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Out of the 30 extant orders of insects, all but one,
the parasitic lice (Insecta: Phthiraptera), have a
confirmed fossil record. Here, we report the dis-
covery of what appears to be the first bird louse fos-
sil: an exceptionally well-preserved specimen
collected from the crater of the Eckfeld maar near
Manderscheid, Germany. The 44-million-year-old
specimen shows close phylogenetic affinities with
modern feather louse ectoparasites of aquatic birds.
Preservation of feather remnants in the specimen’s
foregut confirms its association as a bird ecto-
parasite. Based on a phylogenetic analysis of the
specimen and palaeoecological data, we suggest that
this louse was the parasite of a large ancestor to
modern Anseriformes (swans, geese and ducks) or
Charadriiformes (shorebirds). The crown group
position of this fossil in the phylogeny of lice
confirms the group’s long coevolutionary history
with birds and points to an early origin for lice,
perhaps inherited from early-feathered theropod
dinosaurs.
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1. INTRODUCTION

Obligate interactions such as those between birds or mam-
mals and their parasitic lice provide some of the classically
cited examples of coevolution and cophylogeny (Page
2002). Genera of lice are often restricted to single families
or orders of birds and mammals. This tight host-specificity
might suggest that lice and their hosts have a long co-
evolutionary history. There has been much debate over
the age of lice and the origins of parasitism in this group
(Lyal 1985). However, until now, to our knowledge there
has been no direct evidence available regarding the age of
the host—parasite association between lice and their ver-
tebrate hosts. Here, we provide the first direct evidence
on the antiquity of this association in the form of what
appears to be the first bird louse fossil: an exceptionally
preserved specimen in which bird feather remnants can be
seen preserved within the specimen’s foregut.

Although the fossil record is replete with examples of
mammals and birds, the fossilized remains of their parasite
fauna are virtually unknown. In this regard lice are no
exception. There are three previous reports of fossil lice,
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two of which are based on fragmentary fossils that are
much too small to be lice (Kumar & Kumar 1999, 2001),
while the third (Rasnitsyn & Zherikhin 1999) is ambigu-
ous and shares characters in common with several insect
orders. The former describe specimens with a total length
of 0.23 mm, have a cephalothorax (a fused head and
thorax) and branched setae. By comparison the smallest
extant louse is 0.33 mm, all lack a cephalothorax (a
character restricted to arachnids and crustaceans) and do
not have branched setae. We concur with Price et al
(2003) in the suggestion that these specimens are most
probably mites (Acari). The latter report (Rasnitsyn &
Zherikhin 1999) is of a specimen 18.7 mm in length
(almost twice that of the largest extant louse), with struc-
tures unlike Phthiraptera or any known insect order. With-
out evidence these authors postulate that this taxon
parasitized pterosaurs. On the basis of morphology and
this dubious host association this insect lacks all affinity
with extant lice from mammals or birds and we conclude
it is not a phthirapteran within the current concept of the
order. Although there are no other reports of fossilized
lice, a report of eggs attached to mammal hair preserved
in Baltic amber (Voigt 1952) are clearly those of an ecto-
parasite and perhaps those of sucking lice (Anoplura).

The parasite described here is extraordinary in several
respects. Few fossils are preserved with the contents of
their last meal i sizu. While the level of feather preser-
vation within the specimen’s foregut is insufficient for us
to deduce a likely host from its morphology, phylogenetic
analysis of the louse allows us to infer candidate hosts.
Avian lice exhibit a high level of host specificity and the
fossil can be unambiguously assigned to a modern louse
group. Its discovery completes the representation of all
insect orders in the fossil record.

