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Preservation of armoured scale insects on angiosperm
leaves from the Eocene of Germany
TORSTEN WAPPLER and YAIR BEN−DOV
Wappler, T. and Ben−Dov, Y. 2008. Preservation of armoured scale insects on angiosperm leaves from the Eocene of
Germany. Acta Palaeontologica Polonica 53 (4): 627–634.
Of the 30 extant orders of insects, scale insects (Hemiptera: Coccoidea) have one of the best fossil records among insects
that probably extends to the early Mesozoic. Most fossil Coccoidea records are of adult males which have been trapped in
amber, whereas adult females are less common, probably because of their sedentary occurrence on plants. Descriptions,
photos, and SEM micrographs are presented of over 250 well−preserved scale covers of adult females and nymphal stages
of armoured scale insects (Hemiptera: Coccoidea: Diaspididae) which were found on dicotyledonous and monocotyle−
donous fossil leaves in Middle Eocene deposits from Germany. The structure of these fossil scale covers closely agrees
with that of extant Diaspididae. These armoured scale insects belong to the subfamily Aspidiotinae. The age of this in−
sect−plant association—47 to 44 million−year−old—indicates that the Diaspididae have a long history in the Palaearctic
region.
Key wo r d s: Insecta, Hemiptera, Coccoidea, Diaspididae, plant−insect interactions, herbivory, parthenogenesis, Eocene,
Messel, Eckfeld, Germany.
Torsten Wappler [twappler@uni−bonn.de], Steinmann−Institut für Geologie, Mineralogie, Paläontologie, Bereich Palä−
ontologie, Universität Bonn, Nussallee 8, D−53115 Bonn, Germany;
Yair Ben−Dov [yairbd@netvision.net.il], Department of Entomology, Agricultural Research Organization, The Volcani
Center, P.O. Box 6, Bet Dagan 50250, Israel.

Introduction
Insects and plants contribute substantially to the enormous bi−
otic diversity on earth (Mitter et al. 1988). Understanding in−
sect−host plant interactions is today a central theme in ecology
(Ehrlich and Raven 1964; Thompson and Pellmyr 1991;
Winkler and Mitter 2008). While there has been tremendous
recent interest and active research in understanding the mech−
anisms and patterns of plant−insect interactions in modern eco−
systems, in terms of co−evolution as one of the major pro−
cesses driving diversification and speciation (e.g., Farrell and
Mitter 1993; Thompson 1989, 1999a, b), their historical back−
ground is poorly understood and often limited to cursory, an−
ecdotal snippets predominantly in the palaeobotanical litera−
ture. More recently, there have been focused examinations of
the fossil record of plant−insect interactions (Scott 1991; Scott
et al. 1992; Labandeira 1998, 2002, 2006a, 2007; Labandeira
et al. 1994; Wilf et al. 2000, 2001; Currano et al. 2008). These
and other studies document the varied ways in which plants
and insects interact, and provide evidence for many of these
associations in the fossil record. The feeding activities of in−
sects that chew or mine leaves and shoots cause obvious dam−
ages. In contrast, structural damage caused by sap−sucking in−
sects often is inconspicuous, as is the withdrawal of cell con−
tents from plant tissues, which usually leaves the cell wall in−
tact. Most sap−sucking insects belong to the Hemiptera. Their
mouthparts house long stylets, two mandibular and two
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maxillary. When feeding, hemipteran insects insert the stylets
into tissues of their host plant.
Scale insects (Hemiptera: Sternorrhyncha: Coccoidea) are
obligatory plant parasites which are found in all terrestrial zoo−
geographical regions except Antarctica, being most abundant
in tropical and subtropical habitats. Relationships among
coccoid families are either largely unknown or alternatively
not robustly supported by morphological data (Gullan and
Kosztarab 1997; Cook et al. 2002).
The superfamily Coccoidea comprises 28 families that
include about 7700 extant and fossil species. Koteja (2000a)
summarized the records of fossil scale insects, commenting
that these belonged to 6 extant families, namely Coccidae,
Diaspididae, Eriococcidae, Margarodidae, Ortheziidae, and
Pseudococcidae, as well as 7 additional families that were
erected for only fossil species. Most fossil records (63.2%)
were of species in the Margarodidae, while the number of re−
cords of species in the remaining families was low. The ar−
moured scale insects family Diaspididae is the most diversi−
fied in number of extant species, about 2400 species (Ben−
Dov and German 2005), while being the poorest in number
of recorded fossil taxa (Koteja 2000b). Pampaloni (1902)
was the first who recorded and described a fossil diaspidid,
namely Aspidiotus crenulatus, which was found embedded
in late Miocene Disodile rock (which is a form of “brown
coal”) at Sicily, Italy. Harris et al. (2007) recorded a second
fossil diaspidid (taxon not named, but referred to the sub−
http://app.pan.pl/acta53/app53−627.pdf
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family Aspidiotinae) from an early Miocene leaf−bearing di−
atomite in New Zealand. Koteja (1990, 2000a) indicated that
a few inclusions (about 30 specimens) of male Diaspididae
occurred in Baltic, Dominican, and Mexican amber, none of
which have been described.
Herein we record twelve new fossil Diaspididae, which
are assigned to four taxa. They occur in life position, on
dicotyledonous and monocotyledonous leaves from middle
Eocene oil shales at Messel and Eckfeld in Germany.
Institutional abbreviations.—FIS, Forschungsinstitut und
Naturmuseum Senckenberg, Frankfurt am Main, Germany;
SM. B. Me, Senckenberg Museum, botanical Messel collec−
tion; NHMM, Naturhistorisches Museum Mainz, Landes−
sammlung für Naturkunde Rheinland−Pfalz, Mainz, Germany;
PB, LS, Palaeobotanical Eckfeld collection, Landessammlung
für Naturkunde Rheinland−Pfalz.

