendants of a common ancestor. By definition, 
paraphyletic groups cannot be extinct since 
they exclude at least some descendants of a 
common ancestor. For example, even if the ex
tant species A and C (Fig. 77, C) ceased to ex
ist, their most recent common ancestor (Fig. 
77, A: ao) still have living descendants (E and 
F).

Heteroptera

Cladogram
The Heteroptera or true bugs has since long 
been well established as a monophyletic group 
within the insect order Hemiptera (Schuh & 
Slater 1995). This suborder was divided by the 
pre-evolutionary entomologist Dufour (1833) 
into three major groups: Hydrocorisae (aquat
ic bugs), Amphibiocorisae (semiaquatic bugs), 
and Geocorisae (terrestrial bugs). This classifi
cation roughly divides heteropterous insects 
according to their preferred habitats, but is 
strongly typological since it is based on only 
one set of characters. Leston et al. (1954) intro
duced the terms Cimicomorpha and Penta- 
tomomorpha in the first formalised attempt to 
recognise natural groups within the non- 
monophyletic Geocorisae. This work stimulat
ed other attempts to document the monophyly 
of higher groups within the Heteroptera, re
sulting in the recognition of seven such groups 
(termed infraorders): Enicocephalomorpha, 
Dipsocoromorpha, Gerromorpha, Nepomor-
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Fig. 78. Phylogenetic tree for the infraorders of Hemiptera-Heteroptera with the Coleorrhyncha (Peloriidae) added. Temporal di
stributions of fossils indicated by heavy branches; range extensions inferred from fossils shown by unbroken branches; range exten
sion inferred from sister group relationships shown by broken branches. Further explanations in text.

pha, Leptopodomorpha, and Pentatomomor- 
pha (Stys & Kerzhner 1975; Schuh 1986; Schuh 
& Slater 1995).

The first documented higher-level clado
gram for the seven infraorders was that of 
Schuh (1979), mostly based on character data 
drawn from the works of Cobben (1968, 1978) 
on the morphology and evolution of the Heter- 
optera. The relationships suggested by Schuh 

(1979) have been widely accepted (e.g. Ander
sen 1982b, 1995b; Stys 1985; CSIRO 1991). 
Schuh (1979) did not present arguments for 
the apomorphy of the morphological charac
ters used in his cladogram. Recently, however, 
Wheeler et al. (1993) published 18s nuclear 
rDNA sequences for 29 hemipteran species, 
representing all infraorders and six outgroup 
taxa, i.e., the Psocoptera and various groups of 
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non-hetcropteran Hemiptera. Their clado
gram, based on combined molecular and mor
phological data, has been translated into a phy
logenetic tree (Fig. 76). Following Schlee 
(1969) and Carver et al. (in CSIRO 1991), the 
small, southern hemisphere group Coleor- 
rhyncha (Peloriidae) is depicted as sister group 
of the Heteroptera.

Whereas the Heteroptera undoubtedly is a 
monophyletic group, the monophyly of the 
group “Homoptera-Auchenorrhyncha (cica
das, leafhoppers, etc.), has recently been ques
tioned, based on both morphological (Woot
ton & Betts 1986; Bourgoin 1993; Mahner 
1993; Kristensen 1995) and molecular evid
ence (e.g. Sorensen et al. 1995). Thus, it is very 
likely that the Heteroptera plus Coleorrhyncha 
are more closely related to the Fulgoromorpha 
than to the Cicadomorpha, i.e., the two groups 
comprising the traditional homopteran group 
“Auchenorrhyncha”.

Phylogenetic tree
The fossil record of the Heteroptera was re
viewed by Handlirsh (1906-1908) and Carpen
ter (1992). The phylogenetic tree (Fig. 78) 
shows the range of the fossil record for the sev
en heteropteran infraorders. Species classified 
in the Cimicomorpha, Pentatomomorpha, and 
Leptopodomorpha have been recorded from 
the Lower Jurassic. The Nepomorpha (true 
aquatic bugs) has a quite extensive fossil re
cord (Popov 1971; Nel & Paicheler 1993), 
which also extends back to the Early Jurassic. 
Thus the minimum age for these four infraord
ers is the same, 180-190 Ma.

Popov & Wootton (1977: 348) assigned the 
genus Engynabis Bode from the Lower Jurassic 
of Germany to “Gerromorpha incertae sedis", a 
decision which has been seriously questioned 
above. According to the evidence presented in 
this work, the oldest fossils classifiable in the in
fraorder Gerromorpha are from the Lower Cre
taceous (Aptian) of Australia (Jell & Duncan 

1986) and Brazil (A. Nel, personal communica
tion). Since the Gerromorpha is sister group of 
heteropteran infraorders with an estimated 
minimum age that is much older, the geological 
range of the Gerromorpha can be extended 
back to the Earlyjurassic or earlier (Fig. 78).

The oldest fossil Dipsocoromorpha (Dipso- 
coridae) is from Mexican amber (Oligo- 
cene/Miocene) (Wygodzinsky 1959). It is true, 
however, that Popov & Wootton (1977) as
signed the extinct family Cuneocoridae (Hand-

GM-01

GM-02

GM-03

GM-04

GM-05

GM-06

GM-07

GM-08

GM-09

GM-10

GM-11

GM-12

GM-13

GM-14

GM-15

GM-16

GM-17

GM-18

GM-19

GM-20

GM-21

Fig. 79. Cladogram of relationships between the families of 
Gerromorpha. States of character numbers GM-01 - GM-21 li
sted in Table 3; box with question mark indicates missing ob
servation, synapomorphies connected by hatched cross-bars. 
Further explanations in text. 
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lirsch 1925) from the Lower Jurassic to this in
fraorder, but this classification needs verifica
tion. Fossil Enicocephalomorpha (Enicoce- 
phalidae) are now known from Lebanese am
ber (Lower Cretaceous, Albian - Aptian) and 
from Dominican amber (Oligocene/Miocene) 
(Grimaldi et al., 1993), suggesting a minimum 
age for this infraorder to about 120 Ma. Follow
ing the same line of argumentation as for the 
Gerromorpha (see above), however, the geo
logical age of both the Dipsocoromorpha and 
Enicocephalomorpha can be extended back to 
the Earlyjurassic or earlier.

In recent time, the Coleorrhyncha, the sister 
group of the Heteroptera, are only repres
ented by a small number of species belonging 
to the family Peloriidae and distributed in Aus
tralia, New Zealand, and Chile. Popov & 
Shcherbakov (1991), however, convincingly 
demonstrated that the extinct families Progo- 
nocimicidae (late Permian - early Cretaceous 
time) and Karabasiidae (Jurassic) could be 
classified in the Coleorrhyncha. In that case, 
the minimum age of the sister group of the 
Heteroptera is about 260 Ma (Fig. 78).

Using both palaeontological and molecular 
evolutionary evidence, Sorensen et al. (1995) 
argued that the major euhemipteran lineages 
(Hemiptera except the Sternorrhyncha) al
ready were in existence during late Permian 
time, more than 250 Ma ago. The present phy
logenetic and biostratigraphic evidence (as pre
sented in Fig. 78) imply that the heteropteran 
infraorders evolved during early Mesozoic time, 
probably within a relatively short time span.

Gerromorpha

Cladogram
The phylogenetic relationships between the 
gerromorphan families were analysed and dis
cussed by Andersen (1982b: 253-259). The cla
dogram (Fig. 79) presents these relationships 
with the characters supporting each clade (ple- 

sio- and apomorphic states for each character 
listed in Table 3).

The sister group relationship between Macro- 
veliidae and Hydrometridae is supported by the 
elongate shape of the head with eyes distinctly 
removed from the anterior margin of prothorax 
(GM-01), the dorsal location of the metathorac
ic spiracle (GM-02), and the structure of the ba
sal abdominal tergites (GM03). The idea of a 
close relationship between the Macroveliidae 
and Hydrometridae, especially the subfamily 
Heterocleptinae, was suggested by China & 
Usinger (1949) and revived by Stys (1976). The 
discovery of the primitive hydrometrid genus Ve- 
liometra Andersen (1977a) bridged the morpho
logical gap between the Macroveliidae and Hy
drometridae. The close relationship between 
these two families and the small family Para- 
phrynoveliidae was suggested by Andersen 
( 1978) based on shared structures of the ventral 
head region (GM-04) and metathorax (GM-05). 
The two described species of Paraphrynovelianre 
only known in the apterous (wingless) adult 
form and the missing observations for struc
tures associated with wings complicate a correct 
placement of the Paraphrynoveliidae.

The sister group relationship between the 
large gerromorphan families Veliidae and Ger- 
ridae is strongly supported by several synapo- 
morphies (Fig. 79), including the structure of 
the salivary pump (GM-06), preapical insertion 
of claws (GM-07), asymmetrical parempodia 
(GM-08), presence of evaporative grooves on 
metathorax (GM-09), and loss of abdominal 
scent apparatus (GM-10). The close relation
ships between the two families was suggested by 
previous workers (e.g. China & Usinger 1949; 
China 1957), who found it difficult to separate 
veliids and gerrids on diagnostic characters, 
chiefly because of the great structural variation 
observed among the Veliidae.

The relationship of the exclusively marine 
family Hermatobatidae was discussed by An
dersen (1982b: 259). Previous authors (e.g.
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Table 3. List of characters of the families of Gerromorpha with their plesiomorphic (p) and apo- 
morphic (a) states.

GM-01. Location of eyes: close to anterior margin of prothorax (p); distinctly removed from ante
rior margin of prothorax (a).

GM-02. Location of metathoracic spiracle on thorax: laterally (p); dorsally (a).
GM-03. Paired, longitudinal ridges of abdominal tergum: at most reaching abdominal tergum 3 

(p); also reaching tergum 4 (a).
GM-04. Ventral lobes of head (buccula) : not protruding (p); protruding in front of and hiding the 

basal labial segments(s) (a).
GM-05. Metepisternal process: absent (p); present, directed anteriad (a).
GM-06. Salivary pump: isoradial (p); laterally inflected from behind (a).
GM-07. Insertion of claws on tarsi: apically (at least in middle and hind legs) (p); preapically in all 

legs (a).
GM-08. Parempodia (pretarsal structures): symmetrical (p); asymmetrical (a).
GM-09. Evaporative grooves on metathorax: short or absent (p); long, ending with a hair tuft on 

metepisternum (a).
GM-10. Abdominal scent apparatus: present (p); absent (a).
GM-11. Embryonic egg-buster (if present): paired, clypeal (p); unpaired, median clypeal or frontal 

(a).
GM-12. Intercalary sclerites of labial (rostral) segments: absent (p); present, between segments 3 

and 4 (a).
GM-13. Gynatrial sac: not glandular (p); with glandular cells (a).
GM-14. Number of ovarioles in each ovarium: 5 or 7 ovarioles (p); 4 ovarioles (a).
GM-15. Pronotal lobe (winged form): short and broad, hind margin concave or straight (p); pro

duced backwards in middle, covering mesonotum and (sometimes) part of metanotum 
(a).

GM-16. Mesoscutellum (winged form): present (p); absent (a).
GM-17. Metasternal scent reservoir: lined with glandular cells (p); not lined with glandular cells 

(a).
GM-18. Metasternal scent reservoir: without sclerotizations (p); with sclerotizations (a).
GM-19. Mesoscutellum (winged form): large, triangular (p); reduced to narrow transverse plate or 

rudimentary (a).
GM-20. Metathoracic spiracle: situated ventro-laterally on thorax (p); latero-dorsally on thorax (a).
GM-21. Insertion of coxae: close to ventral midline of thorax (p); displaced laterally on thorax, se

parated by a rostral groove (a).

China 1957) treated this taxon as a member of 
the Gerridae, chiefly based on its superficial re
semblance to the likewise marine genus Halo- 
bates. The hermatobatids are, however, more 
plesiomorphic than both the Veliidae and Ger

ridae in the characters used to support the sis
ter group relationship between these two fam
ilies (Fig. 79). Species belonging to the Her- 
matobatidae share the clypeal embryonic egg
burster (GM-11) with the veliids, but since the 
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frontal egg-burster of the Gcrridae is assumed 
to have evolved from the clypeal type (Cobben 
1968: 318), this character may be a synapomor- 
phy for the three families. The presence of 
intercalary sclerites between labial segments 3 
and 4 (GM-12), a glandular gynatrial sac of the 
female gynatrial complex (GM-13), and only 
four ovarioles in each ovarium (GM-14) are 
other synapomorphies supporting the relation
ship of the Hermatobatidae.

Macropterous (winged) adults of the Macro- 
veliidae, Hydrometridae, Veliidae, and Gerri- 
dae have the notai part of pronotum produced 
backwards, forming a socalled pronotal lobe 
covering mesonotum and median part of meta- 
notum (GM-15). The mesoscutellum is re

duced or absent (GM-16). These character 
states cannot be scored for the families Para- 
phrynoveliidae and Hermatobatidae where 
only the apterous (wingless) adult form is 
known. Gerromorphan families except the Me- 
soveliidae and Hebridae share an apomorphic 
structure of the metasternal scent apparatus, in 
particular the non-glandular reservoir (GM- 
17) and presence of sclerotisations associated 
with the accessory scent gland (GM-18). These 
characters support (as synapomorphies) the 
relationship between these six gerromorphan 
families (Fig. 79).