2. MATERIAL AND METHODS

The specimen was collected from the Eckfeld maar near Mander-
scheid, Eifel, Germany. This volcanic crater formed a freshwater lake
with an original diameter of 900 m and a depth exceeding 110 m
(Pirrung et al. 2001). Rapid sedimentation over a 250 000 year period
combined with anoxic alkaline conditions (no bioturbation) explain
the perfect preservation of fossils within the lamination of the oilshale
(Mingram 1998). As a consequence, coloration and minute structural
details are present in many of the 30 000 plus macrofossils recovered
from this site, which document a diverse Eocene terrestrial flora and
fauna. Argon®®?° dating of basalt from the diatreme breccia under-
lying the lake sediments establishes an age of 44.3 + 0.4 million years
(Myr) ago for Eckfeld (Mertz et al. 2000). The fossil and surrounding
matrix were preserved by immersion in glycerine to prevent oxi-
dation. Photographs were taken digitally with the aid of a dissection
microscope and compared with related extant specimens taken from
the collections of R.C.D. Morphological nomenclature follows Clay
(1970) and Marshall (2003).

Louse phylogeny was determined from a cladistic analysis of 147
morphological characters and 45 extant taxa using a dataset modified
from Marshall (2003) (TREEBASE accession SN1027;
http://www.treebase.org/). A heuristic search with PAUP* (Swofford
2003) using tree bisection-reconnection (TBR) branch swapping
yields six equally parsimonious trees from which a strict consensus
was constructed and used as a backbone constraint to determine the
phylogenetic placement of the fossil taxon. This constrained search
was restricted to 24 of the 147 morphological characters that could
be scored from the fossil.

3. RESULTS
(a) Classtfication

Class Insecta, Linnaeus 1758; order Phthiraptera,
Haeckel 1896; suborder Amblycera, Kellogg 1896; family
Menoponidae, Mjoberg 1910; genus Megamenopon, gen.
nov.; type species Megamenopon rasnitsyni, Sp. nov.
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Figure 1. Megamenopon rasnitsyni gen. et sp. nov. and its extant close relative Holomenopon brevithoracicum (Piaget).

(a) Complete exoskeleton of Megamenopon rasnitsyni. (b) Enlargement of the crop (encircled), part of the foregut visible within
the abdomen. (¢) Enlargement of the rectangular section highlighted in (b) showing feather barbules preserved within the crop.
Examples are highlighted with arrows. (d) Holomenopon brevithoracicum from a mute swan (Cygnus olor (Gmelin)).

(e) Enlargement of the Holomenopon crop. (f) Enlargement of the section highlighted in (¢) showing feather barbules within
the Holomenopon crop. Scale bars: (a—b) 2 mm, (¢) 0.125 mm, (d) 0.5 mm, (¢) 0.3 mm, (f) 0.1 mm.

(b) Etymology

The generic name is based upon ‘menopon’ the root of
the family to which it belongs, and the prefix references
its large size. The species name is in recognition of the
contribution of Alexander P. Rasnitsyn of the Palaeontol-
ogical Institute, Russian Academy of Sciences, Moscow,
towards our understanding of fossil insects.

(¢) Holotype

PE1997/33.LS, Naturhistorisches Museum Mainz/
Landessammlung fiir Naturkunde Rheinland-Pfalz, Ger-
many (figure la—c).

(d) Generic and specific diagnosis

Temples narrowly lobed extending beyond median pos-
terior margin of head, bounded by dorsal head setae
(DHS) 21-27; DHS 23 close to DHS 22 and alveoli of
DHS 26 and 27 separate; DHS 29-31 present; prothorax
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enlarged, longer than head bearing episternal carina run-
ning the length of the segment; transverse pronotal carina
expanded medially; division between meso/metathorax
marked by an indentation in the lateral margin; posterior
margin of metathorax convex; lateral tergal thickenings of
abdomen absent; abdominal tergites comprising single
plates per segment bearing single rows of setae extending
across posterior margin of proceeding segment; abdominal
spiracles open onto tergites; margin of lateral ventral plate
square, not extending into a medial protuberance; sub-
genital plate (segments VIII + IX) present and anal mar-
gin fringed with setae.