Attributes of armoured scale
insects
Armoured scale insects, as other families of the Coccoidea,
constitute some of the most fascinating and unusual organ−
isms among insects, conspicuously differing from typical,
commonly encountered insects, particularly in their life cy−
cles (Gullan and Kosztarab 1997).
The adult female has a sac−like body, with functional
mouthparts, spiracular system, rudimentary antennae, lacks
legs, and possesses various types of wax−secreting glands
and pores. The adult male on the other hand is generally a
winged insect, with only one pair of wings and well−devel−
oped legs, but without mouthparts. It is an ephemeral insect,
living from a few hours to one to two days. Generally, in
biparental species, it is the adult female which is encoun−
tered and collected by entomologists. Besides the distinct
morphological differences between female and male, their
development also differs. The female develops through two
nymphal instars, whereas the adult male develops through
two nymphal stages, a prepupa, and a pupa. The most con−
spicuous feature is that the body of both sexes is covered by
a detachable scale cover, from which the vernacular name
“armoured scale insects” is derived. The scale cover is
formed of waxy secretions in which are embedded the
moults of the developing insect. Armoured scale insects are
phytophagous, sucking their food resources from host−plant
cells.
The taxonomy of extant Diaspididae is based almost en−
tirely on morphological features of the adult female. These
features include principally the shape and structure of vari−
ous body appendages and the cuticular opening of wax
glands. The shape, structure or colour of the scale covers is of
minor taxonomic significance at the suprageneric level.
More details on the features of armoured scale insects are
available in various chapters in Rosen (1990).
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Geological setting
The Fossillagerstätten Grube Messel and Eckfeld, deposits in
Germany, represent former maar lakes of Middle Eocene age
(Geiseltalian) (Franzen 2005), equivalent to the earliest
Lutetian Stage (Gradstein et al. 2004). Both localities are
Konservat−Lagerstätten that are famous for the high−quality
preservation of their fossils (e.g., Schaal and Ziegler 1992;
Lutz et al. 1998). Fossil plants and insects are particularly
common and diverse in these deposits (e.g., Wilde 2004;
Wedmann 2005). The fossils are embedded in highly bitumi−
nous, finely laminated claystones (“oil shale”). Wappler et
al. (2004) and Wedmann et al. (2007) have recently de−
scribed two exceptionally well−preserved fossil insects, em−
phasizing the preservation potential of Messel and Eckfeld.
The former “oil−shale” mine of Messel is one of the world's
best known “Fossillagerstätten” and was added in 1995 to the
UNESCO list of World Nature Heritage Sites. Recent abso−
lute dating showed that the breccia underlying the Messel
sediments have an age of about 47.8±0.2 Myr (Mertz et al.
2004; Mertz and Renne 2005). Similar to the Messel locality,
Eckfeld Maar also provided a highly diverse terrestrial flora
and fauna (e.g., Lutz et al. 1998; Wappler 2003; Wappler and
Engel 2003, 2006; Wappler et al. 2004; Wilde and Franken−
häuser 1998). Argon 40/39 dating of basalt from the diatreme
breccia underlying the lake sediments at Eckfeld established
its age of 44.3±0.4 Myr (Mertz et al. 2000).

Material and methods
The examined specimens were preserved by immersing the
slabs of stone in glycerine to prevent damage by desiccation
(Schaal and Ziegler 1992). All measurements were made
using an ocular micrometer and are given in millimetres;
structures were measured as preserved. The specimens were
examined using a Leica MZ 9.5 Stereomicroscope. Photo−
graphs were made with a Leica MZ 16 Stereomicroscope, and
either JVC (model KY−F70B) or Nikon Coolpix 4500 digital
cameras and processed using image editing software (Adobe
CS®). The scale covers were then prepared for both light mi−
croscopy (LM) and scanning electron microscopy (SEM) by
removing them from the plant material with a scalpel and plac−
ing them in 99.5% ethanol, followed by a rinse of water. For
LM, scale covers were embedded in synthetic resin for micro−
sectioning, and subsequently mounted on a glass slide. For
SEM, fragments were mounted on double−sided adhesive tape
on an aluminium SEM stub and gold coated. SEM was per−
formed using a CamScan MV 2300 unit operated at 15kV.
While studying the specimens listed below, we managed
to detach the scale covers from the leaf surface on which they
were settled. However, no remains of the body of the ar−
moured scale insects were recovered. No modification of leaf
surface was observed. The taxonomy of species and genera
in extant Diaspididae is mainly based on morphological
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structures of the cuticle, whereas the shape, structure or col−
our of the scale covers is of some taxonomic significance at
the suprageneric level. Since the only taxonomic feature
available from the material studied was the shape and size of
the scale cover, we could not assign these fossil Diaspididae
to a rank below the two major subfamilies, Aspidiotinae and
Diaspidinae. For a detailed description of all the available
material, see our supplementary online material (http://app.
pan.pl/SOM/app53−Wappler_SOM.pdf ).

