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INTRODUCTION
Integrated Pest Management (IPM) is an important part of preventive conservation in museums and 
aims to stop both damage to valuable museum objects and the spread of pests between collections. In 
IPM, different measures like sealing the building, regulating the climate, quarantine for all incoming 
objects, good cleaning and housekeeping, training museum staff and monitoring all help to prevent an 
infestation (see for example Brokerhof, 2007; Flieder and Capderou; 1999, Florian, 1997; Pinniger, 
2015; Querner, 2015; www.museumpests.net). Most museums try to reduce the application of pesticides 
in their collections and use freezing, controlled heating, nitrogen or CO2 fumigation or anoxic treatment 
to kill all stages of pests in wood, textile, natural history, ethnographic, modern art objects, historic 
libraries, archives or historic buildings (see Querner and Kjerulff, 2013 for an overview of treatment 
methods used in museums).
	 For some years, parasitoid wasps have been applied in biological pest control to reduce 
infestations in food storage and processing facilities (Schöller et al., 1997; 2006). Various parasitoid 
species are now commercially available and can be applied against different kinds of moths and beetles 
(Schöller and Flinn, 2000). Good results have been obtained from different experiments using various 
selected foods, breeding and releasing parasitoids against different stored product pests (Schöller et al., 
1997; 2006). 

Abstract   In this paper the biological control of biscuit beetle (Stegobium paniceum) and spider beetle (Gibbium 
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	 The same pests as in the food industry like the drugstore beetle (Stegobium paniceum), the 
tobacco beetle (Lasioderma serricorne) and  the webbing clothes moth (Tineola bisselliella) are also 
important pests in museum, therefore parasitiods could also be used to control them (see Schöller, 
2010; Schöller and Prozell, 2011; 2016). Over the last years biological control of insects was tested in 
several museum collections (Querner and Biebl, 2011; Anheuser and Garcia Gomez, 2013; Anheuser, 
2016; Querner et al., 2013; Biebl, 2013; Auer and Kassel, 2014; Querner et al., 2015) but most of these 
applications were carried out alongside other treatments such as freezing or nitrogen fumigation (Biebl 
and Reichmuth, 2013; Querner et al., 2015). Until now it is not clear whether a biological control using 
parasitoid wasps can be 100% successful in a museum environment. Compared with stored product 
protection, food storage and processing facilities, where biological control is used mainly to reduce 
infestations under a commercial threshold, in a museum context the infestation needs to be eradicated 
completely, as the objects are stored for long periods and cannot be replaced.
	 In this paper we report on the release of the larval parasitoid Lariophagus distinguendus against 
an active biscuit beetle infestation in a museum. See Table 1 for an overview of the most important pests 
and their natural predators (or predators accepting them as host), that are of relevance for biological 
control of museum pests.
 
Table 1. Different insect pest species found in museums or historic buildings (see Pinniger, 2015; Querner, 
2015) and their biological control agents). Species marked with “ * ” are commercially available (Table 
modified from Biebl personal communication, Zimmermann, 2005; Al Kirshi, 1998).

Moth Species Egg and Larval Parasitoid Reference

Tineola bisselliella Trichogramma spp. *
 Apanteles carpatus *

 Zimmermann, 2005
 Plarre et al., 1999

Tinea pellionella  Baryscapus tineivorus (Eulophidae)  Zimmermann, 2005

Beetles Species Predator or Larval Parasitoid

Stegobium paniceum 
Lasioderma serricorne
Niptus hololeucus

  Gibbium psylloides

Lariophagus distinguendus *
  Anisopteromalus calandrae *
  Cephalonomia gallicula

