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Abstract - Natural enemies are known from many cultural heritage pests, but their 
potential for biological control has been marginally exploited only. In this publica-
tion, examples of practical and commercial application of parasitoids of beetles 
and moths are compiled as well as laboratory research that contributes to the devel-
opment of guidelines for parasitoid releases. One the one hand there are parasitoids 
found to occur simultaneously with the pests in buildings, on the other hand there 
are parasitoids that were never found to be associated with the respective pests but 
accept them if brought into the cultural heritage environments. An example for the 
latter is the egg parasitoid Trichogramma evanescens euproctidis, a parasitoid of 
moth eggs including those of the cloth moth Tineola bisselliella. In semi-field tri-
als it was shown that inundative releases of the egg parasitoids are necessary and 
that effectiveness is reduced on thick cloth with long strand. Trichogramma release 
units have to be placed directly on the cloth to be protected. A naturally occur-
ing parasitoid of Anobiid beetles is the pteromalid larval parasitoid Lariophagus 
distinguendus. This parasitoid was applied against the drugstore beetle Stegobium 
paniceum in historic libraries and against spider beetles (Ptininae) in historic build-
ings. A simulation model for the population-dynamics of L. distinguendus and the 
golden spider beetle Niptus hololeucus is presented. Finally, monitoring of the 
Braconid larval parasitoid Spathius exarator used for indirect monitoring of the 
common furniture beetle Anobium punctatum is described. The future potential of 
parasitoids to control cultural heritage pests is discussed.
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INTRODUCTION

Biological control in a strict sense is the application of living organisms for the 
control of pest organisms. A further subdivision into micro-biological control applying 
smaller organisms like e.g. fungi or bacteria, and macro-biological control applying 
larger organisms like nematodes or insects is useful and relevant in the context of reg-
istration of biological control agents (Franz & Krieg, 1982). Other biologically based 
controls, like bio-technological methods (e.g. Bt-toxins), pheromones and other semio-
chemicals, insect growth regulators and phytochemicals (botanical insecticides) are not 
included here. This review focuses on commercially available parasitoids for 
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the control of beetles and moths attacking cultural heritage. Adult parasitoids search for 
hosts (i.e. pests) for oviposition, and the progeny of parasitoids typically need only one 
host individual to complete development (Franz & Krieg, 1982). Consequently one ad-
vantage of parasitoids is the active search for pest individuals in hidden places and their 
ability to locate hosts also at low host-densities. Parasitoids feed exclusively on host 
insects, frequently the adults do not need to feed at all and they do not damage artefacts.

The target pests are synanthropic insects attacking wood or other materials used for 
museum items, or the buildings themselves. While a number of species can be found al-
most exclusively associated with these materials, there is another group of species that 
attack additionally stored products for human consumption. These stored-product pests 
may destroy materials as well, either by feeding on the materials or on their way to 
pupation sites. While little information is available on natural  enemies of the more spe-
cific cultural heritage pests, and almost none on biological control, a lot of information 
is available on natural enemies and biological control of stored-product pests (Schöller 
et al., 2006). Looking at the parasitoids studied in this context, on the one hand there are 
species that are associated with human-based habitats and their stored-product insect 
hosts. On the other hand, there are parasitoid species that accept stored-product insects 
as hosts, but were transferred from agricultural ecosystems to indoor habitats.

Biological control of the cloth moth Tineola bisselliella
Egg parasitoids in the genus Trichogramma are applied for biological control of 

various pest Lepidoptera in field crops like corn or apple. They are polyphagous and ac-
cept eggs of many Lepidoptera (Wajnberg & Hassan, 1994). Immature Trichogramma 
sp. are glued on cardboard release units, the adults emerge continuously for several 
weeks. Nowadays, release units are available that provide activity of T. evanescens 
euproctidis (Girault, 1911) for three or even 4 weeks. Several species of Trichogramma 
have been shown to accept eggs of Tineola bisselliella (Hummel, 1823) including T. 
evanescens euproctidis, the species applied against stored-product moths in Central 
Europe (Zimmermann et al., 2003). For Trichogramma spp., the surface structure of 
textiles and carpests is comparable with hairy leaf surfaces. Hairy leaf surfaces were 
shown to reduce the foraging activity of Trichogramma sp., e.g. on tomato leaves (Wüh-
rer, 1994). In order to test if a large surface will reduce the effectiveness of released 
parasitoids on cloth, Zimmermann (2005) placed cloth (25 cm x 45 cm) in cages (100 
cm x 50 cm x 65 cm) previously used for semi-field trials with Trichogramma spp. on 
green plants. He compared 3 types of cloth: (1) Finely woven cloth 1.5 mm in thickness 
without long distant strand (fibres) (2) medium-finely woven cloth ca. 3.0 mm in thick-
ness with long distant strand (fibres) and (3) tanned sheepskin rug ca. 2.5 cm in thick-
ness. Five batches of eggs with 120 T. bisselliella eggs each were placed 10 cm, 20 cm, 
30 cm and 40 cm from the release point as baits. Fresh T. bisselliella-host eggs were 
provided on day 2, 3 and 5 after release of Trichogramma individuals. The number 
of Trichogramma individuals on the egg baits were recorded as well as parasitism by 
counting black host eggs. The number of female T. evanescens active on the cloth was 
increasing with an increasing number of parasitoids released (Fig. 1). The number of 