Systematic palaeontology
Insecta Linnaeus, 1758
Hemiptera Linnaeus, 1758
Sternorrhyncha Amyot and Serville, 1843
Coccoidea Handlirsch, 1903
Diaspididae Maskell, 1878
Aspidiotinae Ferris, 1942
Aspidiotinae gen. et sp. indet. 1
Material.—NHMM PB 2005/140, LS, FIS SM.B.Me 20246;
FIS SM.B.Me 19309; NHMM PB 2005/411, LS; FIS
SM.B.Me 3958; FIS SM.B.Me 19250.
Description.—The female scale cover of this species is cir−
cular, with considerable variation in diameter from 1 mm to
2.6 mm. Concentric rings, representing the scale covers ex−
creted by first and second nymph instars, are clearly discern−
ible (Fig. 1B). The total scale cover is surrounded with a ring
(width about 250 μm), which is slightly brighter than the
scale cover and elevated from the leaf surface and from scale
cover surface (Fig. 1B). This ring appears not to constitute
part of the scale cover, but rather belonging to the host plant.
We suppose that it is a kind of reaction of the plant to the de−
veloping armoured scale insect. We could not speculate as to
the colour of the scale cover. Fig. 1E is a SEM of the ventral
(inner) surface of the scale cover, showing the pattern of wax
secretion during the process of scale cover formation by the
adult female. Fig. 1F is a cross section of the scale cover,
clearly indicating the moults of nymphal stages that are in−
corporated within the scale cover.
Comments.—Based on the shape and size of the scale covers
of the above listed two fossils, this taxon appears to be re−
lated to extant species of genera such as Aonidiella, Chryso−
mphalus, and Melanaspis (Fig. 1C, D). These genera include
many extant species which are pests of various agricultural
crops of great economic importance. These species are
widely distributed in tropical and subtropical territories of
the Nearctic, Neotropical, Ethiopian, Palearctic, Oriental,
and Australasian zoogeographical regions.

Aspidiotinae gen. et sp. indet. 2
Material.—NHMM PB 1995/448, LS; NHMM PB 2005/62,
LS; NHMM PB 2005/375, LS; NHMM PB 2005/456, LS.
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Description.—The female scale cover of this species is cir−
cular, about 1 mm in diameter. Concentric rings, represent−
ing the first and second nymphal instars, are distinct. The
“white cap” part of the scale cover is slightly whitish in hue,
while the scales of second instar and adult female are brown
(Fig. 1G–I). Scale covers of nymphal stages (Fig. 1J) are cir−
cular, about 300 μm in diameter. All records of this species
were found on species of coryphoid−like Arecaceae (palms).
Comments.—Extant scale insects (Coccoidea), including ex−
tant armoured scale insects (Diaspididae), frequently infest
host plants of the family Arecaceae (Ben−Dov and Miller
2007). Among 2384 extant species of Diaspididae, 153 spe−
cies have been recorded from species of Arecaceae. The ar−
moured scale species Comstockiella sabalis (Comstock,
1883), and Parlatoria blanchardi Targioni Tozzetti, 1892,
have been reported exclusively from species of Arecaceae.
The pit−scale family, Asterolecaniidae, includes the genus
Palmaspis, with 32 species, all of which develop only on
palms. The monogeneric family Phoenicococcidae, contains
one species, namely, Phoenicococcus marlatti Cockerell,
1899, which develops on about 12 species of Arecaceae.

