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Foreword

Threats by pests to cultural heritage are now more 
than ever on the agenda for museums, archives, 
libraries and historic houses. It is therefore impor-
tant that professionals within the sector, such as 
scientists, conservators, curators, archivists, librar-
ians, collection managers and others, meet and 
discuss methods of dealing with the challenges 
posed by pests. Following the successful IPM 
conferences in Piacenza in 2011, Vienna in 2013 
and Paris in 2016, the 4th international confer-
ence on Integrated Pest Management, IPM 2019, 
Integrated Pest Management for Cultural Heritage, 
was held in Stockholm 21–23 May 2019. In all, 160 
dele gates from 23 countries participated.

Since the conference sold out long before the 
deadline, it was decided to live stream the whole 
conference. There were more than 700 individual 
logins each day, and subsequent e-mails have con-
firmed the appreciation from viewers who had not 
been able attend the conference in person. 

The overall purpose of the conference was to 
disseminate knowledge and increase interest in the 
subject, nationally and internationally, by  sharing 
experiences and relevant research. A specific goal 
was also to promote and implement the standard  
on integrated pest management (EN 16790).

To further disseminate this knowledge the con-
ference proceedings are published online, free for 
all. Articles focus on different aspects of IPM – 
treatments, detection, new threats and not least 

communication and training – if the IPM mes-
sage does not reach out where it is needed, a lot 
of the hard work might be in vain. We are greatly 
indebted to the 69 dedicated authors who pre-
sented their papers at the conference. The  editors, 
Lisa Nilsen and Maria Rossipal, are especially 
grateful to the work by the peer-reviewers, who, by 
their diligence and accuracy helped both authors 
and editors to improve the result. A special men-
tion should also be made to the 16 posters that 
added an extra quality to the conference. Posters 
can be found at the conference website: www.raa.
se/ipm2019. 

With so many experts present, the conference 
gave an opportunity to address the European 
restriction of using nitrogen in anoxic pest treat-
ment. An open discussion was held on the second 
day of the conference which hopefully will con-
tribute to the ongoing work by museum organisa-
tions in taking this issue forward. 

Finally I would like to take this opportunity 
to acknowledge the contributions of our organis-
ing partners Nationalmuseum, Swedish National 
Archives, Swedish Museum of Natural History 
and PRE-MAL. 

Stockholm, September 2019
Lars Amréus, Director General of the Swedish 
National Heritage Board
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at Oxford University. After postdoctoral research 
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vate art technology and authentication laboratory 
at Geneva freeport which he left in 2016 to set up 
his own company, Geneva Fine Art Analysis Ltd. 
Since 2010 he is also Curator for preventive con-
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ventive Conservator at National Museum Car-
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Simona Drago is a biologist of the laboratory of 
the National Library of France (Paris), where 
she works for the conservation of cultural herit-
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toxic substances. Previously, he worked within the 
framework of a DBU funded research project to 
investigate parameters that lead to the side-effect-
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School of Economics, trained as a painting con-
servator at Istituto per l’Arte e il Restauro, Flor-
ence and studied Art History at the University of 
Stockholm. Interests focus on contemporary art, 
with special emphasis on artists interviews, over-
size works and inpainting. 

Jane Henderson, BSc, MSc, PACR, FIIC, Reader 
in Conservation at Cardiff University, Secretary 
General IIC. Jane teaches on Cardiff Universi-
ty’s BSc and MSc in Conservation and MSc in 
Collection Care. Jane serves on the editorial panel 
of Icon’s  Journal and the ICOM –CC preven-
tive conservation working group and is a co-opted 
member on the trustee board of the Welsh Fed-
eration of Museums. Jane has published on issues 
related to conservation aspects of decision making, 
influence, sustainability and teaching.
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tion in conservation at Uppsala  University Cam-
pus Gotland. His research has focused on energy- 
and indoor climate issues in historic buildings, and 
is especially interested in the interplay between 
research, policy and practice related to these 
issues. He is also the coordinator of the Master’s 
Programme in Cultural Heritage and Sustainabil-
ity at Uppsala University.

Matthew A. Mickletz has been the Manager of 
Preventive Conservation at Winterthur Museum, 
Garden and Library in Delaware, for nearly 10 
years. His responsibilities encompass aspects 
of collections management and care that serve 
strengthen and develop the principles and prac-
tices of Preventive Conservation, with heavy 
emphasis on IPM and Collection Emergency Pre-
paredness. Matt has been Co-Chair of the Muse-
umPests Working Group since 2017, a year after 
first supporting a new push within the social 
media section of the group.

A trained teacher, Georgia Miller began her 
museum career as an Educator, opening up the 
learning potential of collections to students. After 
pursuing formal training in Museum Studies, 

Georgia now works as a Collection Manager in the 
Collection Care team at Auckland War Memorial 
Museum. She is part of a team responsible for pre-
ventive conservation, specifically; environmental 
monitoring, disaster response processes, storage 
optimisation and integrated pest management. 

Abby Moore graduated with an MA in Conserva-
tion of Archaeological and Museum Objects from 
Durham University in 2014. After graduating, she 
took up the position of Assistant Regional Col-
lection Care Development Officer at the Museum 
of London, providing advice, support and training 
for London’s regional museums. Abby has been 
in her current role as Collection Care Conserva-
tor for the Museum of London since 2015. Her role 
encompasses all aspects of Preventive Conserva-
tion across the museum’s four sites.

Lisa Nilsen trained as a preventive conservator at 
the University of Gothenburg. She worked abroad 
in Norway, Scotland and England, before return-
ing to her native Sweden, where she today runs her 
own preventive conservation business. She took 
part in creating EN 16790 Conservation of cul-
tural heritage – Integrated pest management for 
cultural heritage.

Adam Osgood is the Collections Technician and 
IPM Coordinator at Historic New England where 
he supports the collection services team in collec-
tion care, photography and oversight of the Inte-
grated Pest Management program. Adam earned a 
BFA in sculpture at Pratt Institute and has worked 
as curatorial assistant in the Asian Art Depart-
ment at The Harvard Art Museums and as Collec-
tion Care Specialist at The Museum of Fine Arts, 
Boston. Adam is co-chair of the “Solutions” sub-
group of the MuseumPests Working Group.

Rachael Perkins Arenstein is a conservator at A.M. 
Art Conservation, LLC a private practice in the 
New York area focusing on conservation treat-
ment and preservation consulting. She has held 
positions at the Bible Lands Museum Jerusalem, 
the Smithsonian Institution’s National Museum 
of the American Indian (NMAI), the Peabody 
Museum of Art & Archaeology, and the Amer-
ican Museum of Natural History amongst others. 
Rachael is a founding member and, since 2008, 
Co-Chair of the MuseumPests Working Group.
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Having graduated with an MA in Conservation of 
Historic Objects at Lincoln, Kate Perks completed 
an ICON internship at the Royal Armouries, 
Leeds.   After a selection of short-term contracts 
around Britain she became an Objects Conserva-
tor at the Science Museum in London.  After two 
years she was promoted to her current role of Sen-
ior Collections Care Conservator.

Julianne Phippard joined the British Museum in 
2007 and is a Senior Preventive Conservator in the 
Collections Care Department.  Her role involves 
working on museum-wide activities such as envi-
ronmental monitoring, emergency planning and 
collections risk management for a wide range of 
projects including gallery refurbishments. She has 
previously worked at the Textile Museum of Can-
ada in Toronto and Historic Royal Palaces in Lon-
don, UK.

David Pinniger is an entomologist who formerly 
worked as a research scientist for the MAFF Cen-
tral Science Laboratory in Slough. For the last 25 
years he has been an independent consultant pro-
viding specialist advice and training on pests in 
museums, archives and historic houses. He is the 
pest management strategy adviser for English 
Heritage and advises many of the major national 
museums and galleries and historic houses in the 
UK. David has also worked with overseas muse-
ums and delivered lectures and training work-
shops in many countries. He is the author of 
over 60 papers and publications including the 
books “Integrated Pest Management in Cultural 
 Heritage” and “Pests in Houses Great and Small”. 

Dr. Rudy Plarre is senior scientist with BAM in the 
subject area efficacy testing of biocidal and non-bi-
ocidal material protection. He studied biology at 
Freie Universität Berlin (Germany) and Vander-
bilt University, Nashville (USA). Before 1997, Dr. 
Plarre had worked for JKI in Berlin and USDA, 
Madison (USA) in stored product protection. Dr. 
Plarre is convenor and expert of several national 
and international committees in DIN and CEN. 
He teaches Applied Pest Science as Assistant-Pro-
fessor at Freie Universität Berlin.

Fabiana Portoni has worked as a conservator for 
organisations in Mexico and the UK. These 
include The Frida Kahlo Museum, London’s Sci-
ence Museum and The British Museum. She 

holds an MRes in Heritage Science from UCL, 
 London and a degree in Object Conservation 
from ENCRyM, Mexico. Fabiana joined The 
British Museum in 2015. She is currently a pre-
ventive conservator, ensuring long-term preserva-
tion of the collection through careful monitoring 
of the environment and mitigation of risks includ-
ing pests, pollutants and light.

Pascal Querner is a biologist specialized in IPM in 
museums working in this field for over 10 years. 
His main expertise is monitoring, prevention and 
advising the museums and other cultural heritage 
institutions on treatment methods. He is also reg-
ularly teaching at the University of Applied Arts 
in Vienna and giving courses in Austria, Ger-
many, Hong Kong, Sri Lanka and Oman. He 
publishes papers on ecology, entomology, IPM, 
different pests and tries to spread the word of Inte-
grated Pest Management at national and interna-
tional conferences.

Caroline Rawson ACR has a BA (Hons) in Con-
servation and Restoration from Lincoln Univer-
sity and previously worked for the National Trust 
and Castle Howard. She has been working as a 
preventive conservator for English Heritage for 11 
years. Her role includes the care of a diverse range 
of collections at over 40 historic sites and 6 object 
stores. Caroline is part of the team responsible for 
English Heritage’s IPM programme and helps to 
spread awareness of museum pests within historic 
objects.

Akiko Saito, Dr. Director and senior researcher 
at the Natural History Museum and Institute, 
Chiba, Japan. She gave advice on insect ecology.

Yoshinori Sato Dr. Senior Researcher at Tokyo 
National Research Institute for Cultural Proper-
ties, Japan. He worked for monitoring of insect 
attack in Nikko area and evaluation of the warm 
air treatment from the viewpoint of control of 
insect attack.

Gabriele Sauseng from Ecodogs is a biologist living 
and working in Austria. For over 30 years she has 
trained dogs to search for truffles, paper money, 
wood pests or drugs. She breeds the dogs and is 
also training dogs for the police of federal institu-
tions. She was one of the first in the field to train 
dogs to search for the pest Asian longhorn beetle 
(Anoplophora glabripennis).  
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Letitia Steer is Collection Care Conservator at the 
Museum of London.

Catherine Stephens is a Preventive Conservation 
Scientist in the Metropolitan Museum of Art’s 
Department of Scientific Research, where she is 
focusing on evaluating environmental conditions 
and identifying potentially hazardous chemical 
compounds found in materials proposed for use 
in display and storage. Before joining The Met in 
2016, her specialty was studying the degradation 
mechanisms and structure-property relationships 
of polymers found in museums.

Tom Strang is a Senior Conservation Scientist with 
the Canadian Conservation Institute, Depart-
ment of Canadian Heritage. He has worked on 
integrated pest management issues for cultural 
property for three decades in research, advisory 
and training capacities.

Julia Sybalsky is Senior Associate Conservator at 
the American Museum of Natural History, New 
York. Julia received her MA with an Advanced 
Certificate in Conservation from The Conser-
vation Center, Institute of Fine Arts, New York 
University. At the AMNH, Julia was an impor-
tant contributor in the recent projects concern-
ing dioramas in the Hall of Biodiversity, the Hall 
of North American Mammals, and the Theodore 
Roosevelt Memorial Hall, and conducts ongo-
ing research into materials and techniques for the 
conservation of natural science collections. Previ-
ous to her time at AMNH, Julia worked at the 
Archaeological Exploration of Sardis in Tur-
key, the National Gallery of Art in Washington 
DC, and interned at the New Bedford Whaling 
Museum in New Bedford, MA.

David Thickett joined English Heritage in 2003 
as senior conservation scientist, mainly research-
ing preventive conservation. Recent projects have 

focussed on historic house environments, col-
lections’ epidemiology, non destructive test-
ing, microclimate frames and optical coherence 
tomography. He is an assistant co-ordinator of 
the ICOM-CC Metals Working Group, and 
an ex co-ordinator of the Preventive Conserva-
tion Working Group. He sits as UK expert to the 
European Standards CEN TC 346 (conservation 
standards) and a directory board member of the 
Infra-red and Raman Users Group.

Magnus Wessberg has an MSc in Mechanical Engi-
neering, is a PhD candidate in Control Engineer-
ing at Czech Technical University in Prague and 
works as a teacher in Building Physics and Build-
ing Materials at Uppsala University. Magnus’s 
PhD thesis is focused on climate control in mas-
sive historic buildings.

Amber Xavier-Rowe ACR FIIC is the Head of 
Collections Conservation at English Heritage 
where she has worked for 24 years developing her 
expertise in IPM and preventive conservation. 
Previously she worked for Leather Conservation 
Centre in England and Artlab Australia. She is a 
graduate of the Conservation of Cultural Materi-
als (BSc) course, Canberra University. 

Maruchi Yoshida is a graduate conservator and 
safety engineer running her office YCONS since 
2010. She is a consultant for museums, archives 
and public authorities, specialized on partici-
patory planning processes. In 2013 she founded 
kurecon, offering climatized containers and ser-
vices to safeguard cultural assets in complex con-
texts like acute contamination and emergency 
cases. She has projects in Iran and in the Autono-
mous Region Kurdistan in Norther Iraq, connect-
ing social development and cultural heritage pres-
ervation in rural and post-conflict contexts.



Day I: 
Communicating IPM
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I was very pleased and honoured to be asked by the 
organisers of IPM 2019 to give the introductory 
presentation. This gives me the opportunity to 
give a personal view of my pest management jour-
ney through museums, galleries, libraries, archives 
and historic houses across the world. 

The starting point

My first encounter with pests in museums was the 
day I received a phone call telling me that a quagga 
was being eaten by insect pests and lumps of hair 
were falling out. A visit to Tring Museum (an out-
station of the Natural History Museum in Lon-
don) revealed that the quagga was an extinct type 
of zebra and the hair on this irreplaceable spec-
imen was being damaged by larvae of Anthrenus 
verbasci, the varied carpet beetle. A survey of the 
collection showed that there was an extensive 
infestation in the building of both A. verbasci and 
Attagenus pellio. The solution in 1977 was to seal 
up the building and fumigate the whole museum 
with methyl bromide gas. Although the treat-
ment was totally successful, the museum wanted 
to ensure that the collection was not re-infested 
and I was tasked with providing advice on pre-
venting further problems.

At this time I was working at the Pest Infes-
tation Control Laboratory in Slough, which was 
part of the Ministry of Agriculture, Fisheries and 
Food. My main area of research was with insect 
pests in the food storage and processing industry 
and we had just started to explore the then new 
concept of Integrated Pest Management (IPM). 
Instead of the previous regimes of regular treat-
ment with insecticides and fumigants, we devised 
programmes using traps to find out where the 
pests were, targeted cleaning where the pests were 
living and then treatment only where and when 
it was deemed appropriate (Mueller 1998). This 

sounds very familiar now, nearly 50 years later, but 
was a very new approach for flour mills and food 
factories. If such a programme could be success-
ful in a food storage environment, then why not in 
a museum, such as the Natural History Museum? 
I then met Jim Black, who runs Archetype Press 
and International Academic Projects in Lon-
don. He asked me to contribute to conservation 
courses at the Institute of Archaeology in Lon-
don. Another lecturer on these courses who was 
working with museum pests was Bob Child then a 
conservator at the National Museum of Wales and 
this was the start of a long collaboration with Bob 
for training, trapping and development of alter-
native treatments. Bob became Head of Conser-
vation at the National Museum of Wales and also 
runs his own company called Historyonics, which 
supplies pest traps and insecticides specifically for 
use in the heritage world.

DAVID PINNIGER

IPM – International Pest Management?

FIGURE 1. The quagga at Tring Museum. 
Photo: DBP Entomology.
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Publications and PRE-MAL

My first slim volume “Insect pests in Museums”, 
published in 1989, was the result of Jim Black per-
suading me to write a book instead of giving out 
sheets of loose handouts on the courses. This book 
was extensively revised and updated in 1994 with 
illustrations based on those by a Danish entomolo-
gist Ebbe Sunesen. Running pest workshops with 
Jim Black and Bob Child gave me the opportunity 
to meet and work with people from many coun-
tries who were also interested in developing bet-
ter methods to implement IPM. A participant in 
one of the first workshops in London in 1987 was 
Monika Åkerlund from the Swedish Natural His-
tory Museum. She introduced me to PRE-MAL, 
probably the first national IPM organisation, with 
members from Sweden and other Nordic coun-
tries. I attended a number of PRE-MAL meet-
ings and conferences in Sweden, which then led 
to other collaborations. I first encountered Trogo-
derma angustum in the Swedish Natural History 
Museum and as it did not have a common name, I 
christened it the “Stockholm beetle” which did not 
please Monika. However, since then it has been 
adopted by the Germans as the “Berlin  beetle” 
which will appear again later in the history.

Monika Åkerlund’s book “Ängrar – finns dom” 
published in 1991, was a pioneering work on pests 
found in museums and with its wide range of 
coloured images of pests, it is still a useful refer-
ence work today. Together with the late Jan-Erik 
Bergh, Monika carried out a number of investiga-
tions into freezing and anoxic treatments which 
culminated in a multi-national EEC funded pro-
ject to evaluate nitrogen generators (Åkerlund and 
Bergh, 2001).

West Dean and international collaboration

One pivotal point for the international develop-
ment of IPM was a five-day workshop in 1996 held 
at West Dean College and organised by the Getty 
Foundation in California and Peter Winsor from 
the UK Museums and Galleries Commission. 
Key sessions were given by Vinod Daniel and Shin 
Maekawa from the Getty Conservation Institute 
(GCI), Tom Strang from Canadian Conserva-
tion Institute (CCI), Nieves Valentin from Spain 
and Bob Child and myself from the UK. Partici-
pants were from the UK and a number of other 

countries and many went on to spread the word 
on IPM in their own institutions. One of the tools 
to emerge as a result of Amber Xavier-Rowe’s 
partici pation in the West Dean workshop was 
the English Heri tage pest poster. First produced 
in 1998, a second revised version was produced in 
2008 with input from Dee Lauder. Over 16,000 
copies of these posters have now been distributed 
in the UK and 20 other countries worldwide. We 
hope to produce a new and updated version of the 
poster in the near future.

Tom Strang, the guru of thermal treatments, 
convinced all of us at the West Dean work-
shop of the simplicity and efficacy of heat treat-
ment with his hair dryer and aquarium demon-
stration (Strang, 2001). Vinod Daniel then went 
from the Getty to the Australian Museum in Syd-
ney to implement anoxia as part of their IPM pro-
gramme. Tom Strang’s demonstrations of thermal 
treatments also inspired Vinod Daniel to develop 
low cost solar heat treatments for developing coun-
tries (Daniel and Hanlon, 2001). 

We tend to forget that before 1990 museums 
worldwide relied heavily on toxic gas fumigation 
with methyl bromide or ethylene oxide to  control 
insect infestations in collections. Because of con-
cern over health issues, chemical residues and 
undesirable effects on objects there was then a 
large-scale switch to the use of freezing in Europe 
and North America. This was also accompanied 

FIGURE 2. Trogoderma angustum in the Swedish Natural 
History Museum. Photo: DBP Entomology.
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Insect traps and pheromones

Insect behaviour has always fascinated me and 
led me to thinking about ways to detect insects. 
In the 1970’s I was part of a team carrying out 
research for better storage of grain and other 
foodstuffs. We developed effective pitfall traps for 
bulk grain and then food baited traps for detect-
ing small numbers of beetles in storage buildings. 
When I became involved with museum pest prob-
lems, it was a natural step to modify these traps 
for use in museums and other buildings with col-
lections (Pinniger, 1990). One of the early inter-
national collaborations was with Insects Limited 
in Indianapolis USA and over the years we have 
worked on many projects with traps and phero-
mones. The most notable was the first UK trial in 
1996 of the new sex phero mone lure for webbing 
clothes moth Tineola bisselliella. The performance 
of this lure exceeded all our expectations with 
baited traps catching over 20 times more moths 
than unbaited ones (Cox et al., 1996). Since then 
we have accepted moth phero mones as an invalu-
able IPM tool for monitoring spread and increase 
in populations. I have worked with some of the 
beetle pheromones, which are far less  predictable 
in their performance. Beetle behaviour is less well 
understood and it seems that some male beetles 
such as biscuit beetle Stegobium paniceum only 
respond well to the female pheromone when they 
are flying, often to a light source. Limited trials 
with the pheromone of Anthrenus verbasci and A. 
sarnicus also showed that the lure was attractive 
when traps were placed on windowsills, but was 

by the development of controlled humidity, high 
temperature treatment, nitrogen anoxia and the 
use of carbon dioxide as a replacement fumigant. 
For largely economic reasons this trend was not 
taken up so quickly in many other countries, but 
the inclusion of methyl bromide in the Montreal 
Protocol for reduction of ozone-depleting chemi-
cals meant that it would no longer be permitted as 
a fumigant. A meeting in Japan “Beyond methyl 
bromide – meeting the Montreal Protocol” in 2001 
was an important turning point and led to more 
research and development into alternative control 
methods (Kigawa et al., 2001).

Experiences in other countries have taught me 
a great deal about the practicalities of implement-
ing IPM in climates very different from Northern 
Europe. A very clear example was from an IPM 
workshop that I ran in Singapore for the National 
Heritage Board in 1999. We carried out a limited 
survey of the stores and it was quite apparent that 
the traditional buildings with large eaves and very 
good natural ventilation usually provided a much 
better stable environment for the collections than 
the modern air-conditioned storage block where 
serious problems of condensation, mould and pests 
developed rapidly when air handling equipment 
malfunctioned. I have since seen further examples 
of this in other countries with the added down 
side of high energy costs associated with complex 
air handing equipment.

FIGURE 3. Tom Strang and his heat demonstration. 
Photo: DBP Entomology.

FIGURE 4. Vinod Daniel and his solar heat demonstration. 
Photo: DBP Entomology.
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IPM across a wide and diverse library collection 
with insufficient resources and lack of acceptance 
by management of the needs of IPM. This dis-
cussion gave rise to the concept of Risk Zones to 
target IPM where it was most needed and prior-
itise the programmes of inspection, monitoring 
and preventive measures to minimise the need for 
expensive remedial treatments. First implemented 
in the Imperial War Museum, Natural History 
Museum and Victoria and Albert Museum in 
London, the concept of Risk Zones has now been 
adapted and adopted by other museums (Doyle et 
al., 2008; Pinniger, 2011). It remains a very useful 
tool to maximise effect and convince management 
of the need for IPM when resources are increas-
ingly stretched.

A completely new version of my book, now 
called “Integrated Pest Management in Museums, 
Galleries and Archives”, was published by Arche-
type in 2001 to coincide with the Pest Odyssey 
conference and later, in 2008, the book was trans-
lated into Portuguese by Maria Luisa Cabral as 
“Controlo de pragas em museus, arquivos e casas 
historicas”.

The conference “2011: A Pest Odyssey, 10 years 
later” was held at the British Museum in London 
and showed how many topics had moved forward 
in the time since the first conference in 2001. There 
were 27 papers presented from 11 countries together 
with 18 posters. Participants came from many other 
countries and this resulted in important exchanges 
of information and future international collabora-
tion. There were two notable changes in pest sta-
tus with the remarkable increase in problems with 
webbing clothes moth Tineola bisselliella, particu-
larly in the UK, but also reflected in other coun-
tries (Xavier-Rowe and Lauder, 2011; Querner and 
Simon, 2011). The other was the increasing spread 
of the brown carpet beetle Attagenus smirnovi in 
the UK and Europe, possibly linked to climate 
change (Pinniger, 2011; Hansen et al., 2011). It was 
agreed at this meeting that the next International 
conference needed to be held outside the UK and 
Pascal Querner from Austria took up the chal-
lenge and organised an excellent conference in 
Vienna only two years later (Querner et al 2013). 
A total of 31 papers were presented from 12 coun-
tries with an even wider participation including 
delegates from many other countries showing that 
IPM was on the map across the world.

relatively ineffective when traps were placed in 
dark rooms (Ackery et al., 1999).

I met Uwe Noldt, a German entomologist who 
is one of Europe’s leading experts on woodboring 
beetles, when we ran IPM workshops in Detmold 
in Germany. He showed how certain traps could 
be effective for deathwatch beetle. He also intro-
duced me to the simple idea of pasting tissue over 
woodborer emergence holes in roof timbers so that 
you could record fresh adult emergence in the fol-
lowing spring. We have refined this by using a dif-
ferent colour for each year emergence to build up 
a pattern of activity of furniture beetles Anobium 
punctatum and deathwatch beetles Xestobium rufo-
villosum (Pinniger and Lauder, 2018). 

Pest Odyssey and other conferences

Building on the success of the IPM workshop 
held in Stockholm in 1998, “2001 – A pest odys-
sey” (Kingsley et al., 2001) at the British Library in 
London was the first full international conference 
to bring together people from all over the world to 
discuss IPM in heritage. We had 20 papers from 
eight countries and some of the papers presented 
at this conference are still required reading today 
if you want to see how IPM has developed over 
the last 18 years. As always at these conferences, 
the informal discussions are often as stimulating 
as the lectures. We were talking to Lydia Egun-
nike about her paper with the wonderful title of 
“Marauding Geckos – a look at subtropical pest 
management” (Egunnike, 2001). She graphically 
described the problem of trying to implement 

FIGURE 5. An Insects Limited bullet lure, the first commercial 
pheromone for webbing clothes moth Tineola bisselliella. 
Photo: DBP Entomology.
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then laid eggs, resulting in a heavy infestation of 
larvae eating the protein-rich dried peas. Options 
for treatment of a 35 tonne work are very lim-
ited. Awareness of the risks posed by such exhibi-
tions is essential to avoid serious pest and fungal 
problems and communication between countries 
is even more important when such installations 
move across international boundaries.

Communication and the future

The next international conference in Paris in 
2016 consolidated the progress made in Vienna, 
but there was a general feeling that the economic 
downturn had affected IPM by reducing resources 
not only for implementation and operation, but 
also for training and research. The development of 
the internet as a tool for communication and shar-
ing data and images has therefore been crucial to 
promote the low-cost exchange of IPM informa-
tion between IPM practitioners. The very useful 
USA based website Museumpests.net was intro-
duced to an international audience in 2011 (Aren-
stein et al., 2011) and the UK website Whatseatin-
gyourcollection.com (WEYC) in 2013 (Pinniger, 
2013). It is hoped that the pest distribution data-
base on the WEYC website can be expanded to 
include data from other countries. It is fitting that 

A result of the collaborative work set up in 
Vienna was that my book “Integrated Pest Man-
agement for Cultural Heritage” (Pinniger, 2015) 
was translated in to German by Pascal Querner 
and Bill Landsberger as “Handbuch Integriertes 
Schädlingsmanagement in Museen, Archiven und 
historischen Gebäuden” and published in 2016. 

Art for art’s sake

We are well aware of the potential pest problems 
of caring for more “traditional” collections such as 
costume, furniture, books, ethnography and nat-
ural history. In recent years there has been a huge 
increase in pest problem challenges posed by art 
installations that frequently include materials that 
are not often encountered in museum collections. 
These include living trees, dead fish and pigs’ 
heads (French, 2011) and piles of rags, pasta and 
dried prawns (Pinniger, 2013). More recently I was 
reintroduced to Trogoderma angustum, now called 
the Berlin beetle, in that very city. An art instal-
lation, which was constructed of very large lead 
sheets made into huge books had been placed into 
storage. To create the installation the artist had 
fired dried peas into the artwork, which were then 
embedded in the lead sheets. Unfortunately, the 
peas had attracted Trogoderma adults, which had 

FIGURE 6. Distribution of Attagenus smirnovi, the brown 
carpet beetle or Vodka beetle, in the UK. Screenshot from 
whatseatingyourcollection.com.

FIGURE 7. Berlin beetle Trogoderma angustum infestation in 
dried peas in an art installation. Photo: DBP Entomology.
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the first international collaborative project on pest 
distribution is with IPM practitioners in Sweden 
(Thompson Webb and Pinniger, 2017). 

The use of communication technology has huge 
implications, which can benefit the future of inter-
national IPM. However, we have seen from the 
evidence of the 25 years that there is no substitute 
for the stimulation and inspiration of meeting fel-
low IPM enthusiasts and it is very encouraging 
that so many people are able to participate in this 
2019 conference in Stockholm. It is by demonstrat-
ing that IPM can preserve collections for poster-
ity in a cost-effective and sustainable way that we 
will secure the future for the important exchange 
of information between our countries.
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sure on resources, a move towards a more holis-
tic approach to reducing the risk from pests has 
been developed over the last two decades (Phip-
pard, 2011). These days, the museum aims to use 
integrated pest management (IPM) principles to 
protect its objects and estate by considering pest 
risks in every aspect of museum life and with an 
involvement of all members of staff. 