158



M. Schöller, S. Prozell: Biological control of cultural heritage pest with parasitoids

Fig. 1 - Number of active female Trichogramma evanescens on fi nely woven cloth depending 
on the number of parasitoids released. After data in Zimmermann (2005).

Fig. 2 - Number of active female Trichogramma piceum on cloth depending on the thickness of 
the cloth. After data in Zimmermann (2005).
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Trichogramma-females active on the cloth was decreasing with increasing thickness of 
the cloth (Fig. 2). Trials with egg-baits on stuffed animals pointed in the same direction 
(Prozell & Schöller, unpubl.). The conclusions drawn for the release recommendations 
were: Trichogramma spp. have to be applied inundatively, in most cases all year round, 
and the release units have to be placed directly on the cloth or shelf to be protected. 
Currently 1000 T. evanescens per m2 and week are recommended.

First applications of T. evanescens euproctidis were performed in a depot of an 
ethnographical  museum in South-West Germany, and in the Jewish Museum in Ber-
lin. In depots, the identification of infested items might be very time consuming, but 
the parasitoids actively search for moth eggs. In the Jewish Museum, the parasitoids 
helped to suppress a residual cloth moth population feeding on fluff balls formed by 
wear debris of the visitor’s wool clothes in cracks and crevices and was integrated with 
an improved cleaning procedure. For more recent releases in museum collections see 
Biebl & Querner (this volume). One of the problems associated with the release of 
Trichogramma spp. for control of the cloth moth is the exclusive acceptance of the egg 
stage of the moth. The disruption of the developmental cycle is expected to be slow due 
to the slow developmental speed of the cloth moth. Consequently the integration with 
larvicidal strategies is a future challenge. However, as a preventive control strategy at 
low densities of the cloth moth T. evanescens is already a valuable tool.

Considerable work has also been done to study the braconid wasp Apanteles car-
patus (Say, 1836), however, this parasitoid is not commercially available yet. Apanteles 
carpatus is a solitary koinobiont endoparasitoid of T. bisselliella and Tinea pellionella 
L., 1758 larvae, i.e. one wasp develops per moth host larva and the moth larva is carry-
ing the parasitoid larva for some time before being killed by the latter. A. carpatus is ca-
pable of complete development in all larval stages of T. bisselliella (Plarre et al., 2000). 
For a field study in a heavily infested rug store, Plarre et al. (1999) released laboratory 
reared A. carpatus monthly. The release of A. carpatus alone had no suppression effect 
on the cloth moth population, only the combination of A. carpatus-release with a sani-
tation program significantly reduced the pest. A number of other predators, parasitoids 
and pathogens of T. bisselliella are known (Zacher, 1933; Wudtke, 2002; Zimmermann, 
2005), but none of them was evaluated for biological control so far.

Biological control of the drugstore beetle Stegobium paniceum
Stored-product pests may destroy materials as well, either on their way to pupation 

sites or because the materials contain ingredients suitable for development. In Halle / 
Saale, Saxony-Anhalt, Germany, a historic library became infested by the drugstore 
beetle Stegobium paniceum (L., 1758). The beetles were thriving both below the floor-
board on wheat straw used as insulation, and in book covers. The books originated from 
the 16th to 18th century, when the book covers were filled with pulp made from linen 
scraps. Stegobium paniceum developed in the pulp, produced the characteristic exit 
holes and therewith destroyed irreplaceable cultural heritage. The books were moved 
to a fumigation-chamber and treated with nitrogen. However, some re-infestation was 
detected after the books were moved back to the library, presumably originating from 
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the floorboard. The parasitoid Lariophagus distinguendus (Förster, 1841) was released 
on the shelves, 2000 in October and 2000 in June. The release was evaluated to have 
successfully suppressed the re-infestation of the library (Schöller, 2010). Another trial 
on host-finding in boxes containing books was carried out in an Israeli library, where 
L. distinguendus was shown to find host larvae both between and inside infested books 
(Wilamowski et al., 2008). A bibliography of the natural enemies of Stegobium pani-
ceum and the tobacco beetle Lasioderma serricorne (F., 1792), a species with similar 
biology, is given in Schöller (1998).