Aspidiotinae gen. et sp. indet. 3
Material.—FIS SM.B.Me 3468. An incomplete preserved
pinnate leaf (“feather−leaved”) of a lepidocaryoide palm,
most probably belonging to the genus Phoenicites; found in
Messel pit near Darmstadt, Hesse, Germany.
Description.—We observed on lower surface of one leaf
about 120 circular scale covers, diameter 0.317–0.439 mm.
The smaller size of the scale covers, and the structure of its
concentric rings, as compared to Aspidiotinae gen. et sp.
indet. 2, suggest that Aspidiotinae gen. et sp. indet. 3, in−
cludes the scale covers of nymphal stages that we regard as
belonging to a separate species. The crowded population
(Fig. 1K) resembles heavy infestations of the extant species
Parlatoria blanchardi Targioni Tozzetti, 1892 (Fig. 1L),
which is a common pest of date palms in North Africa and the
Middle East (Ben−Dov and Miller 2007).
Comments.—Palms constitute one of the most familiar and
most easily recognized plant families. They are distinguished
from most other angiosperms by distinctive leaves, or fronds,
and they constitute one of the few monocotyledonous plant
families with arborescences (Howard et al. 2001). Palms are
essentially tropical plants, of which about 75% of the species
occur within rainforest (Dransfield 1978). Additionally, there
is a marked dissimilarity between the palm floras of the Old
and New World. The lepidocaryoid palms (resembling the
Messel specimen) are Old World taxa, except for Lepido−
caryum, Mauritia, and one species of Raphia in the New
World (Tomlinson 1979).
The Arecaceae, of all identifiable monocotyledons, display
the richest fossil records, as revised by Harley (2006). By the
late Cretaceous, all major palm fossil categories are present.
Therefore it seems unsubstantiated that insect−palm relation−
ships are so little known and reported in the fossil record be−
http://app.pan.pl/acta53/app53−627.pdf
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Table 1. Geological records of Diaspididae (updated from Koteja 1990, 2000a, 2001; Koteja and Ben−Dov 2003; Harris et al. 2007). Abbreviations:
* Koteja (2000: 212, 2001: 51) referred to this material but did not name it. Diaspididae are represented by numerous inclusions. ** Koteja (1990:
153) indicated that at least 30 specimens of armoured scale insects were found in Tertiary amber deposits. *** Armoured scale insects occur on
dicotyledonous and monocotyledonous leaves. It must be noted that the gender assignment of some of these fossil specimen may be problematic.
**** Koteja (1990) noted that although formally unassigned, this fossil definitely belonged to the Diaspididae, very likely resembling a species of
Lepidosaphes. ***** Putative scale structures preserved on coryphoid Arecaceae from the uppermost Cretaceous (Late Maastrichtian) of the Den−
ver Basin, Colorado, USA (personal communication Conrad C. Labandeira 2007; Labandeira et al. 2007), and convex, circular scales marks on the
stem of the equisetalian Balenosetum candlewaxia (see Labandeira 2006b: fig. 39) and Zonulamites elandensis, on the leaves of the conifer
Heidiphyllum elongatum, and the seed fern Dicroidium dubium from the Triassic of South Africa.
Epoch

Locality

Late Miocene

Syracuse province, Sicily, Italy

Middle Miocene

Dominican amber, Hispaniola,
Dominican Republic

Middle Miocene

Mexican amber, Chiapas, Mexico

Early Miocene
Middle Eocene
Middle Eocene
Middle Eocene
Late Maastrichtian
Late Triassic

Gender
%

&
1
*

Fossil type

Taxon

compression

Aspidiotus crenulatus (Pampaloni date)

inclusion**

not assigned

1

inclusion**

not assigned

Foulden Hill, Otago, New Zealand

14

compression

Aspidiotinae gen. et sp. indet.

Eckfeld maar, Germany

46***

compression

Aspidiotinae gen. et sp. indet.
present contribution

Messel maar, Germany

>214***

compression

Aspidiotinae gen. et sp. indet.
present contribution

inclusion**

not assigned

Baltic amber, Baltic

1

2****

Denver Basin, Colorado, USA

*****

compression

not assigned

Molteno Formation, South Africa

*****

compression

not assigned

cause multitude of different insect families use palms as a reli−
able source of food (Howard et al. 2001; Labandeira et al.
2007). One reason could be that the insect fauna of about 85%
of palm genera is completely unknown (Lepesme 1947) and
knowledge of insect−palm relationships is overwhelmingly
derived from studies of three economically important palms,
oil palm (Elaeis guineensis), coconut (Cocos nucifera), and
date palm (Phoenix dactylifera), and not from wild palms
(Howard 2001). There may be other reasons particular to palm
anatomy or biology, but they are conjectural. These include
(1) that the thicker adaxial (“upper”) wax layer on most fronds
is more difficult for insects to penetrate than equivalent layers
in other plants; (2) that for insects using nectar or pollen, most
palm species flower only during a limited time interval of the
year, restricting the spectrum of available pollinators; (3) in
the absence of cambium or bark, palms are not attacked by
cambium borers or bark beetles; and (4) roots of palms are not

a prime target of attack by arthropods because they are not
centres of carbohydrate storage (see Howard 2001).
The majority of fossil palms cannot be determined below
family level, due to lack of distinctive morphological varia−
tions in foliar organs. This is especially correct regarding the
genus Phoenicites, to which very likely belong the fossil
specimens recorded here. Read and Hickey (1972) redefined
the fossil genus Phoenicites and suggested that Phoenicites
should, henceforth, be reserved or applied to non−Phoe−
nix−like pinnate leaves.

Aspidiotinae gen. et sp. indet. 4
Material.— NHMN PB 2005/140, LS. An incompletely pre−
served, dicotyledonous leaf found at Eckfeld Maar near
Manderscheid, Eifel Mountains, Germany; middle Eocene
(middle Lutetian, ELMA Geiseltalian, MP13, 44.3 ± 0.4
Myr).