Introduction

The British Museum (BM) cares for over eight 
million objects, many of which are vulnerable to 
pest damage. For centuries, the museum used a 
range of pesticides to control insect and verte-
brate pests in the building and collections (Brit-
ish Museum, 2016). However, in view of increas-
ing restrictions and health and safety awareness 
on the use of pesticides, and with more pres-

FABIANA PORTONI, ADRIAN DOYLE & JULIANNE PHIPPARD 

Are we really integrating pest management? 
Reducing pest risk at a large national museum

Abstract
Integrated Pest Management (IPM) is widely 
accepted as a crucial aspect of collections care. 
The British Museum aims to protect its vast 
collection from pest damage with a holistic 
approach to IPM. The museum has a clear pol-
icy, strategy, set of procedures and an outreach 
and training programme designed to incor-
porate pest management into every aspect of 
museum life. However, due to the complexity 
of its estate and organisational structure, and 
with increasing demands to use its collections, 
it can be challenging to ensure that measures 
to reduce the risk of pests are truly integrated 
into all activities and initiatives. 

The British Museum’s pest management 
plans are successfully integrated into activi-
ties such as large collections moves and creat-
ing new permanent storage. In these projects, 
IPM awareness has been an essential element 
of the programmes, with dedicated members 
of staff and evidence based learning. It is more 
difficult to ensure the same methodological 
approach with some other activities, such as 
loans, acquisitions, events and refurbishment 
projects. With pressing deadlines and chang-
ing team members, it can be challenging to 
adhere to our standard procedures. However, 
the effects of an infestation on mixed collec- 

 
tions can be far-reaching and difficult to con-
trol. To those with collection care experience, 
the impact this might have on the preservation 
of the collection seems obvious, but conveying 
these potentially devastating effects to mem-
bers of staff at all levels and with different back-
grounds is imperative. 

For this paper the authors have reviewed the 
effectiveness of the museum’s pest manage-
ment policies and procedures, and identified 
a number of obstacles to incorporating an IPM 
approach into all museum activities. Consist-
ent communication and integrating pest man-
agement from the inception of projects has 
obtained the most positive results so far. Much 
work has gone into training and awareness and 
this has helped to improve aspects of planning. 
The aim is to enable a thorough understand-
ing of the importance of a successful IPM pro-
gramme and reaffirm the responsibility of all 
museum staff for the long-term preservation 
of the collection. This paper hopes to share the 
lessons learned for the benefit of other organi-
sations with similar challenges. 

Keywords: (IPM) Integrated Pest Management; 
IPM awareness; IPM communication; IPM train-
ing; IPM responsibility
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FIGURE 1. A timeline of the development of pest related activities at the British Museum shows a progression 
away from chemical control towards an IPM focus.

FIGURE 2. The BM’s IPM Strategy outlines the basic principles of risk reduction.
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The strategy document reinforces that staff in every 
museum department should understand their role 
in preventing pest damage to the collections. 

Responsibilities and Procedures

The museum has a dedicated IPM Manager who is 
responsible for the IPM programme at both mana-
gerial and operational levels. Where IPM issues 
directly affect collections, the IPM Manager is 
supported by staff in conservation, collections man-
agement and curatorial departments. In addition, 
there are IPM representatives across non-collection 
departments who support the programme. 

The IPM Manager role requires a strong under-
standing of collections care but sits within the 
facilities department instead of within conser-
vation, a strategic decision made to ensure oper-
ational involvement across the estate. Many 
activities essential to the success of the IPM pro-
gramme, such as cleaning, waste management and 
catering, are carried out by external companies on 
contract to the museum. The IPM Manager liaises 
with staff members who have responsibility for the 
museum’s facilities management contractors and 

Background
Museum IPM Policy and Strategy

The museum has an Integrated Pest Management 
Policy which states that:

‘there is an imperative to use Integrated Pest 
Management techniques across the estate 
in the interests of protecting the collections, 
libraries and archives held by and used for 
research in the Museum’  
(The British Museum, 2010) 

This includes regular monitoring and the com-
pletion of risk assessments for all collections and 
materials entering the site, and stipulates that 
measures will be based on the concept of pest risk 
zones. The document emphasises that the success 
of the programme relies on all members of staff 
across the museum. 

This policy is supported by a strategy that estab-
lishes the principles of pest management at the 
museum (see Figure 2), and IPM is referenced in 
various sets of procedures with the aim to incorpo-
rate pest management in all core museum activities. 

FIGURE 3. Due to its complicated administrative structure, responsibility for IPM related tasks at the 
museum is shared among numerous departments.
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been a challenge for projects that are not directly 
related to collections and where the direct effect of 
IPM might not be as clear, such as special events 
or construction in non-collection areas. 

Projects directly linked to collections but with 
tight deadlines, such as large loans and acquisi-
tions, can fail to emphasise IPM as a priority 
towards the end of the project when the solutions 
become mostly reactive.

The planning of pest reduction improvements 
has been complicated by the fact that the funds for 
such activities have been held by different depart-
ments, or rolled into budgets for larger contracts. 

Security and access 

The challenges regarding access can be divided 
into two subgroups. For public areas, one of the 
main obstacles to IPM is the increasing demand 
on the use of spaces for income generation. The 
museum is open 7 days a week and often has 
events before and after opening hours, making 
it  challenging and often expensive to schedule 
housekeeping programmes. In areas behind the 
scenes, the challenges can be linked to providing 
the required security access to undertake certain 
activities. An example of this is facilitating access 
for contactors to clean inside high security areas 
such as collection stores, which are often under the 
direct control of individual curatorial departments 
that do not have spare capacity for supervision. 

Success so far
Training and outreach

The museum has a multi-level training pro-
gramme to raise awareness of the importance of 
IPM across the organisation. The training sessions 
aim to ensure members of staff understand risks 
and how their everyday actions are crucial to the 
delivery of a successful programme. Furthermore, 
the museum has resources and a pest reporting 
tool available on the museum intranet and the 
IPM Manager gives talks to every department to 
promote the understanding of IPM in their spe-
cific areas and job roles.

The long-term goal of the training programme 
is to make IPM training mandatory for all mem-
bers of staff working directly with collections, as 
well as converting the induction training to an 
eLearning tool for all members of staff to com-
plete within six months of joining the museum. 

has oversight of the museum’s pest sub-contrac-
tor. Crucially, the IPM Manager assists with the 
specification of these contracts to ensure they will 
comply with standards set out in the IPM strategy.

Collaborating on activities linked to the collec-
tion falls within the remit of the preventive con-
servation team, with the support of the whole con-
servation department as well as the collections 
management teams. These activities include object 
movement, treatment of objects for pests and pro-
cesses such as loans, acquisitions and photography. 

Challenges

An important aspect of the museum’s IPM pro-
gramme is to ensure activities linked to facilities 
and collections correlate and work in a fluid man-
ner. In the 1990’s there was some preliminary work 
linked to pest management (Phippard, 2011) but 
it was mostly reactive instead of a holistic scheme 
across the organisation. It wasn’t until 2004 that 
IPM became the primary method to prevent 
pest damage to the collections (Phippard, 2011). 
From the beginnings of the IPM programme, the 
museum has aimed to have an integrated approach 
to all its activities but, perhaps unsurprisingly, 
along the way the programme has faced numer-
ous challenges. 

Responsibility and staff continuity

Integrated Pest Management is understood to be 
a shared responsibility within the whole museum. 
However, in such a large and complex institution, 
it can be difficult to ensure that responsibility for 
key tasks is identified. Standard protocols can fall 
by the wayside if they relate to an undefined area 
of responsibility, for example within storage spaces 
shared by multiple curatorial departments. 

Projects often have staff hired on fixed term 
contracts and as people leave or move along to 
other roles, some of the information, decisions and 
processes established can get lost or altered. This is 
also true for facilities, which, as mentioned above, 
can manage changing contractors with a higher 
turnover. 

Planning

Over the last 20 years, one of the main goals of 
the IPM programme has been to consider IPM 
as a crucial element of the initial process of every 
new project within the museum. This has often 
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ticipation in members and patrons events. These 
activities are well received and are a valuable tool 
to spread the awareness about IPM outside the 
museum and heritage field. 

Gallery Refurbishments

Since 2006, the British Museum has had a pest 
reduction guidance document (Pinniger, 2006), 
which has been issued as part of the documenta-
tion package for project tenders. However, over 
time it became clear that the guidance was not 
always fully adhered to and this was leading to 
pest problems later on. This situation was substan-
tially improved for the temporary exhibitions pro-
gramme by dedicating a preventive conservator to 
join each exhibition project team. Building on this 
success, for the past three major gallery refurbish-
ment projects, a preventive conservator has been 
assigned as a core team member, to bring IPM 
expertise to the project, and to follow it through 
at each stage of the process. Previously, the Con-

The museum also has other IPM outreach activ-
ities to promote IPM awareness with visitors and 
external colleagues. This includes participation 
in events such as Science Saturday, which coin-
cides with National Science Week, a day each year 
when conservators and scientists talk to the pub-
lic about their work behind the scenes. Another 
example is the recent creation of a museum audio 
trail about IPM, pests, and the work that we do to 
keep objects safe from this agent of deterioration 
in the museum. The trail allows visitors to walk 
around galleries taking into consideration a dif-
ferent aspect linked to the care of the collection. 
IPM is also an important part of training pro-
grammes such as the International Training Pro-
gramme, a scheme that allows museum profes-
sionals, predominantly from Africa, Asia and the 
Middle East, to come to the British Museum for 
six weeks of training on a broad range of museum 
topics. Other outreach activities include behind 
the scenes tours, gallery talks, podcasts and par-

TABLE 1. IPM related training courses
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servation Department was not considered a key 
stakeholder until later on in projects, during the 
‘fit out’ stage of the process when showcases and 
other display related matters were being discussed. 
It is now recognised that it is necessary to have this 
awareness much earlier in the process, during the 
infrastructure renewal phase, as decisions made 
during this part of the project can have a signif-
icant impact on pest reduction for decades after-
wards. The IPM Manager is also consulted at crit-
ical stages during the planning and construction 
stages to ensure that essential issues are raised and 
to reinforce good practice throughout the project. 
Important things to consider include understand-
ing where the electrical, heating and other services 
run and ensuring that these features are properly 
pest-proofed, making sure voids are sealed or are 
accessible for inspection and cleaning, and speci-
fying the correct type of mesh to screen windows 
and skylights. This is then followed through in 
later stages when showcases and other displays 
are designed. Fulfilling this role on a project team 
requires a specific set of skills that may need to be 
developed in conservation staff, from being able 
to read technical drawings and inspect prototypes, 
understanding the language of designers, archi-
tects and engineers, and understanding the needs 
of staff in facilities and curatorial departments 
who will use and maintain the spaces for years to 
come. It is little use having a guidance document 
if there is nobody on the project to ensure that 
is translated into action at each stage and detail 
of the design. An IPM focused design inevit-
ably also reduces risks from other factors such as 
dust and humidity, and does not necessarily need 
to increase build costs. In fact, it can significantly 
reduce costs to the museum later on if spaces are 
designed to be easier to clean and maintain. 

New builds and collections moves

The World Conservation and Exhibitions Cen-
tre (WCEC), completed in 2014, is the most recent 
addition to the BM’s historic Bloomsbury estate, 
and one of the largest construction projects in its 
260-year history. The new building provides the 
museum with significant new spaces to improve the 
access to, and care of, the collection including a 70 
metre long temporary exhibitions gallery, bespoke 
conservation studios and scientific research labora-
tories, logistics facilities for loans, a dedicated IPM 

FIGURE 4. The IPM Manager delivers pest identification 
training to members of the storage moves project team. 
Photo: Trustees of the British Museum.

FIGURE 5. The IPM Manager and a preventive conservator 
inspect the mechanical space under a new showcase in a 
recently refurbished gallery. Photo: Trustees of the British 
Museum.
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facility and approximately 6,000 m2 of environ-
mentally controlled storage spaces for some of the 
museum’s most vulnerable collections.

This project was the first time the museum had 
seriously considered pest risk from the build-
ing design stage, which resulted in features with 
pest-proofing in mind, such as avoiding hard cor-
ners and crevices within the building to facilitate 
cleaning. A meaningful addition to the new site 
was the establishment of a dedicated central IPM 
space to ensure all objects can be isolated, quar-
antined or treated prior to entering the collection. 
This was achieved through the involvement of 
Conservation and Science staff, and later the IPM 
Manager, who helped specify the design of the 
spaces and commissioned the treatment facilities.

The collections move project for the relocation 
of approximately 200,000 objects into the new 
storage spaces within the WCEC had IPM as a 
core aspect of the project. In fact, IPM was built 
into the job descriptions of the project team mem-
bers. The creation of a preventive conservator post 
for the project was also crucial to provide an effec-
tive liaison between the project, the IPM Mana-
ger and the rest of the preventive conservation 
team. It was agreed that every object entering the 
new stores should be pest treated or quarantined 
as a precautionary approach which would  enable 
the space to be considered an ‘IPM zero reference’ 
area. This reference means that all objects were 
deemed pest free at a specified date and will help 
to identify any new problems if they arise in the 
future. 

The project incorporated an upgrade of the doc-
umentation for IPM risks, procedures and treat-
ments within the collections database. From 
this point forward, the museum has established 
a methodology to clearly record pest treatments 
and pest treatment suitability linked to individ-
ual object records. The successful results have 
become a standard procedure within the collec-
tions management teams and will be taken for-
ward to all activities and new programmes across 
the museum. 

Lastly, the project, which is still ongoing, aims to 
establish a set of clear procedures regarding object 
movement to ensure the new storage spaces remain 
pest free after the completion of the project.

In 2015, the UK government made a decision to 
sell Blythe House, a government owned shared 

FIGURE 6. In addition to inspection and quarantine spaces, 
the pest treatment facility in the WCEC building includes a 
walk-in freezer. Photo: Trustees of the British Museum.

FIGURE 7. Due to its length and the difficulty of moving it, 
this wooden canoe could not be frozen with the rest of the 
collection being relocated. It was treated in a bespoke bag 
with carbon dioxide, in a restricted basement area of the 
museum, before being moved into the new storage facility. 
Photo: Trustees of the British Museum.
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effectively, especially in the more popular galler-
ies. This has meant that maintenance has been 
done on a more ad hoc basis, sometimes having 
to take advantage of gallery closures planned for 
larger infrastructure or redecoration projects. The 
BM is moving towards a more coordinated pro-
gramme of regular gallery maintenance to allow 
the many teams who need access to work in a more 
efficient way, in order to have the galleries closed 
for as short a period as possible. This is now more 
commonly being programmed to coincide with 
the already established regular rotation of objects 
for conservation reasons, which provides a good 
opportunity to clean displays and update labels, 
as well as service equipment, change lights, deep 
clean the spaces and undertake any other main-
tenance, inspections and repairs as required. It is 
hoped that a regular programme of short mainte-
nance closures will improve the overall condition 
of the building and displays whilst being more cost 
effective and less disruptive to visitors and staff. 

Measuring success

The IPM Manager supports and develops initia-
tives from the soft services contractor in maintain-

storage facility located in west London, where the 
museum holds a significant proportion of its col-
lections. The BM has taken the opportunity to 
use government funding to build a bespoke off-
site facility, in partnership with the University 
of Reading. The British Museum Archaeological 
Research Collection (BM_ARC) will enable the 
collections housed there to be more accessible for 
research and loans. The project team has included 
the IPM Manager and representatives from the 
conservation department to ensure that pest risks 
are considered for collections moving into the 
location, and for long term preservation of the col-
lections in storage. 

Next steps
Gallery maintenance programme

Regular maintenance of galleries and other pub-
lic spaces is sometimes complicated to schedule 
as it must be undertaken out of hours, increasing 
costs and limiting scope to tasks that can be fin-
ished by the next morning. However, with current 
trends to increase income generation by using the 
museum for more private tours and venue hires, it 
is becoming more difficult to complete these tasks 

FIGURE 8. This diagram shows how IPM is connected to many different aspects of the 
museum’s business and activities. It also shows how success in some areas is more developed, 
while there is still progress to be made in other aspects.
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mitment, which can, in certain cases, increase 
the workload and lead-in times for activities. It is 
clear the benefits outweigh the extra effort; how-
ever, it is important to ensure this is understood by 
all members of the organisation and that adequate 
resources are allocated. It should be emphasised 
that pests are not a standalone risk within collec-
tions care but a part of the whole interconnected 
array of risks to the collection. A truly integrated 
pest management programme requires on-going 
effort and a willingness to adapt to changing cir-
cumstances and demands. The BM has come a 
long way to realising its goals for pest risk reduc-
tion, and with collaboration, good communication 
and determination, it can continue to protect its 
collections for generations to come.
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ing housekeeping levels through key performance 
indicators, and auditing sub contractual operations 
including cleaning, waste recycling and disposal. 

The BSI British Standard for Integrated Pest Man-
agement for protection of cultural heritage (BSEN 
16700:2016) is a suitable baseline to help define and 
identify the effectiveness of an IPM strategy and ‘a 
management tool describing IPM policies and pro-
cedures.’ (2016). The BM is currently investigating 
options to work towards this standard tied in with 
its Collections Care Strategy, to develop a strate-
gic approach to improving levels of compliance. 
Working towards meeting this standard should 
help to identify how well the BM is actually inte-
grating pest management principles throughout the 
museum and give a framework to track progress.

Conclusions 

It has taken almost two decades to establish IPM 
at the British Museum, and there is still future 
progress to be made. This paper has shown that 
even in a large national museum, which is often 
assumed to have access to considerable resources, 
the sheer size of the collection and estate, and the 
complexity of the institution’s management and 
activities, can pose barriers to effective manage-
ment of pest risks.

Communication has been identified as key to 
understanding of IPM as a shared  responsibility 
across all members of staff. As well as having a 
clear IPM Policy and Strategy, the museum’s 
active outreach and training programmes ensure 
both staff and the public learn more about IPM. 
Moreover, training and outreach aim to convey 
the impact of all museum activities on protecting 
the collection from pest damage.

As well as training and outreach, the museum has 
had successes incorporating IPM into the core of new 
projects such as gallery refurbishments, new builds 
and collections moves. Challenging aspects such 
as standardisation of processes across the organisa-
tion, management of external contracts, increasing 
pressure on the use of the estate for income gener-
ation and projects with tight deadlines require fur-
ther work to ensure IPM is considered early on and 
in a consistent way. Further work is still being done 
to integrate risk reporting and mapping IPM data in 
conjunction with environmental data. 

Improvements related to IPM across the museum 
are positive but also represent a permanent com-
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ing IPM at 30 properties, providing annual train-
ing opportunities, managing data collection and 
analysis and advising on appropriate responses to 
infestations. The role supports three regional con-
servators who assist property staff with all aspects 
of conservation, including IPM. These roles assist 
staff with accurate pest identification and appro-
priate mitigation and treatment programmes at 
each property. The programme is also supported by 
contracting in a subject specialist to lead an annual 
workshop of pest identification training for all 

Why train-the-trainer

Train-the-trainer is a model used to describe train-
ing potential in-house instructors or less experi-
enced instructors in techniques to deliver material 
to others (Bowie, 2018). This is of particular inter-
est to the National Trust for Scotland (NTS) as 
demands on the conservation staff resource has 
increased beyond capacity and the role of the con-
servator within the organisation is changing. The 
NTS currently has a National Preventive Conser-
vator role to lead the IPM programme, implement-

MEL HOUSTON 

Train-the-trainer: Newhailes, a moth case history

Abstract
The National Trust for Scotland’s (NTS) Inte-
grated Pest Management (IPM) programme 
relies on the NTS conservators training prop-
erty staff to carry out IPM duties: pest trapping, 
identification, record keeping and limited treat-
ments. Competing priorities and changes to 
the role of NTS conservators mean there is less 
time to train individual staff members. At the 
same time emphasis is placed on all staff and 
volunteers delivering high standards of collec-
tion care, including IPM to give visitors a day 
they’ll remember. In order to provide training 
of a high conservation standard and focused on 
ensuring a high quality visi tor experience the 
NTS is trialling a train-the-trainer approach to 
staff training; subject-matter experts (conser-
vators) share expertise with a group of ‘trained’ 
trainers and this group uses the information to 
instruct another small group. A pilot to test this 
approach was identified during a pest man-
agement project at a Trust property in 2018. A 
small group of trainers, with NTS conservators 
present, were trained using an external con-
sultancy to deliver specific areas of collections 
care training for a group of non-specialist vol-
unteers; emphasis was on training trainers to 
become skilled in effective speaking, target-
ing key collections care information in acces-
sible forms for a wide learning audience and  

 
designing modular workshops that could be 
repeated by any of the trainers. Critically the 
conservators were trained in evaluating the 
effectiveness of the training and incorporat-
ing constructive criticism into the training pro-
cess. The pilot also focused on how to use IPM 
as part of the storytelling brief; to identify the 
IPM stories conservators wish to bring out but 
have had no time to develop. The story of con-
servation is one of the most under-utilised nar-
ratives and is currently done piecemeal. The 
training methodology was targeted to iden-
tify good collections care stories to tell and 
the appropriate method of delivery; includ-
ing developing relationships with the Com-
munications Department to issue clear accu-
rate information for press releases. This paper 
looks at the steps involved in implementing 
the pilot train-the-trainer approach to IPM in 
the National Trust for Scotland (NTS), identi-
fying issues highlighted in the trial, assessing 
the efficacy of the programme for future col-
lections care training and evaluating whether 
the investment to engage an external training 
company is worthwhile and if it delivers bene-
fits that would not otherwise be achieved.

Key words: IPM; training; National Trust for 
Scotland
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addresses the need to have a number of trainers 
trained in a short period of time, to alleviate the 
capacity issue to deliver effective training. Train-
ers can be taught specific material and also learn 
how to effectively deliver to diverse groups. Many 
questions arise about its proper use, efficacy and its 
optimal role in preparedness training. The train-
the-trainer model has not been used in the NTS 
for collections care training before and the author 
was keen to use the IPM project for initial evalu-
ation of the method to help clarify optimal ways 
of using the train-the-trainer model for collections 
care training of NTS staff.

The pilot

Newhailes House, outside Edinburgh has expe-
rienced a significant increase in webbing clothes 
moth, Tineola bisselliella, from 2016 to 2018 (Bon, 
2018). Existing housekeeping regimes and local-
ised treatments were not proving effective to man-
age the moth infestation. The infestation was 
assessed by the author and the regional conser-
vator for the property, who jointly recommended 
a major investment for a comprehensive treat-
ment plan with public engagement opportuni-
ties, a review of housekeeping procedures and an 
increased monitoring programme, post project. 
The four month project involved a deep clean of 20 
rooms, low temperature treatment of hundreds of 
collections items on site, targeted chemical treat-
ment of objects and interior spaces unsuitable for 
freezing, enhanced pheromone monitoring and 
extensive public visits. The property would be open 
during the project for tours, showing visitors how 
the NTS were tackling a pest infestation, letting 
visitors ‘have a go’ with supervised deep cleaning 
activities, issuing pest blunder traps to the public 
and schools to encourage public involvement and 
build up a picture of Tineola bisselliella populations 
in the surrounding area.

The scale of the project to manage the moth 
numbers was unprecedented for the NTS; a major 
house, major collection, significant scale of prob-
lem and significant public engagement pro-
gramme, all to be managed by property staff, 
with limited conservator input. Newhailes was 
chosen as the pilot for a train-the-trainer model 
for aspects of collections care, IPM and training 
for public engagement opportunities specifically 
identified for the pest management project. 

IPM staff. This has been a successful model for ten 
years but demands on conservator staff time have 
increased as the number of properties in the pro-
gramme increase. Conservators have traditionally 
had a ‘hands on’, one to one tuition role in collec-
tions care training in the NTS. However, conser-
vators report they have more difficulty taking time 
off, accumulate extra working hours that are hard 
to claim back and constantly are required to train 
new staff members as property  employees leave 
or move to non-collection roles (NTS, 2018). The 
disadvantages of the outmoded support system 
are that it required signifi cant conservator time, 
does not encourage property staff initiative nor 
foster staff empowerment to expand and develop 
their own role or professional development. At 
the same time as capacity to deliver staff training 
reduced, the NTS changed the role for all special-
ist advisors, including conservators. In 2016 a NTS 
restructure of staffing was undertaken to enhance 
the visitor experience by devolving autonomy to 
the individual properties. The role of the conserva-
tor, as well as other professional colleagues such as 
curators or building surveyors, changed to a con-
sultancy model, part of a suite of specialist advisors 
that property staff may call upon, providing advice, 
support and technical answers for ‘clients’.

The conservator role therefore needed to evolve 
to deliver effective consultancy and as part of that 
change an alternative collections care training 
model was needed to ensure staff have the skills and 
training they require to carry out basic collections 
care responsibilities, including IPM. The start-
ing point for this was not the relatively straightfor-
ward task of evaluating training needs on an indi-
vidual basis in order to improve the performance of 
an individual. The conservator consultancy needed 
to identify the type of training that was needed 
across the organisation for the benefit of the NTS. 
Training had to be identified that would promote 
the goals of the organisation, a better visitor expe-
rience and address operational challenges; deliver-
ing training with a high level of staff changeover 
and resource issues of conservator time and budget.

There are numerous models and methods 
of effective training to enable staff to do their 
jobs well and these are well documented (Sim-
plify Training, 2018). The NTS have been pursu-
ing the train-the-trainer model for many aspects 
of staff training from finance to storytelling as it 
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The trainer

An external training company, Communicate, 
was commissioned to train the house team in 
the train-the-trainer model through a one-day 
workshop. The external training company was 
recom mended to the author by the NTS Human 
Resources department. The content of the work-
shop was based on specific needs for project deliv-
ery and acknowledged the varying experiences the 
house team had in both delivering training and 
collections care experience. The external trainer 
was asked to focus half the course content on gen-
eral trainer skills: a general introduction to the 
concept of good training, clarity, learning styles, 
creating an effective learning session and effective 
training delivery. The second half of the course 
consisted of critiquing a series of 30 minute train-
ing sessions that the author had allocated to each 
trainer in advance. These sessions covered the fol-
lowing topics: 

1. An overview of IPM principles
2. Pest treatment options
3. Packing and wrapping collections for low 

temperature treatment
4. Moving and handling collection objects
5. Basic textile cleaning techniques
6. Collections management documentation 

requirements
 7. Public engagement awareness 

Peer review of the train-the-trainer 
workshop

The external trainer led the peer critique of the 
delivery and content of the training sessions pre-
pared by the trainers. Unsurprisingly, experi-
enced trainers had a more interactive approach 
and ran sessions to time; less experienced train-
ers acknowledged they focused on text heavy 
Power Point slides and ran over the time allo-
cation. Overall content was of a proficient level, 
trainers with limited collections care backgrounds 
(with some guidance from the conservators) pro-
duced accurate and well thought out modules. The 
feedback to the author from the external trainer 
after the session confirmed that the trainers were 
highly motivated, energetic staff who had devised 
well thought out training sessions that would be 
engaging and informative for project volunteers. 

Training for the trainers

Key staff were identified for the Newhailes moth 
project; the author and regional conservator 
directed the project, with delivery through house 
staff who would be responsible for training and 
supervising a team of volunteers with no or lit-
tle collections care or IPM experience. The house 
team consisted of a collections care assistant, a 
preventive conservation intern, a full time project 
volunteer with limited collections care experience 
and a visitor engagement officer with no collec-
tions care experience.

Seven house staff received train-the-trainer 
training from an external consultant, alongside 
three NTS conservators, to become the train-
ers for project volunteers. The training remit was 
to give the staff the skills they needed to become 
effective trainers and allow them to devise collec-
tions care and IPM training modules for the pro-
ject. The effectiveness of this method of cascad-
ing content was evaluated at four stages during the 
project to identify issues with delivery and content 
which would adversely affect the collections and 
help to determine the use of this system for future 
training of collections care in the NTS. Evalua-
tion occurred during:

• peer review of train-the-trainer training
• conservator assessment of trainers  delivery 

of initial training to potential project  
volunteers

• continuous observation by conservators of 
trainers with volunteer staff on site

• evaluation of volunteer knowledge by 
NTS conservators.

FIGURE 1. A Trained volunteer with a school group during 
the project. Photo: Mel Houston, NTS.
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Some assistance was required from conservators 
when volunteers asked questions beyond the train-
ers’ collections care experience. This was especially 
the case for questions related to pests and IPM 
that were not covered in the modules. The trainers 
all acknowledged an awareness of their limitations 
to volunteers during the sessions. Feedback from 
the volunteers on their taster day was positive and 
15 decided to sign up for the project. 

