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Preface and Acknowledgements

This book has its origin in course notes written for Summer School courses taught at the Institute of Archaeology in London. These formed the basis of the first edition of Insect Pests in Museums, published in 1989 (second edition 1994). Much of this material was then incorporated into Pest Management in Museums, Archives and Historic Houses (Archetype Publications 2001), which also included a chapter on rodents and birds written by Adrian Meyer, an acknowledged world expert in the field, and specially commissioned drawings by Annette Townsend. In 2015, the book was completely revised with coloured illustrations and new developments and was retitled Integrated Pest Management in Cultural Heritage. Since then, there have been many developments in integrated pest management (IPM) in the heritage sector. A major influence for change has been continued concerns about the effects of pesticides on objects, staff and the environment and many pesticides have been withdrawn or banned in the last 10 years. A large number of institutions have now adopted physical methods for the treatment of objects, and IPM in museums, archives and historic houses is now recognised as being not only safer but also more cost-effective. This new book incorporates much of the material previously published in Integrated Pest Management in Cultural Heritage, with additional information on new pest species and detection and control methods. Adrian Meyer has also revised the chapters on rodents and birds with new information on control methods and legislation. The book has been expanded to include a new chapter on biological control written by Pascal Querner, who has a wide experience of new developments in IPM in Austria and other countries. I welcome any information from readers that will help to improve the coverage of pests and IPM methods for any future edition.

I would like to thank all my friends and colleagues in museums, universities and historic houses in many towns and countries as much of the information in this book has been based on practical experience gained with their help and support. I would particularly like to thank the late Bob Child for sharing his extensive knowledge and bad jokes: he is sadly missed by us all. Thanks are also due to Amy Crossman for her invaluable help with compiling all the references, and Jane Thompson Webb for her contributions to improve the text. David Loughlin of Historyonics has provided practical information on the use of pheromones and various control methods. I would also like to thank Annette Townsend for permission to use her beautiful drawings. Finally, thanks to Geoff Stansfield, who first gave me the idea for the book.

This book is dedicated to my father Edward Pinniger and Edwin Bezant, who in different ways both played their part in making me an entomologist.

David Pinniger

October 2025


Introduction

Integrated pest management (IPM) has become a fundamental activity for heritage organisations. It is, therefore, remarkable to realise that it is a relatively short time since IPM was introduced to heritage in the United Kingdom – the first iteration of this text was published in 1989.

Integrated pest management has seen a shift from a dependence on chemical treatments (effective but damaging to people and the environment) to a more considered approach with a reliance on monitoring and prevention. Treatment is now focused specifically on infested spaces or objects, and the presumption is that treatments will only use chemicals as the last resort; any chemicals used will be safe for the staff using them and the environment.

This shift has been driven by the sharing of knowledge through IPM conferences, training courses, the development of websites such as www.whatseatingyourcollec-tion.com and museumpests.net and IPM texts like this one.

This book, and its preceding volumes, acts as a guide to the world of IPM. Not only will it provide information on how to carry out IPM, it will also guide the reader through treatment options, managing birds and rodents and, most importantly, help the reader identify the many invertebrates that will be found on blunder traps and determine whether action is needed.

My own journey in IPM has taken me from a time when I had to ask what “IPM” meant to chairing the UK-based Pest Odyssey group and being invited to make a contribution to the latest version of this invaluable text. It has been a journey of wonder and great beauty – insects are amazing things. These texts and the knowledgeable and generous author have been a large part of that journey.

For those who are already undertaking IPM, this book will be a useful refresher and will provide much information not covered in previous editions. For those who are taking their first steps, this book will be a guide and friend.

Jane Thompson Webb

Conservation Manager, Birmingham Museums Trust

June 2025
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Chapter 1

Introduction to integrated pest management in cultural heritage


Introduction

Pests come into conflict with humans because they compete with humans for resources. Ever since humans first started to store food or make clothing and other artefacts, they have had to battle with pests. Increasing affluence and the creation of religious and artistic objects added another area of conflict with pests. In addition to the destruction of property, some pests, such as flies, mosquitoes, rats and mice, have carried diseases that have wiped out millions of people.