Fig. 1. Scale covers of female and nymphal stages of armoured scale insects on dicotyledon and monocotyledon fossil leaves from the middle Eocene
(44–47 Myr) Messel and Eckfeld maar fossil sites. A. FIS SM.B.Me 20426; A1, complete preserved leaf of undetermined dicotyledon (microphyll), with
about 70 scale covers; A2, concentric rings, representing the first and second nymph instars, covers surrounded with a ring (white arrow). B. Aonidiella
aurantii (Maskell, 1878). Mainly known as an important pest of Citrus. C. Single scale of Aonidiella aurantii (Maskell, 1878) on grapefruit. D. FIS SM.B.
Me 19309; D1, SEM micrograph of scale cover surface structure revealing secretionary pattern during the process of scale cover formation (black arrows in−
dicating the position of first and second nymph instars); D2, microsection of a single female scale cover clearly showing the moults of nymph stages incor−
porated in the scale cover. E. NHMM PB 2005−62, LS. Female scale cover in 3D preservation on a palm leaf. F. NHMM PB 2005−456, LS. Female scale
cover in 3D preservation on a palm leaf; F1, showing “white−cap” secretion of the first instar (white arrow); F2, showing “white−cap” secretion of the first
instar (white arrow) under laser scanning microscope. G. NHMM PB 1995−448, LS. Female scale covers with putative immature stages (white arrows).
H. FIS SM.B.Me 3468. Crowded population of armoured scale insects of a fossil palm leaf, resembles heavy infestations of the extant species Parlatoria
blanchardi Targioni Tozzetti, 1892. I. Heavy infestations of the extant species Parlatoria blanchardi Targioni Tozzetti, 1892 on Phoenix dactylifera in Is−
rael. J. NHMM PB 2005−140, LS. Elongated scale situated on the main vein, which does not resemble scale covers of any extant species.
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Description.—We observed on the leaf surface three oval−
elongate scale covers (1.77–2.3 mm wide, 3.1–3.2. mm long)
(Fig. 1M). These elongated scale covers were placed on the
same leaf next to five circular scale covers (diameter about
1.53 mm), which are here assigned to Aspidiotinae gen. et sp.
indet. 2. Unlike the circular scale covers that are distributed
sparsely over the leaf, the elongated scale covers are re−
stricted to the main vein and secondary veins. It seems likely
that these scale insects fed directly from the leaf veins.
Comments.—The elongated shape of these scale covers does
not resemble scale covers of extant species. It is remarkably
different from Lepidosaphes. The structure and arrangement
of concentric rings on the scale cover appear to indicate that
they belong to adult females and not males.

Discussion
Taxa in the suborder Sternorrhyncha of the Hemiptera are
quite ancient and originated during the transition from the
Permian to the Triassic. The Coccoidea (scale insects) as a
whole probably stems from the Late Triassic and through the
Jurassic. Nevertheless, the origin and early history of Cocco−
idea has been discussed by various authors, recently by
Shcherbakov (2007), albeit their origins are still unknown
from the fossil record. Even in the absence of earlier Meso−
zoic fossil scale insect occurrences, the mere presence of dis−
tinct scale damage types during the Late Triassic indicates
that the coccoid lineage (not necessarily the modern families)
also was present during this period (Table 1). More recent
periods of radiation affected the archeococcoids (Othezio−
idea) and neococcoids (Coccoidea). Interestingly, the radia−
tion of scale insects coincides nicely with the period in which
angiosperm diversity increased dramatically, with a trend of
basal families (“archaeococcoids”) in Cretaceous amber and
diverse neococcoids by the Early Eocene (Koteja 1988,
2000a; Grimaldi and Engel 2005). Many fossils of scale in−
sects have been described, most of which appeared in a series
of papers by Koteja (1984, 1990, 2000a, b, 2001, 2004),
based almost entirely on male coccids fossilised in amber.
Female armoured scale insects are not known from Baltic
amber (see Koteja 1990, 2000a).
For scale insect impressions, however, the fossil record is
at the first glance comparatively sparse, most probably be−
cause the female is sedentary and the males are ephemeral
and minute, which partly could explain the paucity of scale
insect impressions. However, the occurrence of over 250
well−preserved scale covers of adult female and nymphal
stages of armoured scale insects on dicotyledonous and
monocotyledonous fossil leaves, together with a variety of
coccids on palms during the latest Cretaceous in the Denver
Basin of Colorado, support the hypothesis that scale insect
impressions are much more abundant in the fossil record than
previously believed because in most cases the scale insect
damage on plants remains unreported (personal communica−
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tion, Conrad C. Labandeira 2007). The exploration of scale
insect damage on plants is imperative, no matter how seem−
ingly futile, and will play an important, albeit somewhat
more limited role in understanding scale insect evolution and
may eventually prove to be critical for understanding the ear−
liest origin of coccoids.
Derived members of the Aspidiotinae occur during the
Middle Eocene, however, indicating that the more basal di−
vergences in the neococcoids must have taken place earlier in
the Palaeocene or Latest Cretaceous.

