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Abstract: Symbiotic microorganisms associated with arthropods are known to play a signifi cant role in 
the life of their hosts. Most commonly, the symbionts improve their host’s food digestion and modify their 
meiosis/reproduction. The usual mode of parent-to-offspring transmission of the symbionts is transovarial 
transmission (vertical) via oocytes. Using transmission electron microscopy, we found extracellular yeast-
like and bacteroid microorganisms in food boli, as well as intracellular symbiotic bacteria within cells of 
the digestive tract and in reproductive cells in both sexes of the oribatid mite Hermannia gibba. In the 
digestive tract, the scarce bacteria were lying individually within midgut cells. The bacteria observed in 
developing oocytes were numerous and formed large aggregates close to the nuclear envelope and clusters 
of mitochondria. In spermatocytes we found a few single bacteria located at the cell periphery. The bacteria 
in the digestive cells may assist in digestion of plant food, whereas the meiotic drive function of the gonad-
invading microbes is uncertain. The studied mite species is biparental and its sex ratio is not biased.
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INTRODUCTION

The study of symbiotic associations of bacteria with their arthropod hosts re-
cently revealed rich and unsuspected relationships between the co-existing organ-
isms. The microorganisms can be extracellular and related to digestion or other host 
activities, even so unusual as the host’s offspring protection against mould fungi 
(GOETTLER et al. 2007) or protection of beetle-fungus mutualistic relationship (SCOTT 
et al. 2008). The gut of fungivorous arthropods, including a majority of mites belong-
ing to the Oribatida and some Astigmata, frequently contains many bacteria with 
chitinolytic activity, purportedly making fungal propagules accessible for digestion 
(SMRŽ & SOUKALOVÁ 2008). Some astigmatic mites are also able to utilize bacteria 
as a food source due to lysozyme activity (for a review, see ERBAN & HUBERT 2008). 
However, antagonistic relationships are also observed, for instance in ticks, which 
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produce and release antibacterial peptides – defensins – into the midgut lumen (NA-
KAJIMA et al. 2005). 

In insects, at least 7 orders of Neopterygota are associated with intracellular 
symbiotic microorganisms (usually gamma-Proteobacteria, but occasionally also As-
comycetes), which are housed within specialized fat cells, the bacteriocytes, also 
called the mycetocytes (GULLAN & CRANSTON 1994). In general, such microorganisms 
are believed to help in better food utilization, especially in insects living on a poor or 
nutritionally-unbalanced diet (DOUGLAS 1989). 

Intracellular microorganisms housed in the gut cells can also be involved in 
digestion. They improve the digestion of plant food and supply some desired nutri-
ents to their herbivorous hosts (DOUGLAS 1989). Much more spectacular, however, 
is an infl uence of intracellular bacteria on their host’s reproduction. The best-known 
example is Wolbachia, an alpha-proteobacterium, but a similar phenomenon is also 
reported for at least four other bacteria, the Cytophaga-like bacterium, Cardinium, 
Baumannia, and Blochmannia (WEEKS & STOUTHAMER 2004; ZCHORI-FEIN & PERLMAN 
2004; CHIGIRA & MIURA 2005; GROOT & BREEUWER 2006), as well as for some micro-
sporidia (e.g. TERRY et al. 2004). Wolbachia species can infect from 15% (WERREN 
et al. 1995) to 76% of insect species and have been found also in mites, crustaceans, 
and nematodes (STOUTHAMER et al. 1999). The bacteria can manipulate their host’s re-
production in various ways. The best-known examples are feminization, cytoplasmic 
incompatibility, male killing, and induction of thelytokous parthenogenesis, whwre 
females are produced from unfertilized eggs (e.g. WEEKS & BREEUWER 2001; WEEKS 
et al. 2002; CHIGIRA & MIURA 2005; GROOT & BREEUWER 2006; KENYON & HUNTER 
2007), typically leading to the absence or rarity of males in the population. 