The family Hebridae comprises a very dis
tinct group and its monophyly is supported by 
several au tapom orphies (Andersen, 1982b: 

206

Fig. 80. Phylogenetic tree for the families of Gerromorpha and subfamilies of Veliidae and Gerridae. For explanations of symbols, 
see Fig. 78. Further explanations in text.
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255). Hcbrids are more apomorphic than 
members of the family Mesoveliidae in having 
a reduced mesoscutellum (GM-19), a latero- 
dorsal location of the metathoracic spiracle 
(GM-20), and lateral displacement of the cox
ae on thorax (GM-21).

The family Mesoveliidae has always been 
considered quite distinct from other families of 
Gerromorpha and even removed completely 
from the infraorder by some authors (for refer
ences, see Andersen 1982b). However, since all 
mesoveliids share most of the apomorphic 
characters used to support the Gerromorpha 
as a monophyletic group, this family has subse
quently been treated as a genuine member of 
the infraorder (Andersen 1982b: 253). Meso
veliids, however, are more plesiomorphic than 
other gerromorphans in having a more gener
alised thorax structure (including a well-devel
oped mesocutellum), a metathoracic scent res
ervoir lined with glandular cells, etc. The Me
soveliidae therefore assume a basal position 
within the Gerromorpha as shown in the clado
gram of relationships between the gerromor- 
phan families (Fig. 79).

Phylogenetic tree
Combining the cladogram of relationships be
tween the the families of Gerromorpha (Fig. 
79) with biostratigraphic evidence produces a 
phylogenetic tree describing the evolution of 
the families of Gerromorpha (Fig. 80).

Previously, the genus Eocenometra (Paleocene 
- Eocene transition) was thought to be the old
est member of the family Hydrometridae, but 
the recent discovery of an indisputable hydro- 
metrid species from the Lower Cretaceous (Ap
tian) of Brazil sets the minimum age of this 
family to about 120 Ma. The fossil genus Dania- 
velia gen. nov. (Paleocene -Eocene transition) 
was classified in the family Macroveliidae with 
some reservation. Irrespective of the correct
ness of this taxonomic decision, the minimum 
age of the Macroveliidae is inferred to be the 

same as for its sister group, the Hydrometridae. 
The origin of the family Paraphrynoveliidae, 
with only two extant species, can be extended 
back to the same time period or earlier.

The genus Electrovelia gen. nov. (Baltic am
ber, Eocene/Oligocene) is the oldest reliable 
fossil member of the family Veliidae, setting 
the minimum age of this family to 40-35 Ma. 
Lower Cretaceous (Aptian) fossils from Austra
lia classified as veliids (without subfamily-as
signment) extends the possible origin of the 
family much further back in geological time 
(120 Ma). The oldest members of the family 
Gerridae belong to the genus Palaeogerris gen. 
nov. (Paleocene-Eocene transition), thus set
ting the minimum age of this family to 55-54 
Ma. However, since its sister group, the Velii
dae, possibly is at least 120 Ma old (see above), 
the Gerridae may have originated in the early 
Cretaceous or before that (Fig. 80).

The true minimum age of the family Hebri- 
dae is determined by the Oligocene/Miocene 
genus Stenohebrus. Compared with the inferred 
ranges of the Veliidae and Gerridae (see abo
ve), the range of the Hebridae can be extend
ed much further back. The same applies to the 
family Hermatobatidae which only has extant 
species. Finally, Duncanovelia from the Lower 
Cretaceous of Australia sets a possible mini
mum age of origin of the family Mesoveliidae. 
Since this family represents the basal branch of 
the cladogram (Fig. 79), it can be concluded 
that the infraorder Gerromorpha is at least 120 
Ma old (Fig. 80; but see under Heteroptera, 
above).

Our present knowledge about the evolution 
of the major groups of Gerromorpha is serious
ly hampered by the scarcity of well-preserved 
Mesozoic fossils, especially from the Creta
ceous. Semiaquatic bugs are less likely to be 
preserved as inclusions in amber than terrestri
al insects and so far none of the localities for 
Cretaceous amber (e.g. Siberia, Lebanon, or 
New Jersey) have produced any gerromor- 
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phans. Many semiaquatic bugs are quite diffi
cult to recognise as compression fossils. Howev
er, species belonging to the families Hydromet- 
ridae and Gerridae are so characteristic that 
they might be recognised more easily in exist
ing or future collections of Mesozoic insect fos
sils.

Hydrometridae and Macroveliidae

Cladogram
The phylogeny of the Hydrometridae was dis
cussed by Andersen (1977a, 1982b: 125-126) 
who presented a cladogram of relationships be
tween genera. That work was prompted by the 
discovery and subsequent description of the 
species Veliometra shuhi Andersen (1977a) 
which narrowed the morphological gap be
tween the most specialised hydrometrids and 
other gerromorphan bugs. Veliometra shares a 
number of apomorphic characters with the 
genera of Hydrometridae, in particidar with 
the genus Heterocleptes, thus qualifying as a 
member of this monophyletic family. The cla
dogram (Fig. 81) shows the relationships be
tween living and fossil genera of the family Hy
drometridae with the extant genus Macrovelia 
(Macroveliidae) and the extinct genus Daniave- 
lia added (plesiomorphic and apomorphic 
states of characters listed in Table 4).

The sister group relationship between Velio
metra and Heterocleptes (subfamily Heteroclepti- 
nae) is supported by the very long posterior 
pair of cephalic trichobothria which are insert
ed on prominent elevations close to the anteri
or margin of prothorax (HY-01) and by the 
preapical articulation between the second and 
third antennal segments (HY-02).

Dolichocephalometra and Chaetometra are two 
monotypic genera described by Hungerford 
(1939) from the Marquesas Islands in the east
ern South Pacific. The two genera have several 
characters in common, e.g. the distinctly re
duced eyes (HY-03). The genus Bacillometra'WZLS 

described by Esaki (1927) and separated from 
its closest relative Hydrometra on account of its 
stouter body, relatively shorter and broader 
thorax, sulcated venter, and long femora which 
are thickened at base. Most of these characters 
are plesiomorphies, but the sister group rela
tionship between these two genera is support
ed by the elongate shape of thorax (HY-04) 
and narrow abdominal mediotergites (HY-05). 
The four above-mentioned, extant genera con
stitute the subfamily Hydrometrinae, the 
monophyly of which is supported by the relat
ively long anteocular part of the head (HY-06), 
short first antennal segment (HY-07), and loss 
of the metasternal scent apparatus (HY-08).

The monotypic genus Limnobatodes was rec
ognised as a hydrometrid by Hussey (1925) ba
sed on its prolonged head, a rostrum with only 
two visible segments (the two basal segments 
being hidden by the buccula), and a forewing 
venation similar to that of Hydrometra. In the 
cladogram (Fig. 81), this genus (classified in its 
own subfamily, Limnobatodinae) is shown as 
sister group of the Hydrometrinae sharing the 
presence of spinous macro-hairs (HY-09; see 
Andersen 1982b: plate 6, figs A-B), absence of 
ocelli (HY-10), a narrow, parallel-sided prono- 
tal lobe (HY-11), reduced forewing venation 
(HY-12), absence of paired, longitudinal ridges 
on the abdominal tergum (HY-13), and loss of 
the abdominal scent gland (HY-14).

With the addition of plesiomorphic genera 
like Veliometra and Heterocleptes, the prolonged 
head capsule (HY-15) and apical modification 
of the fourth antennal segment (HY-16) are 
the most important synapomorphies support
ing the monophyly of the Hydrometridae. The 
arguments in favour of a sister group relation
ship between the families Hydrometridae and 
Macroveliidae were discussed above. One of 
the most obvious synapomorphies is the elon
gate shape of the head capsule with the eyes 
distinctly removed from the anterior margin of 
prothorax (HY-17). The family Macroveliidae
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□ plesiomorphic 
H apomorphic

□ reversai

Fig. 81. Cladogram of relationships between the genera of Hydrometridae and Macroveliidae; names of fossil genera in boldface. 
States of character numbers HY-01 - HY-17 listed in Table 4. For explanations of symbols, see Fig. 79. Further explanations in text.

is composed of three monotypic genera, Macro- 
velia McKinstry and Oravelia Drake & Chap
man, both from western North America, and 
Chepuvelia China from Chile. Only the first 
mentioned genus is included in the cladogram 
(Fig. 81).

In the previous sections of this work, five ex
tinct genera were classified in the family Hydro
metridae and their relationships with living 
genera discussed. Placing fossil forms in a cla
dogram of relationships between extant genera 
is a difficult task since many of the relevant 
characters cannot be observed in fossils, not 
even in those found as amber inclusions. Proto- 
bacillometra shares many characters with Bacillo- 
metra (Fig. 81), but since all of these are plesio
morphic in relation to Hydrometra, the relation

ships between the fossil genus and the two ex
tant genera cannot be resolved. Eocenometra is 
also a typical hydrometrine in most characters. 
Since the antennae are unusually long in this 
genus, the prolongation of the first segment 
(HY-07) is interpreted as a character reversal. 
Limnacis and Metroc.ephala have the same anten
nal structure of extant Hydrometrinae (HY-07), 
but are more plesiomorphic in the structure of 
their head (HY-06). These two extinct genera 
are therefore placed as possible sister groups to 
other genera of the Hydrometrinae (Fig. 81 ).

Palaeometra gen. nov. shares several apomor
phic characters with the hydrometrine genera 
(Fig. 81), including the forewing venation (HY- 
12), but was classified in the subfamily Limnob- 
atodinae on account of its relatively short head 
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and broad abdomen. The relationships of this 
fossil genus, however, cannot be resolved in re
lation to other hydrometrid genera except Veli- 
ometra and Heterocleptes. Daniauelia gen. nov. is 
clearly more plesiomorphic than any of the fos
sil or living genera classified in the family Hy- 
drometridae. On account of its head structure 
(HY-17), Daniavelia most likely belongs in the 
macroveliid-hydrometrid lineage (Fig. 81), but 
since the diagnostic features for the macrovel- 
iids (e.g. egg shell with 3-7 micropyles) cannot 
be observed in fossils, its more exact phyloge
netic position cannot be settled.

Phylogenetic tree
By transforming the cladogram of relation
ships between fossil and extant genera of Hy- 
drometridae and Macroveliidae (Fig. 81) into a 
phylogenetic tree (Fig. 82), the following infer
ences can be made. Protobacillometra (Upper Ol
igocène) sets the minimum age for the clade 
composed by the extant genera Bacillometra 
and Hydrometra to about 30 Ma. If the phyloge
netic position of Eocenometra (Paleocene-Eo- 
cene transition) is correct, however, the pos
sible origin of this clade is much older, at least 
55-54 Ma. The Eocene/Oligocène fossils Lim- 

Table 4. List of characters of genera belonging to the families Hydrometridae and Macroveliidae 
with their plesiomorphic (p) and apomorphic (a) states.

HY-01. Posterior pair of cephalic trichobothria: moderately long, at most inserted on low tubercles 
(p); very long, inserted on prominent rounded elevations (a).

HY-02. Articulation between second and third antennal segments: apical (p); preapical (a).
HY-03. Size of eyes: large (p); distinctly reduced (a).
HY-04. Width of thorax: More than half of median length (p); less than half of median length (a).
HY-05. Width of abdominal mediotergites: more than half of median length (p); less than half of 

median length (a).
HY-06. Anteocular part of head: less than 1.25x pronotal length (p); more than 1.25x pronotal 

length (a).
HY-07. Length of first antennal segment: distinctly longer than second segment (p); subequal to or 

shorter than second segment (a).
HY-08. Metasternal scent gland: present (p); absent (a).
HY-09. Macro-hairs of body: setiform (p); spinous (a).
HY-10. Ocelli: present (p); absent (a).
FIY-11. Pronotal lobe: with strongly diverging sides (p); with almost parallel sides (a).
HY-12. Forewing venation: complex (p); reduced to two longitudinal veins and 1-2 cross-veins (a). 
FIY-13. Paired, longitudinal ridges of abdominal tergum: present (p); absent (a).
HY-14. Abdominal scent gland: present (p); absent (a).
HY-15. Postocular part of head: subequal to or shorter than the eye diameter (p); much longer 

than the eye diameter (a).
HY-16. Fourth antennal segment: not modified apically (p); with apical invagination and sensorial 

structures (a).
HY-17. Location of eyes: close to anterior margin of prothorax (p); distinctly removed from anteri

or margin of prothorax (a).
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nacis and Metrocephala clearly belong to the sub
family Hydrometrinae but these genera are rel
atively younger (40-30 Ma) than Eocenometra. 
The genus Palaeometra gen. nov. (Paleocene- 
Eocene transition) undoubtedly belongs to the 
Hydrometridae, whereas its relationships to 
the hydrometrid subfamilies are more uncer
tain. Most significant is the recently discovered 
hydrometrid from the Lower Cretaceous (Ap
tian) of Brazil which either belongs to the Hy
drometrinae or is the sister group of that sub
family (A. Nel, personal communication). This 
important finding sets the minimum age of the 
subfamily Hydrometrinae as well as of the fam
ily Hydrometridae to about 120 Ma (Fig. 82). 
Irrespective of the correct placement of Dania- 
velia gen.nov. (Paleocene-Eocene transition), 
the minimum age of the family Macroveliidae 
is also inferred to be about 120 Ma, or the same 

as for its sister group, the Hydrometridae.

Veliidae

Cladogram
The Veliidae is a large and structurally quite di
verse family (Andersen 1982b). The South Af
rican genus Ocellovelia China & Usinger (1949) 
and most species of the subfamilies Veliinae 
and Microveliinae are in general morphology 
quite similar to the Macroveliidae and Veliome- 
tra, the most plesiomorphic member of the Hy
drometridae. On the other hand, the Halovelii- 
nae, Rhagoveliinae, and several species of Mi
croveliinae are highly evolved insects with 
many apomorphic structures.