All too often, pest control is a reaction to the discovery of pest activity and damage. The aim of this book is to provide practical, safe and cost-effective advice on the prevention and control of pests. It explains the steps museums, libraries, archives, galleries and historic houses (collectively referred to as heritage) need to take in order to protect collections, furnishings and buildings from harm by pests, and describes the options for controlling infestations and strategies that will reduce the risks to collections.



What is integrated pest management?

Integrated pest management (IPM) is a term that was adopted to describe the development of new pest control methods for fruit and crops which did not rely on continuous use of pesticides. We have successfully adapted the main IPM principles for use in museums and houses: monitoring for pests, targeting treatment only where it is needed and modifying the environment to discourage pest attack.



Why employ integrated pest management?

The care of collections and historic buildings involves many different disciplines, including conservation and management. Major influences on deterioration include the environmental effects of light, humidity and the agents of decay such as insects and moulds, all of which are interrelated. Integrated pest management should aim to seek to deal with all pest problems using a holistic approach rather than a reaction to each individual crisis. The expertise in collections care in the museum world can be applied to the development of an IPM programme tailored to the specific needs of a collection or historic house. A well-planned and executed IPM programme will prevent both problems and crises occurring. In times of restricted budgets good IPM will make more effective use of limited human and cash resources.



Developing an integrated pest management strategy

Integrated pest management should be relevant to the needs of the heritage building or collection, utilising as much local information and expertise as possible. It should be practical and achievable, as it is all too easy to devise an over-complex IPM scheme that then turns out to be unworkable. It should also be a process of evolution rather than revolution and encourage participation by different disciplines. The key stages include:

	 Recognising and identifying priorities for action

	 Identifying responsible staff

	 Taking action on the high priorities

	 Establishing procedures for forward planning, financing and review



In order to develop an IPM strategy it is important to understand and recognise some of the key components of successful pest control such as:

	 Avoiding pests by keeping them out

	 Preventing pests by denying them a safe haven

	 Recognising the main species of pests and the damage they cause

	 Assessing the problem by inspection and trapping

	 Solving pest problems by improving the environment and carrying out appropriate treatments

	 Reviewing IPM procedures periodically and amending them when necessary to improve the strategy



It is important to ensure that any IPM programme is manageable and achievable. For example, prioritising where traps are placed and how frequently they are checked can avoid overload. Using risk zones can be extremely helpful, and this is covered in detail later in the book.



Avoiding pests

Most insect pest problems in collections are caused by beetles and moths although other insects such as termites, cluster flies, ants and silverfish can also cause damage and nuisance. Rodents will gnaw objects, and mice can be very damaging once they start to breed within a building. Bird droppings, particularly from pigeons, can result in fouling and deterioration, and birds’ nests provide harbourage for many species of insect pests. Dead rodents and birds will in turn supply food for insects. A key to avoiding pests is an understanding of what makes them thrive. By denying pests food, warmth, humidity and harbourage, we can prevent them from becoming established and causing damage.



Keeping pests out

Most heritage buildings will contain some pests, and the majority of practical IPM programmes will accept a low level of activity in some areas. However, many modern buildings have been successfully proofed to prevent the entry of pests and other insects. Keeping insects, birds and rodents out of older and historic buildings is often far more difficult because of the unacceptable appearance of some proofing systems, but simple methods – such as capping chimney flues, sealing windows, bristle strips on doors and wire mesh in eaves and downpipes – can dramatically reduce the risk of pests gaining entry.



Preventing pests

It is rarely possible to completely exclude pests from a building, so it is important that they are denied a suitable environment if they do gain access. In addition to food, the four key conditions needed by pests are harbourage, warmth, water or humidity.

Because insects are small, they may find sufficient food in areas that may not be immediately obvious, therefore cleaning is the most important part of any IPM programme. Unused rooms and storage areas are often neglected, and dirt and debris will provide an ideal harbourage for insects. A lack of human food is usually the most important limiting factor for bird and rodent pests, so good hygiene and management of catering and refuse disposal are crucial to preventing problems.

