
Electron microscopical evidence of a vertically transmitted
Wolbachia-like parasite in the parthenogenetic, stored-

product pest Liposcelis bostrychophila Badonnel
(Psocoptera)

M. Yusuf, B. Turner*, P. Whit®eld, R. Miles, J. Pacey

Division of Life Sciences, King's College London, Kensington, London W8 7AH, UK

Accepted 2 July 1999

Abstract

Electron microscopical investigations of the reproductive system of the common domestic pest,
Liposcelis bostrychophila show the presence of dense concentrations of small bacterial inclusions. These
rickettsial bacteria are tentatively identi®ed as Wolbachia, a genus found infecting a number of other
insect groups where it is implicated in changes in reproductive function. In L. bostrychophila
reproduction is parthenogenetic, a state known in other insect groups to result from Wolbachia
infection. Closely related bisexual liposcelids do not harbour the bacterium. # 2000 Elsevier Science
Ltd. All rights reserved.
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1. Introduction

Liposcelis bostrychophila Badonnel (Liposceliiddae, Psocoptera) is a small (1 mm long) mid-
brown, dorso-ventrally ¯attened, wingless, parthenogenetic insect that, over the last 30 years,
has become an increasingly important cause of complaints to the food industry in the UK and
in Europe (Turner, 1994).
L. bostrychophila feeds on a wide variety of dry foods and is particularly problematic in
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farinaceous products, such as ¯our (Turner, 1987). It is a species that is predominantly
domestic in its distribution, being only rarely identi®ed from industrial locations (Obr, 1978;
Turner and Ali, 1996). Heavily contaminated food develops musty `o�-odours' and even the
presence of a light infestation of these small insects can cause considerable psychological
distress to householders. In addition a recent preliminary study has indicated that this
household pest is a potential allergen in the UK, producing strong skin reactions in sensitised
patients (Turner et al., 1996).
Of the 3500 known species of Psocoptera, L. bostrychophila is one of only a very few species

that are known to be obligate parthenogens (Mockford, 1971). Being parthenogenetic, there
are no mechanisms for the exchange of genetic material between individuals other than from
mother to daughters. This has resulted in considerable localised genetic variability between
populations of L. bostrychophila taken from di�erent households in the UK (Ali, 1994; Turner
and Ali, 1993; Turner and Ali, 1996).
Micro-organisms are common in insects, not only in those insects that are disease vectors (to

humans, animals and plants) but also as symbionts or mycetomes and as parasites (Smith,
1968; Steinhaus, 1947; Werren et al., 1995a). In particular bacteria belonging the genus
Wolbachia (Rickettsiales) have been the focus of much recent research (see Werren et al.,
1995b). Wolbachia appears phylogenetically diverse. However, within the genus there is a
monophyletic group, which includes the named type species W. pipientis (O'Neill et al., 1997).
The members of this group are obligate intracellular parasites. They have been detected in the
eggs, sperm cells and ovaries of their arthropod hosts and are of especial interest as they may
alter host reproduction. Infection is associated with such phenomena as the feminisation of
genetic males, cytoplasmic incompatibility and parthenogenesis (O'Neill et al., 1997).
Wolbachia are present in host cells as cocci (0.4 to 1 mm in diameter) or short rods (Weiss et
al., 1984). Relatively little is known of their metabolism and physiology, but their ®ne structure
is typical of Gram-negative bacteria. In electron micrographs the outer lipid membrane
(bilayer) of the cell wall is readily seen, though the peptidoglycan layer of the wall appears
absent in W. pipientis, so leading to cell plasticity (Wright and Barr, 1980).
Despite the early papers of Sikora (1918) and Hertig and Wolbach (1924) where rickettsia-

like organisms were identi®ed from a wide range of insect species, including two di�erent
psocopterans, subsequent students of psocid anatomy (Badonnel, 1934; Finlayson, 1949; Goss,
1952, 1953, 1954; Jostes, 1975; Seeger, 1979; Wong, 1970; Wong and Thornton, 1966, 1968)
failed to ®nd, mention or identify any micro-organisms in the bodies, reproductive organs or
eggs of psocids they examined.
The bacterial inclusions illustrated and described in this paper are tentatively identi®ed as

Wolbachia-like on the basis of their structure, size, polymorphic shape, position within the
insect, and their trans-ovarial method of dissemination.