Acknowledgements
We are grateful for the authoritative commentary on the manuscript
provided by Michael S. Engel (University of Kansas, Lawrence, USA),
and an anonymous reviewer. We are further grateful to Jes Rust for
comments on a much earlier version of the manuscript; to Conrad C.
Labandeira (Department of Paleobiology, Smithsonian Institution,
Washington D.C., USA) for a critical review of the final draft; and
Volker Wilde (Forschungsinstitut und Naturmuseum Senckenberg,
Frankfurt am Main, Germany) and Herbert Lutz (Naturhistorisches
Museum Mainz, Landessammlung für Naturkunde Rheinland−Pfalz,
Mainz, Germany) for the loan of specimens. We thank Gabriele Kühl
(Steinmann Institut für Geologie, Mineralogie, Paläontologie, Bonn,
Germany) for photography (Fig. 1A, K); Georg Oleschinski for assis−
tance with the SEM and Olaf Dülfer (both Steinmann Institut für
Geologie, Mineralogie, Paläontologie, Bonn, Germany) for preparing
the microsections. The research has been carried out as part of a project
financed by the Deutsche Forschungsgemeinschaft under the grant
DFG RU 665/4−1 including the post−doctoral appointment of the first
author. This is contribution No. 111 of the “Fossilfundstätte Eckfeld
Maar (Mittel−Eozän)”.

References
Amyot, C.J.B. and Serville, J.−G. 1843. Histoire naturelle des insectes:
Hémiptères. LXXVI + 684 pp. Roret, Paris.
Ben−Dov, Y. and German, V. 2005. A Systematic Catalogue of the Diaspi−
didae (Armoured Scale Insects) of the World, Subfamilies Aspidiotinae,
Comstockiellinae and Odonaspidinae. 1111 pp. Intercept, Ltd., Andover.
Ben−Dov, Y. and Miller, D.R. 2007. ScaleNet. 06 October 2007. http://www.
sel.barc.usda.gov/scalenet/scalenet.htm.
Cockerell, T.D.A. 1899. Some notes on Coccidae. Proceedings of the Acad−
emy of Natural Sciences of Philadelphia 1899: 259–275.
Comstock, J.H. 1883. Second report on scale insects, including a mono−
graph of the sub−family Diaspinae of the family Coccidae and a list, with
notes of the other species of scale insects found in North America. De−
partment of Entomology Report, Cornell University Agricultural Ex−
periment Station 2: 47–142.
Cook, L.G., Gullan, P.J., and Trueman, H.E. 2002. A preliminary phylog−
eny of the scale insects (Hemiptera: Sternorrhyncha: Coccoidea) based
on nuclear small−subunit ribosomal DNA. Molecular Phylogenetics
and Evolution 25: 43–52.
Currano, E.D., Wilf, P., Wing, S.L., Labandeira, C.C., Lovelock, E.C., and
Royer, D.L. 2008. Sharply increased insect herbivory during the Paleo−
cene–Eocene Thermal Maximum. Proceedings of the National Acad−
emy of Sciences of the USA 105: 1960–1964.
Dransfield, J. 1978. Growth rates of rain forest palms. In: P.B. Tomlinson
and M.H. Zimmermann (eds.), Tropical Trees as Living Systems,
247–268. Cambridge University Press, New York.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 14 Jul 2020
Terms of Use: https://bioone.org/terms-of-use