Warm temperatures of 20°C and above will encourage insects to breed so cool conditions are recommended. Although it may be difficult to lower temperatures in public areas, storage areas should be maintained at as low a temperature as possible. Direct sunlight can cause localised hotspots, even in cool areas, and fluctuating temperatures may result in localised condensation.

Birds and rodents usually need access to drinking water, so leaks from gutters or water pipes must be checked and remedied. Some insects will survive at low humidities, but many species thrive in damp conditions. Furniture beetle or woodworm (Anobium punctatum) will only successfully complete its life cycle when wood is located in an environment above 60 per cent relative humidity (RH). The common silverfish (Lepisma saccharina) will only breed rapidly and cause serious problems in conditions of above 70 per cent RH. Booklice and fungus beetles also need higher levels of humidity than are normally found in heritage buildings and costume, so they are often found in damp basements or in localised damp areas. Relative humidity levels should be measured and monitored, and sources of dampness, such as condensation or poor damp-proofing, should be identified and rectified.



Recognising pests


Insects

There are many species of insects with wide-ranging habits and food preferences. They will attack and destroy wood, paper, textiles and costume, natural history specimens and many ethnographic materials. Although it is usually the adult stage of the insect that is found, it is the larval stage that causes the most serious damage. Adults will usually be more active and obvious in the summer months, but larvae that hatch from eggs laid by the adults will feed and grow throughout the rest of the year.

Many insects found in museums are not pests but have simply strayed into the building. Although the dead bodies of flies, wasps and ground beetles may not present a direct risk to the collection, they can provide a substantial source of food for real pests such as carpet beetles.



Rodent pests

There are only two species in the United Kingdom that cause serious problems, and these are easily identified by their profuse droppings, gnaw marks and habits. Serious infestations of brown rats (Rattus norvegicus) are rare in museums but may be more common in outbuildings in rural areas. In buildings, they are usually associated with considerable and accessible sources of human food, inadequate refuse disposal systems and poor sanitation. The house mouse (Mus domesticus) is the most common pest found, although in many museums and houses the fear of infestation is often greater than the reality. However, if they have undisturbed areas with access to food supplies, then mice will breed rapidly and create serious problems by shredding paper and textiles to make nest bedding. They do not discriminate between valuable objects, packing and rubbish. Grey squirrels can also cause serious problems when they get into buildings.



Bird pests

Any nesting or roosting birds can be a potential source of trouble. Feral pigeons are the most common pest in urban areas when they roost or nest in or on buildings. Starlings, gulls and rooks may also cause serious problems of roosting and fouling in specific locations.




Assessing the problem

Before taking action, draw up a checklist to determine the priorities:

	 Are there signs of insects, rodents or birds?

	 What species?

	 Are they alive or dead?

	 How many are there?

	 Are they casual visitors or breeding in the building?

	 Is there any visible damage to objects?

	 How many objects are affected?

	 Are they in display material?

	 Are they elsewhere in the building?

	 Is there damage to the building?



A thorough survey of the building is essential after the initial assessment. Look for any signs of infestation and inspect as many places as possible. Unused rooms and dead spaces are particularly favoured by pests, so look for insects and rodent droppings in dark areas using a good flashlight. Look for signs of insect activity such as fresh frass (dry excreta and fragments of food) from woodworm exit holes, moth silk webbing or cast skins of carpet beetles. Examine windowsills and light fittings in spring and summer for signs of adult insects.

Art installations, education and school liaison sections can present particular pest problems as they often use infestable materials such as pasta, animal skins and wool felt; deaccessioned objects may be used for creative and hands-on sessions with school groups. All food storage and preparation areas should be checked, including canteens, cafeterias, mess rooms and refuse disposal areas as these are a major focus for rodent pests. Office and IT equipment areas may also harbour pests living under furniture and in dirty voids and other dead spaces.