Ongoing observation by conservators 
of trainers with volunteer staff

During the four month project, the two project 
managers (author and regional conservator) con-
tinued to monitor the performance of the trainers 
through actively participating with volunteers in 
some of the project activities and when called on 
site to troubleshoot any issues raised by the team, 
such as preparing vulnerable collections for low 
temperature treatment. This ensured the trainers 
were not burdened with the feeling of continu-
ous assessment and helped develop a good work-
ing relationship with the conservators who turned 
up to ‘lend a hand’. The project managers felt con-
fident they were seeing an accurate picture of how 

Conservator assessment of the trainers

Several weeks later the trainer’s delivery and the 
session content were evaluated again for consist-
ency by the author and regional conservator during 
a recruitment ‘taster session’ for 20 project volun-
teers. The house team were asked to devise a half-
day programme to induct members of the public 
who had expressed interest in becoming volun-
teers in the Newhailes moth project. The team 
used their seven presentations alongside a series 
of conservation demonstrations to help the poten-
tial volunteers understand what the project work 
would involve. Delivery of the presentations was 
of a very high standard, less experienced trainers 
had adapted their material to be less reliant on text 
and more interactive. The short practical sessions 
devised by the house team allowed volunteers to 
experience assessment and cleaning of textiles, 
moving and handling furniture and recording 
and documenting damage. The practical demon-
strations were well thought through, clearly based 
on the training they had received. Importantly, it 
allowed the house team to evaluate the skills and 
experience of the volunteers, in order to tailor fur-
ther training sessions with them. 

FIGURE 2. Volunteers moving a carpet as a team. Photo: Mel Houston, NTS.
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NTS is a factor of the train-the-trainer model that 
needs careful consideration and management.

Overall assessment of the staff training
The challenges mentioned above indicates the 
train-the-trainer appears to be suited for rela-
tively straightforward, technical content that 
doesn’t require much in the way of background 
know ledge and specialist experience. Hence the 
 public engagement element of the project worked 
extremely well, as all trainers were able to actively 
engage with the message to involve visitors as 
much as possible in the project. Within the pro-
ject it was possible to deliver training to the train-
ers that equipped them adequately to manage the 
collections care issues required. It was not possible 
to enable staff to perform outside of the training 
parameters in relation to devising solutions that 
were beyond their conservation knowledge and 
experience.

Within the constraints of the project it was 
not possible, mainly because of time, to commis-
sion the external trainer to evaluate the training 
being given by the new trainers at the later stages 
of the project. This would have given the NTS the 
opportunity to evaluate the non-technical train-
ing aspects of what was being delivered, i.e. the 
soft skills required by the trainers when deliv-
ering training to adults, whether they were able 
to effectively and consistently engage the volun-
teers, whether they worked well as a team. Did 
they effectively deliver the training they them-
selves received in the manner they were shown? 
The project managers would have benefitted from 
an external perspective on the training delivery, 
rather than relying on their own assessment of the 
training delivery, as they were not specialists in 
training provision.

Scarce literature exists on the use of sustainable 
models of train-the-trainer in heritage, collections 
care or IPM. Managing expectations of senior 
management in the NTS (and other organisations 
that rely on non-subject specialists to provide care 
for collections) of the efficacy of the model relies 
on further research to establish the limitations of 
the method and ways to use the model effectively 
to ensure the safety of collections and goals of the 
organisation are achievable.

the project was being managed. Overall the train-
ers were not deviating from the training they had 
devised for the seven collections care modules of 
the project. Consistent messages and reinforce-
ment of good practice prevailed. It was noted 
some trainers without a collections care back-
ground tended to diverge from procedures they 
themselves had devised when there was perceived 
pressure to achieve daily goals. This was evident 
when a time pressure was felt to complete a task, 
this would result in less knowledgeable trainers 
using poor planning for an object move, inaccu-
rate assessment of logistics for an object move, i.e. 
’have a go and get it done’ and asking volunteers to 
cut corners to save time. It was felt that the train-
ers had not internalised their own messages suffi-
ciently and this is a criticism that has been levelled 
at train-the-trainer training. Consistently the 
trainers and volunteers gave a high level of cus-
tomer service with public engagement activities. 
Visitor feedback for public tours during the project 
work was extremely positive and encouraged the 
team to devise further opportunities. This was an 
excellent example of trainers taking ownership of 
the project, developing new strands such as host-
ing a ‘Moth Family Day’ in the grounds to show 
the conservation of native species of moth and 
insects on the estate. Trainers were articulate and 
on message when interviewed for radio and tel-
evision about the project, about the problem and 
about the specific pests in the property and con-
sistently gave clear and accurate information on 
the specific pest issues at the property.

Evaluation of volunteer knowledge 
by conservator staff

Through actively participating in project activi-
ties the project managers were able to gain a sense 
of the volunteer knowledge without resorting to 
‘testing’ which was thought to be too aggressive 
for the spirit of a volunteer based project. Volun-
teers demonstrated a good knowledge of what they 
had been taught and generally were careful to fol-
low the training more closely than some of the 
trainers. The information they were given by the 
trainers was often the extent of their knowledge 
(and of the trainers). The one-way transmission of 
knowledge and the limitations of non-subject spe-
cialists delivering training more generally in the 
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same number on public courses. The customisation 
of the programme allows training to be focused on 
elements that the organization needs to address. 
In this pilot we found it was useful to have dele-
gates from different departments train at the same 
time, which helped foster a team spirit and mutual 
respect. External consultants have an important 
role in giving feedback and advice with training 
sessions as the trainers’ progress and develop their 
skill and styles. In the final analysis, to make sure 
a train-the-trainer programming succeeds, it is 
important to take the time to observe the initial 
set of trainees delivering their first round of train-
ing sessions and then follow-up with positive con-
structive feedback, tips, strategies, and additional 
ways to be effective. Access to an external special-
ist aids this process greatly.

Be Hands-On

If possible, a train-the-trainer programme should 
be tailored as much as possible to the skill set of 
the initial set of trainees. If they are experienced 
facilitators or have a reasonable amount of train-

Lessons learnt: tailored train-the-trainer

The following observations were made from the 
pilot:

The role of the specialist advisors, subject 
specialists and external consultants

For collections care train-the-trainer programmes 
it is crucial to have a subject matter specialist to 
assist and help prepare the content for delivery. If 
the specialist has training/facilitating experience, 
then they should be encouraged to use their own 
style and content knowledge in devising high qual-
ity presentations and session training modules. 
The specialist advisor role should have a watch-
ing brief to continually evaluate the effectiveness 
of the training given by their trainers. External 
training consultants can be of great benefit when 
designing a train-the-trainer session and their 
input should not be limited to delivery of train-
ing. External consultants can bring an authority to 
a training workshop, which in house trainers may 
lack. It may be cost effective as the cost per dele-
gate is less than when compared to sending the 

FIGURE 3. The author assisting with the move of a fragile bear skin. Photo: Mel Houston, NTS.
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the organisation. Irrespective of training method-
ology adopted in the future, this gave a better 
understanding of what good training should look 
like, a better understanding of how to plan train-
ing events, a better understanding of the skills 
required to run a good training event and a bet-
ter understanding of how to train adults with var-
ying learning styles. 

Going forward train-the-trainer can be used 
with confidence for some aspects of collections 
care when the right subject specialist and support 
are in place and well briefed. One of the key con-
cerns, whether non specialist staff can be relied on 
to consistently pass on accurate information has 
been addressed, cascading information is posi-
tive and accurate as long as checks and balances 
are put in place to compensate for over confidence 
or practical inexperience in breadth of collections 
care. The role of an external consultant to facili-
tate initial training sessions has proved extremely 
useful and this should be expanded to help eval-
uate training as it evolves and develops and may 
assist in arresting the slight distortion of training 
messages and technical content which was noted 
in the project. More networking, sharing of out-
comes and research by the NTS should be consid-
ered to inform management of the optimal ways to 
use this training methodology which has become a 
norm in the world of in service training.
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ing experience then it may be possible to spend 
more time developing course content than on 
the training approach. The pilot project for the 
Newhailes moth project allowed one day for train-
the-trainer training as the learning outcomes were 
clearly defined and time limited. Project manag-
ers needed to play a significant role in adminis-
trating the training and this should be taken into 
account, as the time factor can be significant. The 
more time that trainers can spend with trainees 
the better, this fosters good working relationships 
and ensures training and working practices do not 
become stale. 

For training of wider collections care and IPM 
responsibilities more manager time would need to 
be spent on devising an going assessment of per-
formance and mechanisms introduced for retrain-
ing or supplemental activities for development 
as the cascade system does not easily encourage 
learning outside the designed sessions. 

Workshop/Network 

One disadvantage to the train-the-trainer model is 
the sense of isolation that may accompany training 
that is led by in-house staff and ensuring against 
passing on institutional inefficiencies, perpetuat-
ing bad practice and keeping up to date and com-
municating changes to best practice in the sector. 
Allowing trainers to develop through attending 
courses on related material with delegates from 
other institutions should be encouraged. During 
the pilot at Newhailes IPM staff from other NTS 
properties and heritage institutions were invited 
to join the project team for a day, to experience 
how the project was being managed, learn what 
techniques for pest treatment were being used and 
exchange ideas on aspects of collections care that 
arose during discussions. This also helped to fur-
ther ownership of the project by the house team 
and gave them a sense of accomplishment when 
they reflected on what they were achieving.

Conclusion

The train-the-trainer pilot allowed the NTS con-
servators to test the training method ahead of a 
potential fuller roll out of this type of training in 
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tions. Rare materials in the collection include early 
printed books and literary manuscripts, text iles, 
sculpture, paintings, prints, ephemera, and realia. 
As one of the preeminent research libraries in the 
United States, PUL and its collections are heavily 
used by scholars from around the world. They are 
also increasingly in demand for exhibitions in the 
Library’s new Ellen and Leonard Milberg Gal-

Introduction

Established around 1750, Princeton University 
Library (PUL) has grown from an initial gift of 
474 volumes to a collection of over 11 million.1 This 
collection is housed in several buildings around 
campus and, in addition to the circulating col-
lection, contains extensive holdings of audiovis-
ual material, digital resources, and special collec-

BRENNA CAMPBELL

Building a Team: Establishing and leveraging 
a Preservation Liaison system at Princeton 
University Library

Abstract
The Princeton University Library (PUL) Preser-
vation and Conservation Department serves a 
library system of over 11 million volumes, held in 
12 buildings around campus. With a small staff 
of one Preservation Librarian and the support 
of a Conservation Unit of four, successful pres-
ervation practice is highly dependent upon 
engaging staff throughout the library system. 
These staff members provide on-the-ground 
knowledge of current conditions in their 
branches and departments and, with training, 
are able to respond appropriately to preserva-
tion concerns as they arise. They also spread 
awareness of preservation issues and good col-
lections care practices among their colleagues. 

Official Preservation Liaisons are designated 
within each branch and major collecting unit of 
PUL, as well as key departments such as Circu-
lation, Inventory Management, and Facilities. 
These liaisons meet regularly as a group and 
are trained in a variety of preservation topics, 
including emergency response, environmen-
tal monitoring, and integrated pest manage-
ment (IPM). They serve as local experts within 
their units, providing real-time feedback to the 
Preservation Librarian about conditions within 
their collections. In this way, the Preservation & 
Conservation Department is able to expand its 
footprint to cover all areas of the library system 
in spite of a limited staff. 

PUL’s integrated pest management program 
seeks to minimize the use of pesticides by tak-
ing a systematic, preventive approach to pest 
management including staff education, mon-
itoring, environmental control, housekeeping, 
and facilities management. In order to advance 
staff education, the Preservation & Conser-
vation Department is working with Prince-
ton University’s McGraw Center for Teaching & 
Learning to develop and share training mod-
ules to lead staff through a preservation self-
study program. These online modules will be 
supplemented by a calendar of in-person train-
ings and will be integrated into the onboarding 
process for new staff. By weaving preservation 
awareness into the role of each staff member, 
PUL is building a holistic culture of responsible 
collections stewardship.

This paper will cover the steps taken to estab-
lish the PUL Preservation Liaison Program, 
including gaining support from Library lead-
ership, identifying liaisons, providing training, 
and setting goals, as well as tips for success and 
a discussion of lessons learned along the way.

Keywords: preventive conservation; 
collections care; environmental monitoring; 
integrated pest management; education
 and training; online learning
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Informal links have existed between the Preser-
vation & Conservation Department and collecting 
units of PUL for many years. Often, these links 
evolved in response to a specific incident, need, or 
particularly high-value or fragile collection rather 
than as part of an overall plan for collection care. 
Pest management at PUL has followed this trend, 
with monitoring generally only taking place in 
response to an outbreak. In addition to creating 
an incomplete patchwork of services that were not 
always consistent among different organizational 
units, this reactive approach tended to benefit 
libraries with special collections or a staff mem-
ber who had some previous familiarity with pres-
ervation practice. As the Library moves toward 
an increased awareness of itself as a single entity, 
rather than as a collection of disparate branches, a 
more systematic approach is required. Indeed, one 
of the key tactics of the PUL 2018–2021 Strate-
gic Plan is to “develop a holistic preservation plan 
that addresses physical, digitized, and born-digi-
tal collections, defines appropriate methodologies 
for prioritization, and is responsive to the evolving 
needs of the Library.”

There are significant benefits to developing local 
expertise in preservation practices within each 
library location. Branch Library staff have first-
hand awareness of conditions within their collec-
tions storage spaces and are often the first to know 
if a problem arises, but they have not consistently 
received training in how to monitor their spaces or 
respond to collection emergencies. With training, 
these staff members are able to provide on-the-
ground knowledge of current conditions in their 
branches and departments and to respond appro-
priately to preservation concerns as they arise. 
They also spread awareness of preservation issues 
and good collections care practices among their 
colleagues. 

Preservation Liaison Program Concept

First proposed in 2018, the Preservation  Liaison 
Program provides a direct link between the Preser-
vation & Conservation Department and staff dis-
tributed throughout the Library. Official Preserva-
tion Liaisons are designated within branches and 
major collecting units of PUL, as well as in key 
departments such as Circulation, Inventory Man-
agement, and Facilities. These liaisons meet regu-
larly as a group and are trained in a variety of pres-

lery, at the Princeton University Art Museum, and 
as exhibition loans to libraries and museums in the 
United States and abroad.

The main library on campus is the Harvey S. 
Firestone Memorial Library, which opened in 
1948 and is currently in the final year of a 10-year 
renovation. Firestone houses materials related to 
humanities and the social sciences, as well as the 
main vault for the Department of Rare Books and 
Special Collections. Other libraries on the main 
campus include the Mendel Music Library; the 
Marquand Art Library, which houses its own 
extensive collection of rare books; and the Mudd 
Manuscript Library, which is the repository for 
the University Archives, the papers of the Amer-
ican Civil Liberties Union, and numerous other 
collections relating to 20th-century public policy.

In addition to its libraries located on the main 
campus, PUL has several satellite locations. Most 
collections are processed at a remote site and some 
are stored in three buildings located on the For-
restal Campus, about a mile away. These buildings 
are the Forrestal Annex, an offsite storage facil-
ity dating from the 1970s; the Furth Plasma Phys-
ics Library; and the Research Collections and 
Preservation Consortium (ReCAP),2 which is a 
high-density storage facility shared among PUL, 
New York Public Library, Columbia University 
Library, and Harvard University Library.

The Preservation & Conservation Department3 
is charged with providing preventive and inter-
ventive care for all of PUL’s collections, including 
environmental management, housing, conserva-
tion treatment, emergency response, and reme-
diation of mold and pest outbreaks. While the 
collections are continually expanding, the num-
ber of Preservation & Conservation staff is finite. 
At present, the department totals seven people: 
one Preservation Librarian, two Conservators, 
two Conservation Technicians, and an Exhibi-
tion Services Unit of two. Only the Preservation 
Librarian is explicitly responsible for providing 
staff training and preservation support for the 
entire system. Additionally, while PUL’s collec-
tions are spread across a large campus, Preserva-
tion & Conservation staff work spaces are located 
entirely in Firestone Library. Under these circum-
stances, preservation policies can only be success-
fully implemented if staff throughout the library 
system are engaged. 
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tional materials for patrons and staff. Liaisons are 
also asked to carry out monitoring tasks includ-
ing collecting environmental data, checking and 
replacing sticky traps in their area, and conduct-
ing stacks walkthroughs to check for evidence of 
mold, pests, or other issues. Finally, Liaisons are 
asked to promptly notify the Preservation Librar-
ian of building issues such as leaks or poor house-
keeping to ensure that they do not impact the col-
lections. The subset of Preservation Liaisons who 
have opted to participate in the Collections Emer-
gency Response Team are also asked to partici-
pate in collections salvage training and to respond 
to collections emergencies at any Library location.

Resources for the Preservation 
Liaison Program

One important element in developing the Preser-
vation Liaison Program was consideration of the 
resources necessary for success. The single most 
important resource for the Preservation Liaison 
Program is staff time. Other key resources include 
buy-in from supervisors and library leadership 
to ensure that each Liaison’s contribution to the 
Library is recognized and supported, and funds 
to purchase training supplies and materials. The 
materials needed for the underlying preservation 
operations (supplies and equipment for environ-
mental monitoring, integrated pest management, 
and emergency salvage) are purchased using Pres-
ervation & Conservation Department funds.

Establishing the Preservation Liaison 
Program

The first step in establishing the new program was 
to gain buy-in from key stakeholders throughout 
the Library. The concept was presented at a meet-
ing of the Branch Libraries Information  Sharing & 
Synergy Group (BLISS), an affinity group for the 
heads of PUL branch libraries. The group asked 
many important and challenging questions about 
the impact of the program on staff time, the extent 
to which the program might interfere with existing 
workflows, and the relevance of the general preserva-
tion training to staff whose work is narrowly focused 
on a specific format of material. This feedback proved 
essential in refining the proposal to ensure that it met 
the needs of the people it was intended to serve. The 
process of sharing the proposal and soliciting feed-
back also helped promote the program and clarify its 

ervation topics, including emergency response, 
environmental monitoring, and IPM. They serve 
as local experts within their units, providing real-
time feedback to the Preservation Librarian about 
conditions within their collections. In this way, 
the Preservation & Conservation Department is 
able to expand its footprint to cover all areas of the 
library system in spite of limited staff resources.

The benefits of the program are substantial. 
Preservation Liaisons receive valuable training 
that enhances their skill sets for the length of their 
careers. They also provide on-the-ground feed-
back for Preservation & Conservation and Facili-
ties staff about conditions and needs within their 
spaces and are able to provide basic preservation 
training and guidance for their colleagues. Some 
Preservation Liaisons serve as members of the 
PUL Collections Emergency Response Team, 
which is mobilized to address collection emer-
gencies anywhere in the system. Previously, this 
response was handled almost exclusively by Pres-
ervation & Conservation staff, sometimes work-
ing alongside PUL and Princeton University staff 
who had not received training in proper collec-
tions salvage techniques, personal safety, and 
other essential skills. Having a larger team of 
trained responders provides additional capacity 
and flexibility for emergency response.

There are additional benefits that are less tan-
gible, but no less important. Through participa-
tion in regular trainings and meetings, the cohort 
of Preservation Liaisons identifies areas for collab-
oration and shares challenges, successes, and les-
sons learned. As they gain expertise, the Liaisons 
contribute to formal and informal training and 
staff education efforts, engaging even more PUL 
staff in preservation endeavors. This broad aware-
ness of stewardship has the potential to positively 
impact the longevity of the entire collection for a 
much smaller investment than remedial action.

Participants in the program receive profes-
sional benefits in the form of enhanced skills and 
engagement with a Library-wide initiative. In 
exchange, they are expected to commit to mak-
ing certain contributions in their role as a Preser-
vation Liaison. These include attending monthly 
meetings, participating in regular trainings, serv-
ing as a local point of contact and information 
for other staff in their work location, and con-
tributing to creation of instructional/informa-
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mit approximately 4–5 hours per month to partici-
pating in program activities. Preservation Liaisons 
who intended to serve as members of the Collec-
tions Emergency Response team were also asked 
about their availability to respond to emergencies 
outside of work hours. Finally, applicants were 
selected with an emphasis on broad distribution 
around the physical spaces where PUL collections 
are stored and a focus on job functions that require 
hands-on work with the collections.

The 2019 cohort of Preservation Liaisons is 
comprised of 15 PUL staff members and includes 
representatives from all but one branch library, as 
well as the departments of Circulation, Physical 
Collections & Inventory Management, Collection 
Development, the Digital Studio, Cataloging, 
and Public Services. The first meeting took place 
in January 2019. 

The cohort receives bi-monthly training on a 
preservation topic. These topics include gene-
ral care and handling, preservation best prac-
tices, environmental management, integrated pest 
management, mold identification, and collections 
emergency response. Additional topics may be 
added according to need and interest. The training 
materials assembled and produced for these meet-
ings will be refined by the Preservation Librar-
ian and the Liaison group and shared more widely 
with PUL staff via in-person trainings and on the 
Preservation website. Where appropriate, educa-
tional materials will be produced for the benefit of 
PUL patrons and the Princeton community. The 
group may also attend webinars and participate in 
preservation-related activities offered outside of 
Princeton as they arise. Because the membership 
of the cohort will evolve over time, training will 
continue on an annual cycle. As specific Liaisons 
gain experience with a particular preservation 
topic, they may take the lead on providing future 
training in that area. Over time, the group will 
develop a range of training modules that can be 
used for staff presentations and self-study online.

Integrated Pest Management

Started in 2016, PUL’s integrated pest manage-
ment program (IPM) currently includes the 
Preser vation & Conservation Department, the 
Preservation Liaisons, and PUL Facilities, as well 
as staff and institutional partners from the shared 
high-density storage facility located on campus, 

purpose as a service to the Library as a whole, rather 
than to a single location or collection.

Once input from BLISS was incorporated, a for-
mal proposal was submitted to the Library Lead-
ership Team for consideration. One unexpected 
challenge in gaining administrative support for 
the program was concern about the impact of par-
ticipation on support staff 4 whose employment is 
covered by a union contract. While union staff are 
encouraged to engage in voluntary professional 
development activities, any substantive change in 
their working responsibilities must be reflected 
in an updated job description, which must then 
be reviewed to determine whether a change in 
employment classification is warranted. If the 
change exceeds a certain percentage of the staff 
member’s duties, the position must be re-posted 
and opened to a competitive application process. 
In order to avoid any unintended implications of 
participation in the program, the language of the 
proposal, announcement, and application form 
required close review by Human Resources before 
the program could proceed. This process delayed 
final approval but ensured that the program was 
in proper alignment with existing agreements and 
verified that union staff could participate fully. As 
a result of HR review, updated program literature 
clarified that staff could not be required to partici-
pate in any activities outside of their regular work-
ing hours, that each participant needed approval 
from their supervisor, and that only staff who 
explicitly volunteered would be part of the Collec-
tions Emergency Response Team.

After the proposal and application form were 
approved by library leadership and HR, a call for 
applications was distributed to all Library staff. 
The hope was to form a cohort composed of staff 
from all PUL branches and locations, as well as 
representatives from key units that serve the entire 
Library. In order to engage a broad range of PUL 
staff, the program sought to attract a mix of union 
and non-union staff. In addition to the emailed 
announcement and reminders, informal presenta-
tions were given at some branches to promote the 
program and spread awareness.

The program received 32 applications, more than 
twice the maximum number of available slots. 
Criteria for selection included supervisory sup-
port, an interest in gaining knowledge and skills 
related to collections care, and the ability to com-
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including determining the type and placement of 
data loggers and sticky traps. Monthly reporting is 
accomplished by mailing thumb drives containing 
downloaded environmental data and the sticky 
traps themselves to the Preservation & Conserva-
tion Department for review. These data are used to 
produce quarterly reports on each space. Incidents 
or issues of concern are reported to the Preserva-
tion Librarian and tracked using the Preservation 
Incident Report, a simple Google Form. Because 
information entered into the form can be exported 
as a spreadsheet, data can be sorted according to 
date, location, or type of issue, allowing for analy-
sis to spot trends.

PUL’s formal Integrated Pest Management 
Program is still evolving. Planned next steps to 
enhance the program include the establishment of 
a designated quarantine space for new acquisitions 
and materials returning from exhibition loan, and 
development of an anoxic treatment protocol for 
infested collections. The Preservation Librarian 
and the Library Facilities Manager are also in the 
process of writing an Integrated Pest Manage-
ment Policy. The Preservation Team has also been 
working with the Princeton University McGraw 
Center for Teaching and Learning to develop and 
share training modules7 to lead staff through a 
preservation self-study program, based on content 
developed for the Preservation Liaison Program. 
These online modules will be supplemented by a 
calendar of in-person trainings and will be inte-
grated into the onboarding process for new staff. 

Challenges and Advantages of the 
Preservation Liaison Program

The challenges associated with establishing the 
program have included overcoming skepticism 
from some supervisors, keeping the program mov-
ing forward through many layers of approval, and 
the time commitment required to bring together 
disparate training resources and adapt them for 
a non-specialist audience. This last challenge has 
been particularly pronounced for the IPM mod-
ule, where important resources are sometimes 
gleaned from other industries, such as food safety. 
Other IPM-specific challenges include the strug-
gle to find consistently high-quality images for 
a broad range of pests, the occasional “gross-out 
factor” or fear of insects impacting staff willing-
ness to participate, and the difficulty of maintain-

the Research Collections and Preservation Con-
sortium (ReCAP). The program seeks to mini-
mize the use of pesticides by taking a systematic, 
preventive approach to pest management includ-
ing staff education, monitoring, environmental 
control, housekeeping, and facilities management. 

The Preservation Liaison training module for 
IPM builds on a previous training developed by 
Preservation & Conservation staff.5 While that 
training focused on identification and immediate 
response to a suspected pest outbreak, the updated 
training builds awareness of the role that each 
staff member can take in preventing such out-
breaks from occurring. Liaisons learn to monitor 
their spaces not only for evidence of infestation, 
but for environmental conditions that could pro-
mote an outbreak. These include high temperature 
and relative humidity, leaks, holes in walls, and 
poor housekeeping, especially in staff areas where 
food may be consumed. The training emphasizes 
the compounding benefits that can be achieved 
through good preservation practice; for instance, 
the same environmental conditions that help deter 
pests improve the chemical and mechanical long-
evity of the books and other paper-based mate-
rials that make up the bulk of PUL’s collections. 
Similarly, many of the same steps that help pre-
vent mold outbreaks, or at least ensure early detec-
tion, will have the same effect on pests. This focus 
on a holistic network of environmental considera-
tions helps all PUL staff understand the positive 
impact that they can have on preservation of the 
collections.

It is important to note that while the Preser-
vation Liaison training modules are packaged for 
PUL staff (and are not currently available to the 
public), they rely heavily on existing resources. 
A key resource for all Preservation Liaisons is 
an annotated bibliography, to be reviewed and 
updated by the group each year.6

In addition to completing readings and training 
on integrated pest management, Preservation Lia-
isons are directly involved in the IPM plan for their 
location. To gain a deeper understanding of the 
specific needs of their space, liaisons participate in 
annual walkthroughs with Facilities and Preser-
vation & Conservation staff to check for building 
and landscaping issues that need to be addressed. 
Liaisons also work one-on-one with the Preser-
vation Librarian to develop monitoring plans, 
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• Work with what you have: Before launching a 
completely new program, take stock of  existing 
relationships, structures, and workflows. 
Where possible, consider adapting and enhanc-
ing, rather than starting from scratch. Model 
new initiatives on successful programs that are 
already underway.

• Be inclusive: When identifying staff to serve 
as liaisons, remain open-minded about poten-
tial contributors. While some liaisons may have 
prior experience with collections care, a staff 
member with no previous exposure to preser-
vation concepts may bring a new and impor-
tant perspective and may have more to gain 
from training. Consider making an open call for 
applications, rather than handpicking partici-
pants. Including a broader range of staff func-
tions, locations, and classifications will lead to 
fuller engagement.

• Patience is a virtue: Expect the process to take 
longer than planned. Gaining buy-in, integrat-
ing feedback, and ensuring compliance with 
human resources may take several months. Sim-
ply scheduling and coordinating meetings for a 

ing staff interest over the months when nothing is 
going wrong.

The Preservation Liaison Program raises the pro-
file of the Preservation & Conservation Depart-
ment and provides an opportunity for liaisons to 
get to know Preservation & Conservation staff. 
It provides a substantive training opportunity for 
support staff, who generally do not receive support 
to attend workshops, conferences, and other pro-
fessional development opportunities. It strength-
ens relationships with Facilities and other key 
departments throughout the Library and the Uni-
versity. And, as stated before, it provides enhanced 
monitoring and faster detection of environmental 
issues in collection storage spaces.

Tips for Success

Whether developing a full preservation liaison 
program or an initiative focused specifically on 
IPM, establishing strong connections with staff 
throughout the institution is well worth the time 
and effort. Principles that can help ensure that the 
work that goes into creating new programming 
has the desired outcome are listed below.

FIGURE 1. The homepage for the Preservation Liaison online training course, showing the six modules that are 
currently under development.
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the value of broader staff engagement cannot be 
overstated. This principle is particularly true for 
preventive programming that depends on mon-
itoring and modification of staff behaviors. By 
weaving preservation awareness into the role of 
each staff member, PUL is building a culture of 
responsible collections stewardship that will bene-
fit the collections for years to come.