Hermannia gibba (Hermanniidae) is a bisexual mite species belonging to Des-
monomata, the early-derived group of oribatid mites (TABERLY 1958), which is char-
acterized by a large number of thelytokous species. Thelytoky was proven in 21 
species belonging to various superfamilies of Desmonomata, whereas in 62 other 
species this mode of reproduction is suspected due to the absence or rarity of males. 
Thelytokous species are absent only in two families of Desmonomata: Crotoniidae 
and Hermanniidae (NORTON et al. 1993). Interestingly, using electron microscopy 
techniques, we found in both sexes of Hermannia gibba (Hermanniidae) bacteroid or 
yeast-like microorganisms not only within the food boli, passing along the gut lumen 
and in cells of the digestive tract, but also in gonadal tissue both in the female and in 
the male. These fi ndings are reported in the present study.

MATERIALS AND METHODS

Females and males of Hermannia gibba (C. L. Koch, 1839) were collected from 
deciduous forest litter near the city of Kraków (southern Poland). The individuals 
were immersed in KARNOVSKY’S (1965) fi xative (2.5% glutaraldehyde and 2% for-
maldehyde in 0.1 M cacodylate buffer, pH 7.2). After removal of the anterior part of 
the body with a fi ne blade, to improve fi xative penetration, they were fi xed for 24 h 
at room temperature and postfi xed for 12 h with 1.4% OsO4 in 0.45 M sucrose. After 
routine dehydration with graded ethanol solutions followed by propylene oxide, the 
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specimens were embedded in Epon 812. Thin sections were contrasted with uranyl 
acetate and lead citrate, and examined in a transmission electron microscope (TEM) 
JEOL JEM 100SX.

RESULTS

Extracellular and intracellular bacteria inside the digestive tract
In both sexes of Hermannia gibba the bacteria were found within food boli, 

i.e. in decomposed material enveloped by peritrophic membrane and passing via the 
midgut and hindgut (Fig. 1A), as well as within cells of the midgut. The intracellular 
bacteria are 0.4 μm in diameter and up to 1.6 μm in length. They occur singly in the 
cytosol, and are not covered by any host-provided membrane (Fig. 1B).

Fig. 1. (A) Bacteria in food boli; (B) bacteria inside digestive tract cells; (C–E) groups of bacteria 
inside developing oocytes; (F) bacteria in spermatocytes. Arrows point to bacteria. Abbreviations: 
B = groups of bacteria; M = groups of mitochondria; N = nucleus of an oocyte; NC = nutritive cor-
ds; PM = peritrophic membrane; Sc = spermatocyte; ScN = nucleus of a spermatocyte
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Bacteria inside the gonads
The ovary in H. gibba, like in other representatives of Desmonomata, is un-

paired, surrounded by the basal lamina and located ventrally in front of the rectum. 
The developing oocytes are connected in the ovary centre by radially arranged, mi-
crotubule-rich nutritive cords. The ovarian bacteria are 0.45 μm in diameter and up 
to 1.6 μm long, and are located inside the oocytes, nutritive cords, and in the central 
“rosette” of the ovary. In previtellogenic oocytes, the bacteria form large groups close 
to the nuclear envelope and clusters of mitochondria (Fig. 1C– E).

 In contrast, in the testes we only occasionally observed a few bacteria (0.4 μm × 
1.6 μm) at the periphery of early spermatocytes (Fig. 1F). 

DISCUSSION

The intracellular bacteria involved in better food utilization and nutrient supply 
in insects are typically located either in bacteriocytes or in gut cells. Bacteriocytes 
share some common features: they are large cells (up to 100 μm in diameter) with 
the cytoplasm packed with symbiotic microorganisms, and they grow by cell enlarge-
ment, but do not divide. In relation to their large size and cytokinetic quiescence, the 
nuclei of many bacteriocytes are polyploid. The microorganisms inside these spe-
cialized cells are usually covered by additional, host-provided membrane (DOUGLAS 
1989). 