WAPPLER AND BEN−DOV—EOCENE ARMOURED SCALE INSECTS
Ehrlich, P.R. and Raven, P.H. 1964. Butterflies and plants: a study in co−
evolution. Evolution 18: 586–608.
Farrell, B.D. and Mitter, C. 1993. Phylogenetic determinants of insect/plant
community diversity. In: R.E. Ricklefs and D. Schluter (eds.), Species
Diversity in Ecological Communities. Historical and Geographical
Perspectives, 253–266. University of Chicago, Chicago.
Ferris, G.F. 1942. Atlas of the Scale Insects of North America. 278 pp. Stan−
ford University Press, Palo Alto, California.
Franzen, J.L. 2005. The implications of the numerical dating of the Messel fos−
sil deposit (Eocene, Germany) for mammalian biochronology. Annales de
Paléontologie 91: 329–335.
Gradstein, F.M., Ogg, J.G., and Smith, A.G. (eds.) 2004. A Geological Time
Scale 2004. Cambridge University Press, Cambridge.
Grimaldi, D. and Engel, M.S. 2005. Evolution of the Insects. 755 pp. Cam−
bridge University Press, Cambridge.
Gullan, P.J. and Kosztarab, M. 1997. Adaptations in scale insects. Annual
Review of Entomology 42: 23–50.
Handlirsch, A. 1903. Zur Phylogenie der Hexapoden. Sitzungsberichte der
Königlichen Akademie der Wissenschaften in Wien, mathematische−
naturwissenscgaftliche Klasse 112 (1): 716–738.
Harley, M.M. 2006. A summary of fossil record for Arecaceae. Botanical
Journal of the Linnean Society 151: 39–67.
Harris, A.C., Bannister, J.M., and Lee, D.E. 2007. Fossil scale insects
(Hemiptera, Coccoidea, Diaspididae) in life position on an angiosperm
leaf from an Early Miocene lake deposit, Otago, New Zealand. Journal
of the Royal Society of New Zealand 37: 1–13.
Howard, F.W. 2001. The Animal Class Insecta and the Plant Family Palmae.
In: F.W. Howard, D. Moore, R.M. Giblin−Davis, and R.G. Abad (eds.),
Insects on Palms, 1–32. CABI Publishing, Oxon, New York.
Howard, F.W., Moore, D., Giblin−Davis, R.M., and Abad, R.G. 2001. In−
sects on Palms. 400 pp. CABI Publishing, Oxon, New York.
Koteja, J. 1984. The Baltic amber Matsucoccidae (Homoptera, Coccinea).
Annales Zoologici 37: 437–496.
Koteja, J. 1988. Eomatsucoccus gen. n. (Homoptera, Coccinea) from Sibe−
rian Lower Cretaceous deposits. Annales Zoologici 42: 141–163.
Koteja, J. 1990. Paleontology. In: D. Rosen (ed.), Armoured Scale Insects,
Their Biology, Natural Enemies and Control, 149–163. Elsevier Sci−
ence Publisher, Amsterdam.
Koteja, J. 2000a. Advances in the study of fossil coccids (Hemiptera:
Coccinea). Polish Journal of Entomology 69: 187–218.
Koteja, J. 2000b. Scale insects (Homoptera, Coccinea) from the Upper Cre−
taceous New Jersey amber. In: D. Grimaldi (ed.), Studies on Fossils in
Amber, with Particular Reference to the Cretaceous of New Jersey,
147–229. Backhuys Publishers, Leiden.
Koteja, J. 2001. Essays on coccids (Hemiptera: Coccinea). Paleontology
without fossils? Prace Muzeum Ziemi 46: 41–53.
Koteja, J. 2004. Scale insects (Hemiptera: Coccinea) from the Cretaceous
Myanmar (Burmese) amber. Journal of Systematic Palaeontology 2:
109–114.
Koteja, J. and Ben−Dov, Y. 2003. Notes on the fossil armoured scale insect
Aspidiotus crenulatus (Pampaloni) (Hem., Coccoidea, Diaspididae).
Bulletin de la Société entomologique de France 108: 165–166.
Labandeira, C.C. 1998. Plant−insect associations from the fossil record.
Geotimes 43: 18–24.
Labandeira, C.C. 2002. Paleobiology of middle Eocene plant−insect associ−
ations from the Pacific Northwest: A preliminary report. Rocky Moun−
tain Geology 37: 31–59.
Labandeira, C.C. 2006a. The four phases of plant−arthropod associations in
deep time. Geologica Acta 4: 409–438.
Labandeira, C.C. 2006b. Silurian to Triassic plant and hexapod clades and
their associations: new data, a review, and interpretations. Arthropod
Systematics and Phylogeny 64: 53–94.
Labandeira, C.C. 2007. The origin of herbivory on land: Initial patterns of
plant tissue consumption by arthropods. Insect Science 14: 259–275.
Labandeira, C.C., Dilcher, D.L., Davis, D.R., and Wagner, D.L. 1994.
Ninety−seven million years of angiosperm−insect association: Paleobio−