Surveying collections is usually far more difficult because it is normally impossible to inspect all objects. Objects in showcases may be better protected, but infestation may be hidden from view. It can be even more difficult to check objects when they are in storage, particularly if they are stored on high shelving or in boxes. It is therefore essential to create a prioritised list of those objects containing materials that are highly vulnerable to attack by pests. The materials most at risk from insect attack include fur, feathers, animal skins, hair, wool, silk, insect specimens, parchment and vellum, dried plants and seeds, dried food such as pasta or flour, papier mâché, plywood with animal glue, sapwoods (above 60 per cent RH) and any damp organic material. Some materials, such as cotton and synthetic fabrics, are not normally attacked unless they are soiled. Paper and books are rarely harmed unless they are dirty and damp. In general, soiled and neglected objects in dark places will be more at risk than those that are clean and located in well-lit areas.


Quarantine

An essential part of any pest prevention policy is to keep collections free of pests. Insects can be introduced from many sources including new acquisitions, objects on loan from other institutions and objects returned from loan. Insects can also be introduced on handling objects, props, craft materials and shop stock. Artefacts must be checked for infestation before being allowed into the main collection area, whether in storage or on display. Inspection may reveal insect damage and moth webbing, but insect eggs or small larvae may be difficult to see. Woodborer emergence holes may be obvious, but developing larvae will be hidden in the wood; therefore, some incubation period may be necessary to determine whether an infestation is active or long dead.

A simple plastic bag may effectively isolate an active infestation, and ideally, a dedicated quarantine area should be provided. All staff involved in handling and movement of objects must be aware of the importance of quarantine procedures – any breach can result in the introduction of an undetected infestation of pests that may thrive and cause serious damage (see Ch. 4 for further information on quarantine procedures).




Solving pest problems

Prevention is always better than cure, but if pests are found in objects or in the building then some remedial action is necessary. The options for the most appropriate course of action differ depending on the pest and whether it is located in the building or in objects:

	 Isolate any objects suspected of being infested with insects to prevent the spread of infestation to other objects.

	 Clean infested areas and destroy insect bodies and debris.

	 Clean up and destroy all rodent droppings and gnawed material.

	 Decide on the most appropriate treatment for the object and its environment.




Pests in the building environment

In the case of rodents, target the infestation using traps or rodenticides; for insects, use an approved insecticidal dust or spray. Insects that live in harbourages will only be killed when they wander across treated surfaces. Localised insecticide treatments can be safely carried out by museum staff, but rodent traps, rodenticides and large-scale insecticide treatments should be carried out by a competent contractor.



Insects in objects

The choice of remedial treatment will depend on the severity of the infestation, the type of material and the value of the object. Treatment of objects should only be carried out after checking with a conservator or collections care specialist.

In the past, fumigation with a toxic gas such as methyl bromide or phosphine was the principal method of killing insects in objects, but methyl bromide has been withdrawn from sale in many countries. It is an ozone-depleting chemical, and residues or reactions from this and other fumigant gases are now considered much less acceptable. Because of the effects of some chemicals on staff, objects and the environment there is increased pressure to move away from persistent and toxic insecticides. There are now several alternatives to toxic gases that will destroy all pests in objects if they are carried out correctly. The most common and cost-effective solution is the low-temperature method which is now used in most institutions worldwide. Other alternatives include elevated temperature, carbon dioxide and nitrogen anoxia. All these treatments can be safely carried out by staff with appropriate training and experience.

For more information on implementing IPM, see Chapter 9.





Chapter 2

Insect pests


Why are insects pests?

Most insects are not pests: of the hundreds of thousands of different species that exist, only a very small percentage come into direct conflict with humans. The competition is between museums, libraries, archives and houses that are trying to conserve and maintain their collections, and the insects which will damage, destroy or despoil objects and buildings. From a 21st-century viewpoint, it can be difficult to recognise why some species have become such troublesome pests and have proliferated across the globe.

Insects are an ancient group dating back 300 million years to the Carboniferous period. Some fossil cockroaches and silverfish are very similar to present-day species: then, as now, they survived successfully by eating decaying organic matter. Beetles and moths arrived later on the geological scene, probably connected to the evolution of flowering plants. Some species of wood-boring beetles found in amber from the Eocene period are closely related to the furniture beetle or woodworm (Anobium punctatum). They lived happily in dead trees and fallen logs well before humans came on the scene. Although moth specimens tend to be less well represented in the fossil record than beetles, mainly because of their more fragile bodies, some species have also been found in amber. However, because tineid clothes moths and dermestid beetle species live in fur, feathers and skins and are associated with bird and mammal nests, they are less likely to become fossilised.