2. Methods

Living liposcelid material was killed and ®xed in 2.5% gluteraldehyde in 0.1 M sodium
cacodylate bu�er for 2 h and post®xed in 1% osmium tetroxide. To assist the ®xation of the
internal tissues the head was removed. Eggs were dechorionated in Carnoy's solution. The
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®xed material was dehydrated in an acetone series and embedded in Spurr resin. Silver sections
were cut with a Reichert ultramicrotome, mounted on Formvar coated grids, stained with 2%
uranyl acetate and Reynolds lead citrate, and examined using a JOEL 100Cx MkII
transmission electron microscope.

3. Results

The bacteria were found in the oocytes developing in the ovaries of adult L. bostrychophila,
in embryos developing within laid eggs and in abdominal sub-epidermal tissues.
Ultrastructural analysis of the ovary of L. bostrychophila located within the haemocoel of

the adult parthenogenetic psocid reveals a serial array of large, ovoid oocytes each about 30 mm
long. The oocytes are surrounded, and closely invested, by a single layer of cuboidal follicular
cells.
Each follicular cell (F: Plate 1) is about 6 mm wide and 4 mm deep and contains a

proportionately large nucleus (FN: Plate 1) about 3.5 mm in diameter. The haemocoelomic
margin of such cells is bounded by an amorphous, extracellular coat (C: Plate 1) with a

Plate 1. Electron micrograph (magni®cation �7500) of an ovariole of Liposcelis bostrychophila showing oocyte
bounded by follicular cells (F). Key to the labelling: B, bacteria; C, ovariole wall; E, nuclear envelope of oocyte;

FN, follicular cell nucleus; I, large, less electron dense, homogeneous spherical inclusions in oocyte cytoplasm; M,
follicular cell mitochondria; M1, oocyte cytoplasm of moderate electron density; M2, oocyte cytoplasm of low
electron density; SB, electron dense spherical inclusions, supposedly lipid, in oocyte cytoplasm.
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thickness of about 120 nm. The follicle cells cytoplasm contains a variety of dense inclusions
plus mitochondria (M: Plate 1) each with a dense matrix.
Each oocyte possesses a large and irregularly shaped nucleus with a maximum diameter of

approximately 10 mm and with a nuclear envelope (E: Plate 1) with densely packed nuclear
pores. The oocyte cytoplasm contains a diversity of inclusions including spherical bodies (SB:
Plate 1) up to 1.7 mm in diameter which have a high electron density and are believed to be
composed of lipids, and larger inclusions (I: Plate 1) which are 2.0±2.5 mm in diameter and
have homogeneous, less electron dense contents. The cytoplasmic matrix is organised in a
mosaic fashion as revealed in sections with much of the matrix showing a ®ne granular
appearance of moderate electron density (M1: Plates 1 and 2) but interspersed with `islands'
with matrix of much reduced electron density (M2: Plates 1 and 2) containing coarser granular
aggregates which might be polyribosomes.
It is within these lighter `islands' that large numbers of bacterial cells, believed to be

Wolbachia, are clustered (B: Plates 1 and 2). The spatial co-occurrence of the bacterial cells
and the lighter `islands' is so invariant that we propose that the changed cytoplasmic
appearance is causally linked to the presence of the bacteria. The great majority of bacterial
pro®le appearances can be accounted for if each bacterial cell is ovoid in shape with a
maximum length of 740±800 nm and a maximum width of 350±390 nm. A cell wall (CW: Plate