Corresponding author
Brenna Campbell, 
brenna.campbell@princeton.edu

Endnotes
1 http://library.princeton.edu
2 https://recap.princeton.edu/about
3 http://library.princeton.edu/preservation
4 “Support staff” positions are paid by the hour and  

generally do not require an advanced degree. They are 
distinct from professional positions such as admini-
strators, librarians, and conservators. Within PUL, 
union support staff roles include conservation techni-
cians, clerical assistants, digital imaging technicians, 
and pre-bindery assistants.

5 The new training is currently under development, 
but the previous version can be seen at http://library.
princeton.edu/sites/default/files/Mold%20and%20
Pest%20Training%20Presentation_1.pdf 

6 The IPM section of the annotated bibliography can be 
viewed here: https://tinyurl.com/yxv7bjol 

7 This platform is still under development using edX 
(https://edx.org), a non-profit massive open online 
course (MOOC) provider that was developed by Har-
vard University and the Massachusetts Institute of 
Technology in 2012. We use EdX Edge, which allows 
creation of Princeton-specific courses that are open by 
invitation only. There is also a free, open-source ver-
sion of the platform called Open edX.

 

group can be surprisingly time-consuming, and 
newly trained staff may make mistakes. Antici-
pate delays and acknowledge that incremental 
progress is still progress.

• Create buzz: Prior to formally proposing a 
new initiative, begin talking about it with col-
leagues. When a problem arises, share the ways 
that a new program could help address that type 
of problem. 

• Seek feedback: Share ideas with colleagues and 
stakeholders and pay attention to their ques-
tions and reservations. Try to gain an under-
standing of how a new initiative or workflow 
might impact staff in other areas of the insti-
tution. Plan periods of assessment and revision 
into new programming. Consider launching the 
program as a pilot for a period of six months to 
a year.

• Don’t reinvent the wheel: Use existing train-
ing resources if possible. Familiarize staff with 
organizations that produce information on 
preservation and collections care so that they 
are empowered to find information on their 
own. Engage staff participants in the process 
of assembling training materials. Bear in mind, 
however, that web-based resources, in particu-
lar, can be fragile; if a given resource is central 
to your training program, think about how to 
archive it.

Conclusion

As collections continue to grow, the number of 
staff explicitly dedicated to care and protection 
of those collections often does not keep pace. 
While improved efficiency and a focus on preven-
tion rather than cure can go a long way toward 
 enhancing collection care with limited resources, 
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installations, the roles of employees, activities that 
generally occur behind the scenes, are now being 
brought to the forefront through social media in 
the drive to build communities, educate audiences, 
and increase relevance. 

Over the past fifteen years participants in the 
IPM-Working Group have striven to ensure that 
pest management is seen as a core collection activ-
ity essential to good preservation policy. Lifting 
the stigma of talking about pests in our institu-
tions has been an essential first step. Unlike most 
social media posts that are designed to promote an 
institution in its best light, sharing information on 

The role of social media in the IPM 
community

Museums and similar cultural institutions world-
wide have embraced social media. “Social media 
has blurred the lines between traditional roles 
of exhibition developers, designers, educators, 
and conservators, merging with roles previously 
assumed by marketing and public relations depart-
ments” (Gonzalez, 2017). “In recent years social 
media managers at institutions around the world 
have been reaching out to audiences via witty posts 
on Facebook, Instagram, Snapchat and Twitter” 
(Hannon, 2017). Collections, events, renovations, 

MAT THEW A. MICKLETZ & RACHAEL PERKINS ARENSTEIN 

Social Butterflies: Social media as a tool 
for promoting IPM education

Abstract
The Pew Research Center documents that 
between 2005 and 2015 social media participa-
tion rates for adults in the U.S. rose from seven 
percent to 65 percent. Now, in 2018, it seems 
that participating on at least one social media 
platform is imperative in world-wide network-
ing, audience building and asserting relevance 
in society. This explosive rise mirrors a shift in 
the view of social media from a form of enter-
tainment to a means of connecting person-
ally and professionally. In 2016 the Integrated 
Pest Management Working Group (IPM-Work-
ing Group), an ad hoc group of museum pro-
fessionals which has been working for over a 
decade on promoting IPM for cultural heritage, 
took the plunge, re-branding our Facebook 
page, launching a Twitter account and creating 
videos for a new YouTube Channel focused on 
driving traffic to our website www.MuseumP-
ests.net. 

Insect and rodent pests leave tactile, if unwel-
come, evidence of their activities in our institu-
tions, a scattering of frass, a hole in a textile, a  

 
stain on a book page. It is information with no 
need for translation into other languages. Pho-
tographic evidence of insect infestations and 
resulting damage evoke fascination and horror 
in equal measure. It can thus prove challenging 
to translate this information into something 
more palat able that will promote the cause of 
IPM rather than repel viewers. Via short, con-
cise tidbits of information utilizing links, pho-
tos, and hashtags, many times with a humor-
ous slant, viewers are directed into our world 
of IPM. The audience is encouraged to let their 
guard down and participate in combating an 
ugly reality within our institutions.

This paper will examine the IPM-Working 
Group’s efforts on social media and whether 
the use of these platforms translates into 
increased awareness of IPM goals and traffic to 
our website and listserv which provide access 
to professional resources. 

Keywords: IPM Working Group; MuseumPests; 
social media; Facebook; Twitter
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information on collaborative projects. At the 
IPM-Working Group’s 2007 meeting, we were 
stunned to learn from our programmer that the 
website was receiving hundreds of hits a month, 
meaning that people not in our group were access-
ing the site. We began receiving requests for infor-
mation and advice, and it was clear that the web-
site had begun filling an informational void for 
members of our field. Since then, the MuseumP-
ests.net website has gone through two updates to 
improve the organization of the site. 

A discussion during the IPM-Working Group’s 
2016 meeting focused on how to promote know-
ledge of the MuseumPests.net website to increase 
its visibility in the field. Creating a social media 
presence was seen as an important tool in driving 
traffic to the MuseumPests website. Three people 
volunteered for this task forming a small commit-
tee to consistently add and monitor content of the 
chosen platforms. Creating vibrant social media 
feeds, while seemingly quick and easy, takes time 
and concerted effort. Many institutions have a staff 
member dedicated to filling as many social media 
platforms with content as they can, every day. The 
IPM-Working Group’s participants all have full-
time jobs and IPM responsibilities are generally 
only a small portion of their work responsibili-
ties. Generating new content for our social media 
streams is often one more task added to overfull 
schedules. To remain focused and ensure timely 
postings, our group has focused efforts on only 
two platforms: Facebook and Twitter. Other plat-
forms could be added over time based on interest 
of IPM-Working Group members. Widgets with 
the ubiquitous tag line “Find us on Facebook and 
follow us on Twitter” were added to the Museum-
Pests website, conversations, and e-mails. 

MuseumPests.net website analytics show that 
50 percent of the site’s users find us via search 
engines such as Google. Forty-three percent of 
users navigate directly to the site indicating that 
they have heard of the group and the website. The 
remaining seven percent of traffic is driven to the 
site via links from other websites or social media 
platforms. While mobile phones and tablets are 
increasingly used to access MuseumPets.net, the 
majority of users are accessing the site using a PC 
based during traditional working hours. Social 
media however can encourage users to revisit the 
site to view changes and updates to content. Most 

pests in a museum, library or archive setting might 
seem to be airing dirty laundry. Social media has 
provided an active and empathetic community for 
institutions that might have a pest issue to let their 
guard down and take the first step in admitting or 
realizing they may indeed have a pest issue. 

The mission of the IPM-Working Group is to 
promote and facilitate best practices in pest man-
agement for the collections and cultural heritage 
communities by providing the most comprehen-
sive source of information on relevant best prac-
tices (MuseumPests.net website, 2018). Our group 
of collection managers, conservators, entomolo-
gists and other professionals interested in issues 
surrounding the implementation of integrated 
pest management in museums and other collec-
tion-holding institutions, held its first open meet-
ing in 2005 at the American Museum of Natural 
History. Since then the group has met annually 
with the goal of promoting and facilitating good 
IPM practices and collaboration between staff and 
institutions through development and on-line dis-
tribution of training materials and other resources. 
Participation then and now is completely volun-
tary and dues-free; individuals generously contrib-
ute their time, skills, knowledge, and resources, 
as they are able. The group is beyond fortunate to 
have a stunning level of commitment from pro-
fessionals, from prominent institutions worldwide, 
working to achieve a product that would be impos-
sible alone. We are not officially affiliated with 
any other organization or institution, although 
we do have informal links to the American Insti-
tute for Conservation (AIC) and the Society for 
the Preservation of Natural History Collections 
(SPNHC), which have supported the IPM-WG 
in various ways. We are also allied with the U.K. 
Pest Odyssey group. 

With so many resources now at our finger tips, 
having direction from a reliable source can be 
invaluable while looking for answers and accu-
rate information. One of the paramount goals of 
the IPM-Working Group’s website is to provide 
that direction; link individuals to well-researched, 
accurate information pertaining to IPM and all its 
facets compiled by professionals in the many fields 
that contribute to IPM. 

The MuseumPests.net website began in 2006 as 
a simple wiki platform designed to allow collea-
gues in the IPM-Working Group to easily share 
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As a result, posts on sites like Facebook and 
Twitter are well designed to break down barri-
ers that might intimidate the less informed or ini-
tiated. This is especially important for topics like 
IPM that may, under most circumstances, seem 
unappealing. A MuseumPests Facebook post 
might pop up in your feed between pictures of a 
friend’s baby pictures and a video of a singing cat. 
Research has shown that people can blend their 
worlds even when one topic is out of context from 
the next. In doing so, they are in a more com-
fortable setting to receive information, and more 
inclined follow up on leads. Studies showing the 
physiological response to social media support 
this idea that we become receptive to new ideas via 
social media. 

“Oxytocin, [is] sometimes referred to as “the 
cuddle chemical” because it’s released when 
you kiss or hug. Or … tweet. In 10 minutes of 
social media time, oxytocin levels can rise as 
much as 13 % – a hormonal spike equivalent to 
some people on their wedding day. And all the 
goodwill that comes with oxytocin – lowered 
stress levels, feelings of love, trust, empathy, 
generosity – comes with social media, too. As 
a result, social media users have shown to be 
more trusting than the average Internet user. 
The typical Facebook user is 43 % more likely 
than other Internet users to feel that most  
people can be trusted. So between  dopamine 
and oxytocin, social networking not only 
comes with a lot of great feelings, it’s also 
really hard to stop wanting more of it”  
(Seiter, 2017). 

Photographs and illustrations are the best tool for 
a comfortable experience on social media. Origi-
nal images from IPM-Working Group mem-
bers (Figure 2), material from MuseumPests.net, 
material submitted by colleagues and informa-
tion gleaned from reliable entomological sources 
form the basis for posts. Proper accreditation is 
always used if material is not the author’s origi-
nal work. Images are typically used as a starting 
point to conversation, quickly grabbing the atten-
tion of the viewer and hopefully leading them to 
click through to an article on our website. 

Damage caused by pests and pest identifica-
tion are aspects of IPM most easily explained and 
examined visually creating a large, effective impact 

social media platform apps come with alerts that 
pop up on phone screens with a “ping!” or are listed 
under “New”. This allows us to use Facebook and 
Twitter to quickly link the viewer directly to new 
articles, images, and pages on the website in addi-
tion to videos on the group’s YouTube channel. 

Facebook provides much more space allowing 
an entire page to be dedicated to a topic or group. 
This is most advantageous when information sim-
ply cannot be condensed into 140 characters. 

Instantaneous, convenient information is key to 
not only market oneself or a group but in contend-
ing with the plethora of information flooding our 
daily lives (Figure 1).

Social media strategies

A large advantage of social media platforms is their 
informal nature. A consistent theme of museums 
and conservation is a sense of boundaries and for-
mality; which appears a foregone perception by the 
public. The many scholarly books, articles, disser-
tations, and even portrayal in movies and other 
media, color these niche occupations with a sense 
of importance. Physical Gallery spaces reinforce 
the idea further by the common display of “Do Not 
Touch” signs, verbose labels describing objects in 
minute details, stanchions and security guards in 
front of artworks promoting messages of impor-
tance, respect, importance and formality. Depar-
ture from this norm dramatically helps break down 
information into more palatable and approachable 
material. Social media platforms were designed to 
promote a sense of community and connection that 
can’t be replicated by e-mail, online publications, or 
other means of communication. 

FIGURE 1. Website referrals to MuseumPets.net between 
July–December 2018 showing that the vast majority of social 
media referrals to the website come from Facebook posts.
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forcing them to stop and increase the chance of 
them taking notice of the group’s feed (Figure 4). 

Requests for pest identification are the most 
prevalent topic on the IPM-Working Group’s 
PestList with responses posted with impressive 
speed by members of the email list. Periodically, 
we are tagged on Twitter with a question. There-
fore, it only makes sense that images of question-
able insects, frass and mysterious casings make an 
appearance on social media platforms in order to 
help solve a mystery or answer the ever present 
questions in IPM of “What is it?” and “Should I 
be worried?”. The ability to crosslink social media 
platforms has proven a valuable and timesaving 
tool for learning. 

Hashtags continue to expand and grow in popu-
larity in social media platforms, especially Twitter. 
They are designed to collate information, allow-
ing viewers to find specific topics or at least nar-

on our audience. Facebook shows us that the effi-
cacy of a post reaching the public is higher when it 
contains a slant of humor or lightheartedness. This 
is a fact, judged by the total number of reactions, 
shares, and comments compared to other posts. 
Additionally, posts containing information or 
facts about pests and insects, and pest control tend 
to receive more attention. Some images are simply 
posted in order to entertain and tell our audience 
that sometimes laughter is a much-needed relief 
from the serious nature of IPM and museum work 
(Figure 3).

Along the lines of photographs, the Museum-
Pests social media accounts utilize “memes” and 
“gifs”. These are generally light-hearted and comi-
cal, illustrating a single concept and are invalu able 
in softening the uncomfortable and unfamiliar 
aspects of IPM. Memes and gifs often catch the 
attention of those who might simply be browsing, 

FIGURE 2. MuseumPests facebook post with original image by the author of an insect sticky trap along with hashtag and 
a nugget of educational information.

FIGURE 3. Humorous Facebook post timed to a holiday and 
utilizing #TBT hashtag.

FIGURE 4. A meme that is simply bringing humor to the topic 
of insects, while somewhat linking it to life working with IPM. 
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word of mouth transmission with quantifiable data. 
In the past two years since launching the Museum-
Pests Facebook page, it has garnered 482 followers. 
Facebook measures Reach: “The number of people 
who had info about your event enter their screen“ 
(Facebook Help, 2018) and Engagement: “the total 
number of actions that people took on your Face-
book Page and its posts” (Facebook Help, 2018). 
Facebook’s Insight screen allows page managers to 
view metrics going back 28 days. In a typical month 
MuseumPests Facebook posts reached 1,491 viewers 
(averaging 300 people per post). Between mid-No-
vember – mid-December, 2018 496 viewers engag-
ing with MuseumPests posts on Facebook meaning 
that they “liked” it, commented, clicked on a link or 
shared it on their page. The most popular individ-
ual posts generated almost 70 engagement actions 
(Figure 5). While these are not viral numbers, they 
have been rising steadily each month. We do not 
pay for ads or to boost posts. 

A review of the most popular MuseumPests 
Facebook posts show those with a comical slant 
have the highest rates of engagement. More reg-
ular review of these metrics will allow our social 
media committee to continue to build audience 
over time. Each click or view represents an oppor-
tunity to educate and advance our group’s mission. 

Based on the trends and statistics of each social 
media platform the IPM-Working Group utilizes, 
the future points to maintaining our activity level 
and increasing it as we can. We feel the time and 
effort put in thus far has been well spent. At the 
time of writing this paper we are not actively explor-
ing other social media platforms such as Instagram, 
simply due to the factor of time able to be given by 
our participants managing our social media. Explo-
ration of other social media platforms is likely to be 
encouraged, if an individual or group shows interest 
and is willing to give it the time required.

Conclusion

While it can be challenging to measure the success 
of using social media, participation in some form is 
imperative in our current media environment. We 
reveal much about ourselves and our interests on 
these platforms. “68% of people say they share to 
give others a better sense of who they are and what 
they care about. But the biggest reason we share is 
about other people: 78 % of people say they share 
because it helps them to stay connected to peo-

row down the large array of posts to locate what is 
most relevant to their needs or wants. Our twitter 
posts have embraced some of the platform’s popu-
lar hashtags such as: #tbt (Throw Back Thursday), 
which focuses on historical items or images from 
“the past”. We have used hashtags that could be 
easily inferred such as #ipm, and #museumpests 
in hopes of expanding our audience.  Currently, 
Musempests’s Twitter feed has 220 followers, at 
a slower growth rate than our Facebook page, 
but never the less non-existent prior to first post-
ing in 2016. And there have been some amus-
ing and unexpected mashups. Members of the 
IPM-Working Group social media team like 
to think we coined the hashtag #FrassFriday a 
catchy alliterative hashtag conditioning our audi-
ence to expect a post on our platforms each Fri-
day that focused on insect excrement. A review of 
this hashtag’s collated posts however shows that 
the majority tracing back to August 2009, relate to 
a group of Friday night dance parties in Califor-
nia. It is amusing to think that their audience may 
occasionally be viewing IPM related content. 

Our group’s mission to be a reliable core 
resource on IPM requires that all information 
whether on our website or social media platforms 
is informed by accurate IPM knowledge. A light-
hearted approach can be invaluable but the over-
all tone must still relay professionalism. Mis-
takes can and will happen in the fast-paced world 
of social media. Errors in spelling and grammar 
are our biggest foible, typically the result of a hur-
ried posting in the interest of getting content onto 
a social media in a timely fashion. Proper attri-
bution of content at the time of the initial post 
is essential in avoiding what can be an awkward 
correction at a later time. The key after making 
any mistake is making a speedy correction after 
an issue has been brought to our attention. Face-
book allows content to be edited even after a post 
has gone live. Twitter posts must be deleted com-
pletely and “retweeted” with corrections. To date 
there have been no negative responses or feedback 
from MuseumPests’s audience.

Is it working? 

Unlike topics in pop culture and the news, IPM 
rarely makes an appearance in casual conversations 
around the proverbial water cooler or lunch table 
at work. Social media metrics allow us to quantify 
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ple” (Seiter, 2017). Not long ago, blogs were over-
whelmingly the most popular means of showing 
your presence on the internet, expanding your abil-
ity to share thoughts and ideas. Long before blog-
ging, simply having e-mail placed you in a different 
ranking in the technologically savvy. Merely fol-
lowing suit with the world’s trends may not justify 
the voluntary hours members of the IPM-Working 
Group spend posting on social media platforms. 
But perhaps, we dedi cate a portion of our time to 
promote and share knowledge freely and casually in 
a manner that doesn’t feel like work. Innumerable 
connections, friendships and colleagues are made 
daily via social media. Our hope is that in a vir-
tual world, where we find ourselves overwhelmed 
with information, we provide a professional com-
munity with reliable knowledge in a comfortable 
manner that may advance the difficult work we are 
trying to accomplish in protecting our collections 
in the real world. 
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Good practice in IPM 

IPM as a practice is extending its reach across cul-
tural heritage institutions throughout the world 
(Crossman and Pinniger, 2013). Good practice is 
established, defined and shared amongst profes-
sionals with responsibility for collection care (Pin-
niger, 2008; British Standards Institution 2016). 
This leadership has led to clear practical guidance 
for avoiding, reducing and monitoring pest infes-
tations. Furthermore, networks exist which share 
IPM resources such as monitoring the spread of 
infestation (Birmingham Museums and Art Gal-
lery), offering suppliers information on responses 
(Pinniger, 2008) and sharing good practice in 
easy-to-follow guides (Museum of London, 2013). 
Despite all this good practice, there are surprising 
areas of IPM data management that are not stand-
ardised, particularly regarding data collection, and 
areas where practice is under developed, such as 
data analysis and communication. These challenges 
are linked: the current methods of communicating 
pest data often obfuscate the lack of standardisation 
of data collection with potentially serious implica-
tions for data interpretation and subsequent action.

Current practice in data collection 
and communication 

Communication of data

A review of publicly available reports on pest 
infestations in museums and other cultural herit-
age organisations revealed that a remarkably nar-
row range of options for data representation exists 
(Henderson, Baars and Hopkins, 2017). The pri-
mary mechanism of reporting pests found in this 
research was a simple ordinal measure or count of 
the number of pests by type (Hopkins, 2015). It 
is very common for spreadsheets to be developed 
which collect such data and which in turn are eas-
ily converted into traditional EXCEL style out-
puts such as bar and pie graphs. These familiar 
forms of data representation are often presented 
without commentary regarding their selection 
because their existence is ubiquitous and famil-
iar, generating few questions about their valid-
ity. Beyond the bar and pie graphs the other com-
mon form of pest concentration representation is a 
map of pest numbers by location normally repre-
senting insects by colours or pictograms on floor 
plans. These diagrams aim to represent the scale of 

JANE HENDERSON, CHRISTIAN BAARS & SALLY HOPKINS 

Standardizing and communicating IPM data

Abstract
The practice of integrated pest management 
is well defined, and a common approach is 
spreading internationally following the pro-
duction of protocols and standards that 
describe good practice. One essential element 
of IPM is the collection of data. This paper 
explores the potentials and limitations of data 
collection and presentation as commonly prac-
ticed within IPM, in particular the potential for 
confirmation bias in data collection as a result 
of patterns of placement of insect pest moni-
tors where problems are already identified. The 
paper examines the outcomes being sought 
from using IPM and asks whether the data col-
lection and presentation currently offered are 
a good fit. Many IPM research questions iden-

tify dynamic challenges, such as the migra-
tion of a new pest through a country, or the 
spread of an established pest within a collec-
tion, but data representation is less well suited 
to dynamic change. The paper proposes that a 
greater focus on the needs of the audience and 
the goal of data presentation is necessary to 
generate an effective range of approaches for 
peers, technical experts, colle agues and deci-
sion makers. To resolve this, the paper recom-
mends a fundamental change to the way that 
IPM data is collected and shared, using stand-
ardisation of data collection and a considera-
tion of user needs in presenting the findings. 

Keywords: data, goals, targets, IPM, 
communication, influence
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the problem but to be more precise they represent 
the extent of detection. The challenges for these 
forms of data management are two-fold: firstly, 
a challenge exists as to whether the data present 
an accurate reflection of the number of pests in a 
room and, secondly, whether data shared in this 
way is effective in serving the purpose for which 
the data was collected.

Accuracy of data 

To be confident that any data are valid, it is nec-
essary to establish that the number of pests found 
correlates with the scale of the insect pest prob-
lem. It is the authors’ hypothesis that in many 
cases the number of pests found in an institution 
correlates to the room size and the number and 
density of pest monitoring traps set,  necessitating 
a more carefully defined method of counting and 
representing numbers, for example, using the Pest 
Occurrence Index (POI) described in Baars and 
Henderson (2019). Whilst there is a correlation 
between numbers of pest occurrences in a place and 
the number of pests caught in pest monitors, there 
is also one between the numbers of pests caught 

and the number of monitors. Figure 1 shows the 
numbers of pests trapped in the National Museum 
Wales over the period of 2013–2018. 

The first figure might suggest a plausible narra-
tive of an increase in pest activity that would sug-
gest a growing pest problem. Despite the famili-
arity of the expression ‘correlation does not equal 
causation’ the confirmation bias (McKenzie, 2004) 
generated by the expectation of an increase in pest 
numbers, perhaps heightened by a greater focus on 
IPM within the organisation, means that creating 
a graph that appears to represent an increase in 
pest density would be easy to accept and act upon. 
Figure 2 represents the same total pest data on the 
y-axis, but replaces the timeline with the number 
of traps showing an equally plausible correlation 
between monitor and pest numbers. The compari-
son between the two graphs should prompt reflec-
tion on how the IPM managers organise the data 
collection process when reporting pest numbers 
(Baars and Henderson, 2019). 

Within the sector, advice on placing moni-
tors tends to follow a similar format: target areas 
where food is consumed and disposed, target 

FIGURE 1. Pest count (y-axis) by date (x-axis) with colour to differentiate spring/autumn total catch. 
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interpretation may suffer from confirmation bias, 
resulting in the reporting of a potentially non-ex-
istent growing pest problem.

The authors recommend that pest counts are 
reported not as number of pests, but as number of 
pests per monitor per m2 in areas with a common 
density of pest monitors (Baars and Henderson, 
2019). Whilst it might feel inefficient to place mon-
itors in areas where no threat was reported, some 
forms of data representation will be more consist-
ent if the density of monitors per m2 is controlled. 
The task of collecting null data is essential to good 
hypothesis and prevents any complacency-led 
oversight of pest movement. There is no need to 
standardise the density of monitors if the purpose 
of monitoring is simply to identify the presence of a 
particular pest within a specific location. This may 
be the case, for example, if finding a single pest in 
a temporary exhibition gallery may require action. 
Such a ‘presence or absence approach’ reflects the 
minority of IPM applications.

reception areas, window sills, chimney breasts and 
dead spaces. There are sound entomological rea-
sons why these locations are good places to mon-
itor and the detection of pests in these contexts 
would indicate a threat. If the purpose of trap-
ping is to detect the presence or absence of pests, 
this method would have a simple validity. If the 
purpose is to monitor the change of scale of an 
infestation (increasing or decreasing numbers) and 
the total numbers of pest caught on monitors will 
be reported, then the number of monitors placed 
within each space needs to be factored in to stand-
ardise the data. A common response to the dis-
covery of a pest on monitors in a particular space 
is to increase the number of monitors. This will 
limit the validity of any comparison of the density 
of insects in areas with fewer monitors per unit 
area because a subsequent increase in the number 
of pests caught in monitors may be the result of an 
increase in pest activity or an increase in monitor 
density, or both. If the actual cause of the increase 
in pests detected is not explored further, data 

FIGURE 2. Pest count (y-axis) by number of pest traps (x-axis) with colour to differentiate spring/autumn total catch.
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Pfau and Parrot are awareness, information seek-
ing, discrimination, choice and post decision:

1. At the awareness stage, generating aware-
ness of the issue is the key objective.

2. At the information seeking stage, the  
persuader should provide issue relevant 
information.

3. At the discrimination stage, it can be  
useful to attack any alternative choices 
available to the receiver or encourage any 
pre-existing doubts about alternatives.

4. Once the receiver discriminates (decides) 
the opportunity to evaluate the effective-
ness of persuasive communication arises. 

5. After a choice or decision is made, it is 
useful to reinforce the receiver decisions.

Theories of influence also identify the receiver’s 
willingness and ability to process information as 
being critical factors to them considering it. Some 
influence techniques rely on simple heuristic trig-
gers to illicit an instinctive response. Such  simple 
measures can be effective even if the receiver allo-
cates very little cognitive energy to considering the 
message. Where a complex message is being com-
municated, it should be carefully developed to offer 
high levels of relevance to the target receiver and 
be presented in a format that the receiver is capable 
and willing to consider (Henderson and Waller, 
2016). As people are ‘cognitive misers’, the majority 
of their decisions are made under conditions of low 
engagement with the detailed argument, so when 
attempting mass communication simple, visual 
and compelling messages must be a feature. 

An assessment of receiver needs and abilities 
should be undertaken prior to communicating an 
IPM message. If the receiver has no awareness 
of the challenges of IPM, the message must aim 
to target the need for pest management and the 
potential consequences of inaction. In this context 
the message should catch the receiver’s attention, 
which is achievable through both visual and verbal 
means such as an image of pest damaged objects 
or a verbal report suggesting that an effective IPM 
strategy will help with their concerns, such as the 
current accreditation application/funding bid/
benefactor event. 

In the information seeking phase, the receiver is 
ready for data and will be looking for issue relevant 
data that helps answer the questions they are ask-

Purpose of data collection 

Evidence based and resource effective collection 
care requires the collection of data. However, data 
collection is only valuable if it addresses a specific 
question and is communicated to those who need 
to know the results in order to act. Many of the 
challenges within IPM represent dynamic situ-
ations where staff need to know if a new pest is 
spreading through the sites of the museum, if a 
new hygiene regime in the kitchen is working, or 
whether a reduction in the temperature set points 
has led to a decrease in pest activity. Many of the 
representations of pest data in the heritage sector 
traditionally offer uniformity but do not demon-
strate that they are tailored to a specific audience 
or intended to inform a dynamic situation (Hen-
derson, Baars and Hopkins, 2017). The challenge 
is to offer powerfully influential, accurate rep-
resentations of pest data that support improved 
communication and more effective advocacy. 