Undoubtedly many beetle and moth pests became more closely associated with humans as they abandoned their hunter-gatherer nomadic







What are insects?
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Major pest types




	Beetles
	


	Anobium punctatum
	Common furniture beetle/woodworm


	Anthrenocerus australis
	Australian carpet beetle


	Anthrenus flavipes
	Furniture carpet beetle


	Anthrenus fuscus
	Carpet beetle


	Anthrenus sarnicus
	Guernsey carpet beetle


	Anthrenus verbasci
	Varied carpet beetle


	Attagenus pellio
	Two-spot carpet beetle/fur beetle


	Attagenus smirnovi
	Vodka beetle/brown carpet beetle


	Attagenus unicolor [megatoma]
	Black carpet beetle


	Dermestes lardarius
	Larder beetle


	Dermestes maculatus
	Hide beetle


	Dermestes peruvianus
	Peruvian hide beetle


	Dinoderus sp.
	Bamboo borer


	Euophryum confine
	Wood weevil


	Gibbium psylloides
	Shiny spider beetle


	Hylotrupes bajulus
	House longhorn beetle


	Lasioderma serricorne
	Cigarette beetle


	Lyctus brunneus
	Powderpost beetle


	Nacerdes melanura
	Wharf borer


	Niptus hololeucus
	Golden spider beetle


	Pentarthrum huttoni
	Wood weevil


	Ptinus tectus
	Australian spider beetle


	Ptinus fur
	White-marked spider beetle


	Reesa vespulae
	Museum nuisance/American wasp beetle


	Scolytus sp.
	Bark beetle


	Stegobium paniceum
	Biscuit beetle/drugstore beetle


	Sinoxylon anale
	Auger borer


	Tenebrio molitor
	Mealworm beetle


	Thylodrias contractus
	Odd beetle


	Trogoderma angustum
	Berlin beetle/cabinet beetle


	Xestobium rufovillosum
	Deathwatch beetle


	Moths
	


	Endrosis sarcitrella
	White-shouldered house moth


	Hofmannophila pseudospretella
	Brown house moth


	Monopis crocicapitella
	Pale-backed clothes moth


	Niditinea fuscella
	Brown-dotted clothes moth


	Tinea pallescentella
	Large pale clothes moth


	Tinea pellionella
	Case-bearing clothes moth


	Tineola bisselliella
	Common/webbing clothes moth


	Trichophaga tapetzella
	Tapestry moth


	Other insects
	


	Blatta orientalis
	Oriental cockroach


	Blattella germanica
	German cockroach


	Periplaneta americana
	American cockroach


	Liposcelis bostrychophila
	Common booklouse


	Lepinotus patruelis
	Black booklouse


	Lepisma saccharina

Ctenolepisma longicaudatum

Thermobia domestica
	Silverfish

Grey silverfish

Firebrat


	
Lasius niger

Monomorium pharaonis

Camponotus herculeanus
	
Black garden ant

Pharaoh’s ant

Hercules carpenter ant


	
Pollenia rudis
	
Cluster fly


	
Reticulitermes sp.

Macrotermes sp.

Cryptotermes sp.

Kalotermes sp.
	