Andersen (1982b: 177-183) discussed the 
phylogenetic relationships between the sub
families of the Veliidae as depicted in the clado-

Fig. 82. Phylogenetic tree for the genera of Hydrometridae and Macroveliidae; names of fossil genera in boldface. For explanations 
of symbols, see Fig. 78. Further explanations in text.
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VE-01
VE-02

VE-03

VE-04

VE-05

VE-06

VE-07
VE-08
VE-09

VE-10
VE-11

VE-12

VE-13

VE-14

polymorphie

Fig. 83. Cladogram of relationships between the subfamilies of 
Veliidae. States of character numbers VE-01 - VE-14 listed in 
Table 5. For explanations of symbols, see Fig. 79. Further ex
planations in text.

gram (Fig. 83; plesio- and apomorphic states of 
characters listed in Table 5). The sister group 
relationship between the Microveliinae and Ha- 
loveliinae is supported by the structure of the 
salivary pump (VE-01), tarsal segmentation 
(VE-02 and VE-05), and female gynatrial com
plex (VE-03). The subfamily Microveliinae has 
a unique 1-2-2 segmentation of tarsi and in
cludes some of the smallest gerromorphan bugs 
( 1-2 mm long). Species of the subfamily Halove- 
liinae are habitually much like members of the 
Gerridae and were actually classified in that 
family by Esaki (1926, 1930). More than half of 
the haloveliine genera and species are marine.

The monophyly of a clade composed by the

subfamilies Rhagoveliinae, Perittopinae, and 
Veliinae is supported by the structure of the fe
male ovipositor (VE-08) and gynatrial complex 
(VE-09), but their mutual relationships are un
resolved. The two species of Ocellovelia are the 
only veliids which have retained the ocelli (VE- 
10). Other plesiomorphic features of this ge
nus is the complex forewing venation (VE-11 ), 
and well defined second gonocoxae (VE-12). 
The apomorphic states of these characters sup
port the sister group relationship between the 
subfamily Ocelloveliinae and the remaining 
veliid subfamilies (Fig. 83). The monophyly of 
the Veliidae is supported by a number of char
acters (Andersen 1982b: 177), e.g. head de
flected in front of eyes (VE-13) and male front 
tibia with grasping comb (VE-14).

Halovelia

H. maritima

H. septentrlonalis

H. berg rot hl group

H. corallia

------- H. carollnensls

H. halophlla

Halovelia from Dominican amber

Haloveloides
Xenobates MARINE HABITATS

Entomovelia
----- Strongylovelia

Microveliinae

LIMNIC HABITATS

Fig. 84. Cladogram of relationships between species and speci
es groups of Halovelia, other genera of the subfamily Halovelii- 
nae (Veliidae), and its sister group Microveliinae. Numbers of 
species in brackets. The box highlights the position of the Do
minican amber species H. electrodominica Andersen & Poinar. 
Dotted line separates lineages with species living in limnic and 
marine habitats (redrawn from Andersen & Poinar 1998).
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Phylogenetic tree
The cladogram of relationships between the 
subfamilies of Veliidae (Fig. 83) was trans
formed into a phylogenetic tree (Fig. 80), but 
only two known fossils can be classified in the 
extant veliid subfamilies. Halovelia electrodomini- 
cawas recently described by Andersen & Poinar 
(in press) from Dominican amber (Oligo- 
cene/Miocene). When the characters of the 
fossil species were added to a character data ma
trix based on extant species (Andersen 1989b), 
the fossil species assumed a position as the most 
basal branch of Halovelia (Fig. 84). Thus, the 
minimum age of this genus, as well as the sub
family Haloveliinae, is 30-20 Ma (Fig. 80). The 
minimum age of the sister group Microveliinae 
is also inferred to be 30-20 Ma, although no fos
sil microveliines are known so far.

Electrovelia gen. nov. from Baltic amber (Eo- 
cene/Oligocene) was classified in the Veliinae, 
setting a minimum age for this subfamily to 40- 
35 Ma (Fig. 80). By range extension, the same 
minimum age can be assigned to the subfami
lies Rhagoveliinae and Perittopinae, both with
out known fossils. So far, Electrovelia is the oldest 
fossil taxon which can be classified in the Velii
dae with absolute certainty. However, the family 
probably originated long before the time when 
Baltic amber was formed (Eocene/Oligocène) 
as indicated by possible veliid fossils from the 
Lower Cretaceous of Australia (Fig. 80).

Gerridae

Cladogram
The family Gerridae is species-rich but com
prises a morphologically rather homogeneous 
group of very specialised insects. Andersen 
(1982b: 233-239) discussed the phylogenetic 
relationships between the subfamilies of Gerri
dae as presented in the cladogram (Fig. 85; 
plesio- and apomorphic states of characters list
ed in Table 6). The sister group relationship 
between the Halobatinae and Ptilomerinae is 

supported by the reduction of the number of 
cephalic trichobothria from four to three pairs 
(GE-01) and by the bilobed second gonapoph- 
yses (GE-02). The subfamily Cylindrostethinae 
was included as a tribe in the Gerrinae by Mat
suda (1960), but the characters used in sup
port for this classification are plesiomorphies. 
The Gerrinae sensu Matsuda (1960) is there
fore a paraphyletic group. Instead, the Cylin
drostethinae forms a monophyletic group with 
the Ptilomerinae and Halobatinae, sharing the 
relatively short and stout rostrum (GE-03) and 
apical process of front tibia (GE-07).

The sister group relationship between the 
subfamilies Gerrinae and Eotrechinae is sup
ported by the structure of the first gonapophy- 
ses (GE-04) and the female gynatrial complex 
(GE-05). Cladograms of relationships between 
genera have been presented for the Eotrechi
nae (Polhemus & Andersen 1984) and Gerri
nae (Andersen 1995c). The subfamily Char- 
matometrinae is perhaps more plesiomorphic 
than any other gerrid subfamily and was also 
included in the Gerrinae sensu Matsuda 
(1960). Andersen (1982b: 238), however, sug
gested that the Charmatometrinae is the sister 
group of the above mentioned five gerrid sub
families on account of the state of the lateral 
intersegmental suture between meso- and met
athorax (GE-09).

Species belonging to the subfamilies Rha- 
gadotarsinae and Trepobatinae have ocular se
tae that are longer than four eye facets (GE- 
10), a simple dorsal, intersegmental suture be
tween meso- and metanotum (GE-11), and a 
relatively short first segment of the front tarsi 
(GE-12), all inferred to be plesiomorphic char
acter states. The apomorphic state of these 
characters therefore support the monophyly of 
a group composed by the gerrid subfamilies ex
cept the Rhagadotarsinae and Trepobatinae 
(Fig. 85). The subfamily Trepobatinae is a rath
er homogeneous and well defined monophy
letic group which share the reduced ventral lo-
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Table 5. List of characters of the subfamilies of the family Veliidae with their plesiomorphic (p) 
and apomorphic (a) states.

VE-01. Salivary pump: without sclerite (p); with dark sclerite in dorsal wall (a).
VE-02. Middle and hind tarsi: with 3 segments (p); with 2 segments, first segment formed by fusion 

of primitive first and second segments (a).
VE-03. Fecundation pump of gynatrial complex: absent (p); present (a).
VE-04. Last segment of middle tarsus: simple (p); deeply cleft, with hairy or plumose swimming fan 

(a).
VE-05. Fore tarsus: with 3 segments (p); with 2 or 1 segment (a).
VE-06. Fore wing venation: 4 closed cells (p); 2 closed cells, apical veins reduced (a).
VE-07. Fore tibia of female: without grasping comb (p); with grasping comb (a).
VE-08. Second gonapophyses: at most with fringes of simple or branched hairs (p); with feathered 

outgrowths (a).
VE-09. Fecundation canal of gynatrial complex: long (p); reduced or rudimentary (a).
VE-10. Ocelli: present (p); absent (a).
VE-11. Fore wing venation: with 6 closed cells (p); with less than 6 closed cells (a).
VE-12: Second gonocoxae: separated (p); fused medially (a).
VE-13: Shape of head capsule: head extended in front of eyes (p); head deflected in front of eyes 

(a).
VE-14: Male fore tibia: without grasping comb (p); with grasping comb (a).

bes of head (= buccula) (GE-13), absence of 
second gonocoxae (GE-14), and membranous 
second gonapophyses (GE-15) with all other 
gerrids except the Rhagadotarsinae. Finally, 
the monophyly of the Gerridae is supported by 
a number of characters (Andersen 1982b: 
233), e.g. the prolonged mesothorax, rotation 
of mesocoxal and metacoxal axes to an almost 
horizontal state (GE-16), and the reduction of 
the number of tarsal segments from three to 
two (GE-17).

The relationship of the extinct genus Electro
bates from Dominican amber was discussed by 
Andersen & Poinar (1992: 262-263). Based 
upon observable characters, it cannot be pla
ced in any of the extant gerrid subfamilies. It 
shares apomorphic character state with some 
or all Trepobatinae (see above), with the Char- 
matometrinae (GE-06), and with the Gerrinae, 
Eotrechinae, Cylindrostethinae, Ptilomerinae, 

and Halobatinae (GE-10 and GE-12). Ander
sen & Poinar (1992) in conclusion proposed 
Electrobates as sister group of all gerrid subfami
lies except the Rhagadotarsinae and Trepobati
nae (Fig. 83) and erected a separate subfamily, 
Electrobatinae, for the Dominican amber ge
nus.

Phylogenetic tree
The cladogram of relationships between fossil 
and extant subfamilies of Gerridae (Fig. 85) 
can be transformed into a phylogenetic tree 
(Fig. 80). Since the elongate body, prolonged 
mesothorax, and long and slender middle and 
hind legs makes gerrids easily recognisable, a 
fair amount of fossils have been recorded. A 
fossil sea skater, Halobates, was described by An
dersen et al. (1994) from Middle Eocene de
posits of northern Italy, thus setting the mini
mum age for the subfamily Halobatinae to
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GE-01

GE-02

GE-03

GE-04

GE-05

GE-06

GE-07

GE-08

GE-09

GE-10

GE-11

GE-12

GE-13

GE-14

GE-15

GE-16

GE-17

0 plesiomorphic 

H apomorphic

polymorphie

Fig. 85. Cladogram of relationships between the subfamilies of 
Gerridae. States of character numbers GE-01 - GE-17 listed in 
Table 6. For explanations of symbols, see Fig. 79. Further ex
planations in text.

about 45 Ma (Fig. 80). The same age can be 
applied to its sister group, the Ptilomerinae. 
The oldest fossil gerrids are the three species 
of Palaeogerris gen. nov. described above (Pa- 
leocene - Eocene transition). They were classi
fied in the subfamily Gerrinae which has an al
most continuous fossil record from that 
period to the present. The minimum age for 
the Gerrinae is 55-54 Ma and the same must 
apply to its sister group, the Eotrechinae (Fig. 
80).

The genus Electrobates from Dominican am
ber (Oligocene/Miocene) represents a line
age which became extinct sometimes during 
the Neogene. Although the actual age of the 
fossil taxon is 30-20 Ma, the range of that line
age can be extended much further back (Fig. 
80). The minimum age of the entire family is 
determined by the age of the oldest fossil 
forms which with certainty can be classified as 
gerrids. However, if its sister group, the Velii- 
dae, evolved more than 120 Ma ago, the same 
time of origin can be hypothesized for the 
Gerridae.

Gerris and allied genera

Cladogram
The genera /V/Mrzrzus, Gerris, and Limnoporus in
clude the majority of the water strider species 
occurring in the northern, temperate region, 
and several species have been subject to exten
sive ecological and behavioural studies during 
the past two decades (for a review, see Spence 
& Andersen 1994). In order to create a phylo
genetic framework for such studies, the rela
tionships between genera and species have 
been analysed and clarified (Andersen 1990, 
1993b, 1995c; Andersen & Spence 1992). The 
current hypothesis of relationships between 
Âçwanus, Gerris, Limnoporus, and the monotypic 
genus Gigantometra is presented in the clado
gram (Fig. 86; plesio- and apomorphic states of 
characters listed are in Table 7). These genera 
form a clade within the subfamily Gerrinae 
supported by the proximity of the metathorac
ic spiracle to the wing bases (GI-13).

The sister group relationship between Aquar
ius and Gerris is supported by the relatively 
shorter antennae (GI-06), absence of a median 
pale stripe on pronotal lobe (GI-07), and the 
relatively thickened front femora of both male 
and female (GI-08). The elevated anterior mar
gin of pronotum (GI-09), carinated pronotal 
lobe (GI-10), and absence of evaporative scent
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Table 6. List of characters of the subfamilies of the family Gerridae with their plesiomorphic (p) 
and apomorphic (a) states.