Communicating pest data 

Once the method of measuring insect activity has 
been standardised, the next step is to consider 
how it is communicated. In any communication 
strategy there are many factors to consider, one of 
which is content: this can be a traditional message 
such as a report or email however, an influence 
strategy need not be verbal. A message can also 
be a ‘symbolic transaction’ such as bringing some-
one a cup of tea or sending a birthday card (Perloff, 
2014). When evaluating attempts to communi-
cate for influence, social interactions should merit 
equivalent levels of reflection to words. The way 
messages are constructed, the tone of language 
and presentation all matter, as do other factors 
such as the source of the message, the context in 
which the message is exchanged and the receiver 
of the message (Henderson, 2001). When receiver 
needs are not fully considered, there is a danger 
that the communication will not be attended to, 
ignored, misunderstood or rejected. 

Influence and communication

When planning a communication to influence a 
receiver, it is important to consider receiver needs. 
Pfau and Parrot (1993) identify five receiver deci-
sion stages. At each of these phases, a message 
should be constructed differently to achieve maxi-
mum effectiveness. The five stages identified by 
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son, 2011) or accreditation where reporting is part 
of the process, is a standard way to reinforce prac-
tice. Reinforcement can be in the form of nor-
mal activity management reports, but can also be 
communicated in a more inclusive manner such as 
through posters celebrating vigilance and noting 
how everyone shares in the maintenance of best 
practice (Figure 3).

Communication goals 

In devising an effective IPM communication 
strategy, the definition of communication goals 
and the outcomes required from the pest man-
agement activity will be fundamental in defining, 
delivering and assessing success. It is in this area 
that the performance of the main modes of com-
munication currently in use in the sector could be 
challenged. The goals of IPM communication will 
tend to be themes such as to

• monitor the spread of a new threatening 
species (Goddard et al., 2016),

• measure the effectiveness of pest control 
measures, 

• achieve staff behavioural changes that 
would result in improved cleanliness, 

• provide reassurance to lenders or insurers 
that good practice is being maintained,

• provide managerial authority to support 
the IPM manager’s recommendations.

ing. It is essential to remember that what matters 
here are the questions the receiver is asking, not 
the questions the source wishes the receiver to ask. 

The discrimination stage is where a person 
chooses between options that, in this context, may 
include providing a new quarantine area, spend-
ing the money elsewhere, or deciding who should 
be invited onto the new food waste disposal policy 
working group. An effective influencer will take 
time to work out the alternatives to their proposal 
and prepare a defence. In times of austerity, the 
alternative may often be ‘do nothing, we cannot 
afford it’ and in that context offering explanations 
about how a proposed solution requiring resources 
might be the most cost effective will increase the 
chance of it being considered. If the decision is 
about the selection of cleaning contractors, then 
identifying critical clauses to include in contracts 
will be more positive than a more general message 
about the advantages of IPM.

One easily neglected aspect of receiver deci-
sion making is post decision change. Influence 
can be described as the shaping, changing or rein-
forcing a target’s beliefs, attitudes or behaviours 
(Miller, 2002). In a post decision situation where 
pest trapping, quarantine and housekeeping are 
all part of the daily life of the organisation, rein-
forcement of the value of these actions is essen-
tial. Participation in self or external evaluations, 
such as ‘Benchmarks in Collections Care’ (Daw-

FIGURE 3. Example of a possible poster (inspired by building site safety) celebrating vigilance in pest management. 
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Visual communication and decision goals

Effective sharing of IPM data is therefore con-
nected to the research question and to the needs 
of the receiver(s) being offered the information. 
Effective communication of IPM data to a mes-
sage receiver who is at the awareness stage will be 
about drawing attention to the issues to try to push 
it up their mental agenda. In this context, a power-
ful visual message will activate their attention, and 
the sense of potential loss should activate concerns 
(Kahneman and Tversky, 1979). Threat-based mes-
sages are often ineffective (Miller, 1987) so it is 
wise when communicating with decision-mak-
ing colleagues to avoid saying ‘If you don’t stop 
people eating in the store, bad things will hap-
pen’ whereas the same message framed positively 
can activate their powerful loss aversion heuristic. 
A more positive message such as ‘If you author-
ise the deep clean, we can prevent the spread of 
this pest’ might prove more effective. In this con-
text, a visual image of an infested item (one which 
your receiver considers to be valuable) with a care-
fully worded message will be far more evocative 
than a bar graph for decision makers in the aware-
ness phase. Influence need not be restricted to ver-
bal messages, for example giving key staff or, for 
that matter, the public (Xavier-Rowe et al., 2018) 
pest monitors to place in their home is a symbolic 
transaction that could increase awareness, espe-
cially if the receiver discovers moths in their own 
wardrobe. 

It might be imagined that at the information 
seeking phase the bar graph would come into its 
own. This however, requires the graph to com-
municate meaning to the receiver. In evaluating 
this, the priorities of the receiver or target need 
to be considered carefully; while some conserva-
tors have managers who want to know the ratio of 
larval to adult stages and the breakdown of pro-
teinaceous and keratinaceous pests, many manag-
ers want to be informed about procedural things: 
‘Are we deploying our staff time effectively?’ or 
‘Do we have to clean the gallery carpet again?’. In 
these contexts, the title of the graph should indi-
cate that it answers the receiver’s questions, for 
example ‘Silver fish numbers since the last carpet 
clean’. We do not argue for a cessation of the cre-
ation of bar graphs with total pest numbers, but to 
use them as an interim point in data collection and 
interpretation, not as a communication tool.

Each of these themes goes beyond the detection 
and identification of a species within a space and 
relates to a changing state, normally the chang-
ing distribution and composition of pest pop-
ulations. Yet IPM recording tends to prefer for-
mats which show static indicators of presence and 
total numbers. Even in a museum where the goal 
is simply to eliminate pests and set a goal of zero 
occurrences, few museums can deliver such clini-
cal conditions and reporting would still focus on 
the change in pest population towards the desired 
level. In almost all cases, as with other agents of 
deterioration, the target in pest management will 
be an optimised cost benefit consideration: aiming 
to create a situation that is better than before or 
at least no worse. The goal in most pest reporting 
must therefore be to communicate change. 

Research questions

Establishing the purpose of research should 
influence the nature of that research. A well-de-
fined research question helps ensure that data 
 collected can be used and interpreted, that unnec-
essary data is not collected, and that data collec-
tion serves a purpose. Research questions can be 
open or closed, from ‘We are just starting to con-
sider IPM and want to establish which pests we 
have and where’, through to ‘Which species of sil-
verfish are active in store 2?’. Research into open 
questions is as hard to manage as research into 
closed questions. With complex questions there is 
a natural human heuristic for attribute substitu-
tion where, when faced with a difficult question, 
someone responds to an easier to answer question 
instead (Kahneman, 2003). Attribute substitution 
is not uncommon in collection care, in this context 
a broad but poorly focussed enquiry such as ‘What 
pests do we have and where are they?’ can easily 
morph into research that answers ‘How many pests 
have we trapped in the locations where we have 
placed monitors?’. As a simple guide, looking at 
the titles given to your pest trap data may provide 
insight into what question is being answered and 
from this suggest for whom the data is intended. A 
graph titled ‘Numbers of pests trapped in store 3’ 
may only be of interest to the person checking the 
monitors in store 3.
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preted and represented in many heritage contexts. 
The weakness applies both to the accuracy of the 
data and the efficacy of its communication. Effec-
tive IPM requires that actions are taken, decisions 
are made, budgets released or practice changed. 
To achieve this, more work is required on the con-
sistent and influential representation of pest data. 
At present, much of pest data representation is 
static, standard and dull. To better represent and 
communicate IPM data, the rational for its collec-
tion must be considered, the basis of its collection 
standardised and the target for communication 
defined. Data collection intended to affect change 
must be informed by the change that is sought. 
Data collection that serves only to fulfil the goal of 
collecting data, will have limited interest for any-
one but the data collector. In identifying the per-
son, group or institution that the IPM manager 
aims to communicate with, it is important to con-
sider their needs, pre-existing know ledge, engage-
ment in the topic, IPM’s place in the receiver’s pri-
orities and the time and space in which they will 
consider the message. 

Standardisation improves shared data resources, 
but this is only meaningful if that standardisation 

Looking at post decision processing, the influ-
ence goal would be the reinforcing of attitudes and 
behaviours. A manager who has identified IPM 
as a core task for their team will be pleased to be 
offered evidence of the success of their decision. 
Evidence to support good management is more 
likely to be passed on by that manager as evidence 
of their abilities, and this reinforcement and pub-
lic restatement of the value of the task will con-
tribute to reinforcing the manager’s commitment 
to their team. Success, in this context, can lead to 
null data. Null data is a hard thing to work with 
but this image (Figure 4) of moth traps from Eton 
conservators provides a quick and simple visual 
reassurance that the IPM strategy to reduce moths 
is working. This visual communication might be 
sufficient to reinforce decisions that the current 
practice is effective and should be supported. 

Conclusions

Improved communication of IPM data can  enable 
more support and resourcing for its practice and is 
therefore an essential feature of an effective IPM 
strategy. This paper has identified that there is a 
weakness in how pest data are analysed, inter-

FIGURE 4. Several months of Moth traps from Eton College showing a decrease in moth infestation. Courtesy of Sarah Spillett. 
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is based around a well-considered model. There is a 
need for a measurement of pest occurrence within 
a heritage institution that is neutral to the den-
sity of pest monitors and room size and that pro-
vides a stable index against which change can be 
measured. This leads to the proposal for a consist-
ent reporting unit for pest density: the pest occur-
rence index (Baars and Henderson, 2019).
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Visualisations are the quickest and most 
impactful ways of communicating data. As a 
result of a partnership project between National 
Museum Cardiff (NMC) and Cardiff Univer-
sity, Henderson et al. (2017) suggested the use of 
novel dynamic, visually attractive and meaningful 
graphical data representations to achieve improve-
ments in communication. At present, the choice 
of graphical tools is frequently limited by a lack of 
effective data analysis. One reason for this is that 
standard advice on pest monitoring explains how 
to set up a monitoring programme, how to identify 
pests and how to record numbers, but stops short 
of suggestions about what to do with the result-
ing data. Data interpretation and communication 

Introduction

Effective communication of pest monitoring data 
should result in the message recipient concluding 
that a preventive approach to collection care is the 
best tactic to protect heritage collections from pest 
damage. Consequently, messages should be tar-
geted at shaping the recipient’s attitude accord-
ingly, to encourage their support for pest manage-
ment efforts. One hurdle to communicating IPM 
messages effectively is that recipient decision mak-
ers are understandably not as familiar as the IPM 
manager on issues critical to successful pest man-
agement such as the building, collections, collec-
tion vulnerabilities, pest species or the likelihood 
of damage resulting from a pest threat. 

CHRISTIAN BAARS & JANE HENDERSON 

Novel ways of communicating museum pest 
monitoring data: practical implementation

Abstract
In a bid to improve communication of data 
relating to the conservation of cultural her-
itage collections, the authors present a solu-
tion and technique that makes analysis and 
communication of pest monitoring data more 
user-friendly. This novel technique includes 
calculation of the new Pest Occurrence Index 
(POI), which integrates recorded pest occur-
rence numbers over number of pest monitors 
and room size, decreasing unintentional bias 
introduced by previously used analytical tech-
niques. Calculation of POI requires that con-
textual information such as type of collection 
affected, room size, and number of pest moni-
tors deployed also need to be reported  during 
pest monitoring to enable  meaningful data 
interpretation. Trials at National Museum Car-
diff (NMC) using different types of  illustrations, 
based on the newly developed POI and with 

messages targeted at specific recipients, indi-
cated that risk perception based on visualis-
ations is affected by user background, exper-
tise in relation to pest management and 
familiarity with certain types of graphical rep-
resentations. The introduction of novel and 
comprehensive forms of graphical data inter-
pretation at NMC, including greater focus on 
developing visualisations with specific mes-
sages for different target audiences, resulted in 
increased staff buy-in and willingness to assist 
with pest management and a demonstrable 
decrease in pest occurrences in collections 
areas of the museum. 

Keywords: IPM; museum; pest monitoring; data 
analysis; Pest Occurrence Index; visualisation; 
communication
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name, number of monitors in room, room size, 
and 18 fields for different pest species/pest indica-
tors (Table 1), resulting in more than 8,000 indi-
vidual potential data points per year. Setting out 
pest monitors and never checking them, or col-
lecting data without analysing them are, at best, a 
waste of time and resources; at worst, this practice 
endangers the collection. Good data analysis is 
crucial to assist with interpretation and assessment 
of the effectiveness of a pest management strategy, 
and for communicating findings for the purposes 
of outreach, engagement and decision making. 

Data analysis

Unfortunately, the literature lets the conservator 
down just at this crucial point of data analysis and 
communication. Beyond the general advice that 
‘over a period of time a record of what is caught (in 
pest monitors) will build up a picture of the distri-
bution of insects’ (Child, 2006), none of the ref-
erences cited above contain any suggestions about 
what to do with all those data. Even the otherwise 
comprehensive standard BS EN 16790:2016 does 
not go beyond suggesting that ‘data collected from 
monitoring can help to map the scale, type, loca-
tion and seasonal cycles of a pest problem’ – as in 
other documents on pest management in cultural 
heritage collections, how to achieve this is left to 
the individual conservator to figure out. 

To the conservator tasked with monitoring pest 
activities, the all-familiar pie, bar and line graphs 
of pest counts provide hazard data about the ability 
of different species to penetrate the building enve-
lope and establish populations within a building. 
They do not indicate the magnitude of risk aris-
ing from that pest occurrence which is depend-
ent on, amongst other factors, which part of the 
building or collection is affected by what pest spe-
cies, and the number of individual pest organisms. 
Species numbers alone present a restricted image 
of the problem. Crucially, if there are changes to 
the number of monitors or surface area sampled 
during a monitoring period, the data are rendered 
almost useless. 

An example illustrates this problem. Pest mon-
itoring data from NMC appeared to suggest that 
there was a dramatic increase in the number of 
pests recorded during the five years since 2014 (Fig-
ure 1.A). Staff knowledge and a review of data col-
lection methods (Henderson et al., 2017) prompted 

are an essential step in a pest management pro-
gramme with consistent data collection being crit-
ical to allowing the success or failure of pest pre-
vention and/or treatment measures to be judged 
objectively. 

Pest monitoring

It is an axiom of cultural heritage conservation 
that pest management is important. Most herit-
age objects comprised of organic materials are sus-
ceptible to being damaged by pests, and pests are 
regarded as the third agent of deterioration (Strang 
and Kigawa 2018). A rapidly increasing amount of 
research literature assists with the development 
of ever-refined pest management methodology 
(Crossman and Pinniger, 2013), which, during the 
past 30 years, shifted from previously reactive in 
response to now preventive with the intention of 
avoiding outbreaks in the first place (Henderson, 
Baars and Hopkins, 2019). Increasingly, the use of 
non-chemical means for monitoring and control of 
pests – driven in part by the negative impacts on 
human health from the use of chemical biocides, 
and the realisation that pest damage to cultural 
objects is more time-consuming and expensive to 
resolve than the prevention of damage – is result-
ing in preference for an Integrated Pest Manage-
ment (IPM) approach (Child, 2013; Querner, 2015; 
cf. Kingsley et al., 2001). 

One crucial element of an IPM programme 
is continuous monitoring of the occurrence, and 
frequency of occurrence, of pest insects with the 
aim of identifying change points, such as a sud-
den increase in pest counts that may constitute 
an increased risk to collections. The literature on 
monitoring methodologies is exhaustive, but a few 
examples serve to illustrate the volume of refer-
ences available for monitoring methodologies 
ranging from visual inspections of pest activity 
to the use of various types of non-attractant and 
attractant pest traps: Child and Pinniger (1994); 
Pinniger, Child and Chambers (2003); Querner et 
al. (2013); Pinniger (2015). 

Data capture

If undertaken regularly, and given a sufficiently 
large institution, pest monitoring can result in 
the creation of large amounts of data: the almost 
200 pest monitors currently deployed at NMC are 
checked twice annually; data fields include room 
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rative about a pest increase over time, would be 
tempting for staff who were evidently increasing 
their focus on pest management. An examination 
of the correlation coefficient between pest num-
bers and a range of factors (Table 1) exposes the 
danger of seizing on an initial plausible explana-
tion, the apparent increase in the size of the pest 
population (Figure 1.A). Examination of a range 
of correlations exposes many other relationships, 
suggesting the more compelling explanation that 
the increase in numbers of pests detected is best 
explained by an expansion in the pest monitoring 
programme (Figures 1.B–D). 

 The current practice of only recording the num-
bers of individuals of each pest species detected is 
more suited to mapping the hazards than to demon-
strating the resultant risks. This poses a problem for 
the conservator attempting to make sense of pest 
monitoring data – does an increase in the number 
of pests recorded relate to changes in the pest pop-
ulation or to changes in the monitoring technique? 
Conversely, how is it possible to measure the success 
of a pest management programme if presentation of 

a review of how data were presented (Figures 1.B–
D). Correlating pest numbers with the number of 
pest monitors, the number of rooms and total floor 
area monitored showed that there was a risk of data 
interpretation being skewed by gradual improve-
ments to the monitoring programme, resulting in 
the potential to draw incorrect conclusions about 
the size of pest populations based on a simplistic 
interpretation of Figure 1.A. The tendency to con-
firmation bias, from an apparently plausible nar-

FIGURE 1. An increase in pests detected over time since 2014 at NMC (A) may suggest an increase in total pests. Further investiga-
tion revealed many other plausible correlations: pest count over number of pest monitors (B) number of rooms monitored (C) and 
floor area monitored (D; see also Table 1). 

TABLE 1. The correlation coefficient (r) indicates that there is 
a positive correlation between pest count and time, number 
of pest monitors, number of rooms and total floor area 
monitored.

Correlation between  Correlation coefficient (r)
 pest count and …

  time  0.82

  number of monitors  0.80

  number of rooms  0.82

  total floor area  0.77
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The resultant Pest Occurrence Index POI (Fig-
ure 2) with the unit [pests trap-1 meter-2] is compa-
rable across rooms, collections, buildings, organ-
isations and time. Using the same data as in the 
example above, closer analysis of the POI at NMC 
(all data for the entire building) over time illus-
trated a rapid decline in pest numbers between 
2014 and 2016 due to successful introduction of a 
comprehensive IPM programme in the building. 
The increase in POI from 2017 is explained by the 
fact that at NMC the IPM programme was, from 
2017, extended beyond collection areas. The exten-
sion of monitoring to kitchens and offices revealed 
a greater pest density in those spaces, resulting in 
an overall increased POI for the building. Intro-
duction of the POI enables comparisons between 
collection and non-collection areas – the lat-
ter, such as kitchens, offices and corridors, may 
have considerably larger pest problems than those 
spaces where collections are stored (see also Figure 
4). The POI also reveals that pest counts were gen-
erally slightly higher during the summer months 
(autumn data) compared to the winter months 
(spring data). 

The greatest benefit of a coherent index of pest 
occurrence is that it allows easy analysis and 
communication of a pest problem. These find-
ings helped shift the emphasis of the IPM strat-
egy towards training and awareness-raising for 
all museum staff to share in pest management in 
every space within the museum. 

One advantage of calculating POI as explained 
in figure 3 is that no specialist software is required 
– a spreadsheet may be set up using widely availa-
ble software such as Microsoft Excel. A template 
spreadsheet is available on the National Museum 
Wales website under the document title ‘Pest 
Record Datasheets NMC Template’ (permalink: 

https://museum.wales/media/45874/Pest-Re-
cord-Datasheets-NMC-Template-2018.xlsx; see 

the monitoring data – one of the crucial elements 
of any evaluation – is biased in such a dramatic 
way by the monitoring programme methodology? 
One answer is to collate and present information in 
addition to the numbers of pest occurrences, such 
as numbers of pest monitors, numbers of rooms 
monitored, floor area monitored, historic num-
bers of pests over time and types of collections or 
materials affected. Commercially available soft-
ware commonly used for pest data analysis, such as 
ZPEST or KEMU, whilst offering an off-the-shelf 
data recording, analysis and visualisation tool, do 
not account for the number of monitors in a given 
space, or the size of the space monitored. Conse-
quently, the options for meaningful data analysis 
are limited, and the resulting graphs are not helpful 
in addressing the needs of target audiences, as out-
lined by Henderson et al. (2019). The initiative to 
create a national repository for pest monitoring data 
via the website ‘What’s Eating Your Collection’ is 
an incredibly positive step in sharing and respond-
ing to data on pest activity, but the lack of data 
fields in this database limits the scope for exploring 
these data and eliminating any biases such as the 
one demonstrated above. 

Pest Occurrence Index POI

An alternative approach to analysing pest monitor-
ing data was developed and tested successfully at 
NMC. The Pest Occurrence Index (POI) integrates 
the number of individual pest counts with the num-
ber of monitors deployed and the area monitored 
in square meters. This requires the collection of a 
small amount of additional data during pest mon-
itoring than was previously the case. To facilitate 
this, the existing Microsoft Excel data recording 
sheets are augmented by adding one column for the 
number of monitors per room, a second column for 
the size in square meters of the room, and a third 
column for the calculation of POI (Table 2).

TABLE 2. The minimum data fields required in a pest monitoring record data table include the number of monitors per room 
and the room size. Insert as many columns under ‘F’ (pest species) as relevant to the property.

 A B C D E F1 F2 F3 G

 Room name Date checked Date of Number Room size Pest Pest Pest POI: pests
 and/or (previously) current of monitors [m2]  species 1 species 2 species 3 per monitor   

 number inspection       per m2 
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FIGURE 3. Calculation of the Pest Occurrence Index.

FIGURE 2. The same data as used in Figure 1 were here calculated and represented as POI. 
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Data Communication 
The recently (2014) implemented IPM programme 
at NMC presented an opportunity to experi-
ment with novel forms of graphical data visual-
isation, as suggested by Henderson et al. (2017), 
and undertake some basic user testing to assess 
the most effective way of establishing awareness 
amongst museum staff. Two goals were set: firstly, 
to achieve staff behavioural changes that would 
result in improved cleanliness, and secondly, to 
provide managerial authority to support the IPM 
coordinator’s recommendations (cf. Henderson et 
al.; 2019). Museum staff were presented with the 
same data from pest monitoring at NMC visual-
ised in two different graphs: as a bar chart and 
bubble chart. Feedback from these informal dis-
cussions with colleagues suggested that bar graphs 
were preferred by those with higher levels of tech-
nical knowledge and engagement in the topic. 

Appropriate messages for different 
audiences

Figure 4 shows an early output of experiments 
with different visual representations of pest data 
that attempted to represent pest counts in differ-
ent parts of the building for one monitoring event. 
This graph was distributed around the building in 
staff rooms and kitchens for general staff informa-
tion and used in internal IPM training sessions. 

This ‘all things to all people’ approach was 
revised subsequently based on a consideration of 
the goals of IPM in context. Whilst the graph 
captures a great deal of information, it does not 
target the information at specific user needs. Sub-
sequent user testing at NMC demonstrated that at 
least three different groups of users of pest moni-
toring reports exist: 

also Table 3). This template contains one work-
book with several sheets: a licence agreement, 
notes and instructions on use of the spreadsheet, 
a summary data table with conditional formatting 
and template visualisation that is populated auto-
matically as data are entered into the data sheets, 
and a number of data sheets. Each sheet represents 
a different collection area; formulae are already 
inserted into the relevant fields. The data tables in 
each sheet may be expanded by the user by insert-
ing additional rows, for example, more rooms, and 
columns, for example, more insect species, and 
then copying and pasting the relevant formulae. 
Advice on how to adapt the template is given on 
the first sheet of the template file. 

The datasheet may be adapted to account only 
for those pests that are most relevant to a particu-
lar collection. This means that indicator species 
(for example those indicating high relative humid-
ity) are recorded as part of routine pest monitor-
ing but not counted in the analysis of pest occur-
rences unless they also present a specific risk in 
that context. For example, in libraries, silverfish 
are counted as a museum pest but in an inorganic 
archaeological collection would be regarded as 
an environmental indicator and are therefore not 
added to the number of pests. Previous forms of 
representing the risk to a collection included pie 
charts showing the proportions of all insect spe-
cies recorded, the interpretation of which in rela-
tion to particular collections assumed the recipient 
had relevant expertise to decide which of the spe-
cies constituted a risk to the collection. The prac-
tice of only including species posing an actual risk 
facilitates easier data interpretation by the recipi-
ent and assumes no prior knowledge which, in the 
case of many non-curatorial and non-conservation 
staff, is frequently the case. 

TABLE 3. Screenshot of one of the data entry sheets in the ‘Pest Record Datasheets NMC Template. The final column contains the 
POI formula; once the sheet is populated with data, the POI fields will update automatically. 
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FIGURE 4. Early graphical output capturing a lot of data but aimed at more than one audience. 

FIGURE 5. Use of symbols focuses attention at a single glance on areas 
affected by pest occurrences, based on data generated by calculating POI. 
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tice requires a technical understanding of the data 
collection process. This message may include the 
request for support to extend the pest monitoring 
programme beyond the ‘traditionally’ monitored 
collections areas, and for additional resources to 
implement and sustain increased monitoring and 
associated data analysis.

For group 1, the goal is to achieve a behavioural 
change rather than give detailed information and 
Figure 5 is the response to this challenge. By iden-
tifying where the greatest density of pests exists, 
it focuses attention on the perhaps surprising core 
of the current pest problem (non-collection areas) 
and motivates staff to act to contribute to pest 
management through their own practice by main-
taining a clean workplace. This message is appro-
priate for all users but as Figure 5 communicates a 
simple message quickly and intuitively, it particu-
larly satisfies the needs of group 1, explaining that 
pest management is everyone’s concern and that 
staff behaviour in non-collection spaces forms an 
important contribution to IPM. The use of info-
graphics maximises the audience who can com-
prehend the message. The use of pest symbols con-
tributes to focussing attention and reinforces that 
this is an institutionally authorised message. 

1. Users with little prior awareness of pest 
management. The communication goal 
here is to raise awareness of the scale and 
general consequence of pest infestation 
and provide issue relevant information 
about actions they can take.

2. Informed users: those who care for vul-
nerable collections and have experience of 
pest management. 

3. Decision makers responsible for allocating 
resources. 

The goal for group 1 users is to encourage behav-
iour change, especially in non-collection areas 
where awareness is lowest. The main concern of 
group 2 users is for the collection they are respon-
sible for. This group of well-resourced special-
ists welcome tailored and detailed information, 
which is targeted to their specific needs and con-
cerns; some of this group may welcome bar graphs 
due to their familiarity with the IPM literature. 
The continued support for IPM from managers is 
the goal from communication with group 3 users 
whose backing during a period when finding more 
pests, as outlined above under ‘Calculating the 
POI’, actually reflects an improvement in prac-

FIGURE 6. Similar data as Figure 3 (but for 2018) represented as a more comprehensive message for managers. 
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fied the location of the largest pest problem as being 
in kitchens. These colleagues understood that while 
not ideal, the high occurrence in non-collection 
parts of the building did not necessarily constitute 
a direct risk to collections. User perception clearly 
plays a role in the interpretation of these visualis-
ations (cf. Henderson and Rumsey, 2015).

Conclusions

IPM has been implemented holistically at NMC 
since 2014, including building maintenance with 
the aim of excluding pests, improved housekeeping 
in stores and galleries, updated guidance to staff, 
comprehensive pest monitoring, object quarantine 
and treatment, and staff training. The applica-
tion of pest management zones is currently being 
planned. Starting in early 2018, visualisations of 
pest monitoring data have been publicised rou-
tinely around the building – for example, in staff 
kitchens – and used as part of staff pest awareness 
training. The successes achieved by the introduc-
tion of IPM are demonstrated by a reduction in 
the numbers of pests in collections areas during 
the first two years of the IPM programme. More 
recently, attention has shifted towards achieving 
the same results in non-collection areas, which is 
expected to be more challenging. To assist behav-
ioural changes, new ways of communication were 
developed at NMC in partnership with Cardiff 
University. This required the development of a 
measure of pest activity that allows comparison of 
areas with different uses across a large and com-
plex building: the Pest Occurrence Index (POI) 
which integrates pest counts as well as the num-
bers of monitors deployed and the size of rooms 
monitored. This index provides data that are com-
parable across rooms of different sizes, different 
collections, different areas of use within a building 
and even across buildings and institutions. Col-
lecting data on pest occurrences is a time-consum-
ing task, which needs to be justified to museum 
management. If pest monitoring data are col-
lected, they ought to be analysed appropriately to 
be of any valid use. POI can be used as a real and 
objective measure of the success of pest manage-
ment efforts, and visualisations based on POI may 
be used to engage staff in new ways. There is no 
one-size-fits-all solution for this type of commu-
nication; instead, reports with specific messages 
need to be tailored to definite target audiences. 