4. DISCUSSION

The holotype is a female 6.74 mm long that is almost
complete, showing sections of most dorsal and some pro-
truding ventral features, in addition to a discoloured por-
tion of the foregut corresponding to the crop or ‘feather
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Figure 2. Phylogenetic position of Megamenopon gen. nov. within the phylogeny for amblyceran lice of birds and mammals.
Decay indices are indicated below the nodes (TBR branch swapping, 1000 replicates). (a) Phylogeny of the principal
amblyceran louse clades. The number of terminal taxa are given in parentheses. Megamenopon is placed within the
Austromenopon complex that are parasites of aquatic birds. (b) Strict consensus of two most parsimonious trees for the
Austromenopon complex. Megamenopon is either placed in a trichotomy with Austromenopon and Holomenopon as shown here or
as sister taxon to a Austromenopon—Holomenopon clade. These lice parasitize anseriform, charadriiform and procellariiform birds.

sac’ (figure la—c). The specimen closely resembles extant
menoponid lice (Insecta: Phthiraptera: Amblycera:
Menoponidae). This was verified by subjecting the speci-
men to a cladistic analysis using characters of Marshall
(2003) (figure 2). Using characters that could be scored
from the fossil the constrained heuristic search generates
two equally parsimonious trees, a strict consensus of
which is shown in figure 2b. The head lacks any pattern
of thickened chitin as found in some contemporary meno-
ponid lice. The prothorax is enlarged relative to the head
with a smooth lateral margin. This readily distinguishes
Megamenopon from extant menoponid genera. The abdo-
men is widest at segment V with lateral tergal thickenings
absent. Within the anterior third of the abdomen between
the tergites a large oval structure is visible that contains
the partly digested feathers of the specimen’s last meal
(figure 1b,c). This part of the alimentary canal corre-
sponds to the crop, and is identical in size, position and
discolouration to that of extant feather lice (figure 1d-f).
The lower portion of the fossilized crop is partly covered
by the displaced femur and tibia of the left third leg. How-
ever, the anterior portion (figure 1¢) contains structures
similar to those present in the crop of contemporary men-
oponid feather lice (figure 1f). These are too small to be
setae and we conclude that these are feather barbules.
Avifauna from this period and locality is poorly known,
and Megamenopon was not found in direct association with
fossil remains of any host material. Despite this the shared
phylogenetic history of many lice and their hosts coupled
with their host specificity (Price et al. 2003) allows us to
identify candidate hosts for Megamenopon. Phylogenetic
analysis places the fossil within a crown group clade corre-
sponding to the Austromenopon complex (Austromenopon—
Holomenopon—Eidmanniella; figure 2) sensu Marshall
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(2003). Its closest extant relatives are louse genera restric-
ted to  seabirds (Procellariiformes), shorebirds
(Charadriiformes) or ducks (Anseriformes). Based on
Eocene palacogeography Eckfeld lies 100-150 km from
the sea (Harms & Schaal 2000), ruling out Procellarii-
formes as likely hosts. However, representatives of both
Charadriiformes and Anseriformes have been found at the
Messel Lagerstitte near Darmstadt, Germany (Mayr
2000), located close to Eckfeld maar. These sites share a
similar palaeoecology and biostratigraphy (Messel is ca.
5 Myr older than Eckfeld), suggesting that representatives
of these host orders were in the vicinity of Eckfeld at
this time.

Our specimen indicates that avian lice had at least a
Lower Eocene origin: a time when many modern bird lin-
eages had already diversified (Cooper & Penny 1997). The
crown group position of Megamenopon, combined with the
recent discovery of fossil eggs (probably mites) on a Cre-
taceous feather (Martill & Davis 1998), confirms a coevol-
utionary history between parasites and birds that spans
more than 120 Myr. This raises the possibility that the
ancestral host for parasitic lice was not a modern bird or
mammal as is generally accepted, but an early-feathered
dinosaur.
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