Tab.2 - Temperature and relative humidity conditions used in the model of biological control of 
Niptus hololeucus by Lariophagus distinguendus with SITOPHEX software.

Tab.1 - Oviposition of Niptus hololeucus at different temperatures, data from Howe & Burges 
(1952) used for simulation with SITOPHEX.
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Fig. 3 - Simulation of biological control of Niptus hololeucus by releases of Lariophagus dis-
tinguendus with SITOPHEX. Arrows indicate 7 releases of 400 L. distinguendus each, black 
triangles = young N. hololeucus larvae, white triangles = old N. hololeucus larvae, other stages 
below 20 individuals.

Fig. 4 - Simulation of biological control of Niptus hololeucus by releases of Lariophagus dis-
tinguendus with SITOPHEX. Arrows indicate 4 releases of 400 L. distinguendus each, black 
triangles = young N. hololeucus larvae, white triangles = old N. hololeucus larvae, other stages 
below 20 individuals, oblique arrow (right) indicates increase in young larvae.

Fig. 5 - Simulation of biological control of Niptus hololeucus by releases of Lariophagus dis-
tinguendus with SITOPHEX. Arrows indicate 4 releases of 400 L. distinguendus each, black 
triangles = young N. hololeucus larvae, white triangles = old N. hololeucus larvae, other stages 
below 20 individuals.
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Biological control of spider beetles (Anobiidae, Ptininae)
Spider beetles are mainly scavengers feeding equally on plant or animal materi-

als. Beside their natural habitats, a number of species infest historic houses feeding on 
organic insulation materials and become a nuisance in residences (Howe, 1959). More-
over, spider beetles were found to infest historic books and herbaria (Gamalie, 2006). 
A number of spider beetle species were found to be suitable hosts for L. distinguendus, 
such as Ptinus fur L., 1758 (Herold, 1933; Hüsing, 1935), Ptinus tectus Boieldieu, 1856 
(Kaschef, 1955), Gibbium psylloides (Czenpinski, 1778) (Kaschef, 1961) and Niptus 
hololeucus (Faldermann, 1835) (Schöller, unpubl.). Spider beetles are difficult to con-
trol in houses because the larvae develop hidden within walls and in dead floors, and no 
monitoring devices are available. In recent years, L. distinguendus was released against 
the hump beetle G. psylloides and the golden spider beetle N. hololeucus in Germany 
by pest control companies and became a regularly applied control technique (Kassel, 
2008). However, due to the lack of appropriate monitoring techniques, the optimal 
timing of the parasitoid releases has still to be determined. In this case, modelling the 
pest and parasitoid’s population dynamics might be useful. As a first step, we used the 
modelling software “SITOPHEX” (Rossberg et al., 2004) originally programmed for 
the system Sitophilus granarius – Lariophagus distinguendus. We replaced biological 
data of the granary weevil S. granarius (L., 1758) by those of the golden spider beetle 
N. hololeucus. One of the major differences in biology of the granary weevil compared 
to the golden spider beetle is the low reproduction of the latter at temperatures higher 
than 25°C (Tab. 1). The temperature and relative humidity conditions used in the model 
are given in Tab. 2.

Fig. 3 shows a simulation of the current release strategy by pest control companies, 
i.e. monthly releases when temperature conditions are favourable. The susceptible old 
larval stages and the pupae are controlled within one month and the population is sup-
pressed in a way that few or no adults enter the living rooms. If the number of releases is 
reduced to four, one in beginning of July, September, March and May, respectively, an 
increase in young larvae is predicted in June (Fig. 4). However, if the timing of the four 
releases is changed to beginning of July, March, May and June, this increase in young 
larvae can be suppressed (Fig. 5). This effect can be explained by the poor development 
of N. hololeucus during high temperatures in September, indicating the importance of 
population suppression early in spring in temperate climates. Even though these models 
cannot be validated at present due to the lack of monitoring devices, simulation models 
are thought to give some decision-support for parasitoid releases.

Monitoring of parasitoids of Anobium punctatum
The study of natural enemies of cultural heritage pests might be useful not only 

for biological control, but also for monitoring. Early detection of material destroying 
pests is essential to prevent damage, especially when irreplaceable objects of cultural 
heritage are concerned. However, monitoring of these pest species is often difficult. 
For example, pheromone traps for detection of Anobium punctatum (DeGeer, 1774) 
resulted in very poor trap catches in field trials in Germany. During the course of study 
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of natural enemies, it turned out that some natural enemies are more easily detectable 
and give indirect evidence of the presence of the pest. Paul et al. (2007) studied A. 
punctatum and its natural enemies in a church closed for restoration in Erfurt, Germany. 