Traffic lights

Going beyond the location of threats, group 3 
users need to understand where to invest insti-
tutional resources in pest management activities. 
A traffic light system was experimented with to 
graphically represent the point beyond which an 
occurrence becomes an infestation. This requires 
the evidence-based determination of risk thresh-
olds. Conducting a full loss in value calculation 
takes considerable time and has not yet been com-
pleted, hence for the purposes of this current 
paper a simple arbitrary and subjective scale was 
used. The assumption is that occurrences below 
a threshold of 0.039x1000 pest counts trap-1 m-2 
were ‘safe’ (green), between 0.04 x 1000 and 0.099 
x 1000 counts trap-1 m-2 critical (amber), and above 
0.1 x 1000 counts trap-1 m-2 ‘in danger’ (red). Initial 
tests on traffic light representation of risk (Fig-
ure 6) suggest that many users accepted the con-
servator’s presentation of risk without question-
ing threshold levels. The underlying mechanism 
for such a decision-making process is heuristic – 
the process generally dominant over an analyt-
ic-deliberative approach. Henderson and Waller 
(2016) explored how decision making by conserva-
tors may be improved by respecting the power and 
importance of heuristic processes in establishing 
judgments and communicating effectively with 
higher level decision makers. In the context of pest 
monitoring data presentation this would mean to 
carefully consider the data, the intended message 
and the target audience when designing a visual-
isation. Knowledge of the psychological effect of 
such colour schemes therefore offers an opportu-
nity to use colours to highlight certain messages 
within a graphic that may guide decision-making.

Achieving managerial support for the IPM 
coordinator’s recommendations

Different users demand different levels of data anal-
ysis and presentation. For most users, the use of a 
traffic light scale created an immediate effect gener-
ating an impression of urgency requiring an imme-
diate response and significant resources to address 
the underlying problem – this marks the transition 
from the information seeking stage to the discrimi-
nation stage (cf. Henderson et al., 2019). On the other 
hand, group 3 users with access to the additional 
information about collection vulnerability from the 
bubble chart (Figure 6) correctly and quickly identi-
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ular concept of ‘fumigation’ and ask about specific 
capacities such as freezer space to discuss how they 
might stop pests found on objects. Did they have 
a past history of infestation? How did they find 
the pest, adventitiously or by methodical survey? 
I’d ask them to send me the body, exuviae, frass 
or scat to confirm the identification if they feel 
unsure. The course of these hundreds of personal 
conversations over many years was a distilled form 
of IPM method teaching. 

However, to underline the value of consistent 
IPM programs we need reasoned means to convey 
pest-borne risk to collections. Examples and pho-
tographs of pest harms pack a punch, but rarely 
indicate the rate of harm – they are often records 
of static discoveries. Time lapse of museum objects 
being destroyed by an organism are rare. Recently 
in North America, some large museums trimmed 
IPM capacity then several years later suffered 
five-figure pest crises – partly out of administra-
tive ignorance of pest population dynamics, per-
haps a consequence of humanity’s growing “nature 
deficit”.

Introduction

“Hi, I found a bug in my museum, should I fumi-
gate everything?”

This is a question I have been asked many times 
since I started as the museum pest researcher for 
the Canadian Conservation Institute (CCI) in 
1988. It is not a silly question. In fact, it is a bit 
daunting without more information. The ques-
tion summarizes the asker’s quest to determine 
the risk a pest poses their collection, albeit jump-
ing directly from discovery to reaction in a conver-
sational gambit. 

In response I’d ask what type of collections they 
have, how large and how stored, to develop a sense 
of collection vulnerability to the pest and scale 
of problem. Some items are of high nutritional 
value and consist of fine details that are readily 
destroyed. Other materials are not readily digesti-
ble by the particular pest. I’d ask about the organ-
ization to find out who they have to assist in tak-
ing care, and to imagine how they might organize 
their response. I’d explain alternatives to the pop-

TOM STRANG 

An Elephant walks into a Room 
– Population models to teach IPM

Abstract
This paper discusses population modelling of 
pests as a teaching simulation to explore the 
topics of chance of discovery and rate of harm. 
The models presented use literature values 
and sensible estimates for factors to project a 
future. The models train one’s imagination and 
reinforces why collection of information is fun-
damental to IPM while examining challenges 
for its interpretation. While necessarily simpli-
fied models, they do cover core concepts of 
applied IPM in buildings, and they can be fun 
for participant class demonstration. 

In the course of teaching IPM it is important 
to discuss why trapping and inspection results, 
collection vulnerability and loss are all driven 
by the underlying action of the pest popula-
tion growth. Students and administrators both 
need introduction to how pest populations 
can grow: to reinforce the need for treatment, 
and sustain IPM capacity in a museum despite 
reductions in staff activity.

Keywords IPM; population models; 
teaching risk
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scape and ‘short-cut’ the path for a human preda-
tor to its pest prey. The ability to shrink the pro-
tective effects of time and space is why some pest 
control methods find favour over others despite all 
arguing high efficacy if employed properly.

The worst damages are usually consump-
tion, where damage is proportional to the num-
ber of pest mouths. Disfigurements like rodent 
urine and feces are also proportional to the intake 
through mouths supplying the conduit organs. As 
pests can eat vulnerable museum structures, the 
objects within and any human detritus/garbage, 
an intriguing thought-experiment for not clean-
ing a very messy museum would be that “in prob-
ability” any pest found would be on valueless sur-
faces rather than on the objects – so no harm done. 
This method has been used with food-baits, a con-
trolled form of leaving attractive ‘rubbish’ around 
for pests to eat and lure them to traps. 

It is a tenet of IPM programs that we lay down 
traps in museums to detect pests. There are two 
common expectations. The first is easiest to con-
vey: identification of pests tells us we have pests! 
But there is an asymmetry at the heart of IPM. 
Even when we do not detect pests we know the 
unexplored landscape is much larger than our pur-
view, leaving us the possibility of pests. Collaps-
ing uncertainty of planning for all possible pests to 
the particular capabilities of a discovered pest and 
resultant vulnerabilities exposed in the collection 
is a galvanizing moment. 

The second expectation is: traps will capture a 
proportion of the pests roaming at large. How-
ever well designed, entering the trap is a statistical 
event. Optimizing placement, checking regularly, 
we record results. But as the trapped numbers go 
up and down have total pest numbers gone up and 
down? We often deal with low number scatter. We 
never know the ratio of trapped to free pests since 
mark and recapture is not practiced in museum 
IPM, nor many of the other available ecological 
study methods (Southwood, 1966). 

Traps are small compared to the floor. Life 
would be miserable if we covered the floor with 
sticky compound. Even this ‘maximum efficiency’ 
would only examine some of the routes that pests 
might travel. So when we place a trap 1/1000th the 
size of our floor, what’s the real chance of it get-
ting a pest? At first blush it is related to 0.001 × 
human landscape area / pest landscape area.

This paper looks at a way for teaching around 
the decision: how soon and to what extent must I 
respond? Alternatively, it examines what happens 
if I find a pest insect and said “Humph, so what” 
and sought no further?

A room awaits an elephant  
– the conundrum of good storage 
and easy pest discovery

Combatting infestation is a practical problem with 
fractal dimensions. The nesting of ‘cubes’ from 
building to room, cabinet, shelf, box and vial is 
a common geometrically recursive arrangement 
in natural history museums. Pests are very much 
smaller than humans for whom the museum is 
arranged. The greater area available for pests than 
that which humans normally see is the signifi-
cant contribution to pest growth without detec-
tion, presenting opportunities for pest damage 
(food and shelter) and resistance to pest removal 
once found. Any museum with a broad collection 
can confidently advertise itself with the ‘Dr. Who’ 
TARDIS catchphrase, “It’s bigger on the inside” 
(BBC One).

Imagine a cabinet for medium sized birds, 
spread neatly in five rows of twenty on twelve one 
meter square drawers. When the insect has access 
throughout it has an enclosed world with 2,400 
tops and bottoms of ‘food cylinders’ of which only 
1/24th of the total area at a time is observable with 
the most minimal human effort. The feathers over-
lap 50 percent, amongst which pests can rummage 
a meal. Now add layers from two wings per bird at 
say another third of their body area. Not counting 
individual feathers there are now 7,200 object-level 
layers to crawl among and approximately 75 m2 (12 
drawers × 100 birds × bird area (≈ 3.14 × 0.05 m × 
0.2 m × 1.5 × 1.33) of surface to eat, estimating the 
inhabitable area about 6.25 times the cabinet stor-
age surface and 75 times its footprint on the floor.

A garment approximates a collapsed tube with 
four major faces (inside and outside, top and bot-
tom), then there are pockets and collars and maybe 
it is folded double in the drawer. Rolled carpets 
on rods are compact, creating ‘invisible’ surfaces 
to human inspection yet allowing insect access to 
the entire surface unless it was bagged clean and 
sealed. 

It is no surprise that response methods are judged 
by their ability to penetrate this expanded land-
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An elephant disappears from the room 
– exploring loss in collections beyond 
individual damages.

To elaborate on these issues, the author developed 
simple spreadsheet models to explore pest popula-
tion growth with workshop participants and high-
light reasons for conducting effective IPM. 

To begin, view a photo of an elephant hide (Fig-
ure 1) and ask the students to imagine the real risk 
of loss. Why an elephant? How could you miss see-
ing it! How could a pest miss finding it? One ele-
phant hide can stand-in for hundreds to thousands 
of other pest-edible objects summed together.

Case 1: One elephant hide, one perpetually 
inhabiting pest insect and all of time before us.
Let’s see what can happen. An African elephant 
hide is 13.3 m2, 30 mm thick and 210 kg (Leach, 
1995). Dried from live moisture content it might 
yield 105 kg in our cabinet. From Stengaard 
Hansen et al. (2012) (Figure 2) a median rate of 
0.03 mg/day for our hypothetical dermestid to eat 
the old dry hide will take 3,500,000,000 days, or 
9,589 millennia. 

An immortal feeding individual D. sisyphusi 
represents the asymmetry of concern: “I don’t see 
any pest, is there one somewhere?” It doesn’t mat-
ter if any of these estimated values are out ten-fold, 
the calculation expresses the stupendous possible 
future of time to total loss. 

Despite mathematically inevitable total loss, 
the result is graphically in favour of imagining the 
elephant skin’s survival and makes expression of 
concern over a single little insect in the museum 
sound ridiculous. It is possible that a decision 
maker would not consider it worth their while to 
act, based on their calculation of fraction of their 
salary invested, tedious effort involved to find 
the insect, repulsion to squishing it and having 
to wash their hands before returning to a comfy 
desk. Dollar spent for dollar saved, absolutely not 
worth the effort. What consequential harm will 
that one insect do before this human safely moves 
on to another job? 

That fictitious situation is nearly identical to 
a well IPM’d museum, with constant yearly 
reports of none or little pest activity. Later, 
when the IPM capacity has been compromised 
by economic downturn, staff layoffs, surviving 
staff burnout, etc., low initial population num-

We assume that if pests walk around long 
enough they should eventually encounter the small 
trap. However, since pests can live short satisfying 
lives in small localities this assumption might not 
hold. We often don’t know the distances walked 
or flown by individual pests over their lives to pro-
pose a probability calculation.

Semiochemical lures demonstrably amplify 
trap results and improves the chance of map-
ping the locus of infestations (Ackery et al., 
1999). However we still don’t know the fraction 
captured. 

Museum climate also affects trap catch: insect 
activity is significantly affected by ambient tem-
perature, they seek out moisture gradients (silver-
fish damp, dermestids dry), and follow phototro-
pic and semiochemical cues not related to traps. 

Visual inspection of locations other than traps 
moves past every-day adventitious discovery to 
methodical observation of pests and lowers our 
gnawing uncertainty. However, there are limits 
to our visual acuity, the true threshold between 
‘invisible’ and seen. There are fatigue limits that 
introduce errors of omission and incompleteness. 
There are cryptic behaviours of pests and camou-
flage colorations, which still keep them from our 
prying eyes. 

While traps are limited by being small and 
static, inspections are limited by the fractal land-
scape’s area and the availability of time.

FIGURE 1. Elephant hide being cleaned (T. L. Bierwert 1933, 
American Museum of Natural History, Image No. 280023).
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FIGURE 2. Consumption rates and population limits for some museum pests 
(Baker and Bry, 1987), (Stengaard Hansen et al., 2012), (Strang, 1992).

FIGURE 3. Loss of object with two population scenarios: drop into a tank full-o-bugs 
and geometric growth with carrying capacity limit.
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Poof, the elephant disappears rather quickly 
(Figure 3). Temporally, the fantastical A. profilig-
atus is 1.5 million times more damaging than D. 
sisy phusi. Welcome to Planet Exponential, it’s 
hungrier on the inside.

Changing area per insect from a crowded 5 mm2 
to a selfish 100 mm2 per insect stretches out the 
hide survival to 72 years in the tank, and 74.4 when 
the population has to ramp up from one fecund 
female. So, let’s unroll it every year and broom it 
almost clean of bugs – what happens? 

Further, a modeled rabbit skin of 70 grams and 
0.15 m2 would be gone in 2.2 years. A house fly is 
consumed in a few days (author’s time-lapse video). 
On forensics, Byrd and Castner (2009) report how 
a human body can be reduced to bone in 24 days by 
a colony of dermestid beetles, and once the flesh is 
gone dermestids will continue and bore into the 
bone (Parkinson, 2013). 

Figure 4 shows the simple consumption cal-
culator. Astronomical values accumulate quickly 
in exponentials and these ‘Stupid Numbers’ are 
greyed out when obvious limitations are met: 
overflowing surface area, overstuffed volume, the 
valued resource completely eaten. Once exponen-
tial growth hits limits, the remaining population 
is held constant assuming that the object area just 
gets thinner with eating, and loss is calculated.

bers ensures there is still not much change in 
the near term – so ‘all is good’ when IPM pres-
sure is taken away. 

Case 2: One elephant skin, a breeding pest insect, 
all of time before us.
A simple geometric growth model simply adds 
known pest fecundity to the information we already 
have and projects the harm descending from one 
fertile insect. There are assumptions about insects’ 
tolerance to their population density, mini-expo-
nentials of each insect’s growth (Dyar, 1890), time 
spent eating, lack of predation, parasitism, canni-
balism, dispersion, recruitment, toxifying with their 
own waste, and other factors seen in more elaborate 
population modelling often under the catch-all of 
“density dependency”. However, this simple model 
does calculate a fundamental worst-case curve for 
loss. And have we collected any other information 
yet on which to reliably adjust our decision? No.

The hide is 13.3 m2, our insect 5 mm2, so 200,000 
packed per m2 gives 2,660,000 mouths. Dropping 
the hide into a tank full of bugs to cover the hide, 
it takes 3.6 years to be eaten. To start with one 
fecund female (60 eggs at two generations a year), 
then reach saturation with insects then subsequent 
linear loss. It takes 6.3 years under model condi-
tions of only thickness loss so edible surface area is 
maintained to the end.

FIGURE 4. Simple consumption model with elephant example. 
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exoskeletons from larval development) and piles 
of frass or rodent feces and piddle trails seen with 
ultraviolet light are examples of such findings. 
What is the ratio of these to a living population? 
How informative is a human sense of little or lots? 

Another model incorporates more of this infor-
mation and looks at the institution (Figure 6). Pas-
sage of time is a simple generation step, modeling 
those pests which have a short adulthood birth-
pulse reproductive cycle (hide and wood beetles, 
clothes moths). Birth-flow organisms (silverfish, 
cockroaches, termites, rodents) have significant 
juvenile phases and longer overlapping adult lives 
to sprinkle progeny about, better modeled with a 
matrix method discussed below. A table of fecun-
dity values from pest literature accompanies the 
spreadsheet model.

Malthus’s and many other’s failure to converge 
predictions of human population limits on earth 
(Cohen, 1995) illustrates difficulty in the search 
for limits. In Solomon (1953) a brace of factors was 
illustrated to show how storage pest populations 
deviate from unrelenting upward growth. How-
ever, limited downward pressure in early infes-
tation supports using geometric growth for this 
period. Nor has the idealized sigmoid model of 
populations been proven in long running tests 
(Kingsland, 1985). Fates are twisty. 

Casts, poops, and leaky information 
– examining methods of discovery

Dead do not walk into traps so visual inspections 
should garner more evidence of life than just live 
bodies (Figure 5). Chew marks, insect exuvia (shed 

FIGURE 5. Leaky information, the dribs and drabs we manage to find, indicating there 
is a pest population lurking about to cause harm.

Organism Fecundity eggs, young Lifespan 

Tineola bisselliella 40–50 50–90 days, 48 months unfavourable

Anthrenus scrophulariae 60 77–110 days

Lepisma saccharina 100 3–4 months, 42 months unfavourable

Rattus norvegicus 70 9–12 months

TABLE 1. Sample fecundities of common museum pests, from citations in Ebeling (1975). 
Top two are birth-pulse, bottom two are birth-flow.
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FIGURE 6. Model parameters and results with highlighted thresholds (0.001) and greyed ‘Stupid Numbers’. The overlaid area plot 
and histogram show “bigger on the inside” values for human footprint, pest food and habitation of the modeled space. Here thirty 
percent of the cabinets contain edible items.

FIGURE 7. Matrix models can sum across the damaging stages to look at fluctuations of intensity of harms. Variations in trap 
results are seen since the mobile portion fluctuates in number. Recovery from blanket or stage-selective control measures can 
be examined. Here a birth-flow silverfish population with long adult lives is shown. With dermestids the effect of diapause can 
also be modeled.
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pest problem. These fuzzy-valued thresholds have 
to exist between the bounds of disquietingly zero 
and ridiculously large, and they only exist if people 
are determined to prevent and react to pest harm 
instead of ignoring it. 

Using matrix models – introducing current 
ecological methods

Matrix methods were introduced for demo-
graphic modeling by Leslie (1945) and extended to 
size classes by Lefkovitch (1965). This author has 
used them to demonstrate birth-pulse and birth-
flow organisms, say dermestids versus silverfish, 
and model age or size structure developments in 
populations (Figure 7). Size structure is already 
apparent to those who have trapped insects, see-
ing small to large larvae or nymphs of the same 
species at the same time, or over time. In ecolog-
ical work these demographic structures improve 
understanding of a population, is it predominantly 
young or old, growing exponentially or stabiliz-
ing in balance with downward pressures (Caswell, 
2001). The matrix approach is most flexible and is 
well adapted to model what is shown in Figure 5 
and easy to do with a spreadsheet.

Detailed modeling of pest species for museums 
often suffers from the “demographic uncertainty 
principle” seen in human demographics where the 
more factors that are examined the thinner the 
available data becomes (Cohen, 1986). Literature 
on our pests was not always driven by population 
model building needs. The author has undertaken 
a review of pest literature to garner information to 
further examine the utility of matrix models for 
museum pest control.

Maximum fecundity estimates a worst-case sce-
nario. Lessening fecundity models growth when 
there are high losses to unknown agents or a per-
centage efficacy of control. Lifespan also governs 
the impact of a population, particularly the span 
of time until the females are finished laying eggs.

There are insect species which may shift sex-ra-
tio, so the model allows examination of this factor 
(Andersen and Sogaard, 1961). 

The size of the pest and estimated area of food 
consumed to grow to adulthood adjust the ‘Stu-
pid Number’ thresholds. Loss per pest is entered 
as an area rather than the mass rate used above to 
help imagine the scale of surface harms. Casts per 
insect (or feces per rodent, etc.) helps model the 
accumulating signs of infestation.

To model the vulnerable content, building vol-
ume is divided into two conceptual types:  single 
plane and multiplane. Single plane is used to 
model open floor or exhibit space with vulnerable 
objects on view. Multiplane is the floor area occu-
pied by cabinets or shelves with an estimate of the 
mean value of object layering. If there are rows of 
shelves six high with books, then one can enter 
‘6’. If there are two stacked quarter units each 
with twelve shelves each filled one deep in study 
skins, one can enter ‘48’ as the object’s underside is 
also vulnerable. In this manner, a “bigger on the 
inside” factor is discussed and estimated. 

Adjusting the fractions of single and multiplane 
food examines the significant effect of taking vul-
nerable collections ‘offline’ by good containment. 

The point of playing with ‘Stupid Numbers’ is to 
explore plausible thresholds for the minimal pop-
ulation: to start showing up in traps, to be seen 
in inspections, to be blatantly obvious there is a 

FIGURE 8. Population development from one female with three (left) versus four (right) surviving progeny. 
Bold text emphasizes the dominant column between live and dead.
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population or protracted low growth. The former 
is diagnosed by common sightings of live or fre-
quent trap entries, the latter by fruitless inspec-
tions with deep cleaning.

The simple geometric model also estimates 
hours of visual inspection needed to find pests 
dispersed singly or in clusters. This plays with 
the trade-off of earliest detection at some level of 
accumulated harm versus labour costs. 

IPM combats a regenerating force with adap-
tive behaviours. We never have total information 
about the situation and have laborious steps to get 
more to design responses. To top it off, there is an 
inexact future benefit for dealing with a current 
small problem. Payoff is the forecast unharmed 
portion over future time and prevention of reputa-
tional harms (Strang, 2012), see Figure 9. 

Without action against a pest population, there 
is a reasonable expectation that it will continue 
to damage and grow rapidly. If a population flat-
tens off to a ‘sustainable’ number a vulnerable col-
lection continues to suffer cumulative incremen-
tal loss. 

Some lessons for the classroom

Looking at the generation of live insects, expected 
numbers of their dead and augmented by other 
signs of life, we see there is a switch in detection 
probability from visual inspection to trapping as 
the population growth/survival rate increases. 
With an even sex-ratio the number of birth-pulse 
live only outnumber the accumulating dead once 
the average surviving progeny exceed three per 
female (Figure 8). 

A well IPM’d museum is going to hopefully 
approach low survival numbers through the com-
posite impact of cleaning away comestibles, block-
ing access to habitat, and destroying pests where 
they are found. Unknowingly from the pest’s side, 
dispersion, fertility failures, parasitism, canni-
balism, diapause, thermal environment, etc., may 
lower maximum population growth rates. This 
observation depends on relative evidence and its 
acquisition is an argument to have both traps and 
visual inspection as complementary protocols in 
our IPM toolkit. An accumulation of corpses is 
consistent observation with either an explosive 

FIGURE 9. IPM cost versus benefit. Losses are incurred until detection and control. Even with 
high extermination mortality (99 %, 99.9 %) pests will recover with a high fecundity (Ro 100 %). 
Lowered fecundity/survival and earlier detection are clearly preventive of loss (Strang, 2012).
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How the population rebounds from IPM driven 
suppression measures governs the amortized gain 
in benefits. A rapid rebound greatly reduces a 
treatment’s worth. Total extinction of pests is the 
ideal; giving an indeterminate time without loss it 
makes the treatment ‘worth every penny’. How-
ever, a continued IPM program is the only way 
to ensure resilience against small numbers of pests 
gaining entry but then being ignored for too long

Corresponding author
Tom Strang, tom.strang@canada.ca

References

Ackery, P. R., Pinniger, D. B. and Chambers, J. 
1999. Enhanced pest capture rates using phero-
mone baited sticky traps in museum stores. 
Studies in conservation, 44, 67–71.

Andersen, F. S., 1961. Effect of density on ani-
mal sex ratio. Schol. Acto. Ecologica, Scandinavia, 
12(1), 1–16.

Byrd, J. H. and Castner, J. L. (eds.). 2001. Forensic 
Entomology, New York: CRC Press.

Caswell, H. 2001. Matrix population models, con-
struction, analysis and interpretation, Sunderland 
Mass.: Sinauer Associates Inc.

Cohen, J. E. 1986. An uncertainty principle in 
demo graphy and the unisex issue. The American 
Statistician, 40, 32–39.

Cohen, J. E. 1995. Population growth and Earth’s 
human carrying capacity. Science, New Series, 
269, 341–346.



81

odologies and documentation of conservation of 
tangible cultural heritage to support its preserva-
tion, protection and maintenance and to enhance 
its significance” (Fassina, 2015). Since then, more 
than 30 standards have been published, and  others 
are in the making. They span from standards on 
test methods for laboratory work, to indoor cli-
mate, storage, packing, transport, light and other 
museum and archive related topics. A standard on 
improving energy performance in historic houses 
(EN 16883) has generated a lot of interest in the 
building conservation community. There is also a 
relatively new standard on the conservation pro-
cess and its decision making, planning and imple-
mentation (EN 16853), which may help commis-
sioners and practitioners to better communicate 
specific cultural heritage requirements, for exam-
ple, when procuring services. 

Every new CEN standard is written in English 
and is always translated into French and German 
directly. It is then up to each country whether to 
translate it to their national language or not. 

Introduction

In 2016 the European standard EN 16790 Con-
servation of cultural heritage – Integrated pest man-
agement (IPM) for protection of cultural heritage 
was finally launched and introduced to the cul-
tural heritage IPM community at the 3rd interna-
tional IPM conference in Paris the same year. The 
authors of this paper have been involved in creat-
ing the standard as experts and mirror committee 
members and have an invested interest in seeing 
that the standard is known and followed. Almost 
three years later, we have come quite far in imple-
menting the standard in Sweden, and aim further. 

European standards for cultural heritage 
– background 

Work on creating European standards for the pro-
tection of cultural heritage, started in 2004 with the 
establishment of the Technical Committee 346 Con-
servation of Cultural Heritage within the European 
standardization body, Centre Européen de Nor-
malisation (CEN). The aim was to establish stand-
ards in the field of “…processes,  practices, meth-

LISA NILSEN, INGELA CHEF HOLMBERG & CAROLA HÄGGSTRÖM 

We have an IPM standard – now what?

Abstract
In 2016, a new European standard, EN 16970 
Integrated Pest Management of Cultural Heritage 
was adopted. It is a managerial standard, stat-
ing what is essential in a museum, an archive 
or similar institutions, in order to keep pests, 
including mould, to a minimum. The  Swedish 
National Heritage Board has, since the start 
of the standardisation within CEN/TC 346 Con-
servation of Cultural Heritage in 2004, been 
engaged in contributing expertise to the dif-
ferent working groups. 

Since 2014, several actions have been taken 
in order to make the standards better known: 
translation to Swedish, brochures and leaflets, 
and Swedish National Heritage Board staff pro-
moting them at conferences and seminars, and 
most importantly, making them free of charge 
for a three-year period. For the  IPM-standard 
in particular, the Swedish National  Heritage 
Board has organised two-day courses for 
IPM-coordinators and launched e-learning 
training courses on toxic substances. 

Key words: IPM; standardisation; EN 16790
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Creating the IPM-standard took approximately 
four years. It was sometimes hard to comply to 
the specific standardisation language, trying to 
avoid handbook writing, and instead list the dos 
and don’ts. There were two issues where consensus 
was hard to reach. The first was whether to include 
microorganisms (mould, photosynthetic organ-
isms and bacteria) into the definition of pests. 
After long discussions and expert opinions, it was 
decided that the definition of pests, for the pur-
pose of the standard, was to be defined as a “liv-
ing organism that is able to disfigure, damage, and 
destroy cultural heritage”, and as examples were 
given: insects, rodents, fungi and bacteria. The 
second was how to specify quarantine for incom-
ing materials – there were many different options 
and it was impossible to conclude a safety level 
depending on the type of institution or organisa-
tion. The final text was a compromise, stating the 
importance of quarantine, but not detailing how 
to obtain it. 

The normative text in the standard is actu-
ally not more than 14 pages long, followed by five 
informative annexes (another 13 pages) and a bibli-
ography. Here follows a short presentation of some 
major themes in the normative text. 

Defining roles and responsibilities

It was deemed necessary for an institution to 
have an IPM policy as a way to put IPM on the 
agenda on a continuous basis and firmly establish 
the concept at senior management level. Having 
an IPM policy can also make it more difficult to 
neglect IPM when there is a need, for instance, to 
save money, especially since any policy should be 
authorized and signed by the senior management. 
Equally important was the role of IPM coordina-
tor. Such a position may be a full time job for one 
person in a big museum or archive, whereas in a 
smaller workplace, the position could be held by 
someone responsible for the collections or other 
similar functions. The workload of the IPM coor-
dinator will vary depending on the size and type 
of collection, but some tasks will probably be very 
similar: training other staff, creating and main-
taining procedures for inspection, dealing with 
external pest companies, etc. The IPM coordina-
tor will report back to management and suggest 
improvements for reducing risks. 

What is a standard?

“Standards are documents that set out specifi-
cations and other technical information with 
regard to various kinds of products, materials, 
services and processes” (www.cen.eu). 

Written standards facilitate communication across 
borders – the most known standards deal with 
measurements, such as the A4 paper and the met-
ric system. Working according to established prac-
tice gives confidence, is sustainable, professional 
and not dependent on certain individuals. If the 
process is clear, time and money might be saved. 
Internal rules and regulations can be written with 
the standards as basis. Cooperation between cul-
tural heritage organisations, both nationally and 
internationally could be facilitated. Standards can 
also be a valuable tool for procurement. For an 
organisation to comply with a standard, it could 
be considered as a stamp of quality – customers 
will know that basic requirements are followed. 

Standards can be very specific, describing tech-
nical details. They can also describe processes and 
management. The IPM standard, EN 16790, is an 
example of a process standard. 

Standards can be somewhat dry. They need to 
be clear and void of ambiguity. There is a certain 
standardisation language that one needs to get 
used to. It is important to emphasize that a stand-
ard is not a handbook, but that handbooks com-
plement a standard. 