633

logical insights into the meaning of coevolution. Proceedings of the Na−
tional Academy of Sciences 91: 12278–12282.
Labandeira, C.C., Ellis, B., Johnson, K.R., and Wilf, P. 2007. Patterns of
plant−insect associations from the Cretaceous–Paleocene interval of the
Denver Basin. Geological Society of America, Abstracts with Programs
39 (6): 27.
Lepesme, P. 1947. Les insectes des palmiers. 903 pp. Paul Lechevalier,
Paris.
Linnaeus, C. 1758. Systema Natura Per Regna Tria Naturae Secundum
Classes, Ordines, Genera, Species, Cum Characteribus, Differentiis,
Synonymis, Locis. 824 pp. Holmiae, Salvii.
Lutz, H., Frankenhäuser, H., and Neuffer, F.O. 1998. Fossilfundstelle
Eckfelder Maar−Archiv eines mitteleozänen Lebensraumes in der Eifel.
51 pp. Landessammlung für Naturkunde Rheinland−Pfalz, Mainz.
Maskell, W.M. 1878. On some Coccidae in New Zealand. Transactions and
Proceedings of the New Zealand Institute 11: 187–228.
Mertz, D.F., Harms, F.−J., Gabriel, G., and Felder, M. 2004. Arbeitstreffen
in der Forschungsstation Grube Messel mit neuen Ergebnissen aus der
Messel−Forschung. Natur und Museum 134 (9): 289–290.
Mertz, D.F. and Renne, P.R. 2005. A numerical age for the Messel fossil de−
posit (UNESCO World Heritage Site) derived from 40Ar/39Ar dating on
a basaltic rock fragment. Courier Forschungsinstitut Senckenberg 255:
67–75.
Mertz, D.F., Swisher, C.C., Franzen, J.L., Neuffer, F.O., and Lutz, H. 2000.
Numerical dating of the Eckfeld maar fossil site, Eifel, Germany: a cali−
bration mark for the Eocene time scale. Naturwissenschaften 87: 270–274.
Mitter, C., Farrell, B.D., and Wiegmann, B.M. 1988. The phylogenetic
study of adaptive zones: has phytophagy promoted insect diversifica−
tion? The American Naturalist 132 : 107–128.
Pampaloni, L. 1902. I resti organici nel disodile di Melilli in Sicilia.
Palaeontographia Italica 8: 121–130.
Read, R.W. and Hickey, L.J. 1972. A revised classification of fossil palm
and palm−like leaves. Taxon 21: 129–137.
Rosen, D. (ed.) 1990. Armored Scale Insects, their Biology, Natural Ene−
mies and Control. Vol. 4A, 384 pp., Vol. 4B, 688 pp. Elsevier, Amster−
dam.
Schaal, S. and Ziegler, W. (eds.) 1992. Messel. An Insight into the History of
Life and of the Earth. 328 pp. Clarendon Press, Oxford.
Scott, A.C. 1991. Evidence for plant−arthropod interactions in the fossil re−
cord. Geology Today 7: 58–61.
Scott, A.C., Stephenson, J., and Chaloner, W.G. 1992. Interaction and co−
evolution of plants and arthropods during the Palaeozoic and Mesozoic.
Philosophical Transactions of the Royal Society of London, Series B
335: 129–165.
Shcherbakov, D.E. 2007. Extinct four−winged precoccids and the ancestry
of scale insects and aphids (Hemiptera). Russian Entomological Jour−
nal 16: 47–62.
Targioni Tozzetti, A. 1892. Aonidia blanchardi, nouvelle espèce de cochenille
du dattier du Sahara. Mémoires de la Société Zoologique de France 5:
69–82.
Thompson, J.N. 1989. Concepts of coevolution. Trends in Ecology and Evo−
lution 4 (6): 179–183.
Thompson, J.N. 1999a. Specific hypotheses on the geographic mosaic of co−
evolution. The American Naturalist 153: S1–S14.
Thompson, J.N. 1999b. The evolution of species interaction. Science 284:
2116–2118.
Thompson, J.N. and Pellmar, O. 1991. Evolution of oviposition behavior
and host preference in Lepidoptera. Annual Review of Entomology 36:
65–89.
Tomlinson, P.B. 1979. Systematics and ecology of the palmae. Annual Re−
view of Ecology and Systematics 10: 85–107.
Wappler, T. 2003. Die Insekten aus dem Mittel−Eozän des Eckfelder
Maares, Vulkaneifel. Mainzer Naturwissenschaftliches Archiv, Beiheft
27: 1–234.
Wappler, T. and Engel, M.S. 2003. The Middle Eocene bee faunas of the
Eckfeld Maar and Messel, Germany (Hymenoptera: Apoidea). Journal
of Paleontology 77: 908–921.
http://app.pan.pl/acta53/app53−627.pdf

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 14 Jul 2020
Terms of Use: https://bioone.org/terms-of-use

634
Wappler, T. and Engel, M.S. 2006. New record of Mastotermes from the
Eocene of Germany (Isoptera: Mastotermitidae). Journal of Paleontol−
ogy 80: 380–385.
Wappler, T., Smith, V.S., and Dalgleish, R.C. 2004. Scratching an ancient
itch: an Eocene bird louse fossil. Proceedings of the Royal Society of
London, B 271 (Supplement 5): 255–258.
Wedmann, S. 2005. Annotated taxon−list of invertebrate animals from the
Eocene fossil site Grube Messel near Darmstadt, Germany. Courier
Forschungsinstitut Senckenberg 255: 103–110.
Wedmann, S., Bradler, S., and Rust, J. 2007. The first fossil leaf insect: 47
million years of specialized cryptic morphology and behavior. Proceed−
ings of the National Academy of Sciences 104: 565–569.
Wilde, V. 2004. Aktuelle Übersicht zur Flora aus dem mitteleozänen
“Ölschiefer” der Grube Messel bei Darmstadt (Hessen, Deutschland).
Courier Forschungsinstitut Senckenberg 252: 109–114.

ACTA PALAEONTOLOGICA POLONICA 53 (4), 2008
Wilde, V. and Frankenhäuser, H. 1998. The Middle Eocene plant tapho−
coenosis from Eckfeld (Eifel, Germany). Review of Palaeobotany and
Palynology 101: 7–28.
Wilf, P., Labandeira, C.C., Coley, P.D., and Cutter, A.D. 2001. Insect
herbivory, plant defense, and early Cenozoic climate change. Proceed−
ings of the National Academy of Sciences 98: 6221–6226.
Wilf, P., Labandeira, C.C., Kress, W.J., Staines, C.L., Windsor, D.M.,
Allen, A.L., and Johnson, K.R. 2000. Timing the radiations of leaf bee−
tles: Hispines of ginger from latest Cretaceous to recent. Science 289:
291–294.
Winkler, I.S. and Mitter, C. 2008. The phylogenetic dimensions of in−
sect−plant interactions: a review of recent evidence. In: T. Tilmon (ed.),
Specialization, Speciation, and Radiation: the Evolutionary Biology of
Herbivorous Insects, 240–263. University of California Press, Berke−
ley, CA.

Downloaded From: https://bioone.org/journals/Acta-Palaeontologica-Polonica on 14 Jul 2020
Terms of Use: https://bioone.org/terms-of-use