GE-01. Number of cephalic trichobothria: four pairs (p); three pairs (a).
GE-02. Apices of second gonapophyses: simple (p); bilobate (a).
GE-03. Relative length of rostrum: long and slender, reaching mesosternum (p): short and robust, 

apex not reaching mesosternum.
GE-04. Inner lobe of first gonapophysis: membranous (p); sclerotized (a).
GE-05. Gynatrial gland: undivided (p); divided in two lateral glandular areas (a).
GE-06. Base of abdominal tergum: not modified (p); with secondary transverse line in front of first 

abdominal tergum (a).
GE-07. Apical process of fore tibia: absent (p); present (a).
GE-08. Evaporative scent grooves on metasterno-pleura: present (p); absent (a).
GE-09. Lateral intersegmental suture between meso- and metathorax: present (p); indistinct or lost 

(a).
GE-10. Length of ocular setae: longer than four eye facets (p); shorter than four facets (a).
GE-11. Dorsal, intersegmental suture between meso- and metanotum: straight (p); V- or U-shaped 

(a).
GE-12. First segment of fore tarsus: less than one third the length of second segment (p); more 

than one third the length of second segment (a).
GE-13. Ventral lobes of head (= buccula): present (p): absent (a).
GE-14. Second gonocoxae: present (p); absent (a).
GE-15. Second gonapophyses: chiefly sclerotized (p); chiefly membranous (a).
GE-16. Meso- and metathorax: Subequal in length, coxal axes oblique (p); mesothorax prolonged, 

coxal axes horizontal (a).
GE-17. Number of tarsal segments: three segments (p); two segments (a).

grooves on metasterno-pleura (GI-11), place 
Limnoporus as the sister group of these two gen
era. This hypothesis has recently been corrobo
rated by molecular data (Sperling et al. 1997; 
Jakob Damgaard and Felix Sperling, personal 
communication).

Two extinct genera, Palaeogerris gen.nov. and 
Telmatrechus, are members of the same clade as 
the three principal holarctic genera (see abo
ve). The evaluation of the phylogenetic rela
tionships of fossil form is impeded by missing 
observations of crucial characters. Telmatrechus, 
however, shares the unique antennal structure 
(GI-05) with the genus Aquarius. Species of Pa
laeogerris are more plesiomorphic than the tree 
extant, holarctic genera in several characters, 

but share the shape of the metasternal scent or
ifice (GI-02) and relatively long hind femora 
(GI-12; also found in some Aquarius') with Lim
noporus. Placing Palaeogerris as a sister group of 
the latter genus, however, requires a number of 
homoplasies (convergences or reversals) and is 
therefore not justified. The relationship of Pa
laeogerris is therefore depicted as unresolved in 
the cladogram (Fig. 86).

Phylogenetic tree
The cladogram of relationships between Gerris 
and allied genera (Fig. 86) can be transformed 
into a phylogenetic tree (Fig. 87) with the range 
of known fossils inserted. The oldest fossil spe
cies classified in the genus Aquarius is from the
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Fig. 86. Cladogram of relationships between Gerris and related 
genera of the subfamily Gerrinae (Gerridae). States of chara
cter numbers GI-01 - GI-13 listed in Table 7. For explanations 
of symbols, see Fig. 79. Further explanations in text.

Fig. 87. Phylogenetic tree for Gerris and related genera of the 
subfamily Gerrinae (Gerridae); names of fossil genera in bold
face. For explanations of symbols, see Fig. 78. Further explana
tions in text.

Miocene, or 5-20 Ma ago. However, if the sister 
group of this genus is the extinct genus Telmatre- 
chus (Middle Eocene), the minimum age of 
Aquarius is inferred to about 50 Ma and the sep
aration of the extant genera Aquarius and Gerris 
must have occurred at about this time or earlier. 
A couple of gerrid nymphs from Baltic amber 
(Oligocene/Eocene) assigned to Gerris suggest 
40-35 Ma as the minimum age for this genus.

Andersen et al. (1992) classified a Middle Eo
cene fossil gerrid as belonging to the genus 
Limnoporus (described above as L. wilsoni sp. 
nov.), setting a minimum age for this genus to 

about 50 Ma. This estimated minimum diver
gence time for Limnoporus and allied genera is 
about tenfold earlier than those based on mtD- 
NA and allozyme data using the assumptions of 
a standard molecular clock (Sperling & Spence 
1990; Sperling et al. 1997).

The extinct species of Palaeogerris gen. nov. 
are the oldest members of the clade shown in 
Fig. 87. They occur at Paleocene - Eocene tran
sition, setting a minimum age of the clade to 
55-54 Ma which is also the estimated minimum 
divergence time for Gigantometra and the prin
cipal genera of Holarctic water striders.



BS 50 113

Table 7. List of characters of Gerris and allied genera (Gerridae, subfamily Gerrinae) with their 
plesiomorphic (p) and apomorphic (a) states.

GI-01. Relative length of male hind leg: shorter than middle leg (p); much longer than middle leg 
(a).

GI-02. Shape of scent orifice: transverse ovate (p); circular (a).
GI-03. Length of first antennal segment: more than 1.3x head length (p); less than 1.3x head 

length (a).
GI-04. Connexival spines (posterior corners of laterotergites 7): absent (p); present (a).
GI-05. Combined length of second and third antennal segments: distinctly longer than first seg

ment (p); subequal to or shorter than first segment (a).
GI-06. Relative length of antennae: subequal to or longer than half of body length (p); shorter 

than half of body length (a).
GI-07. Median pale stripe on pronotal lobe: present (p); absent (a).
GI-08. Fore femur of female: slender, about as thick as middle femur (p); distinctly thicker than 

middle femur (a).
GI-09. Anterior margin of pronotum behind eyes: not elevated (p); elevated (a).
GI-10. Median, longitudinal carina of pronotal lobe: absent (p); present (a).
GI-1 1. Evaporative scent grooves on metasterno-pleura: present (p); absent (a).
GI-12. Relative length of hind femur: distinctly shorter than middle femur (p); subequal to or lon

ger than middle femur (a).
GI-13. Location of metathoracic spiracle: more than its own length from wing base (p); less than its 

own length from wing base (a).
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General principles and methods

Crown groups and stem groups
A cladogram can be translated to a nested or 
hierarchical set of relationships between taxa 
and groups of taxa. Ideally, only monophyletic 
taxa should be recognised in cladistic classifica
tions. Some cladists require that every mono
phyletic group is recognised and named in the 
classification and that sister groups should be 
given the same taxonomic rank (see, e.g. Hen
nig 1966). For any sizeable number of taxa, 
however, the number of higher taxon names 
will increase. Some authors advocating this 
method (e.g. De Queiroz & Gauthier 1990, 
1992) therefore abandon the traditional Lin- 
nean hierarchy of categorical names (order, 
family, subfamily, etc.). An alternative (and less 
radical) approach is based on the principle of 
phyletic sequencing which does not require that 
every7 monophyletic group is formally named 
(see, e.g. Wiley, 1981). Instead it is prescribed, 
that taxa listed in sequence have the same taxo
nomic rank. This convention have been ap
plied to the current classification of gerromor- 
phan bugs (Andersen, 1982b).

When reconstructing the phylogenetic rela
tionships of a group, fossils should not be treat
ed as different from extant organisms. When it 
comes to translating a cladogram into a classifi
cation, however, fossils may pose a special prob
lem. Because of their incomplete state of pres
ervation, many fossils cannot be scored for all 
the characters (synapomorphies) that normal
ly are required to diagnose extant, monophy
letic groups. A fossil group, such as a genus, is 
commonly defined by a smaller subset of these 
characters and may be paraphyletic with re
spect to its extant sister group. The problem of 
placing fossil taxa in phylogenetic classifica

tions can be illustrated by the distinction be
tween crown groups and stem groups first 
made by Hennig (1969) and formalised by Jef
fries (1979; see also Smith 1994).

A croion group (Fig. 88, A) is an extant mono
phyletic group that also may include extinct 
species with all the diagnostic characters (syn
apomorphies) of that group, or can be shown 
to have secondarily lost such characters. In a 
phylogenetic context, a crown group is com
posed of the most recent common ancestor of 
all the extant members of die group and all of 
its descendants including extinct species, and 
is therefore monophyletic. A stem group (Fig. 
88, B) is a group of extinct species possessing 
one or more of the diagnostic characters of an 
extant group, but not including all descend
ants of a common ancestor. A stem group is 
therefore paraphyletic in a phylogenetic con
text. Crown groups and stem groups combined 
constitute a total group (Fig. 88, C) which in
cludes all extinct and extant descendants of a 
common ancestor and therefore is monophy
letic.

Fossil species belonging to a crown group 
can simply be classified with their extant allies 
in the an existing, monophyletic taxon as ex
emplified by the fossils Limnoporus wilsoni sp. 
nov. and Aquarius lunpolaensis. Stem group fos
sils are those that originated somewhere in the 
lineage leading to the crown groups, thus shar
ing its common ancestor, but have not ac
quired all of the diagnostic characters of this 
crown group as far as they can be observed on 
the fossil material. For example, the extinct wa
ter striders described and classified above in 
the genus Palaeogerris gen. nov. may actually 
constitute a paraphyletic stem group with re-
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Fig. 88. Cladograms of relationships between seven extant species (A-G) and three extinct species (H-J). A, crown group (D-G). B, 
stem group (H-J). C, total group (DJ). Further explanations in text.

spect to extant water striders belonging to the 
monophyletic group composed by Gerris and 
allied genera (Figs 86-87). The same may apply 
to the extinct genus Telmatrechus.

The distinction between crown and stem 
groups is important for decisions on the time 
of origin or divergence of monophyletic grou
ps (clades) and for comparisons between such 
groups. In the example cladogram there are 
two monophyletic groups of extant species, A + 
B + C and D + E + F + G (Fig. 88, A). The time 
of origin of both groups is unequivocally deter
mined by the splitting of their most recent 
common ancestor (Fig. 88, A: ao). Adding the 
fossil species H, I, andj to the crown group D + 
E + F + G does not change the time of origin of 
the total group composed by all species D-J 
(Fig. 88, C).

Michelsen (1996) presented an excellent 
discussion of the problems posed by incorpo
rating fossils in a phylogenetic classification of 
extant taxa. Following De Queiroz & Gauthier 

(1990, 1992), three principal ways of defining 
taxa with reference to common ancestry, node
based, stem-based, and apomorphy-based were spec
ified (Michelsen 1996). Referring to a com
mon ancestor as being a node on the clado
gram, the definition of a crown group (Fig. 88, 
A) is node-based whereas the definition of a to
tal group (Fig. 88, C) is stem-based. The con
tents of apomorphy-based groups change with 
the synapomorphies used. The apomorphy 2 
(Fig. 88, C) delimits the group D + E + F + G, 
whereas the apomorphy 1 delimits a group that 
also includes the fossil species H, I, and J. I ag
ree with Michelsen (1996: 448) that using apo
morphy-based definitions of clades is an unsat
isfactory approach, as it makes decisions upon 
their time of origin dependent on subjectively 
selecting one or more characters as being diag
nostic for clade membership.

A node-based definition of clades was pre
ferred by Michelsen (1996: 448-449) because it 
most readily applies to clades with extant spe- 
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cies and because diagnoses are incompatible 
with stem-based taxon definitions. Michelsen 
(1996) further argued that since extant mem
bers of sister clades are the product of specia
tion and extinction events that took place after 
the origin of their latest, common ancestor, it is 
the time of diversification, not the time of diver
gence between sister clades that is important in 
any comparative assessment of evolutionary 
success of recent, sister group related clades.

A stem-based definition of clades as advocat
ed, e.g. by Hennig (1966, 1969) and Ax (1987) 
effectively eliminates paraphyletic stem groups. 
The time of origin or divergence of two sister 
group related clades like A + B + C and D + E + 
F + G (Fig. 88, A), is unequivocally determined 
as the time of splitting (speciation) of their 
most recent common ancestor ao. This is not af
fected by the inclusion of the fossil species H, I, 
and J, irrespective of their relative position on 
the stem leading to the crown group D-G. Only 
by accepting that monophyletic sister groups 
have the same time of origin is it possible to 
make meaningfully comparisons between such 
groups. I therefore prefer the stem-based defi
nition of clades and have applied it throughout 
this work.

Plesion
Formally assigning higher category names to 
all fossil taxa that are members of a stem group 
might inflate the taxonomic hierarchy if the 
fossil taxa should be given the same rank as 
their extant sister groups. Patterson & Rosen 
(1977) recognised this problem and proposed 
that all extinct clades constituted plesions which 
could be inserted anywhere within the classifi
cation without changing the rank of the crown 
group(s). Instead of classifying the extinct wa
ter strider genus Electrobates in its own subfami
ly, Electrobatinae (Andersen & Poinar 1992), 
the genus could thus be entered in the existing 
classification as Plesion (Genus) Electrobates An
dersen & Poinar.

In the classification of extant genera of the 
family Hydrometridae based upon the clado
gram (Fig. 81), the fossil genera Limnacis, Me- 
trocephala, and Palaeometra may be entered as 
plesions, whereas the fossil genus Protobacillo- 
metra can be entered without this qualifica
tion.

Family Hydrometridae Billberg, 1820
Subfamily Heterocleptinae Villiers, 1948 

Genus Heterocleptes Villiers, 1948 
Genus Veliometra Andersen, 1977

Subfamily Limnobatodinae Esaki, 1927
Genus Eimnobatodes Hussey, 1925
Plesion (Genus) Palaeometra gen. nov.

Subfamily Hydrometrinae Billberg, 1820 
Plesion (Genus) Limnacis Germar, 1856 
Plesion (Genus) Metrocephala Popov, 
1996
Unnamed group 1
Genus Chaetometra Hungerford, 1950 
Genus Dolichocephalometra Hungerford, 
1939
Plesion (Genus) Eocenometra Andersen, 
1982
Unnamed group 2
Genus Bacillometra Esaki, 1927
Genus Protobacillometra Nel & Paicheler, 
1993
Genus Hydrometra Latreille, 1796

A classification of fossil Gerromorpha

The following list contains a revised phyloge
netic classification of the infraorder Gerromor
pha including all fossil taxa down to the level 
of genus. Geological ranges derived from pre
vious sections of this work are entered when 
appropriate.