A drawback is that a standard is a compromise 
– sometimes the experts have to reach consensus 
on the lowest common denominator for an occur-
rence. There is however nothing to stop organisa-
tions who want to raise their own standards above 
the European one, and add elements that suit their 
own purposes. 

Short presentation of the IPM standard

The standard Integrated pest management (IPM) for 
protection of cultural heritage, EN 16790, was pub-
lished in 2016. European experts in the fields of 
biology, microbiology, entomology, conservation 
science, conservation and museum studies devel-
oped the standard over several years. Mirror com-
mittees in all member countries had the opportu-
nity to give feedback in writing between meetings. 
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spreading of the standards within the techni-
cal committee CEN/TC 346 Conservation of cul-
tural heritage through information and communi-
cation, translation of standards, case studies and 
best practice, access to standards for cultural her-
itage organisations, and even a museum test group 
trying out a selection of standards (Nilsen, 2017). 
Below we list some of the actions taken to pro-
mote standards in general and the one on IPM in 
particular. 

1) Agreement on providing published 
standards free of charge

To encourage the use of standards in the heritage 
field, the Swedish National Heritage Board and 
the Swedish Institute for Standards (SIS) con-
cluded an agreement of sponsorship to make all the 
published standards within CEN/TC 346 accessi-
ble in Sweden to download free of charge during 
a period of three years starting 1st  January  2018. 
During these three years, several activities will 
be carried out to further raise the awareness and 
use of the standards. In order to read and down-
load standards, one has to register with name and 
affiliation. It is important for SIS and the Swedish 
National Heritage Board to have statistics on the 
use of the standards. At present, almost a year and 
a half after the release, 505 user accounts have reg-
istered. The main part of users represent museums 
of all categories, state owned national museums to 
small municipal museums (67 organisations, with 
158 accounts). The second largest user group rep-
resents the private sector, represented by archi-
tects, consultants and contractors (68 companies), 
mostly within the building conservation sector. 
Other public organisations and institutes such as 
state, county and municipal administrations, and 
universities, is the third largest group (61 organi-
sations). Another big user is the Church of Swe-
den, with 36  different registrations. A substan-
tial increase in the number of downloads can be 
detected after specific information campaigns at 
conferences and seminars. As for the IPM-stand-
ard SS  EN  16790, it is second on the list with 
130  downloads after SIS-CEN/TS  16136 Guide-
lines and procedures for choosing appropriate lighting 
for indoor exhibitions (which is a so called technical 
specification) (Hultsten, 2019).

 

Risk reduction

Preventive conservation today is focused more 
and more towards risk assessment. The same goes 
for IPM, as it is an integral part of risk manage-
ment within an organisation. For example, during 
exhibitions, transport, functions and other activ-
ities, IPM must be a part in the planning pro-
cess, as well as when building or constructing new 
 storage. EN 16790 points towards another stand-
ard, ISO 31000, Guidelines for risk management, 
which is not sector specific, and provides a com-
mon approach to managing any kind of risk. 

Preventive measures – IPM procedures

As the reader will know, prevention rather than 
cure is the goal for any IPM programme. There 
are many cost-effective and easily managed tasks 
that will effectively diminish risks and subsequent 
outbreaks, and they have been listed in the stand-
ard. The concept of the ten agents of deteriora-
tion, as developed by the Canadian Conservation 
Institute, with the control methods avoid, block, 
detect, respond, recover (Michalski, 1990), were 
very suitable to the purpose.

Annexes with further information

At times, information that is not normative, but 
still deemed necessary by the experts creating a 
standard, can be put in an annex. The annexes in 
EN 16790 give examples on what an IPM policy 
may look like, what so called risk zones are, and 
how a checklist for inspection can be put together. 
There is also an annex listing treatments for pest 
infestations. Finally, the longest annex is quite 
descriptive, outlining general characteristics, pre-
vention, detection and diagnosis, response and 
treatment for five different kind of pests: insects, 
rodents, fungi, photosynthetic organisms, and 
bacteria. 

Implementation of the IPM standard
 – the Swedish example

When a standard has been published, a new line of 
work starts, namely implementing them and put-
ting them to use. The task of implementing cul-
tural heritage standards is high on the agenda at 
the Swedish National Heritage Board.  Several 
measures are in place for implementation and 
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gramme. Tutors were conservators with different 
specialities (natural history, paper and preventive 
conservation), an entomologist, a microbiologist 
and a specialist from the Swedish Work Environ-
ment Authority. Course participants came from the 
museum and archive sector, and they were a very 
mixed group: curators, antiquarians and archivists, 
conservators, technicians, and cleaners. 

Presentations on identification of insect pests, 
mould, health hazards and documentation of find-
ings were followed by realistic risk finding scenar-
ios in the museum storage areas. Participants were 
also given blunder traps with pests in them to try 
to identify insects as they are often found, stuck 
in the glue, not prime examples from a study col-
lection. 

Focus was also given on so called soft skills, 
inspired by a presentation from the recent IIC 
conference (Wickens & Hess Norris, 2018). It is 
deemed necessary to communicate in a manner 
that lifts the importance of IPM and preventive 
conservation without scaring off managers and 
colleagues.

The courses were quickly fully booked, and 
the Swedish National Heritage Board is going to 
organise two more courses in 2019. One main feed-
back from participants was that managers ought to 
participate in this kind of training. They shall sign 
the policy and provide funding for IPM. It is there-
fore important that they know more about IPM. 

2) Training future IPM coordinators

EN  16790 states the following: One staff position 
shall be appointed as coordinator of the IPM pro-
gramme, henceforth called IPM coordinator. The 
IPM coordinator shall be responsible for developing 
and implementing an IPM strategy. He/she shall act 
as a project manager, able to collect and communicate 
information effectively to senior level management 
and other relevant positions.

The IPM coordinator shall be knowledgeable and 
experienced in IPM, including identification of cul-
tural heritage pests, pest biology, and treatment meth-
ods used for cultural heritage. If needed, special train-
ing shall be provided to increase competence.

It is not realistic that Swedish museums would, 
among their staff, find people “knowledgeable 
and experienced in IPM”. Only a few museums 
would have that kind of expertise. That is why 
the  Swedish National Heritage Board and PRE-
MAL (see below) organised two two-day training 
courses: “Becoming an IPM coordinator”. The aim 
was to encourage museums to focus on this impor-
tant area, and launch the IPM-standard. 

The courses were held at the National Museums 
of World Culture in Göteborg and Stockholm. The 
contents were built on EN 16790 and included gen-
eral information regarding what is expected from 
museums and archives following the standard, and 
organisational actions  facilitating an IPM pro-

FIGURE 1. IPM coordinators in spe checking blunder traps and identifying the catch during the course. Photo: Lisa Nilsen.
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always higher after a conference or course where 
they have been highlighted. 

5. E-learning

A subject bordering to IPM is health hazards 
and toxins – for PRE-MAL (see above) this was 
always a very important part of IPM and has been 
these last 30 years. In 2016, the Swedish National 
Heritage Board launched an e-learning project 
on hazards in museum collections and contami-
nated materials, since the awareness and know-
ledge about health issues related to collection work 
was deemed insufficient. An educational package 
was developed, aimed primarily at managers, but 
available for everyone. To date, approximately 200 
users have gone through the e-learning course. 

6. Other means of communicating

The Swedish National Heritage Board has estab-
lished a routine to present all published stand-
ards with an article on their website when they are 
launched. Call for experts on new work items are 
also presented with articles. Each new standard is 
also presented in an information leaflet that can be 
downloaded as pdf. A total of 13 leaflets have been 
published and more are produced as new standards 
are being published. And of course, information 
has also been distributed to the County Admin-
istrative Boards and to a broader public through 
social media. The IPM standard, and the grey 
silver fish, were for example topics in the Conser-
vation Podcast (K-podd), hosted by the Swedish 
National Heritage Board. 

The yearly national conference on collection 
management took place in November 2018, with 
best practice and standards as a main topic, and 
the IPM standard was highlighted in a workshop. 
A peak in downloads of standards was notable the 
month after the conference (Hultsten, 2019). 

Discussion
Managerial interest?

A crucial point when it comes to IPM, standards 
and preventive conservation overall, is the engage-
ment of the institution’s managers. EN  16790 
states the following: The IPM policy shall be author-
ized by management and included in the institution’s 
policy documents. IPM shall be a standing item on the 
agenda at both senior management level and in the 
conservation department, where one exists. IPM shall 

3. PRE-MAL

Sweden is very lucky to have a lively IPM com-
munity centred around the working group PRE-
MAL, which stands for Pest Research and Educa-
tion – Museum, Archives and Libraries. PRE-MAL 
was founded in 1984, then considered to be only 
a temporary necessity (Edmar, 1998). As we all 
know, IPM is more than ever in focus and PRE-
MAL is still thriving. PRE-MAL was awarded 
an Europa Nostra Medal in 2004 for “a continu-
ous, up-to-date and free source of practical infor-
mation, as well as commendable educational initi-
atives, on non-toxic insect pest control in archives 
and museum collections” (Europa Nostra, 2004). 

Today PRE-MAL is managed by the Swedish 
National Heritage Board. PRE-MAL has taken an 
active part in spreading knowledge of IPM in gen-
eral and the IPM standard in particular through its 
extensive mailing list (65 organisation within the 
cultural heritage sector), yearly seminars and Face-
book. PRE-MAL is no longer an active research 
body, however, they can propose and initiate 
research, for example research on the grey silverfish 
and a newly published report (Szpryngiel, 2018).

For PRE-MAL, health hazards and toxins have 
always been an integral part of IPM. An expert in 
work environment and health has always been part 
of the PRE-MAL steering group. 

4. Fact sheets on IPM

Since 2013, the Swedish National Heritage Board 
publishes online fact sheets on preventive conser-
vation, so-called Vårda väl-blad. The primary tar-
get group is smaller museums, churches and local 
historical societies with little knowledge on con-
servation and preservation. The fact sheets are 
illustrated, 2–6 pages, and written in a man-
ner to assume little or no prior know ledge of the 
subject in question. In 2018, seven fact sheets on 
IPM have been published, following the con-
tents of the standard and the control methods 
avoid, block, detect, respond, and recover. In tan-
dem, several fact sheets have been published on 
health hazards in collections – there are for exam-
ple texts on old poisons and biocides such as arse-
nic, DDT, naphthalene, as well as instructions on 
the safe use of desiccant dust. Next in line are fact 
sheets on mould: prevention and health hazards. 
Until now, the fact sheets have had approximately 
10,000 viewings. The number of downloads are 
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more constructive criticism may help to make the 
standard better and update it for future use. If you, 
as a reader of this article, are interested in join-
ing for revision, contact your national standardi-
sation body. 

By organising this conference, the Swedish 
Heritage Board and partners want to strengthen 
the knowledge of standards in general and par-
ticularly EN 16790, the standard on IPM.
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Biology and behaviour of webbing 
clothes moth Tineola bisselliella

Webbing or common clothes moth Tineola bissel-
liella has been recorded as a museum and domestic 
pest in many countries. In recent years there has 
been a rapid increase in numbers, particularly in 
the United Kingdom (UK) and Northern Europe 
(Pinniger, 2013). Tineola was not recorded as a spe-
cies by Linnaeus in the 18th century and it was 
probably spread to Europe from southern Africa 
in the mid 19th century with the increase in inter-
national trade (Plarre and Kruger-Carstensen, 
2011). There has also been a large increase in moth 
problems in cities in the USA in the last few years. 
Kelley (2018) lists the top 15 cities with high levels 
of webbing clothes moth with those on the eastern 
seaboard being the worst affected.

The biology, behaviour and life cycle of T bis-
selliella are well documented by Cox and Pinniger 
(2007). Recent work by Plarre (2014) has demon-
strated that it is an urban pest which will not 
survive winter conditions outdoors in northern 
Europe and does not generally live in bird nests as 
previously thought. 

Introduction 

English Heritage (EH) became a charity in 2015 
and is responsible for the conservation and pres-
entation of over 400 historic sites including 115 
properties housing over 500,000 objects across 
England. Preventing damage from insect pests 
to historic house collections, where objects are on 
open display, presents a major challenge to staff 
and owners. The presence of floor, roof and wall 
voids as well as chimneys and vulnerable organic 
materials, creates the ideal environment for insect 
pests particularly webbing clothes moth Tineola 
bisselliella to thrive. Heating to comfort levels for 
winter opening, events and for family use in the 
case of private homes has also increased webbing 
clothes moth activity. Once established in an his-
toric house, webbing clothes moths are very dif-
ficult to eradicate and are therefore emerging as 
the insect pest of greatest concern. This paper out-
lines insect pest trap data from a number of sources 
in order to review the level of risk from webbing 
clothes moth to EH and historic collections gen-
erally. It also mentions the possible risk posed by 
the pale backed clothes moth Monopis crocicapitella. 

AMBER XAVIER-ROWE, PAUL LANKESTER, DAVID PINNIGER & DEE LAUDER 

Webbing clothes moth Tineola bisselliella and 
the risk to historic collections in England

Abstract
Webbing clothes moth Tineola bisselliella catch 
data from English Heritage and other United 
Kingdom museums as well as from the general 
public following the Operation Clothes Moth 
campaign, are analysed. It is confirmed that T 
bisselliella numbers have significantly risen to 
a level that represents the highest insect pest 
risk to collections housed in historic buildings 
in the UK. A review of the established annual 
total measurement and a new average per trap 
metric is undertaken. Total annual catch com- 

 
bined with insect pest management expertise 
remains essential for judging the risk posed by 
webbing clothes moth and other insect pests. 
Monopis crocicapitella the pale back clothes 
moth is also highlighted as a possible future 
new pest species for historic house collections.

Keywords: webbing clothes moth Tineola 
bisselliella, insect pest management, heritage 
collections, pale backed clothes moth Monopis 
crocicapitella



89

traps were in place at 72 properties across England 
at the end of 2017. One to two blunder traps are 
located in each room where vulnerable collections 
are displayed or stored. The traps are placed in or 
near the fireplace and diagonally across the room 
sitting on the floor against the skirting board. 
For the 21 properties that house materials suscep-
tible to webbing clothes moth, pheromone lure 
traps (manufactured by Killgerm Chemicals) are 
deployed usually one per room on the mantelpiece 
above the fireplace or at head height on a shelf. 
Identification and recording is undertaken by 
trained staff, coordinated by the Collections Pest 
Control Manager. The combination of trained 
staff and central co-ordination has resulted in 
high quality trapping data that is actively used to 
help prevent damage to vulnerable collections. The 
impact of the IPM system is evidenced in the low 
risk score for insect pests in the State of EH Col-
lections survey (Xavier-Rowe and Fry, 2011) and 
the low incidence of damage to historic objects. 

The insect pest species presenting the high-
est risk to EH collections is the webbing clothes 
moth Tineola bisselliella as measured in annual 
catch totals. Case-bearing clothes moths Tinea 
pellionella numbers have been reducing over the 
same period and pale-backed clothes moth Mono-
pis crocicapitella numbers remain low. Over recent 
years, T. bisselliella numbers caught in blunder and 
pheromone traps have increased from 1142 in 2012 
to 2514 in 2017 (Figure 1). From 2008, T. bisselliella 

Webbing clothes moth larvae eat a range of 
animal protein-based materials with consequent 
severe damage to wool, fur, feathers and skins. 
Silk can also be attacked if it is soiled and although 
the larvae will not survive on cotton or synthetic 
fabrics, large larvae will chew holes through them 
before they pupate. 

The life cycle is very dependent upon higher 
temperatures and at 25  °C each female will pro-
duce 100 eggs over a few weeks resulting in three 
generations a year in a centrally heated house or 
museum (Pinniger 2015). This rapid escalation 
of moth numbers has been seen in many houses 
in the UK over the last few years, including EH 
properties.

It is not clear why numbers of Tineola have 
increased so dramatically over recent years. The 
availability of effective pheromone traps gives us 
a better tool for detecting moth populations, but 
the data shows that numbers in EH properties 
have increased over the last three years up to 2017 
with no increase in trap numbers (Figure 1). One 
contributing factor may be the banning of DDVP 
[dichlorvos], which was exceptionally effective at 
killing adult moths at very low dose exposure to 
the insecticide vapour.

Webbing clothes moth at English Heritage

English Heritage has been running an Integrated 
Pest Management (IPM) programme since 1997 
(Xavier-Rowe and Lauder, 2011). The insect pest 

FIGURE 1. Webbing clothes moth Tineola bisselliella annual catch totals and Killgerm pheromone 
traps used at English Heritage properties from 1997 to 2017. 
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increase of 2.5 times or more for both groups from 
2014 to 2016, when trap numbers are more com-
parable. Clearly the threat from webbing clothes 
moth to vulnerable objects in EH properties is 
high and has increased significantly over the past 
five years. 

Webbing clothes moth data from 
UK museums and heritage organisations

Reviewing webbing clothes moth data avail-
able for over 130 sites (including EH) on the 
What’s Eating Your Collection website (http://
www.whatseatingyourcollection.com/) reveals a 
similar picture in terms of the risk posed by this 
insect pest across the United Kingdom. In terms 
of numbers, webbing clothes moth are signifi-
cantly higher than any other recorded pest. They 
are spread across the UK with a clear concentra-
tion in London and the southern England (Fig-
ure 3). 

Webbing clothes moth levels in 
domestic homes in England

During 2017 English Heritage conceived a cam-
paign called Operations Clothes Moth to help 
raise the profile of preventive conservation through 
highlighting the emerging risk from clothes moths 
in England (Xavier-Rowe et al, 2018). Webbing 
clothes moth pheromone traps supplied by Rus-
sell IPM Ltd. were distributed to all staffed EH 
properties and the public encouraged to pick up a 

pheromone lure boards in AF ‘Demi Diamond’ 
holders supplied by Killgerm Chemicals have been 
used. The annual ‘total numbers caught’ data indi-
cate a significant rise in T. bisselliella numbers, 216 
percent over five years. 

Assessing the catch data from 2014 to 2017 
there are five properties (Eltham Palace, Rang-
ers House, Kenwood House, Osborne House and 
Cobham Hall School) that are consistently identi-
fied as having webbing clothes moth infestations. 
An infestation is broadly defined as a total catch of 
greater than 31 at a property (Xavier-Rowe, 2018). 

Separating catch data from infested proper-
ties potentially provides further insight into the 
national risk level from webbing clothes moth 
(Jarvis, 2016). Focusing on the catch on phero-
mone lure boards the rise in total annual catch 
numbers at five infested EH properties, and those 
properties monitored but not infested (21 sites, 
with numerous buildings at some sites) shows a 
rise in webbing clothes moth in both cases (Fig-
ure 2). Comparing 2017 and 2014 totals, both 
groups have approximately a threefold increase 
in the quantity of webbing clothes moth caught. 
For infested properties, the total catch in 2017 was 
3.15 times that in 2014. For the other properties 
there were 3.06 times more webbing clothes moth 
in 2017 than 2014. For the first three years phero-
mone trap numbers were consistent at 96, 96 and 
94. In 2017 this increased to 124 pheromone traps. 
Taking this increase into account, there is still an 

FIGURE 2. Webbing clothes moth Tineola bisselliella annual totals from pheromone lure boards used in 21 
properties, separated into infested properties and non infested English Heritage properties from 2014 to 2017. 
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FIGURE 3 (left). Webbing clothes moth Tineola 
bisselliella numbers recorded by museums and 
heritage organisations in the United Kingdom up to 
December 2018 from What’s Eating Your Collections 
website. 

FIGURE 4 (above). Operation clothes moth trap. 
Photo: English Heritage.

FIGURE 5. Webbing clothes moth and pale packed clothes moth on the same trap. Photo: DBP Entomology.
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(17 and 16 per trap). The east follows (12 per trap) 
with the Northeast, Northwest and East Mid-
lands much lower (6, 5 and 3 per trap). 

Participants were asked to record whether they 
had noticed damage from clothes moths: 40 per-
cent of respondents reported seeing damage. The 
average webbing clothes moth catch per trap when 
damage was seen was 31, statistically significantly 
different to when no damage was seen, at seven 
per trap. This presents a potential threshold value 
whereby 31 or more webbing clothes moth on a 
trap indicates a serious infestation. However, more 
research is required to confirm this threshold. The 
evidence from Operation Clothes Moth data sug-
gests that webbing clothes moth is becoming a 
major issue in domestic homes in England. 

Total catch compared to average 
catch per trap

The experience of analysing webbing clothes moth 
data generated by the general public resulted in 
a review of how to better measure EH webbing 
clothes moth catch data. Could the average per 
trap metric provide further insight into the risk 
level in addition, or in place of, the traditional 
annual total count method?

free trap to deploy in their home for three months. 
They were asked to record on the EH website the 
number of webbing clothes moth and pale-backed 
clothes moths Monopis crocicapitella caught (Fig-
ure 4). 

The pale-backed clothes moth, Monopis croci-
capitella, is another species of moth that has been 
found on Tineola pheromone traps in increas-
ing numbers over the last five years (Figure 5). 
Although closely related to Tineola, its natural 
home is bird nests and also bat guano (Heckford 
and Beavan, 2018). There are very few records of 
damage by Monopis (Gerard, 1995). The pest status 
of this species is not yet clear and more evidence is 
needed to establish if Monopis could be a problem 
pest in the future. 

The media response to the press release was 
unprecedented with over 19 BBC national and 
regional radio interviews, five TV news features 
and six articles in newspapers and magazines. This 
level of media interest on its own would suggest 
that webbing clothes moth is an issue in domestic 
homes in England. 

In total 4,500 traps were distributed to visitors, 
213 moth counts were recorded, a return rate of 4.7 
percent. Participants recorded information on a 
form on the English Heritage website. This had 
restricted fields, aiding data analysis, which cov-
ered postcode, property type, and trap location, 
amongst others. 

The total number of T. bisselliella caught was 
3,607. On average, 17 were found on each trap. In 
total, 69 of the 213 traps reported catching pale 
backed clothes moths Monopis crocicapitella, with a 
total of 460. This catch result for M. crocicapitella is 
much higher than expected when comparing pre-
vious totals from EH properties suggesting that 
this species is becoming established in domestic 
homes and could possibly pose a threat in future 
years to historic house collections.

Data was returned from 42 counties. Com-
pared to EH data from 11 counties this allowed 
an insight into the distribution of webbing clothes 
moth across England. To help normalise incon-
sistent returns from different English counties, 
an average per trap metric was used. The reported 
catch of webbing clothes moth was higher in the 
southeast of England (average 23 per trap) (Figure 
6). This then appears to radiate outwards, with the 
Southwest and West Midlands the next highest 

FIGURE 6. Webbing clothes moth data from Operation Clothes 
Moth, December 2017. 
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ing which is a marked improvement, however 
good cleaning needs to continue. For total annual 
catch and also reflecting comments in the annual 
IPM report the property was assessed a red risk 
level as there was an action to improve the stand-
ard of cleaning.

Marble Hill house has a long history of web-
bing clothes moth activity and has been part of 
an on-going trial for measuring the effectiveness 
of the Exosect webbing clothes moth population 
suppression method (Lauder, 2013). The source has 
been narrowed down to detritus trapped beneath 
the floorboards on the first floor. The floorboards 
are significant, being original to the construction 
of the 18th century building making lifting and 
cleaning underneath not an option. Maintaining 
a high standard of conservation cleaning to pre-
vent webbing clothes moths from becoming estab-
lished in expensive replica curtains and other soft 
furnishing is therefore essential. The observation 
that standards of cleaning have slipped is an early 
warning that needs to be addressed and suggests 
that a red risk level is more appropriate. 

Osborne House, the home of Queen  Victoria 
and Prince Albert, on the Isle of Wight was another 
site that showed different risk levels depending on 
analysis method used. Average catch per trap fig-
ures show a marked decrease over the last three 
years, designated as a red risk level highlighting 
a previous infestation which appears to be under 
control but there is a need to continue control mea-
sures. Whereas the total catch figure and annual 
IPM report noted an active infestation, and that 
treatment was needed as well as improved conser-
vation cleaning resulting in a black or highest risk 
level reflecting an active infestation which is not 
under control (Figure 8). 

Additional webbing clothes moth pheromone 
traps were deployed at Osborne over 2017 to help 
identify the source and this may be contributing to 
the apparent decline in numbers when averaged. 
The highly significant historic materials densely 
displayed in period rooms are a cause for concern 
and will require additional targeted conservation 
cleaning and potentially additional resoures to 
complete deep cleaning and treatments over many 
years to prevent damage.

These examples illustrate the need for IPM 
expertise alongside acurate catch data to make 
judgements about risk and the actions required 

Presenting the EH data as an annual total for 
each property has proved to be an effective way to 
highlight the risk from insect pests. EH focuses 
webbing clothes moth pheromone lure traps at 
properties where vulnerable materials are on dis-
play or in store to provide an early warning of activ-
ity. Another reason for monitoring is to under-
stand infestations, where they are located and to 
ultimately identify their source. The key potential 
weakness with reporting the catch as an average per 
trap at a property is that it disguises infestation lev-
els on one or two traps in an individual room. Using 
the annual totals metric has also proved useful for 
tracking changes over years to highlight risk lev-
els and to support the case for actions and resources 
required to mitigate the risk posed by insect pests.

Webbing clothes moth catch data at properties 
with pheromone lures for the years 2014 to 2017 
were reviewed. For each site the average catch per 
trap trend was compared with total annual num-
bers. To aid comparison between the two methods 
specific traffic light risk levels were created where:

• Green – no concerns, continue as we are;
• Amber – low numbers per trap,  general 

decrease in trend, be vigilant in  looking 
for signs of infestation and continue  
cleaning as we are;

• Red – increase in trend, but low numbers, 
be vigilant in looking for signs of infesta-
tion and continue cleaning as we are. Or 
previous infestation that we appear to be 
managing, continue to be vigilant, con-
tinue good housekeeping;

• Black – infestation established. Continue 
work to combat infestation, or increase 
measures to combat infestation. 

Comments recorded in the annual site IPM 
reports, which include background observations 
further highlighting potential risks also contrib-
uted to the traffic light level for total count results. 

Generally, the results were similar for total 
count and average per trap except for four prop-
erties (Down House, Dover Castle, Marble Hill 
House and Osborne House) out of 21 where web-
bing clothes moth pheromone traps are used. 

Marble Hill House in London was assessed dif-
ferently using each method. Average catch per 
trap of webbing clothes moth returned an amber 
risk level. This indicates that numbers are decreas-
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highlights that they present the highest insect 
pest risk for historic house collections in the UK 
and potentially in other countries. Key to pre-
venting damage from webbing clothes moth and 
other insect pests is IPM expertise combined with 
a coordinated trapping programme. Recording 
annual total catch results each year remains an 
essential part of a successful IPM programme. 
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to control and prevent damage from webbing 
clothes moth and other insect pests. The average 
catch per trap measurement does not give a signif-
icant amount of additional information in terms of 
risk levels at a site-based level and may mask early 
infestations, which in the case of webbing clothes 
moth are essential to control before they become 
established in the building. 

Conclusion 

Reviewing webbing clothes moth Tineola bissel-
liella catch data from EH, UK museums and her-
itage organisations and the general public, clearly 

FIGURE 7. Webbing clothes moth Tinela bisselliella at Marble Hill House presented as 
total catch and average catch per trap from 2014 to 2017. 

FIGURE 8. Webbing clothes moth Tineola bisselliella at Osborne House expressed 
as total catch and average catch per trap from 2014 to 2017. 



95

Plarre, R., Kruger-Carstensen, B. 2011. An 
attempt to reconstruct the natural and cultural 
history of the webbing clothes moth Tineola bis-
selliella. Journal of Entomological and Acarological 
Research 43(2): 83–93.

Plarre, R. 2014. Likelihood of infestations by 
Tineola bisselliella from natural reservoirs. In: 
Muller, G. et al. (eds.), The 8th International Con-
ference on Urban Pests. Veszprem: OOK Press 
Kft, pp. 345–352.

Pinniger, D. B. 2013. Past, Present and Future. 
Changes in status and distribution of museum 
insect pests. In: P. Querner, D. Pinniger, A. 
Hammer (eds.), Integrated Pest Management 
(IPM) in Museums, Archives and Historic Houses 
– Proceedings of the International Conference in 
Vienna, Austria 2013. Section I: IPM in Muse-
ums, pp. 18–28. [online] Available from: https://
museumpests.net/conferences/internation-
al-conference-in-vienna-austria-2013/ [Accessed 
7 January 2019].

Xavier-Rowe, A. and Fry, C. 2011. Heritage Col-
lections at Risk – English Heritage Collections 
Risk and Condition Audit. In: ICOM-CC Lis-
bon 2011 16th Triennial Conference Proceedings. Lis-
bon. International Council of Museums. [online] 
Available from: https://www.english-herit-
age.org.uk/siteassets/home/learn/conservation/
collections-advice--guidance/heritage_collec-
tions_at_risk.pdf [Accessed 7 January 2019].

Xavier-Rowe, A., and Lauder, D. 2011. Ten years 
of integrated pest management at English Her-
itage. In: P. Winsor et al. (eds.), Integrated Pest 
Management for Collections, Proceedings of 2011: 
A Pest Odyssey, 10 Years Later. London: English 
Heritage, pp.10–15.