Subterranean termite

Subterranean termite

Drywood termite

Drywood termite


	Mites
	


	Acarus siro

Bryobia praetiosa

Glycyphagus domesticus
	Flour mite

Red clover mite

House dust mite






	 Size

	 Colour

	 Patterns: plain, multi-coloured, banded

	 Shape: round, oval, elongated, waisted

	 Wings: visible, number, colour

	 Body segments: visible or hidden from above

	 Antennae: length, shape, club

	 Texture: smooth, hairy, ridged/grooved, granular








	Pest
	Type of damage
	Materials damaged



	Woodworm/furniture beetle
Anobium punctatum
	Small 1.5–2 mm round exit holes, gritty frass in tunnels and under exit holes
	Sapwood of hardwoods, ply with animal glue, some composite cellulose materials and books



	Deathwatch beetle
Xestobium rufovillosum
	Large 3 mm round exit holes, rounded frass in tunnels and under exit holes
	Structural hardwoods, particularly when in contact with damp walls



	Powderpost beetle
Lyctus brunneus
	Small 2 mm round exit holes, fine talc-like frass in tunnels and under exit holes
	Starchy new wood



	Wood weevils
Euophryum confine
Pentarthrum huttoni
	Surface damage along the grain and small 1 mm holes in damp wood, fine gritty frass
	Damp wood, paper and books



	Carpet beetles
Anthrenus sp.
	Small irregular holes in textiles, loose fur, short hairy cast skins of larvae
	Bird and mammal skins, insect specimens, wool textiles



	Carpet/fur beetles
Attagenus sp.
	Irregular holes in textiles, loose fur, long banded cast skins of larvae
	Bird and mammal skins, insect specimens, wool textiles



	Common/webbing clothes moth
Tineola bisselliella
	Large irregular holes with quantities of silk webbing tubes and gritty frass
	Wool, fur and feather textiles, bird and mammal skins



	Case-bearing clothes moth
Tinea pellionella
	Irregular holes and grazed fabric with loose silk larval cases/ bags
	Wool, fur and feather textiles, bird and mammal skins



	Biscuit beetle/drugstore beetle
Stegobium paniceum
	1.5 mm round exit holes and gritty frass
	Dried food and spices, plant specimens and seed heads, papier mâché, freeze-dried animal specimens



	Cigarette beetle
Lasioderma serricorne
	1.5 mm round exit holes and gritty frass
	Dried food and tobacco, starchy plant specimens and seed heads



	Spider beetle
Ptinus sp.
Niptus sp.
	Some holes or cavities, spherical silk pupal bags
	Dried food and seed heads, freeze-dried animal specimens, animal glue and starch on books



	Common booklouse
Liposcelis bostrychophila
	Small areas of scratched and eroded surface of materials
	Starchy paper and glues



	Silverfish
Lepisma saccharina
Grey silverfish
Ctenolepisma longicaudatum
	Irregular scratched and eroded surface of materials. Scraped irregular holes
	Paper and textiles, photographs, starch and animal glue







	 Size (most pest larvae are very small, 0.5 mm, when they first hatch and may be impossible to identify to species)

	 Colour (some larvae may be transparent when they first hatch)

	 Shape: tubular, oval, carrot-shaped, curved

	 Texture: smooth, hairy, spiky

	 Legs: none, six, or also with false legs

	 Spikes or proboscis





Pests which attack wool, fur, feathers and textiles









Carpet beetles (Anthrenus and Anthrenocerus)










































Carpet/fur beetles (Attagenus)






















Hide and leather beetles (Dermestes)

















Museum nuisance/American wasp beetles (Reesa vespulae)
















Berlin beetles (Trogoderma angustum)











Odd beetles (Thylodrias contractus)






















Clothes moths (Tinea and Tineola)



























































Pests which attack herbarium collections and dried food



Biscuit or drugstore beetles (Stegobium paniceum)
















Cigarette or tobacco beetles (Lasioderma serricorne)










Indian meal moths (Plodia interpunctella)











General detritus feeders, mould feeders and scavengers



Spider beetles
















Mealworms (Tenebrio molitor)
















Fungus and plaster beetles






















Booklice
























Silverfish

















Cockroaches

















Ants










Flies

















Woodlice





Woodborers











Furniture beetles (Anobium punctatum)





























Deathwatch beetles (Xestobium rufovillosum)
























Other anobiid beetles









Wood weevils
















Longhorn beetles (Cerambycidae)










Powderpost beetles (Lyctus)










Bostrychid borers










Wharf borer (Nacerdes melanura)










Parasitoid wasps




Ants





Termites











Drywood termites

















Dampwood termites




Subterranean termites




















Mites
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