Infraorder Gerromorpha Popov, 1977. Lower 
Cretaceous-Holocene
Superfamily Mesovelioidea Douglas & Scott, 
1867
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Family MESOVELIIDAE Douglas & Scott, 
1867. Lower Cretaceous-Holocene.

Subfamily Mesoveliinae Douglas & Scott, 
1867. Lower Cretaceous-Holocene.

Plesion (Genus) Duncanovelia Jell & 
Duncan, 1986. Lower Cretaceous.

Subfamily Madeoveliinae Poisson, 1959. 
Holocene.

Superfamily Hebroidea Amyot & Serville, 1843 
Family HEBRIDAE Amyot & Serville, 1843. Ol- 
igocene/Miocene-Holocene.

Subfamily Hebrinae Amyot & Serville, 1843. 
Oligocene/Miocene-Holocene.

Genus Stenohebrus Polbemus, 1995. Oli
gocene/Miocene.

Subfamily Hyrcaninae Andersen, 1981. Hol
ocene.

Superfamily Hydrometroidea Billberg, 1820 
Family PARAPH RYNO VELIIDAE Andersen, 
1978. Holocene.
Family MACROVELIIDAE McKinstry, 1942. 
Paleocene/Eocene-Holocene.

Plesion (Genus) Daniavelia Andersen 
gen. nov. Paleocene/Eocene.

Family HYDROMETRIDAE Billberg, 1820. 
Lower Cretaceous-Holocene.

Subfamily Heterocleptinae Villiers, 1948. 
Holocene.
Subfamily Limnobatodinae Esaki, 1927. Pa- 
leocene/Eocene-Holocene.

Plesion (Genus) Palaeometra Andersen 
gen. nov. Paleocene/Eocene.

Subfamily Hydrometrinae Billberg, 1820. 
Lower Cretaceous-Holocene.

Unnamed plesion (Genus). Lower Cre
taceous
Plesion (Genus) Limnacis Germar, 1856. 
Eocene/Oligocene.
Plesion (Genus) Metrocephala Popov, 
1996. Eocene/Oligocene.
Plesion (Genus) Eocenometra Andersen, 
1982. Paleocene/Eocene.
Genus Hydrometra Latreille, 1796. Mio- 
cene?-Holocene.

Genus Protobacillometra Nel & Paicheler, 
1993. Oligocène.

Superfamily Gerroidea Leach, 1815
Family HERMATOBATIDAE Coutiére & Mar
tin, 1901. Holocene.
Family VELIIDAE Brullé, 1836. Lower Creta
ceous-Holocene.

Subfamily Ocelloveliinae Drake & Chap
man, 1963. Holocene.
Subfamily Microveliinae China & Usinger, 
1949 (1860). Holocene.
Subfamily Haloveliinae Esaki, 1930. Oligo
cene/Miocene-Holocene.

Genus Halovelia Bergroth, 1893. Oligo
cene/Miocene-Holocene.

Subfamily Rhagoveliinae China & Usinger, 
1949. Holocene.
Subfamily Perittopinae China & Usinger, 
1949. Holocene.
Subfamily Veliinae Brullé, 1836. Eo- 
cene/Oligocene-Holocene.

Plesion (Genus) Electrovelia Andersen 
gen. nov. Eocene/Oligocene.

Unnamed plesion (Subfamily) 1
Genus Stenovelia Scudder, 1890. Eocene.

Unnamed plesion (Subfamily) 2
Veliidae sp. Lower Cretaceous.

Family GERRIDAE Leach, 1815. Paleocene/ 
Eocene-Holocene.

Subfamily Rhagadotarsinae Lundblad, 1933.
Holocene.
Subfamily Trepobatinae Matsuda, 1960. 
Holocene.
Plesion (subfamily) Electrobatinae Ander
sen & Poinar, 1993. Oligocene/Miocene.

Genus Electrobates Andersen & Poinar, 
1993. Oligocene/Miocene.

Subfamily Gerrinae Leach, 1815. Paleo
cene/Eocene-Holocene.

Plesion (Genus) Palaeogerris Andersen 
gen. nov. Paleocene/Eocene.
Genus Limnoporus Stål, 1868. Eocene- 
Holocene.
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Piesion (Genus) Telmatrechus Scudder, 
1890. Eocene.
Genus Aquarius Schellenberg, 1800. Mio
cene-Holocene.
Genus Gerris Fabricius, 1794. Eocene/Ol- 
igocene?-Holocene.

Subfamily Eotrechinae Matsuda, 1960. Ho
locene.

Subfamily Cylindrostethinae Matsuda, 1960.
Holocene.
Subfamily Ptilomerinae Bianchi, 1896. Hol
ocene.
Subfamily Halobatinae Bianchi, 1896. Eo- 
cene-Holocene.

Genus Halobates Eschscholtz, 1822. Eo- 
cene-Holocene.
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Ecological phylogenetics and fossils

Ecologists and evolutionary biologists have for 
some time acknowledged the fact that evolu
tion cannot exclusively be explained by study
ing patterns and processes observable today. 
Historical perspectives may be achieved by 
studying fossils, but ecological and biological 
relations are rarely reflected in the fossil re
cord. More recently, an efficient research pro
tocol designed to gain a historical perspective 
on ecological problems has evolved through 
the amalgamation of cladistics and compara
tive biology (see, e.g. Brooks & McLennan 
1991; Harvey & Pagel 1991; Eggleton & Vane- 
Wright 1994). This approach is most appropri
ately referred to as ecological phylogenetics (Spen
ce & Andersen 1994; Andersen 1996a). Ecolog
ical data from extant taxa are combined with 
phylogenies to reveal patterns of behavioural 
or ecological adaptations, determine the se
quence of changes that have generated these 
patterns, and infer the evolution of the taxa in 
question. Brooks & McLennan (1991) consis
tently denote this research protocol as “histor
ical ecology”, a term which sometimes is used 
for studies of the ecology of fossils (e.g. Woot
ton 1988). To minimise confusion, I prefer to 
use the term ecological phylogenetics for the 
approach outlined in this chapter.

Although the eight families comprising the 
infraorder Gerromorpha are relatively species
poor (Fig. 89) as compared to insect families in 
general, the semiaquatic bugs are quite di
verse, both in structure, ecology, and behavi
our. Using the methods outlined above, I have 
previously analysed and discussed various as
pects of the adaptive evolution of gerromor- 
phan bugs, including the evolution of habitat 
use (Andersen 1979, 1982b), locomotory struc

ture and performance (Andersen 1995d), wing 
polymorphism (Andersen 1994, 1997a), sexual 
size dimorphism and mating behaviour (An
dersen 1994, 1996a, 1997b). The results of the
se studies are briefly outlined below with dis
cussions of how the fossil record may provide 
clues to the temporal scale and sequence of 
various elements of adaptive evolution within 
the infraorder Gerromorpha.

Palaeoenvironments and habitats

Palaeoenviron men ts
The composition of fossil biotas is determined 
by a number of factors united under the con
cept of taphonomy. Based upon a comparative 
study of some insect-bearing localities from the 
European Tertiary (Fur Formation, Baltic am
ber, Rott Formation, and Bitterfeld amber), 
Kohring & Schlüter (1995) concluded that the 
occurrence of different taxa is mainly con
trolled by the mode of life of insects. The size 
of the fossils may also play a role, although am
ber-preserved and sediment-preserved taxa 
cannot be separated clearly on their body sizes. 
For marine deposits like the Fur Formation, 
the potential association between the fauna of 
the source area and sedimentological condi
tions should be considered.

Paleogene insect faunas of western North 
America are concentrated in limnic, lacustrine 
sediments of the Cordillera (Wilson 1977, 
1978a, 1978b). Inferred palaeoclimates vary 
from temperate to tropical, based mostly on 
palaeobotanical evidence. Wilson (1980, 1988) 
reconstructed Eocene lake environments of 
British Columbia, Canada, using evidence 
from assemblages of autochthonous and al- 
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lochthonous fish, insect, and plant fossils. As
semblages of fossil insects found in deep-water, 
off-shore deposits have relatively more Tipuli- 
dae and other Diptera as well as water striders 
(Gerridae) than assemblages found in shallow
water, near-shore deposits. Although tapho
nomic effects cannot be ruled out, this varia
tion between fossil assemblages may indicate 
that the Eocene water striders (Limnoporus wil- 
soni sp. nov. and Telmatrechus spp.) ventured 
relatively far from the lake shore, e.g. like the 
extant pondskater Aquarius paludum (Dam- 
gaard & Andersen 1996).

The fauna and flora of Baltic amber have 
been so extensively studied that some recon
struction of the palaeoenvironment is allowed 
(Larsson 1978; Poinar 1992). The climate var
ied from subtropical to tropical when the Bal
tic amber was formed in the Eocene/Oligo- 
cene, and the rapid cooling of the climate in 
the northern hemisphere during the Oligo
cène could explain the disappearance of the 
amber-bearing forests. The forests must have 
been quite humid as the fauna includes many 
groups which breed in freshwater, both run
ning and still (Ephemeroptera, Plecoptera, Tri- 
choptera, several families of Diptera). The am
ber-bearing trees must also have been rather 
close to water as shown by the presence of lar
vae of may-flies, caddis-flies, water-beetles (Dys- 
tiscidae), and aquatic bugs (Corixidae). The 
gerrid nymphs recorded from Baltic amber 
(see above) fall into the same line of evidence.

The Paleocene/Eocene Fur and 01st Forma
tions are marine and the fossiliferous sedi
ments were deposited some distance from the 
coast. The very large number of insect fossils 
contained in these formations is therefore re
markable. So far, however, only winged adult 
insects have been recovered and the common
ly accepted hypothesis is that the insects have 
been caught by the wind when flying over land 
and carried out to sea where they were forced 
down upon the water surface (Larsson 1975; 

Willmann 1990a; Andersen & Andersen 1996). 
Investigations of recent faunas have shown that 
flying insects belonging to many orders are 
transported far out over the sea by air currents 
(Bowden & Johnson 1976). The abundance of 
gerrids (Palaeogerris spp.) among fossil insects 
from the Fur and 01st Formations may be 
more than accidental, indicating that migrato
ry flights between habitats were just as com
mon in these Paleogene gerrids as they are in 
many extant water striders (Andersen 1982b; 
Andersen & Spence 1992; Spence 8c Andersen 
1994).

Habitats
The about 1,600 extant species of semiaquatic 
bugs (Gerromorpha) live in a wide range of 
humid terrestrial and aquatic habitats (Ander
sen 1982b). No other living group of insects 
displaying a similar number of species shows 
such a remarkable diversity of habitat prefer
ences. Most species of Mesoveliidae and Hebri- 
dae, several Hydrometridae, and all Macrovelii- 
dae live in humid terrestrial and marginal 
aquatic habitats, e.g. litter on humid soil, 
spring-fed gravel and stones, tufts of plants, 
carpets of mosses, and seeping rock-faces with 
growth of algae. Such habitats are character
ised by containing mainly solid matter covered 
by a thin film of water. They are therefore col
lectively called hygropetric habitats.

True water striders, belonging to the families 
Veliidae and Gerridae, are highly adapted to a 
more or less permanent life on the surface of 
water, either fresh (limnic) or salt (marine), 
stagnant (lentic) or flowing (lotie). Since water 
striders are part of the animal community - the 
pleuston - associated with the surface film of 
water, these habitats are also called pleustonic 
habitats. In freshwater, the water surface may 
be more or less extensively covered by mats of 
algae, emergent plants, and floating leaves of 
water plants upon which many species of Me
soveliidae, Hydrometridae, and Veliidae live.
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ME HE PA MA HY HM VELIIDAE GERRIDAE

Fig. 89. Cladogram of phylogenetic relationships between the families of Gerromorpha; shaded areas on top of branches proporti
onal to number of extant species (figures in brackets). Selected species inserted above diagram (from left to right): Mesovelia furca- 
ta Mulsant & Rey; Hebrus ruficeps (Thomson) ; Hydrometra stagnorum (Linnaeus) ; Velia caprai Tamanini; Gerris lacustris (Linnaeus). Ab
breviations of family names: HE, Hebridae; HM, Hermatobatidae; HY, Hydrometridae; MA, Macroveliidae; ME, Mesoveliidae; PA, 
Paraphrynoveliidae.

Such habitats form a kind of intermediary type 
between hygropetric and pleustonic habitats 
called the intersection type of habitats (Ander
sen 1982b).

By superimposing various types of habitats 
on a reconstructed phylogeny of gerromor- 
phan bugs, Andersen (1979, 1982b) showed 
that the hygropetric type of habitats is ances
tral for the Gerromorpha as a whole as well as 
for the families Mesoveliidae, Hebridae, Para
phrynoveliidae, Macroveliidae, and Hydromet
ridae. Such habitats is probably also ancestral 
for the family Veliidae, although most of the 
about 640 known species of veliids live in 
pleustonic habitats. Almost all of the about 
520 known species of the family Gerridae are 
pleustonic. Thus, despite the dominance of 
extant species of Gerromorpha in pleustonic 

habitats, ancestral gerromorphans most prob
ably lived in humid terrestrial or marginal 
aquatic habitats rather than on water surfaces. 
This is in agreement with hypotheses about 
the ancestral habitats for other heteropteran 
infraorders, viz. Dipsocoromorpha and Lepto- 
podomorpha, as well as for the Heteroptera as 
a whole (China 1955; Polhemus 1985; Cobben 
1978).