Fig. 6 - Number of Anobium punctatum caught in yellow dish traps in a church in Erfurt, Ger-
many. After data in Paul et al. (2007).

Fig. 7 - Number of Spathius exarator caught in yellow dish traps in a church in Erfurt, Germany. 
After data in Paul et al. (2007).
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Yellow dish traps, a monitoring technique used in outdoor ecological field studies was 
used here in the context of protection of museum artefacts and wood. Yellow dishes are 
filled with water and a bit of detergents in order to attract flower-visiting insects. These 
traps are especially attractive for parasitoids that do no host-feeding and rely on nectar 
for adult nutrition. Other arthropods are trapped by chance, the number caught in the 
trap is affected by the number of insects present and temperature.

Fig. 6 shows the number of A. punctatum and Fig. 7 the number of the braconid 
parasitoid Spathius exarator (L., 1758) trapped in yellow dish traps. Few A. punctatum 
were trapped, mostly between mid of June and mid of July. S. exarator was trapped 
throughout the trapping season from mid of May to mid of July in relatively large 
numbers, the peak coinciding with that of A. punctatum. The presence of A. punctatum 
could therefore be proven before adult beetles became active.

Such relationships have to be worked out for each parasitoid-host combination, 
e.g. the death watch beetle Xestobium rufovillosum DeGeer, 1774 was trapped on white 
sticky traps, but only small numbers of its predator Korynetes caeruleus (DeGeer, 
1775) and no parasitoids (Belmain et al., 1999).

CONCLUSIONS AND OUTLOOK

The speculations about the potential of biological control of cultural heritage pests 
by Pinniger (2001) did not fulfil 10 years later. Pinniger (2001) reported one of the 
questions most frequently asked to him as a pest manager in museums, archives and 
historic houses was ‘can we use biological control for pests in museums?’ and his an-
swer for all practical purposes was ‘no’. This view was based on the widespread as-
sumption that a biological equilibrium is needed as a prerequisite for biological control. 
The result of a biological control would be again a biological equilibrium including 
the presence of a low level of pests to ensure the continuity of the system resulting in 
a failure to meet the requirement for zero tolerance of pests in museum environments. 
However, the inundative release strategy was developed already in the 1960’s to re-
solve this problem by the release of large numbers of laboratory-reared natural enemies 
in order to artificially augmenting the number of parasitoids compared to the hosts, i.e. 
the pests (DeBach & Hagen, 1964). Each parasitoid female is adapted to increase its 
own fitness, i.e. to produce as much offspring as possible, and this may lead even to a 
local extinction of the host in such an artificial system. No pests have to be released in 
collection areas in order to maintain the equilibrium as suggested by Pinniger (2001) 
when the inundative control strategy is applied. It was the inundative release strategy 
that was applied both in stored-product protection and in the commercial applications 
of biological control in museums so far. The second assumption of Pinniger (2001) was 
high cost of natural enemies. In the cases of T. evanescens euproctidis (3000 wasps cost 
2 EUROS) and L. distinguendus (40 wasps cost 10 EUROS) this seems not to limit the 
application, however, this might be an issue for more specialised natural enemies or 
those that are difficult to mass-rear.
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Biological control of cultural heritage pests is in its very beginnings. Several species of 
natural enemies were recorded to occur spontaneously in houses, but even the host-par-
asitoid or predator-prey relationships are not clarified yet for all cases (Becker, 1954). 
Their potential for biological control is far from been exploited. Social insects like 
termites and ants developed multiple defence strategies possibly limiting biological 
control efforts in this area. The examples of practical application described here show 
that both the control strategies and the potential control success heavily depend on the 
artefacts to be protected and the biology of the pest species, i.e. every application has to 
be worked out in detail. For example, the population dynamics of L. distinguendus with 
Niptus hololeucus as host will not apply for Gibbium psylloides as host. In many field 
studies parasitoids have been shown to be effective at low pest numbers, and typically 
heavy infestations cannot be controlled by natural enemies.
Biological control of stored product pests is nowadays widely known by farmers and 
industry and is applied by pest control companies in Central Europe against moths and 
beetles. Those parasitoids that attack both stored-product and cultural heritage pests 
will be commercially available for future field trials. The development of a commercial 
application of other species of natural enemies migth require 5 to 10 years, conse-
quently a lot of work remains to be done for the commerzialisation of natural enemies 
of cultural heritage pests.
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