 Kaschef, 1961
 Kaschef, 1955 
 Biebl and Reichmuth,  
2013
 Schöller, 2010

Trogoderma angustum
  Anthrenus verbasci

  Laelius pedatus *  Al Kirishi, 1998

Attagenus unicolor 
Attagenus smirnovi

  Anthrenocerus australis

  Xylocoris flavipes * (bug)  Al Kirishi, 1998

  Anobium punctatum   Spathius exarator *
  Cephalonomia gallicula

 Auer and Kassel, 2014

P. Querner
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Larval parasitoid Lariophagus distinguendus (Hymenoptera, Pteromalidae).
A naturally occurring parasitoid of the biscuit beetle S. paniceum is the pteromalid parasitoid 
Lariophagus distinguendus. The larval parsitoid wasp has a cosmopolitan distribution and is reported 
to attack about 15 different beetle species from several families (Noyes, 2014), but not all equally 
successfully (Goodrich, 1921; König et al., 2015). Several of these pests are regularly active in museum 
collections or historic buildings and naturally become parasitized by L. distinguendus. Examples are: 
The larvae of the drugstore beetle S. paniceum, of the tobacco beetle L. serricorne, both occurring in 
museums and historic libraries and the hump beetle Gibbium psylloides and the golden spider beetle 
Niptus hololeucus, both frequently occurring in historic buildings. 
	 The wasps find their hosts mainly by olfactory stimuli (Benelli et al., 2013; Steidle, 2000; Steidle 
and Ruther, 2000). L. distinguendus occurs naturally in central Europe and can also be found in high 
infested museum locations. The wasps lay up to 60 eggs on the larvae and pupae of the beetles, which 
are found within the infested materials. Parasitoid wasps should be released either monthly, or 2-4 times 
per year to treat an infestation.

MATERIAL AND METHODS
Monitoring insect activity in the storage or museums
In all locations monitoring with sticky blunder traps (type Catchmaster) was performed to collect 
regularly active insect pests and non-pest arthropods. Traps were replaced twice per year and checked 
six times per year between March and October. Traps were left in place also for the winter months but 
not checked regularly. The results and details from the monitoring data are not presented here. Table 2 
presents the abundance of the pests S. paniceum and G. psylloides in the last years. 

Parasitoid release after beetles were found
If an activity of pests like S. paniceum and G. psylloides was found, the release of the parasitoid wasps 
L. distinguendus was discussed with the conservator and the number of wasps and release dates decided 
on a case by case situation (see Table 2). There were released in the rooms where the beetles were found, 
usually close to the objects on the floor.
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Table 2. Location (exhibition space in a museum = M, museum storage = S, historic library = L), 
pest species found and treated, years where the monitoring was performed, parasitorid release dates, 
number of parsitoid wasps L. distinguendus released each date.

Location 
and Pest 
Species

Year Numb. 
of 

Pests

Parasitoid Release 

Dates

Number of 
Parasitoids 
Released

Success or Failure

Hofburg 
Wien (M) 
G. p.

2012

2013

2014

2015

2016

46

47

44

44

55

2., 3., 4., 5. 2014 

2., 3., 4., 5. 2015

4 x 150 ind.

4 x 150 ind.

No effect on the 
biscuit beetles! 

-> can not reach the 
beetles underneath 
the floor boards

Monastery 
library (L) 
S. p.

2014

2015

2016

207

273

681

11., 12. 2014

4., 5., 7., 10., 10. 
2015

3., 4., 5., 6. 2016

2 x 900 ind.

5 x 900 ind.

4 x 900 ind.

No effect on the bis-
cuit beetles -> high 
infestation of books 
-> other treatment 
needed

Academy 
picture 
gallery (M) 
S. p.

2013

2014

2015

2016

5

8

4

8

4., 5. 2014

2., 3., 4., 5. 2015

2 x 120 ind.

4 x 180 ind.

No effect on the 
biscuit beetles ! 

-> they come from 
the building

KHM pic-
ture gallery 
(M) S. p.

2012

2013

2014

2015

2016

18

2

8

8

9

4., 5. 2012

4., 5., 6. 2013

3., 4., 5. 2014 

2., 3., 4., 5. 2015

2 x 100 ind.

3 x 300 ind.

3 x 300 ind.

4 x 300 ind.

No effect on the 
biscuit beetles ! 

-> they come from 
the building

KHM old 
storage (S) 
S. p.

2010

2011

51

5

4., 5., 6. 2010 3 x 360 ind. reduction of bee-
tles, but all objects 
(paintings lined with 
starch paste linings)

were treated with 
Anoxia before trans-
port to new storage

KHM new 
storage (S) 
S. p.

2013

2014

2015

2016

51 ind. 