Habitat uses in fossil insects can usually only 
be inferred indirectly. For compression or petri
fied fossils, the depositional environment (e.g. 
limnic or marine) is most important. The taxo
nomic and taphonomic nature of other fossils in 
the assemblage may also provide clues to the pa
laeoenvironment of the fossil in question. Spe
cies of the family Gerridae are so highly special
ised to life on the water surface that one hardly 
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can doubt that Paleogene gerrids (Palaeogems 
spp., Telmatrechus spp.) also were surface dwell
ers. The only extant gerrids which (secondarily) 
have acquired a more terrestrial way of life all 
belong to the Oriental subfamily Eotrechinae 
and have structural specialisations not found in 
any fossil gerrid (Andersen 1982b).

Unlike the case of Paleogene Gerridae, it is 
far from certain that all species of Hydrometri- 
dae were associated with free water surfaces. 
Several extant hydrometrids live in humid ter
restrial habitats (Heterocleptes spp. in forest lit
ter; Chaetometra robusta and some Hydrometra 
spp. on ferns) and it is quite likely that the ex
tinct hydrometrids Limnacis spp. and Metroce- 
phala anderseni lived in similar habitats. The 
two species of Eocenometra, however, may have 
been pleustonic as suggested by their long legs 
similar to species of the extant genus Bacillome- 
tra which inhabit flowing water (Andersen 
1982b).

Based on the assumption that the Lower Ju
rassic fossil Engynabis tenuis (see above) was a 
member of the Gerromorpha, Wootton (1988) 
hypothesised that the pleustonic habit was an 
ancient adaptation in heteropterous insects. 
However, even if the earliest members of the 
infraorder were that old (which is quite likely), 
ancestral gerromorphans were probably more 
terrestrial (hygropetric) than truly aquatic (see 
above). Only the future discovery of Mesozoic 
fossils with structural modifications compar
able to extant water striders will provide safe 
evidence for a pleustonic habit in gerromor
phans older than the Paleogene.

Note: Because of their superficial similarity 
with water striders (long, slender body and 
legs), Jurassic and Cretaceous insects of the 
family Chresmodidae (Phasmatodea; Hand- 
lirsch 1906-1908) have been supposed to be 
pleustonic, living on the surface of sea water. 
Baudoin (1980), however, showed that because 
of their size (body length 2.5-5 cm), the physi
cal properties of the surface film rule out that 

chresmodids could have been supported by the 
water surface.

Colonisation of marine habitats
Although the majority of gerromorphan bugs 
live in freshwater habitats, as many as 180 spe
cies occur in the marine environment, chiefly 
in intertidal coastal habitats with mangrove 
swamps and coral reefs bordering the tropical 
seas. Five species of sea skaters, Halobates, are 
the only insects that inhabit the surface of the 
open ocean. (Andersen & Polhemus 1976; An
dersen 1991a, 1991b). Marine habitats have 
probably been colonised about a dozen times 
independently during the evolution of the 
Gerromorpha (Andersen 1982b). The small 
family Hermatobatidae contains only marine 
species, while the most species-rich genera of 
marine bugs are Halovelia, Xenobates (Veliidae- 
Haloveliinae; Andersen 1989b, 1991a), and 
Halobates (Gerridae-Halobatinae; Andersen 
1991b).

Andersen (1991b) discussed the evolution 
of Halobates in the light of a reconstructed phy
logeny for the genus. Sea skaters probably in
vaded marine habitats from lotie freshwater 
habitats, through estuaries and mangrove 
swamps. Some species became adapted to liv
ing on the near-shore, more exposed sea sur
face, and ultimately to life on the surface of 
the ocean. This unique life-style may have 
evolved from mangrove-inhabiting species be
coming gradually better adapted to more ex
posed sea conditions (Andersen 1991b). The 
record of the Middle Eocene Halobates ruffoi 
(Andersen et al. 1994) sets 45 Ma as the mini
mum age for the origin of sea skaters and for 
the evolution of their unique features and way 
of life.

All living species of Halovelia are marine and 
most of them inhabit the intertidal zone of 
tropical coasts, usually where these are bor
dered by coral reefs. During high tides, adults 
and immatures of Halovelia retreat to holes in 
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coral blocks and stay submerged, surrounded 
by an air bubble. The complex cuticular sur
face structures of Halovelia probably assist in 
maintaining this air-store which may function 
as a physical gill (Andersen 1989b). H. electrodo- 
minica from Dominican amber (Oligocene/Mi- 
ocene) has all of the structural features of ex
tant Halovelia believed to be adaptations to a 
marine life (Andersen & Poinar, in press). The 
presence of remains belonging to several indi
viduals in the same piece of amber suggests a 
gregarious behaviour only known from Halove
lia species living on intertidal reef flats (Ander
sen 1989b). These fossil sets a minimum age of 
20-30 Ma for the colonisation of the marine en
vironment by haloveliine water striders.

Adaptations

Locomotion
Semiaquatic bugs are highly diverse in morpho
logical structures associated with locomotion 
(thorax, legs), reflecting a great variation in lo- 
comotory performance and way of life (Ander
sen 1976, 1982b, 1995d). In addition, mostger- 
romorphans have their body and legs covered 
by hydrofuge hair layers to prevent wetting (An
dersen 1977b). In species belonging to the Me- 
soveliidae, Hebridae, Paraphrynoveliidae, Mac- 
roveliidae, and some Hydrometridae (Hetero- 
cleptes and Veliometra), the thorax and legs are 
quite generalised, broadly resembling the mor
phology' of most terrestrial bugs and therefore 
inferred to be ancestral to the infraorder Gerro- 
morpha as well as to the families mentioned 
above (Andersen 1976, 1982b). Walking on al
ternating tripods of support is the ordinary way 
of locomotion in terrestrial bugs (legs belong
ing to the same segment are moved asynchro
nously) . Mesovelia, Hebrus, and Microvelia move 
their legs in the same way both on land and wa
ter and walking is probably the ancestral type of 
locomotion in the Gerromorpha (Andersen 
1976, 1979, 1982b).

Compared to the ancestral type mentioned 
above, the thorax is more or less modified in 
the majority of semiaquatic bugs. Representa
tives of Hydrometra have extremely long and 
slender head and body, including thorax. The 
middle legs originate laterally on the thorax, 
and the mesocoxal axis is vertical, not oblique 
as in the ancestral state. All femora are ex
tremely slender. The lateral position of the cox
ae increases the stroke angle of the vertical leg 
movements whereas the direction of pull of the 
trochanteral muscles falls almost exactly in the 
frontal plane (Andersen 1976).The middle 
legs of many veliids (e.g. IT/za, Halovelia, and 
Rhagovelia spp.) are distinctly longer than the 
hind legs. Locomotion on the water surface is 
here performed by rowing, where the middle 
legs perform simultaneous strokes while the 
two other leg pairs slide on the surface film 
(Andersen 1976). Species belonging to the Ve- 
liidae commonly have less than three tarsal seg
ments and the claws are inserted preapically, 
that is in a cleft before the apex of the last tar
sal segment. Other pretarsal structures include 
the arolia which in several veliids form swim
ming fans, alone or together with the modified 
claws (Andersen 1982b). The most elaborate 
swimming fan is found in Rhagovelia spp. and 
consists of a fan of feathered hairs which is un
folded during the thrust stroke of the middle 
legs (Andersen 1976).

The thorax of members of the family Gerri- 
dae is radically modified. The mesothorax is 
greatly prolonged and the coxal cavities of the 
middle and hind legs are far removed from 
those of the front coxae. The mesocoxae and 
metacoxae are inserted clearly on the sides of 
thorax and the coxal axes are almost horizon
tal. The middle and hind legs are long and 
slender with the middle pair being much long
er than the hind pair. The joints of the two 
posterior pairs of legs allow wide movements 
of the femora. The tarsi have only two seg
ments with the small claws inserted preapically 
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on the last segment. Associated with the re
structuring of the gerrid thorax are radical 
changes of the leg musculature. The most 
powerful muscles are the mesotrochanteral 
depressors which produce the horizontal thru
st of the middle legs, while the vertical compo
nent of the leg movements is produced by the 
two coxal rotators (Andersen 1976). In many 
gerrids (e.g. Halobates spp.), the abdomen is 
reduced in length and the middle and hind 
legs appear to originate from near the posteri
or end of the body (Andersen & Polhemus 
1976; Andersen 1982b); the action angles of 
the middle and hind legs are therefore even 
more extreme.

Gerrids move very fast on the water surface 
by skating (or “jump-and-slide” movements), 
where the simultaneous power strokes of the 
middle legs make the insect take off from the 
water surface (Andersen 1976, 1982b); the 
movement is extended after touch-down by 
passive sliding on the almost frictionless sur
face film (in contrast to leaping in land in
sects). Contrary to their high locomotory per
formance on the surface film of water, gerrids 
are usually rather helpless when they are for
ced to move on a solid substrate.

Obviously, fossils cannot provide direct evid
ence for the locomotory behaviour of the liv
ing insect. It is worth noticing, however, that 
both the distinctive hydrometrid and gerrid ty
pes of thorax and leg morphology already were 
present and fully developed in the earliest Pa
leogene (represented by Eocenometra spp. and 
Palaeogerris spp., respectively) and that the J/aZ- 
obates type probably had appeared before the 
Middle Eocene. Thus, it is fairly certain that 
gerromorphan bugs had colonised the water 
surface or pleustonic habitat before the end of 
the Cretaceous.

Wing polymorphism
Most extant semiaquatic bugs exhibit a very 
distinct polymorphism in the development of 

their flight apparatus, usually termed wing 
polymorphism, after its most obvious external 
expression (Andersen 1982b, 1997a). Most 
species are dimorphic. Besides the ordinary 
long-winged or macropterous, flying morph, 
there are wingless or apterous adult indi
viduals which have no traces of wings. Short
winged (brachypterous) morphs occur in 
some species. The wing musculature necessary 
for flight is only present in long-winged indi
viduals.

Ancestral gerromorphans were probably 
wing polymorphic, and the loss of the flightless 
form in some species is most likely secondary 
(Andersen 1982b). Individuals of early Creta
ceous gerromorphans, Duncanovelia extensa 
and an undescribed hydrometrid from Brazil 
(see above), were wingless and the wingless 
form is the only one known for the hydromet- 
rids and veliids from Baltic amber (Eocene/Ol
igocène) and Electrobates spinipes from Domini
can amber (Oligocene/Miocene). The gerro
morphans from the Fur and 01st Formations 
are all long-winged and have probably been fly
ing when transported out to sea. This does not 
rule out, however, that they belonged to spe
cies which were polymorphic for wing develop
ment.

Adult water striders only use flight for dis
persal among habitats and, in temperate re
gions, in connection with hibernation which 
takes place on land (Andersen 1982b). In spe
cies of northern temperate water striders 
(Aquarius, Gerris, and Limnoporus spp.), there 
are definite associations between flight loss 
and the durational stability of habitats, where 
monomorphic long-winged or seasonally di
morphic species occupy less stable habitats 
than predominantly wingless species (Ander
sen 1993a, 1997a; Spence & Andersen 1994). 
All marine species of Gerromorpha are wing
less (Andersen & Polhemus 1976; Andersen 
1982b). This probably also applies to the few 
fossil species mentioned above. Since all ma- 
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rine water stridors have polymorphic freshwa
ter relatives, the complete loss of the winged 
form associated with the stable marine habi
tats is easy to nnderstand.

Feeding
Gerromorphan bugs are predators or scaven
gers feeding on living or dead arthropods, 
mostly insects (Andersen 1982b). The feeding 
apparatus is characterised by the serrated max
illary stylets with protrude far beyond the tip of 
the four-segmented rostrum during feeding, al
though the rostrum is held in a straight, un
flexed position during the act of feeding (Cob- 
ben 1978). There is a considerable variation 
among gerromorphan bugs in morphological 
features directly or indirectly associated with 
prey capture and feeding (Andersen 1982b: 
292-294). Two distinctive types of predator 
strategies can be recognised among extant ger- 
romorphans.

The searching strategy exemplified by Hydro- 
metra spp. which are timid predators which 
move slowly around, examining cavities and 
crevices in the vegetation or other floating ob
jects on the water surface in search of some
thing edible. The antennae are long and con
stantly waved from side to side. The eyes are 
relatively small. The rostrum is long and can be 
extended forward, far in front of the front legs 
which are not raptorial. The prolongation of 
the maxillary stylets is accomplished by the ex
treme prolongation of the head (Cobben 1978; 
Andersen, 1982b).

The ivaiting strategy as exemplified by mem
bers of the family Gerridae which utilise the 
special properties of the water surface as a me
ans of detecting and locating the prey, in much 
the same way as a spider uses its web. Gerrid 
water striders can detect and locate live prey 
trapped in the surface film of water solely by 
surface vibrations generated by the struggling 
prey. The eyes are large and the vision is prob
ably important for close-range location of prey. 

Once the prey is located, the predator pro
ceeds rapidly to the prey which, depending 
upon its size, usually is grasped with the rapto
rial front legs and sucked out through the rel
atively short rostrum. The maxillary stylets are 
just as long as in Hydrometra although the head 
capsule is relatively short. The proper opera
tion of the stylets is accomplished by muscles 
inserted on a pair of very long apodemes aris
ing from the posterior margin of the head and 
extending far into the thorax (Andersen 1982b).