Plate 2. Electron micrograph (magni®cation �35000) of part of an oocyte of Liposcelis bostrychophila showing a
portion of oocyte nucleus in the top right corner. Key to the labelling: B, bacteria; BP, electron dense bacterial
protoplast; CW, bacterial wall; PS, periplasmic space.
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2) approximately 15±20 nm thick surrounds the dense bacterial protoplast (BP: Plate 2) but is
separated from it by a clear, periplasmic space (PS: Plate 2) up to 75 nm wide in places. Thus
far, every L. bostrychophila oocyte which has been examined (approximately 150) with
transmission electron microscopy has contained bacterial cells as described here. Extrapolations
from the number of bacterial cell pro®les visible in a single longitudinal section through an
oocyte suggest that the total bacterial complement of each oocyte must be considerably in
excess of 1000.

4. Discussion

Wolbachia has been found to infect a wide variety of insect species, primarily in the
endopterygote orders (Diptera, 34 spp; Hymenoptera, 30 spp; Coleoptera; 12 spp; Lepidoptera,
6 spp; Hemiptera, 3 spp; Orthoptera, 2 spp) (O'Neill et al., 1997).
Sikora (1918), using light microscopy, reported seeing rickettsia-like organisms on the

stomach epithelium of the dust louse identi®ed as Psocus sp. Psocus was a widely applied
generic name for psocids but one not normally used for dust or booklice. L. bostrychophila is
commonly called the dust or booklouse but in this present study, Wolbachia was found only in
subcuticular cells and the ovaries and was not found to be associated with the gut. It is
therefore not possible to con®rm Sikora's observations of rickettsia-like organisms as being
Wolbachia. Hertig and Wolbach (1924) reported seeing rickettsia-like organisms in the ovaries
and Malpighian tubules of Dorypteryx pallida Aaron. This psocid is a bisexual, rather than a
parthenogenic species. Two bisexual liposcelids that have been examined (Liposcelis corrodens
and L. entomophila (Enderlein)) do not contain Wolbachia in their tissues (Yusuf, unpublished).
The other British parthenogenetic psocid species, Cerobasis guestfalica (Kolbe), commonly
found free living on the bark of trees, also contains Wolbachia (Turner and Yusuf,
unpublished) and so the Dorypteryx observation may indicate that Wolbachia is more
widespread in the order and not limited to parthenogens.
Parthenogenesis is one of several reproductive variations that Wolbachia infections can

induce and in these cases a mechanism is needed to restore diploidy to the initially haploid
oocyte. Stouthamer and Kazmer (1994), in their study of parasitic wasps, suggest that it is a
segregation failure of the two sets of chromosomes in the ®rst mitotic anaphase that brings this
about in unfertilized thelytokous eggs. They suggest that this produces complete homozygosity.
In L. bostrychophila this is supported by studies on allozyme variability (Ali, 1994; Ali and
Turner, 1999) which show little or no intra-population variation but easily detectable allozyme
di�erences between populations from di�erent localities. Di�erences between populations are
not limited to allozyme variation. There are consistent di�erences between populations in other
measures, including egg production. Current studies are investigating whether di�erent levels of
Wolbachia infection play a role in this aspect of population variability.
The infection of L. bostrychophila by Wolbachia, can be seen as one of the main reasons why

this liposcelid is the most important and geographically widespread pest species in the
Psocoptera. The parthenogenic mode of reproduction in L. bostrychophila, which results from
the bacterial infection, enhances the liposcelid's powers of dispersal, enabling it to colonise new
habitats through the transport of a single egg or individual, and to rapidly establish a sizeable
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population in favourable localities. Other liposcelids that are major pest species, eg. Liposcelis
paeta Pearman and L. entomophila, are bisexual and their importance as pests is geographically
limited to the humid tropics. It would be of considerable interest to discover how and why L.
bostrychophila became associated with Wolbachia in the ®rst place and to what extent there is a
risk that other species, for example L. paeta and entomophila, may follow suit in the future.
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