The bacteria-containing cells in the digestive tract of Hermannia gibba are lack-
ing the typical features of bacteriocytes: their size is not increased and the cytoplasm 
contains a moderate number of symbionts, which do not show any particular localiza-
tion pattern. They seem to be similar to those found in tsetse fl y (Glossina sp.) and a 
weevil (Sitophilus sp.), where the symbionts lie individually in the cytosol without 
any host-provided membrane (DOUGLAS 1989). According to the nutritional hypothe-
sis (DOUGLAS 1989), such symbionts provide various nutrients that are in short supply 
in the diet and cannot be synthesized by the host. The studied mite species is herbivo-
rous and/or fungivorous and inhabits the forest litter. Thus the role of endosymbionts 
inside the digestive cells is most probably nutritional. 

The ovary in H. gibba is similar to that in other Desmonomata. The developing 
oocytes are connected in the ovary centre by the nutritive cords – radially arranged 
microtubule-rich tubes forming the central “rosette” (LIANA 2004). Most of the mi-
croorganisms were found in oocytes, but also in the cords as well as the centre of the 
ovary. Thus the possible scenario is that they are present in the ovary thanks to mater-
nal inheritance, and colonize oocytes via nutritive cords’ microtubular scaffold. They 
occur singly or in groups, but inside oocytes they always form large clusters. We also 
found the bacteria in spermatocytes. The few bacteria were located in the peripheral 
parts of the cells. We have never found them in mature spermatozoa, so we suspect 
that they are removed from the cells during gamete maturation. This fi nding suggests 
that the bacteria are transmitted to the next generation only through the oocytes.

The role of the digestive tract bacteria seems to be easy to explain (see above), 
but the function of the microorganisms hosted in the ovary is enigmatic. If they are 
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the commonly known Wolbachia, then their infl uence on H. gibba is unclear. Wol-
bachia, as a cytoplasmic incompatibility factor, often causes sex ratio bias towards 
females by induction of either thelytokous parthenogenesis, feminization of genetic 
males, or male offspring killing (DURON et al. 2008). The induction of parthenogen-
esis with bacteria was proven for parasitic wasps Trichogramma (STOUTHAMER et al. 
1990; STOUTHAMER & WERREN 1993; STOUTHAMER & KAZMER 1994) and Aphytis 
(ZCHORI-FEIN et al. 1995). In those insects, the microorganisms were located inside 
the ovary in the nurse cells, and over the time, they entered the developing oocytes 
through intracellular bridges, eventually colonizing the oosome region (LIANA 2000). 
The pattern of spread of the bacteria in H. gibba seems to be similar. The microorgan-
isms use the bridges between cells to inhabit all oocytes. The presence of the bacteria 
in spermatocytes is unclear. They are probably maternally delivered and colonize 
also the male germ cells, but mature spermatozoa seem to be bacteria-free (probably 
because their cytosol is scarce).

On the basis of our observations we cannot estimate how many individuals in 
the population are infected, but during the collection of the animals we have found 
a similar number of males and females (unpubl. data). Thus we assume that the 1:1 
sex ratio in studied population has not been highly disturbed. We can suggest two 
possible explanations of this situation. The infection of this species (or of its local 
population) could have occurred relatively recently, and that could be why the effect 
of the bacteria on the structure of the H. gibba population is not yet fully expressed. 
Another possibility is that the intragonadal microorganism is not causing the sex-
ratio distortion or is not Wolbachia. KAGEYAMA et al. (2008) reported recently that a 
maternally inherited (wHecCI) strain of Wolbachia does not cause sex-ratio distor-
tion in the infected Bombyx mori population. The effect of this strain of Wolbachia 
on the host remains unknown.

In conclusion, apart from the alimentary-tract-associated microorganisms we 
found transovarially transmitted bacteria that probably do not infl uence the sex-ratio. 
The studied oribatid mite is obviously infected, but two questions are addressed in 
our ongoing research: is the ovary-infecting agent truly a Wolbachia species and what 
is its effect on the host? 
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