In a phylogenetic perspective it is interesting 
that both these types of predator strategies 
probably were in effect before in earliest Paleo
gene, the “hydrometrid” type as exemplified by 
Eocenometra spp. and the “gerrid” type as exem
plified by Palaeogerris spp. The great abun
dance and diversity of flying insects of the Fur 
and 01st Formations (Larsson 1975; Andersen 
& Andersen 1996) indicates that there was 
plenty of potential prey for these Lower Paleo
gene water striders. The recent discovery of an 
indisputable fossil Hydrometridae from the 
Lower Cretaceous (Aptian) of Brazil (A. Nel, 
personal communication) suggests that at least 
the “hydrometrid” type of predator strategy is 
very old.

Reproductive biology
Fossils rarely leave any clues from which their 
reproductive biology can be deduced. Findings 
of juveniles (nymphs) and cast skins (exuviae) 
may be taken as evidence of the insects being 
fossilised while they were part of a breeding 
population. The female type of Alarms lunpo- 
laensis probably has the abdomen inflated by a 
large number of ripe eggs (hypogastry) as in ex
tant species of the genus Aquarius (Andersen 
1982b: 318). When it comes to questions about 
sexual behaviour and mating strategies, some 
recent fossil findings suggest that modern pat
terns of variation may have existed for a long 
time.

Sexual size dimorphism and mating strate- 
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gies in water striders of the family Gerridae 
have been subject to a number of both experi
mental and comparative studies (reviewed by 
Spence & Andersen 1994; Rowe et al. 1994; 
Arnqvist 1997). Female/male size ratios vary 
between 0.8 for some species of Halobates, Me- 
troc.oris (Halobatinae), and Limnometra (Gerri- 
nae) and 1.8 for Andersenella binotata Polhemus 
& Polhemus (Trepobatinae). The largest ex
tant gerrid, Gigantometra gigas, is about 20 times 
as large as the smallest species belonging to the 
genus Naboandelus (Andersen 1997b).

A large variation in absolute size as well as in 
F/M ratios are seemingly old traits in gerrids. 
Males of Palaeogerris grandis sp. nov. reached a 
body length of about 32 mm, thus approach
ing the size of the largest living gerrids. Within 
the subfamily Gerrinae, females are usually 
bigger than conspecific males (Andersen 
1994, 1996a, 1997b), but the female/male 
(F/M) size ratio declines as body size increas
es in extant species of Aquarius, Gerris, and 
Limnoporus. In other words, males tend to be
come larger relative to females as the absolute 
body size increases. This tendency also seems 
to apply to fossil members of the Gerrinae. In 
Palaeogerris furensis and grandis spp.nov. (fe
male length 19.6 and 27 mm, respectively), 
the F/M size ratio is about 0.9 which compares 
favourably with F/M ratios calculated for larg
er species of Aquarius and Limnoporus (Ander
sen 1994). In some of these large gerrids the 
small F/M ratio (males larger than females) is 
associated with territorial behaviour where ma
les defend suitable oviposition sites and attract 
females by way of surface ripple signals (Hay
ashi 1985; Spence & Wilcox 1986; Wilcox & 
Spence 1986).

Water strider males usually exhibit post-cop- 
ulatory guarding, staying in close contact with 
the female, usually by riding on her back, after 
the copulation proper has terminated. By re
maining in contact with his mate in the interval 

between copulations, the male may prevent 
takeovers by other males that could lead both 
to sperm displacement and loss of opportu
nities to mate again with the same female and 
fertilise more of her eggs. Females carrying a 
male, however, experience a reduced foraging 
activity and are more vulnerable to predation. 
Selection reducing the cost of loading should 
therefore favour females that are large relative 
to their mates.

A pair of Electrobates spinipes (from Domini
can amber) was found captured in what seems 
to be a mating situation (Andersen 8c Poinar 
1992). The female measures 3.6 mm or more 
than 1.4 times the length of the male. The 
male and female are closely associated (Figs 
120-121), with the male situated closely behind 
and slightly above the female, holding her 
hind femora with both of his front legs. There 
is no direct genital contact between the two in
dividuals. Either the male has been dislodged 
during the process of inclusion in resin, or the 
pair has formed a “tandem” with the female 
skating along the water surface and the male 
passively trailing behind as observed in several 
extant gerrids.

Extended mate guarding is also observed in 
many Veliidae. A pair of Halovelia electrodomini- 
ca (Dominican amber) was seemingly trapped 
when mating (Andersen & Poinar, in press). 
The male is positioned on top of the abdomen 
of the female (Figs 66 and 118) with his left 
front leg stretched forward and the tibia 
(which has a specialised grasping comb) pres
sed against the side of the female’s pronotum. 
The hind leg of the same side is curled around 
the female’s hind femur. Seemingly, both leg 
postures are a function of the male’s struggle 
to uphold his grip of the female. In most ex
tant Halovelia species, the male rides passively 
on the back of the usually larger female for an 
extended period of time in between copula
tions.
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127

Cladistic biogeography and fossils

Historical biogeography is the study of patterns 
of spatial distribution of organisms explained 
by their evolutionary history. Historical expla
nations of distributional patterns fall into two 
classes, dispersal models and vicariance 
models. The classical dispersal model postulates 
that disjunct distributions of organisms can be 
explained by dispersal over pre-existing bar
riers such as oceans, mountains, or deserts. 
The vicariance model tries to explain disjunct 
distributions of related taxa by the appearance 
of barriers fragmenting ancestral species rang
es. According to the dispersal model certain 
geographical areas were originally devoid of or
ganisms and later colonised from some “sour
ce” area, whereas the vicariance model pre
sume that the organisms evolved in situ.

During the past few decades, biogeographical 
theory and practice have come to rely heavily on 
advances in biological systematics, in particular 
phylogenetic systematics or cladistics. Begin
ning with the works of Hennig (1960, 1966) and 
Brundin (1966, 1988), the field of cladistic bio
geography has emerged (Nelson & Platnick 1981; 
Humphries & Parenti 1986; Humphries et al. 
1988; Forey et al. 1992). Here, data on the geo
graphical distribution of species are integrated 
with knowledge about the phylogenetic rela
tionships among species and monophyletic gro
ups (clades). Since the Earth and its biota have 
evolved together, different groups of organisms 
inhabiting the same geographical area may sha
re a common history. Finally, the developments 
in the theory of plate tectonics during the 1960s 
led to the acceptance of the idea that biogeo
graphic patterns may have their causal explana
tion in past distributions of land masses differ
ent from those known to-day.

The application of the methods of cladistic 
biogeography starts with a taxon-area clado
gram where the areas of distribution of species 
or higher taxa are superimposed upon a clado
gram of relationships between taxa (Fig. 90). 
By applying various tools of analysis, an at
tempt is then made to transform the taxon
area cladogram into one or more area clado
grams where each geographical area appears 
just once. If area cladograms derived from sev
eral unrelated groups of organisms are congru
ent, one may be confident that these reflect the 
biogeographic history of the areas (e.g. Engh- 
off 1995). Recent advances in cladistic biogeog
raphy have chiefly been concerned with the re
finement of analytical tools (e.g. Morrone & 
Carpenter 1995; Morrone & Crisci 1995; Nel
son & Ladiges 1996). Examples of cladistic bio
geography applied to various groups of water 
striders can be found in works by the present 
author (Andersen 1982b, 1989b, 1991a, 1995c, 
1998).

Chiefly because of the notorious incomplete
ness of the fossil record, contemporary bio
geographers have not paid much attention to 
fossils as indications of past distributional pat
terns or extinction as equally important to dis
persal and vicariance in shaping the present 
distribution of organisms (Rosen 1988a). Nev
ertheless, locality data for fossils may provide 
important biogeographical information. When 
a fossil species can be placed in a monophylet
ic group (clade) also comprising extant spe
cies, the distribution of the fossil species can be 
compared with the known distribution of ex
tant species belonging to the same clade. The
re are two possible outcomes of such compari
sons:
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(1) If the fossil locality is inside the distribu
tional range of extant clade members it con
firms that the distributional area of the taxon 
has persisted through geological time and the 
present distribution of the taxon not necessar
ily an effect of recent dispersal from some 
other area.

(2) If the fossil locality is outside the distrib
utional range of extant clade members it indic
ates that the taxon once had a wider distribu
tion and has now disappeared in some part of 
its former distributional area.

Thus, fossils may provide important clues to 
past distributions that may enable us to choose 
among two or more, equally plausible biogeo
graphical hypotheses. When plotted on palaeo- 
geographical reconstructions of the Earth at a 
given geological time, the fossil record may 
also suggest possible pathways of dispersal or vi
cariance events in the past. In the following, I 
will discuss the distribution of fossil Gerromor- 
pha in a historical biogeographical perspec
tive.

Historical biogeography of Gerromorpha

Hydrometridae and allied families
The present distribution of the genera belong
ing to the monophyletic group composed of 
the families Paraphrynoveliidae, Macrovelii- 
dae, and Hydrometridae (excluding Hydrome- 
tra) is rather disjunct (Andersen 1982b: 357- 
358). When superimposed upon a cladogram 
of relationships between genera, the occur
rence of Paraphrynovelia in South Africa, Chepu- 
velia in Chile, and Macrovelia + Oravelia in west
ern North America, as well as the vicariant dis
tributions of the sister taxa Veliometra (Brazil) 
and Heterocleptes (western Africa, Borneo) sug
gest primitive cosmopolitanism for the an
cestors of the clade composed by the three 
families (Fig. 90, A). The addition of fossil gen
era classified in this clade (Fig. 90, B) give fur
ther support to this hypothesis. Despite the Re
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butions superimposed upon cladogram of relationships be
tween genera. A, taxon-area cladograms for extant genera. B, 
same with extinct genera included (distribution in boldface). 
Further explanations in text.

sil record of the group certainly being geo
graphically biased, the fossil data suggest that 
the Paleogene Europe was inhabited by a rath
er diverse fauna of hydrometrids whereas at 
present, this clade is only represented by a few 
species of the cosmopolitan genus Hydrometra 
(Andersen 1995a).
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Gerrine water striders
Water striders belonging to the subfamily Ger- 
rinae are widely distributed in all parts of the 
World and several genera have distributional 
ranges covering several zoogeographical re
gions (Andersen 1975, 1982b). Based on a 
cladistic analysis of relationships between gene
ra, Andersen (1995c) applied various analytical 
tools to the distribution of extant genera, hypo
thesising that ancestral gerrines probably were 
widespread before the Cretaceous- Paleogene 
transition. One of the postulated vicariance 
events were the disruption of ancestral mem
bers of the tribe Gerrini by the separation of 
Gondwanaland and Laurasia in the Late Meso
zoic (e.g. Smith et al. 1994). One lineage evol
ved into predominantly palaeotropical genera, 
whereas another lineage evolved into the pre
dominantly holarctic genera Aquarius, Gerris, 
Gigantometra, and Limnoporus (Andersen 1990, 
1993b; Andersen & Spence 1992). The avail
able fossil gerrines from the Paleogene of Eur
asia and North America all belong to the latter 
lineage and thus support the scenario outlined 
above.

Sea skaters, Halobates
The majority of the 44 extant species of Halo
bates wee found in the tropical parts of the Indo
West Pacific region, roughly between latitudes 
30° N and 30° S (Herring 1961; Cheng 1985, 
1989). H. robustusRwAdev (endemic to the Gala
pagos Islands) and the open-ocean species H. 
sobrinus White, splendens Witlaczil (eastern Pa
cific Ocean), and micans Eschscholtz (Atlantic 
Ocean, the Caribbean Sea, and eastern Pacific 
Ocean) are the only sea skaters that occurs out
side this region. No living species of Halobates 
have so far been recorded from the Mediterra
nean. Three species, including the open-ocean 
species H. germanus White, are found in the 
Red Sea (Schmidt & Müller 1973), but appar
ently none of these have managed to spread, 
actively or passively, through the Suez Canal to 

the Mediterranean as have other marine or
ganisms. The record of a fossil sea skater, Halo
bates ruffoi Andersen el al. (1994), from the 
Middle Eocene of northern Italy may help 
understanding of the biogeographical history 
of sea skaters.

The present distribution of coastal Halobates 
species more or less coincides with the distribu
tion of reef-building corals and mangrove trees 
which require a relatively high sea tempera
ture. The five open-ocean species of Halobates 
occur in tropical and subtropical waters and 
their occurrence and abundance on any given 
water mass is apparently controlled by surface 
water temperatures, with an optimum tempera
ture range for four eastern Pacific species (in
cluding H. micans) of 24-28° C (Cheng & Schu
lenberger 1980). The absence of Halobates spe
cies from the Mediterranean may in part be 
due to the surface temperature being below 
20° C at certain times of the year whereas the 
surface temperature of the Red Sea varies be
tween 25 and 30° C.

In the Lower and Middle Eocene, the Medi
terranean was connected with the Indo-Pacific 
Ocean by the Tethys Ocean (see map, Fig. 91), 
located in present day Turkey, Iraq, and The 
Persian Gulf. In this period, the Tethys was a 
wide and continuous ocean, probably with nu
merous islands. Jaczewski (1972) hypothesised 
that the pantropical Halobates micans dispersed 
from the Indo-Pacific to the Atlantic Ocean 
through this Tethyan connection. However, as 
also pointed out byjaczewski (1972), there have 
been other, more recent routes of dispersal to 
the Atlantic Ocean, e.g. from the Indian Ocean 
around southern Africa, or from the eastern Pa
cific Ocean through Middle America, before 
the closure of the Isthmus of Panama.