0

0

0

monthly 7. 2013 

until 9. 2014

6 x 1800 ind.

9 x 1800 ind.

no more biscuit 
beetles were found-> 
100% success!

P. Querner
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RESULTS AND DISCUSSION
In the two storages where old master paintings were infested by S. paniceum (see also Fohrer et al., 
2006; Liu, 2013), the release of the wasp had a clear effect on the beetles resulting in much lower 
number of beetles found on the traps, or none at all. This result shows that biological control of museum 
pest is possible and can even result in 100% success.
No effect on the contrary was found in the infested library where the historic books already had quite a 
high infestation. The infestation was discovered in 2013 only by chance and the monitoring and release 
of parasitoids started soon after. We monitored the effect of the wasp released for two years, but after 
the beetle population increased significantly in 2016, the release of wasps was stopped and a alternative 
treatment method had to be found. Similar results were found by Anheuser and Garcia Gomez (2013) 
for biological control of the webbing clothes moths in an infested store. Also here the release of the 
wasps could not reduce the moth population. Anheuser (2016) describe pesticide residues in the objects 
as a potential reason for the failure of this method. This might also be the case in the historic library in 
Austria, where dead L. distinguendus were found close to the release tubes. Parasitoid wasps are known 
to be very sensitive towards historic pesticides (Mathias Schöller, oral communication) which might be 
a limitation of this method as many museum collections, especially natural history and ethnography, are 
still heavily contaminated. A second reason for the failure in the case study of the historic library is the 
already advanced and high infestation. Not a few beetles were found every year but hundreds (Table 
2 presents only the number of beetles found on traps and by the windows, this probably reflects only 
a portion of the beetles hatching each year). As shown in other examples, parasitiod wasps are only 
effective when the infestation is still low (Schöller, 2010; Schöller and Prozell, 2011). Therefore a good 
monitoring and IPM program needs to be in place to monitor pest activity and be able to react when the 
population is still low.
	 No effect was also found in three locations where only a low number of S. paniceum and G. 
psylloides were found each year. Few beetles of both species were collected on the traps in each location, 
mostly in the same room year after year. Objects were checked for an infestation and none was found 
in all three locations. We therefore assume that the beetles were not coming from infested objects (this 
would have resulted in a clear increase of trapped beetles over the years), but from within the building. 
S. paniceum is known to be a generalist feeding on all kind of food. In museum and historic buildings 
it prefers food like starchy and dry plant material (see pest fact sheet on www.museumpests.net, www.
whatseatingyourcollection.uk and www1.montpellier.inra.fr), but they can feed also on dust, debris, 
dead animals, bird nests or dead insects. In the historic location G. psylloides is probably coming from 
below the floorboards where it (and other spider beetles) is known to feed on plant material like straw 
that was historically used for insulation. The location is a palace in the centre of Vienna with a historic 
floor. When the beetles are coming from within the building, the parasitoid wasps don’t seem to find 
their host larvae, which might be difficult to access underneath the wood parquet floor or in other areas 
like shafts, a hanging sealing or other dead spaces. If the source of the infestation is assumed to be here, 
other measurement like cleaning, sealing of gaps or acceptance of a low but stable pest level have to be 
considered.
	 We show that the release of parasitoid wasps as part of an Integrated Pest Management concept 
could have a future in museum environments. The method is cheaper than other methods like nitrogen 
fumigation, depending on the number of objects or room size. It is also easy to use by non-trained staff 
and some of the main museum pests can be controlled. The fact that objects do not require transportation 
to a nitrogen chamber or other facility is a big advantage, since the handling of museum objects bears 
risks and is also costly.
Advantages of the biological control in museums: 1. No chemicals are applied which could harm 
objects, staff or the environment; 2. Easy to use; 3. Cheaper than other treatment methods; 4. Objects do 
not need to be moved to another location for treatment..
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 Disadvantages: 1. Natural enemies are only commercially available for specific pests; 2. They have to 
be regularly applied over a long period; 3. They are only effective in the early stages of an infestation; 
4. Wasps need to be able to access all pest larvae in the objects; 5. The dead wasps need to be cleaned / 
removed after the treatment.
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