Coral bugs, Halovelia
The genus Halovelia contains 31 described spe
cies (Andersen 1989a, 1989b; Lansbury 1996) 
which are distributed throughout the Indo-
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Fig. 91. Palaeogeography of the Mediterranean and the Indian Ocean areas in Middle Eocene, 45 Ma. Capital letters indicate some 
of the main fossil-bearing sites from the epoch, including Veneto (V) where the fossil sea skater Halobates ruffoi Andersen, Farma, 
Minelli & Piccoli was found (after Piccoli et al. 1991).

West Pacific region (Fig. 92), ranging from the 
Red Sea and east coast of Africa including Mad
agascar to the islands of the West Pacific Ocean 
as far east as Samoa. Andersen (1991a) ana
lysed the historical biogeography of marine wa
ter striders, and concluded that the present dis
tribution of Halovelia reflects both vicariance 
and dispersal events. The distribution of extant 
haloveliines suggests that the group originated 
somewhere in the Indo-Australian region. The 
two limnic genera, Entomovelia and Strongylove- 
lia, are found in India, Indo-China, and Male- 
sia (Andersen 1982b). The distribution of the 
marine genera Xenobates and Haloveloides covers 
the same geographical areas. Most Halovelia 
species found along the coasts of East Africa, 
Madagascar, and the islands of the Indian Oce
an (Mascarenes, Seychelles, and the Maldives) 
belong to the predominantly Southeast Asian 
H. malaya group (Andersen 1989b) and may 
have originated in relatively late dispersal and 
subsequent speciation events. On the other 

hand, the disjunct distributions of the most ba
sal clades of Halovelia may be relict of an an
cient, much wider distribution of the genus.

The finding of an extinct species of coral 
bugs, Halovelia electrodominica Andersen & Poi- 
nar (in press) in the Caribbean (Fig. 92) sug
gests that this genus had a trans-Pacific distri
bution in the Oligocene-Miocene. Very few ex
tant groups of marine water striders have a dis
tribution comprising both the western and 
eastern parts of the Pacific Ocean and/or the 
Caribbean. One species of Hermatobates (Her- 
matobatidae) occurs in the Caribbean while 
the remaining nine species have an Indo-Pacif- 
ic distribution. The sea skaters, Halobates (Ger- 
ridae), have one endemic species (77. robustus 
Barber) in the Galapagos Islands, while four 
open ocean species occur along the Pacific co
ast of Middle and South America (77. sericeus, 
sobrinus, micans, and splendens) or along the 
Caribbean and Atlantic coasts of these areas 
(H. micans).
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The Atlantic/Caribbcan/eastern Pacific fau
na of marine water striders is in general com
posed of taxa of low taxonomic rank, i.e., gen
era with close limnic relatives or species of 
otherwise limnic genera (Andersen & Polhe- 
mus 1976; Andersen 1982b; Polhemus & Man
zano 1992). In contrast, the marine water 
striders of the Indo-West Pacific region gener
ally belong to taxa of higher rank, such as ge- 
nus-groups or tribes. This seems to follow a 
general pattern for organisms of tropical shal
low seas such as mangrove trees, reef-building 
corals, and various groups belonging to these 
communities (Ricklefs & Latham 1993). Since 
taxonomic rank within a clade coarsely rellects 
age of origin, water striders probably colon
ised the marine environment more recently in 
the Caribbean than in the Indo-West Pacific 
region.

When and why has Halovelia disappeared 
from the Caribbean? Marine water striders are 
chiefly confined to the tropics and their distri

butions seem to be limited by the same tem
perature regimes as reef-building corals and 
mangrove trees, i.e. in sea water bounded by 
the 20° C isotherms. Fossil evidence suggests 
major changes through the Tertiary in the cli
matic conditions favouring these shallow water 
communities. The mangrove palm, Nypa, had 
an extensive distribution in the Caribbean in 
early Tertiary and occurred at high latitudes in 
Europe (Ricklefs & Latham 1993). Through
out much of the Tertiary, the reef coral belt 
appears to have been latitudinally wider than 
it is today, though it was noticeably narrowed 
to something like its present limits by the late 
Neogene, and was reduced still further during 
the Pleistocene when it was narrower than to
day (Rosen 1988b). Although there are several 
possible explanations for extinction, a drop in 
the sea temperature during the Miocene may 
have had a profound effect on stenothermic 
shallow water organisms such as Halovelia.

Fig. 92. Distribution of extant species of Halovelia (shaded area) and the fossil Halovelia electrodominica Andersen 8c Poinar (dot) (re
drawn from Andersen & Poinar 1998).
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Conclusions

Water striders and other semiaquatic bugs 
(Hemiptera-Heteroptera, Gerromorpha) com
prise about 1,600 extant species classified in 
eight families. So far, about 30 fossil species be
longing to six families have been described or 
recorded, spanning more than 120 million 
years of geological history. Fossil localities are 
distributed on all continents except Africa, but 
are concentrated in Europe. Three sites are of 
Mesozoic age while 16 can be dated to the Cen
ozoic. Both lacustrine, marine, and terrestrial 
deposits are represented, the latter as amber 
with insect inclusions.

Recent collections of fossils on the islands of 
Fur and Mors, northern Denmark, reveal an 
unusually rich fauna of insects, including seven 
species classified in four genera and three fam
ilies of Gerromorpha. The fossils are found in 
sediments belonging to the Fur and 01st For
mations which were deposited in a marine en
vironment at the Paleogene- Eocene transition, 
55-54 Ma ago.

Phylogenetic classification is the most useful, 
general reference system in evolutionary biolo
gy. Within the Gerromorpha, phylogenies are 
now available for most higher taxa, down to the 
level of subfamilies and tribes, and for the gen
era and species of several groups. Although the 
fossil record of water striders is immensely im
perfect, the available fossils provide useful in
sights into the evolutionary history of the gro
up. By applying cladistic principles and meth
ods, fossil taxa can in most cases be placed in 
phylogenies (cladograms) together with their 
extant relatives. Cladograms calibrated against 
the fossil record yield phylogenetic trees which 
can be used to estimate minimum divergence 
time of extant monophyletic groups (clades).

The evolutionary history of water striders 
and other semiaquatic bugs probably began in 

the early Mesozoic. The oldest members of the 
Gerromorpha are of Lower Cretaceous age 
and belong to the structurally least modified 
families Mesoveliidae and Veliidae, but also to 
the more specialised family Hydrometridae. 
Several genera and species belonging to the 
structurally most derived family, the Gerridae, 
occur in Early Paleogene deposits, both in Eu
rope and North America.

Through a research protocol called ecologi
cal phylogenetics, ecological data from extant 
water striders are combined with phylogenies 
to reveal patterns of adaptations and to infer 
the history of changes that have generated the
se patterns. In the most ideal case, fossils can 
contribute by suggesting most plausible path
ways of evolution, minimum ages for the origin 
of adaptations, etc. In the Gerromorpha, the 
adoption of life on the water surface probably 
evolved before the beginning of the Paleo
gene. The record of a fossil sea skater, Halo- 
bates, from the Middle Eocene indicates an ear
ly invasion of the marine environment by water 
striders. The feeding strategy exemplified by 
the most specialised Hydrometridae were 
probably already present in Lower Cretaceous. 
Pronounced sexual size dimorphism and mate 
guarding appeared before the Oligocene/Mio- 
cene. On this background, it is a reasonable as
sumption that semiaquatic bugs displayed most 
of their present structural and functional diver
sity at the beginning of the Paleogene.

Within the context of cladistic biogeography, 
the geographical distribution of fossil species 
may provide information not available from 
the distribution of extant taxa or support bio
geographical hypotheses based exclusively on 
the latter. For example, the distribution of fos
sil Hydrometridae strengthens the assumption 
of primitive cosmopolitanism in this family. 
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Available fossils of Gerrinae from the northern 
Hemisphere support the hypothesis of a Gond- 
wana-Laurasia vicariance during the evolution 
of this subfamily. The finding of fossil species 
of the marine genera Halobates (Gerridae) and 

Halovelia (Veliidae) in localities outside their 
present distributional ranges, strongly suggests 
that extinction has taken place and must be 
taken into account in studies of historical bio
geography.
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PLATE 1

Figs 93-96. Palaeogerris furensis gen. et sp. nov.

93. Male holotype. Skarrehage Molergrav, Mors; Bent Søe Mikkelsen 
leg. (Molermuseet). Scale bar = 5 mm.

94. Head and fore legs of male holotype. Scale bar = 2 mm.
95. Female paratype No. 1 (Fur Museum). Scale bar = 5 mm.
96. Right fore wing of paratype No. 16 (Palaeontological Institute & 

Museum, Uppsala University). Scale bar = 2 mm.

Photographs by G. Brovad (Figs 93-95) and Y. Popov (Fig. 96).
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PLATE 2

Figs 97-99. Palaeogerris furensis gen. et sp. nov.

97. Female paratype No. 2 (Palaeontological Institute & Museum, 
Uppsala University). Scale bar = 5 mm.

98. Same, counterpart. Scale bar = 5 mm.
99. Head, thorax, and basal abdomen of female paratype No. 2 (coun

terpart). Scale bar = 2 mm.

Photographs by Y. Popov.
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PLATE 3

Figs 100-103. Palaeogerris grandis gen. et sp. nov.

100. Male holotype (Fur Museum). Scale bar = 10 mm.
101. Body and bases of antennae and legs of male holotype. Scale bar = 

5 mm.
102. Female paratype No. 3 (Geological Museum, University of Copen

hagen. Scale bar = 10 mm.
103. Abdominal end of male paratype No. 4. Stolleklint, Fur. Søren Kri

stensen leg. (Coll. Søren Kristensen, Veksø). Scale bar = 2 mm.

Photographs by G. Brovad.
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PLATE 4

Figs 104-105. Palaeogerris mikkelseni gen. et sp. nov.

104. Holotype. Ejerslev, Mors; Bent Søe Mikkelsen leg. (Molermuseet). 
Scale bar = 5 mm. 105. Same. Scale bar =10 mm.

Fig. 106. Halobates ruffoi Andersen, Farma, Minelli & Piccoli. Female holo
type. Bolca near Verona, Italy. (Museo Civico di Storia Naturale, Verona). 
Scale bar = 2 mm.

Photographs by G. Brovad (Figs 104-105) and C. Brogiata (Fig. 106).
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PLATE 5

Fig. 107. Eocenometra danica Andersen. Female holotype. Vester Sundby, 
Mors; M. Sørensen leg. (Geological Museum, University of Copenhagen). 
Scale bar = 5 mm.

Figs 108-109. Eocenometra longicornis sp.n.

108. Female holotype. Stolleklint, Fur; Henrik Madsen leg. (Geologi
cal Museum, University of Copenhagen). Scale bar = 5 mm.

109. Paratype. Stolleklint, Fur; Henrik Madsen leg. (Geological Museum, 
University of Copenhagen). Scale bar = 5 mm.

Fig. 110. Daniavelia morsensis gen. et sp. nov. Female holotype. Ejerslev Mo
lergrav, Mors, Henrik Madsen leg. (Geological Museum, University of 
Copenhagen). Scale bar = 2 mm.

Photographs by G. Brovad.
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PLATE 6

Figs 111-112. Limnoporus wilsoni sp. nov.

111. Male holotype. Driftwood Creek E. of Smithers, British Columbia, 
Canada; M.V.H. Wilson leg. (Royal Ontario Museum, Ottawa). 
Scale bar =10 mm.

112. Fifth instar nymph paratype. Driftwood Creek E. of Smithers, Bri
tish Columbia, Canada; M.V.H. Wilson leg. (Royal Ontario Museum, 
Ottawa). Scale bar = 5 mm.

Figs 113-114. Telmatrechus defunctus (Handlirsch)

113. Part and counterpart of apterous female. Quilchena, British Co
lumbia, Canada. (Simon Fraser University, Canada). Scale bar =10 mm.

114. Apterous female (counterpart). Scale bar = 5 mm.

Photographs by G. Brovad (Figs 113-1 14) and R. Mathewes (Figs I 13-114).
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PLATE 7

Fig. 115. Electrovelia baltica gen et sp. nov. Apterous holotype. Baltic amber, 
Denmark; C.V. Henningsen leg. (Zoological Museum, University of Copen
hagen, Denmark). Scale bar = 1 mm.

Figs 116-117. Gerris sp.

116. Fourth instar nymph. Baltic amber, Denmark; A.K. Andersen leg. 
(Zoological Museum, University of Copenhagen). Scale bar = 2 mm.

117. Head including antenna of same specimen. Scale bar = 1 mm.

Figs 118-119. Halovelia electrodominica Andersen 8c Poinar.

118. Female holotype and male paratype. Dominican amber, Domini
can Republic, Hispaniola, Greater Antilles. (Coll. G.O. Poinar, Jr. 
Oregon State University, Corvallis, U.S.A.). Scale bar = 1 mm.

119. Head and right fore leg of female holotype. Scale bar = 0.5 mm.

Photographs by the author.



BS 50 155



156 BS 50

PLATE 8

Figs 120-123. Electrobates spinipes Andersen & Poinar.

120. Male holotype and female paratype. Dominican amber, Domini
can Republic, Hispaniola, Greater Antilles. (Coll. G.O. Poinar, Jr. 
Oregon State University, Corvallis, U.S.A.). Scale bar = 1 mm.

121. Same in different view. Scale bar = 1 mm.
122. Male holotype, dorsal view. Scale bar = 1 mm.
123. Female paratype. Scale bar = 1 mm.

Photographs by G.O. Poinar, Jr.
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