Xavier-Rowe, A., Lankester, P., Lauder, D., and 
Pinniger, D. 2018. Operation Clothes Moth: 
Where Preventive Conservation and Public 
Engagement Meet. In: A. Nevin, et al. (eds.), 
Preventive Conservation, The State of the Art Con-
gress Preprints, 10–14 September 2018, Turin. Italy. 
The International Institute for Conservation, 
pp. 445–450.

Materials

T. bisselliella pheromone lure boards in AF ‘Demi 
Diamond’ holders supplied by Killgerm Chem-
icals

T. bisselliella pheromone traps supplied by Russell 
IPM Ltd

Corresponding author
Amber Xavier-Rowe, amber.xavier-rowe@eng-
lish-heritage.org.uk

References 

Cox, P. D., and Pinniger, D. B. 2007. Biology, 
behaviour and environmentally sustainable con-
trol of Tineola bisselliella. Journal of Stored Prod-
uct Research 43(1): 2–32. 

Gerard, P. J., 1995. An infestation of Monopis croci-
capitella in wool carpet. New Zealand Entomolo-
gist, 18: 55–61.

Heckford, R. J., and Beavan, S.D. 2018. Mono-
pis crocicapitella: case bearing larvae in England 
found feeding on bat droppings. Entomologist’s 
Record 130: 233–248.

Jarvis, H. 2016. IPM at the National Trust: New 
Metrics and methodologies for enhanced pest catch 
analysis. Presentation given at the English Her-
itage, Historic Royal Palaces, National Trust 
Research Seminar, Tower of London, 9 Decem-
ber, London. 

Kelley, P. 2018. The most moths. PCT Pest Con-
trol Technology Magazine. July 2018. [online] p. 
92. Available from: https://www.pctonline.com/
article/the--most-moths/ [Accessed 07 January 
2019].

Lauder, D. 2013. Update on the IPM programme 
at English Heritage. In: P. Querner, D. Pinni-
ger, A. Hammer (eds.), Integrated Pest Manage-
ment (IPM) in Museums, Archives and Historic 
Houses – Proceedings of the International Confer-
ence in Vienna, Austria 2013. Section II: Case 
Studies, pp. 123–131. [online] Available from: 
https://museumpests.net/conferences/inter-
national-conference-in-vienna-austria-2013/ 
[Accessed 07 January 2019].



96

Trincomalee, launched in 1817 and the oldest war-
ship still afloat in Europe. In Belfast is HMS 
Caro line, a light cruiser from the First World War 
afloat in permanent dock, the only surviving ves-
sel that took part in the Battle of Jutland. The col-
lection also includes three smaller Coastal Forces 
craft from the Second World War, in storage at 
the Fleet Air Arm Museum in Yeovil, Somer-
set, and several submarines at Gosport, including 

Introduction

The National Museum of the Royal Navy 
(NMRN) cares for the largest collection of his-
toric ships in the UK, located across several sites. 
The main site is at Portsmouth Historic Dockyard, 
where HMS Victory and HMS M.33 are located 
in dry dock, and HMS Warrior is still afloat but 
permanently moored within the museum site. At 
Hartlepool in the north-east of England is HMS 

DIANA DAVIS 

Bringing IPM to historic ships in the UK

Abstract
The National Museum of the Royal Navy 
(NMRN) has the largest collection of historic 
ships in the UK, located across five different 
sites within the museum group. These include 
HMS Victory, HMS Warrior, HMS Trincomalee and 
HMS Caroline, ships of differing periods and 
materials of construction. Until recently, there 
has been no consistent means of identifying 
and controlling museum pests within these 
historic structures. Introducing IPM practises to 
the ships will be discussed along with the chal-
lenges faced.

The main challenges centre around dealing 
with inherited pest infestations that include 
well-established wood-borers such as death 
watch beetle (Xestobium rufovillosum) on HMS 
Victory. This presents a significant threat to a 
high-profile item of national heritage, and has 
generated some pilot studies into the relation-
ship between the wood-borers and fungal 
species on board the ship, as well as ways to 
quantify the damage from the beetles that are 
non-invasive.

Another challenge is found in communi-
cating the importance of IPM to all staff and 
teams across a multi-site museum. A shared 
workshop space and pressures of time and  

 
resources within the busy museum sites often 
mean that proper quarantine measures have 
not been observed. Controlling the movement 
of objects and pests between sites is further 
hampered by a lack of quarantine facilities at 
many sites.

This paper is intended to discuss the prob-
lems and successes that have been expe-
rienced in introducing IPM to an unusual 
museum environment, where the historic ships 
are de facto gallery spaces that the visitors may 
walk through.

At the time of writing we have just had con-
firmation that an unusual silverfish discov-
ered in the HMS Victory timber store is Cteno-
lepisma lineata, which is the first known report 
of this species in the British Isles. Collaborating 
with other institutions and specialists, includ-
ing the Museum of London, we are looking into 
the implications for museums and collections 
care in the UK, in the light of this new potential 
risk. This find has highlighted the importance 
of accurate species identification in IPM prac-
tises and the vital need for quarantine facilities.

Key words: pest; ship; wood rot fungi; 
death watch beetle; silverfish
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archaeologists, conservators, curators and ship-
keepers; in total 29 roles that must care for all the 
NMRN historic vessels across five sites.

The challenges

Conservation of historic ships is a challenging 
undertaking that combines all the issues facing 
very large objects, displayed outdoors in a mari-
time environment, and with thousands of visi-
tors each year who walk through the interiors. 
The ships are open for schools workshops, special 
events and are dressed as museum spaces, in some 
cases with historic objects as well as replica mate-
rial on board.

It quickly became clear that there were inher-
ited pest issues, of varying severity, existing in 
many of the ships. A common driver to all these 
issues was that of high humidity, which is very dif-
ficult to remediate since the larger vessels are not 
in enclosed environments and cannot be entirely 
sealed against the weather. In the case of the sail-
ing ships HMS Victory (Figure 1) and HMS Trin-
comalee, there are open brows and gunports, and 
on the steel vessels HMS Caroline and HMS Alli-

the Holland I, first submarine of the Royal Navy 
which was raised from the sea-bed in 1982. After 
the NMRN was established in 2009, this col-
lection has grown as other sites and vessels have 
been incorporated, and a dedicated Historic Ships 
team was formed in 2015 working specifically on 
the conservation and maintenance of the historic 
vessels. The Historic Ships team comprises ship-
wrights, riggers, electricians, painters, managers, 

FIGURE 1. HMS Victory in dry dock in Portsmouth Historic 
Dockyard, an open coastal environment. 
Photo: National Museum of the Royal Navy.

FIGURE 2. Example annotated deck plan from IPM document for HMS Trincomalee. Source: Diana Davis, NMRN.
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Step two

Once the main issues had been identified, the con-
servators led the way in carrying out the neces-
sary works to resolve those issues that could be 
resolved quickly, with help from the shipkeepers. 
The shipkeepers are a small team within Historic 
Ships, recruited specifically to care for the daily 
housekeeping needs on each of the ships (McCor-
mack 2016). They have been given basic training in 
conservation cleaning and how to recognize pest 
activity and carry out simple remedial treatments, 
for example, freezing treatments to eradicate moth 
infestation of woollen blankets in hammocks. Fur-
niture beetles found within replica trunks in dis-
plays within HMS Trincomalee were eradicated by 
disposing of the replica objects and deep-cleaning 
the space, which led to a full ‘de-cluttering’ of dis-
play spaces and storage cabins throughout the ship. 
These materials and spaces then went through 
works to either replace the material at risk, or to 
treat with deterrent chemicals such as Constrain 
(based on permethrin) to prevent re-infestation 
(Figure 3). This preventive spraying is repeated on 
an annual basis in order to remain effective. This 

ance, there is a large temperature range resulting in 
problems with condensation and mould beginning 
to grow on surfaces and materials such as paper 
and textiles. On HMS Warrior, an iron and timber 
ship, we see a combination of these issues. 

´Environmental control measures, including use 
of internal heating and dehumidifiers, can only 
ever be of limited success, and so we are facing a 
long-term risk of pest activity within the ships. An 
integrated approach to pest management is there-
fore of critical importance.

Step one

The first aim has been to get a clear picture of all 
the pest issues and to build awareness in order to 
prevent the situation from getting worse. Each 
ship has been (or will be) surveyed and an IPM 
document provided for that ship, which lists and 
illustrates the species found on board, where issues 
are located, what objects/materials are at risk, and 
tracks treatments and progress through an annual 
review (Figure 2). The method used to produce 
these was based on advice taken from published 
works (Pinniger, 2015). The documents are made 
available to all museum staff, and notifications are 
circulated about any significant finds. 

At the Portsmouth site, one large workshop is 
shared by the entire team, for work on all the ships. 
This space was formerly dedicated to HMS Victory 
alone, but with the incorporation of other sites and 
the growing team and demand for space, it now 
serves as the main Historic Ships workshop. The 
space includes a timber store, workshops, office 
spaces, and storage areas for historic fabric and 
even archaeological material. The team are based 
in Portsmouth but travel to the other NMRN 
sites, often carrying equipment from the workshop 
with them. Significantly, there is no provision for 
quarantine facilities within the workshop build-
ings, and with the demand for space it is difficult 
to keep a dedicated area clear in the long-term. 
The risk of cross-contamination is therefore high, 
between ships within the Portsmouth site but also 
across NMRN sites, and the need for IPM once 
again becomes very clear. It is hoped that through 
the information gathered using IPM surveys and 
tracking of pest treatments, the need for invest-
ment in the on-site facilities can be demonstrated, 
and provision of a dedicated quarantine space can 
be prioritised.

FIGURE 3. Shipkeepers undertake preventive and remedial 
treatments under the direction of a conservator, HMS Victory. 
Photo: Diana Davis, NMRN.
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In this case it has resulted in the introduction of a 
pest species over a large area spanning three inter-
connected workshop/stores, and yet left us without 
exact knowledge of how and when this species was 
able to settle in these spaces. It also creates the risk 
of cross-contamination between these areas and the 
rest of the wider museum site, including the historic 
ships, galleries and library.

The death watch beetle on HMS Victory

The death watch beetle was first confirmed as 
present on the ship in 1932, and at that time was 
linked to infestation by several species of wet rot 
fungi (namely Polyporus sulphureus, Poria vail-
lantii and Poria xantha); it was further suggested 
that this may have been caused by use of infected 
timber in the repairs to the ship since her perma-
nent dry-docking in 1922 (Bugler 1966). The fungi 
were described in the 1932 survey as causing visible 
decay to the outer hull planking, including on teak 
planking around the bow, and the beam ends on 
the boom deck fitted in 1922. At this point however, 
the survey relied on general sampling and impres-
sions since there were no dismantling works pos-
sible, and the distribution of fungal activity could 
not be fully determined. Despite various attempts 
to eradicate the beetle, it has been active on the 
ship ever since this first report. Between 1937 and 
1988, the Royal Navy assigned two persons each 
season (March to June) to collect beetles from the 
ship as they emerged. Over this period the records 
show a total of 120,497 individual  beetles were 
captured. The annual counts are useful in illustrat-
ing the success of insecticidal treatments carried 
out and also the spread of beetles associated with 
reported spread of fungal contamination (Table 
1). For example, in three successive years of the 
1950s, methyl bromide fumigations were carried 
out, over which period the annual beetle count 
dropped from 953 to 72 individuals (McGowan 
1999); the effect of this treatment on the fungal 
growth was not recorded. These numbers can be 
compared to the counts given during years of pas-
sive trapping with glue traps; we have now tasked 
the shipkeepers with live collection counting, 
although due to staff time constraints, this is done 
during the course of their regular duties and is not 
a specific hunt as was carried out between 1937 and 
1988. The numbers resulting from these counts are 
included in the table below and demonstrate that 

team has been vitally important in bringing our 
baseline conditions up to standard, and in improv-
ing our in-depth knowledge and reaction times to 
issues that may arise. 

Step three

Some more complex issues came to light, however, 
that cannot be resolved so easily. The biggest pest 
problem was the death watch beetle infestation on 
HMS Victory, of which there is extensive historic 
evidence in the timber fabric (Figure 4), but also 
significant current activity. 

This issue needs a more considered approach, 
and some pilot research studies have been com-
pleted to test some initial ideas. The second most 
concerning issue brought to light was the identifi-
cation of grey silverfish in the timber store. These 
will be discussed below.

With the implementation of the IPM, general 
housekeeping standards have been improving and 
many small-scale pest problems have been uncov-
ered and resolved. The larger problems are related 
to environmental and site conditions that are dif-
ficult to resolve. The death watch beetle infestation 
on HMS Victory is very well-established, and will be 
difficult to control completely as the ship is exposed 
to the elements and as such the relative humidity 
and timber moisture levels are difficult to control. 
They tend to be much too high and therefore pro-
mote the conditions needed for the beetle to thrive. 
The identification of the grey silverfish on site has 
also highlighted the significance of a lack of quar-
antine measures and the problems this can cause. 

FIGURE 4. Showing historic damage to the jeer capstan, 
HMS Victory, by death watch beetle. 
Photo: Diana Davis, NMRN.
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and swabs from each deck as a representative sam-
ple of the growth on accessible surfaces on board 
(Figure 5). 

The list of 24 species identified included known 
lignin-degraders and known cellulose-degrad-
ers (Table 2), all of which are clearly a signifi-
cant risk to the historic fabric of the ship, to which 
the beetle attack is most likely a secondary effect. 
Air tests concluded that there was no health risk 
as spore levels were still within safe parameters 
within the ship.

the passive trapping method appears to under-rep-
resent the likely extent of infestation, as could be 
expected.

Since we know that fungal activity aids the 
 beetle in attacking timber, but we are still unclear 
on exactly how far the beetles depend on the  fungal 
decay to allow them to do so, it was recognised that 
more complete information on the extent of fun-
gal contamination in the ship was needed. A con-
servator specialising in fungal activity within her-
itage structures visited the ship and took samples 

TABLE 1. Existing record of emergence numbers of death watch beetle. Table: 
Compiled by Diana Davis using data from Bugler 1966, Magowan 1999 and NMRN data.
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to be actively infested with death watch beetles, as 
well as areas of extensive visible rot. The readings 
are taken with a Protimeter Timbermaster D184T 
probe and also with a Tramex PTM2.0 pin-type 
moisture meter. Five areas of active infestation are 
monitored currently, and readings range between 
9 and 22 % moisture content of the oak timber. The 
variation appears to be linked to weather condi-
tions and water ingress, with readings higher after 
periods of heavy rain. Some surprisingly low val-
ues may be linked to the amount of surface dam-
age and the localised drying this allows, added to 
the limited scope for good contact on the probes 
of the instruments on heavily damaged surfaces.

We are also interested in finding non-invasive 
means to quantify the damage by the beetle and 
fungi, since the problem is extensive and we are 
trying to preserve as much as possible of the ship 
without replacing historic material or having to 
resort to drilling tests with a decay-detector drill 
for structural assessments. An initial study was 
undertaken by a Masters student at Cranfield Uni-
versity, into imaging methods that might be used 
to investigate the extent of beetle damage (exclu-
sive of fungal decay) and its effect on structural 
integrity of timbers. Sample material was pro-
vided from HMS Victory that comprised pieces of 
oak that had been removed in the past because of 
known death watch beetle infestation. The study 
generated and analysed high-resolution images 
of the external surfaces and mapped exit holes 

Following this work, a conservation-led ship 
survey was completed that recorded all visible fun-
gal activity, including old damage/cracking, sus-
pected high-risk areas and fruiting bodies (with-
out species identification as this is not always 
possible where the fungus has subsequently dried 
out or died back, leaving only softened or bro-
ken timber). This has generated a list of targeted 
areas for fungicidal treatment and/or monitor-
ing. Unfortunately access to the timbers contin-
ues to be a problem, with some elements of such 
large size and painted surfaces where penetration 
is very difficult to impossible. A regime of collect-
ing wood moisture content readings around the 
ship was begun in 2018, and includes areas known 

FIGURE 5. Sophie Downes, conservator and specialist in 
fungal contamination in historic structures, sampling on HMS 
Victory. Photo: Diana Davis, NMRN.

TABLE 2. Listing fungi identified by specialist survey on HMS Victory by Sophie Downes PhD.
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The grey silverfish in the British Isles

An unusually large silverfish was first spotted in 
the timber store on pallets holding timber gratings 
from the ship. It could not be determined whether 
the silverfish had been brought in on pallets from 
outside the museum or on the gratings from the 
ship. Once again this highlights the disadvantages 
of a lack of quarantine procedures. After prompt-
ing from an article in Icon News by Museum 
of London conservators (Moore & Steer 2017), 
efforts were made to capture a specimen for identi-
fication, which was carried out by David Pinniger 
(independent IPM specialist) and Darren Mann 
(Oxford Museum of Natural History). This was 
found to be Ctenolepisma lineata, the four-lined sil-
verfish (Figure 7), which had not previously been 
recorded anywhere in the British Isles. This spe-
cies is much larger than the common Lepisma sac-
charina (also found at the NMRN) and has long 
appendages. It was previously known to be found 
across most parts of southern and central Europe 
and described as having body length up to 13.5 mm 
in length (Molero-Baltanás et al 2012).

A visit by the above-named specialists to the 
timber store also revealed the presence of Cten-
olepisma longicaudata, living alongside the line-

on the chosen samples (Figure 6). It then used 
micro-computed tomography (µCT) to scan and 
record the internal damage to the samples, and 
was able to conclude that there was a general cor-
relation between total surface tunnel area, mean 
internal tunnel volume, and structural integrity. 
This would suggest that the visible surface dam-
age (i.e. density of exit holes) can be taken as a 
reliable indicator of the extent of tunnelling below 
the surface, and that re-use of exit holes by indi-
viduals is not a significant factor. It remains to be 
seen, however, whether this theory would hold 
true over a wider sample area, given that there is 
such a well-established population of the beetle on 
board. 

While this study relied on destructive sam-
pling, and could not be applied to in situ tim-
bers in the same way, it does show that imaging 
of this kind may be useful in modelling or pre-
dicting the beetles’ behaviour within the historic 
timbers. For example, the µCT imaging showed 
clearly that the beetles’ pathways through the oak 
were not random, but often followed the summer 
growth rings and avoided the rays, with tunnels 
occasionally turning sharply if one was encoun-
tered (Southwell et al forthcoming).

FIGURE 6. Example of µCT imaging of a sample of HMS Victory oak suffering beetle damage. Photo: Richard Southwell & Fiona Brock.
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ata within the stacks of unused timber on storage 
racking (Mann, 2018). The longicaudata species 
had been identified in the previous year by the 
Museum of London conservators, but is also a 
recent arrival to the country. This store is housed 
in a historic ropeworks building in the dock-
yard (Figure 8), and is consequently poorly insu-
lated and subject to a wide range of environmental 
conditions. Environmental data shows an annual 
range between 35 and 85 %RH and temperatures 
between 11 and 28 °C. This may support the idea 
that the grey silverfish is capable of withstand-
ing warmer and drier conditions than Lepisma 
saccharina, as discussed by Moore & Steer (2017), 
although the silverfish are observed to seek darker, 
sheltered areas. This has implications in collec-
tions care across the British Isles, as it represents 
another risk to collections and the need for better 
species identification in monitoring practises.

Since alerting the museum staff about the pres-
ence of these grey silverfish species on site, com-
mercial team members were able to find and catch 
a specimen on board HMS Victory, in their store 
in the grand magazine. Again, we are unable to 
say for certain how the magazine came to host the 
silverfish, but it is suggestive that this store holds 
stock in cardboard boxes that is brought over from 
the main museum building. The potential for 
cross-contamination is certainly high, even if the 
direction of travel of the silverfish has not been 
correctly identified. These findings also under-
line the risks from lack of quarantine procedures 
within a site where infestations are known in cer-
tain buildings/structures. The next step will be a 
full survey of the timber store and workshops and 
an options appraisal for provision of quarantine 
spaces on site.

Communicating

As the 2018 summer season closed, the ship-spe-
cific IPM reports were updated. These were cir-
culated to all teams in the museum, and all teams 
were offered a briefing session to discuss the doc-
ument. These sessions were tailored to the team’s 
function and how they utilise the ship or ships, 
and what their movement patterns around the 
sites looked like. Learning, curatorial, commer-
cial, special events, visitor experience and main-
tenance activities were all included. Each team 
was made aware of the existing pest problems and 

FIGURE 8. Showing the timber stacks amongst which the grey 
silverfish was found at NMRN. Photo: Diana Davis, NMRN.

FIGURE 7. Ctenolepisma lineata photographed in the timber 
store at NMRN. Photo: Rosemary Thornber, NMRN.
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how to avoid cross-contamination or infestation of 
their own materials and stores. The first section of 
the document outlined accountability, to show any 
staff member what their level of responsibility was, 
to encourage people to take ownership of the prac-
tises for themselves. In some cases this was just 
awareness and reporting anything observed, while 
with other teams it covered preventive treatments 
of materials and store inspections. 

As the NMRN is such a large organisation, and 
even on the Portsmouth site alone there are three 
ships and five very large buildings with mixed 
workspaces, the next step is to work alongside 
the Collections team to bring all IPM practises 
in line. This goal is to bring the monitoring and 
management of galleries and stores in line with 
that carried out in the ships and workshops. The 
briefing sessions also put the message across to all 
teams that the success of the IPM system depends 
on it being adopted by everyone.

Conclusions

Bringing IPM to historic ships is challenging, due 
to inherited pest problems and a lack of environ-
mental control. The process is ongoing and much 
work remains to be done, but there have been 
successes to encourage this. The establishing of 
a dedicated shipkeeping team has improved our 
knowledge and baseline conditions on board, and 
several small-scale infestations have been uncov-
ered and resolved. Communicating the findings to 
colleagues in the museum at all sites has gener-
ated interest and support, and it will be impor-
tant to continue with these aspects of the pro-
ject to maintain this momentum. Initial research 
has also demonstrated the need to answer further 
questions about some larger problems, notably the 
extent of damage from, and the means of con-
trolling, the death watch beetle on HMS Victory, 
and the potential risks posed by the new species 
of silverfish. The project has also generated initial 
proposals for improvement of on-site facilities and 
practises, in order to prevent the spread of pests 
between ships and sites. We must bear in mind 
that the nature of the outdoor maritime environ-
ment will always be a challenge and that a level of 
risk will always be present.
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cide as well as a pigment, was deemed responsible 
for the early death of large parts of the population 
(Whorton, 2011). Napoleon, even when incarcer-
ated on the island of St. Helena, was found to have 
substantial arsenic residues in his hair, which sub-
sequent research showed he had from an early age 
(Daily Mail, 2010). Mercuric chloride has been 
used from 1705 and is still in use in some countries 
continues, despite its known toxicity through skin 
absorption and breathing in mercury breakdown 
products (Figure 1). In the 19thCentury, designer 
insecticides started to be used with the develop-
ment in Switzerland of dichlorodiphenyltrichlo-

Introduction

Pesticides that have been used on material cul-
ture have usually been insecticides and fungicides. 
Early materials such as sulphur were naturally 
readily available and found to be effective “bring 
sulphur old nurse, that cleanses all pollution and 
bring me fire that I may purify the house with 
sulphur” (Homers Odysseus circa. 800BC). The 
more toxic the materials were to biological organ-
isms, the more successful they were considered, 
regardless of the hazard to people in contact with 
them (Pinniger and Lauder, 2018). Arsenic, com-
monly used in the 18th and 19thCentury as a pesti-

ROBERT CHILD 

Pesticides and their Heritage

Abstract
Biocides in various forms have been used for 
the control of biological pests for thousands of 
years. Since the Industrial Revolution, with the 
advent of scientific developments, insecticides 
have become more sophisticated and effective. 
Their use in agriculture had the drawback that 
mammalian toxicity of some chemicals limited 
their use, but this restriction was not applied 
when used for treatment of cultural material. 
Highly toxic compounds such as mercuric chlo-
ride and arsenic have been used since the early 
18thCentury. Later formulations such as dichlo-
rodiphenyltrichloroethane (DDT) were consid-
ered to be safer but were then found to have 
severe environmental repercussions.

Early commercial pesticides were expected 
to be long lasting and be effective for extended 
periods of time. Unfortunately many of them 
were, and we are left with their heritage in the 
form of pesticide residues. Historic buildings 
and collections were routinely treated 

against insect pests such as wood borers and 
textile pests and the chemicals used can still be 
detected.

This paper aims to identify the major pesti-
cides used in the last two centuries on his-
toric and artistic materials, how their presence 
can be detected and analysed and what risk 
assessments should be carried out for their use 
and exhibition. It will also consider methods 
of decontamination of pesticide residues. It 
should be remembered that many hundreds of 
biocides have been used historically and their 
detection is difficult.

Finally, the paper will review the effect of 
recent EU legislation (Biocides Regulations 
528/2012), which restricts the movement of 
treated objects between countries for com-
mercial purposes. This may affect sales, loans 
and donations of affected objects.

Key words: pesticides; insecticides; residues
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2. Chemicals with high vapour pressure, such as 
Lindane (gamma-HCH), paradichlorobenzene, 
naphthalene and dichlorovinyldimethylphos-
phate (DDVP or VaponaTM), although they 
eventually can sublimate off treated surfaces into 
the atmosphere are frequently retained for long 
periods and may cause toxic inhalation hazards.

3. The residues can cause chemical and aesthetic 
changes to the objects they are designed to pro-
tect, so DDVP and other pesticides can cause 
corrosion of metals such as entomological pins. 
Fumigants such as thymol and naphthalene can 
have a solvent effect on many polymeric mate-
rials such as plastics, adhesives and surface 
coatings causing discolouration, softening and 
shrinkage. Many of the carrier methods to apply 
pesticides, such as wettable powders or oil-in-
water emulsions can cause unacceptable aes-
thetic damage.

Pesticides can also interfere with some analyti-
cal techniques such as Carbon14 dating of organic 
materials.

Methods of detection

Some pesticides, such as naphthalene and paradi-
chlorobenzene can be detectable by their smell, if 
they are, it is likely that their concentration in the 
air exceeds the legal minimum dose in some coun-
tries. Most others though, can only be detected by 
analytical methods. The principle ones being the 
following:

1. Visual techniques. Mercuric chloride in the 
paper of herbarium specimens can often be 
detected by its fluorescence under a simple hand 
held UV/A lamp (Purewal, 2014).

2. Portable x-ray fluorescence (XRF) is a technol-
ogy that gives accurate qualitative and quantita-
tive analytical results. Metal or metalloid based 
chemicals can be detected using this method. It 
is a non- intrusive analysis and does not require 
samples to be taken.

3. Fourier-transform Infra-red spectroscopy can 
normally identify organic chemicals. Small 
samples (≤mg) can be analysed and if the appa-
ratus has a suitable database it can identify pes-
ticide residues qualitatively and quantitatively. 
(Figure 2).

roethane (DDT), which became the predominant 
insecticide of the 1940’s–1960’s and gamma-ben-
zenehexachloride (gamma-HCH) the common 
trade name of which was Lindane (Laing, 1991), 
which succeeded DDT were valued for the effi-
cacy and low mammalian toxicity. Ecological con-
cerns about their massive use outside for crop pro-
tection lead to the seminal work ‘Silent Spring’ by 
Rachel Carson (Carson, 1964) which lead to many 
insecticides being reviewed, new legislation in 
many countries and the banning of many hazard-
ous and toxic chemicals.

Residues

Pesticide residues can be hazardous from three 
main perspectives:

1. Solid residues, which do not evaporate over 
time, can still be a skin absorption hazard and/
or a inhalation hazard when contaminated dust 
from poor cleaning methods send particles into 
the air where they can be breathed in.

FIGURE 1. Herbarium sheet treated with mercuric chloride and 
its subsequent breakdown. Photo: Robert Child. 
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taxidermy specimens that have been treated with 
arsenic that has permeated through the skin layer 
to the fur surface. It is important that the vacuum 
systems used have High Extraction Particle Fil-
ters (HEPA) as ordinary domestic vacuum clean-
ers allow smaller particles to pass through their 
coarse filters and to be blown into the air space. 
Wet treatments were found to be effective on 
anthropological textiles in removing arsenic based 
contaminants (Hewett, 2011). Heat treatments 
such as the Thermolignum TM heat and humidity 
system have been shown to be effective in decon-
taminating pesticides with a high vapour pressure 
such as Lindane and DDVP. Liquid and super-
critical carbon dioxide have been used successfully 
as a cleaning and decontamination agent for eth-
nographic materials and objects (Tello and Unger, 
2010).

The Law

Many countries in America and Western Europe 
developed stringent legal restrictions on the use of 
pesticides in the 1970’s and 80’s. These normally 
included an evaluation and registration process on 

Risk assessments of the results should be made 
to assess both hazard (i.e. the potential to cause 
harm) and the risk (the possibility of causing 
harm) before determining a course of action that 
may include:

1. Disposal of the item by means that follow local 
regulations, this may include landfill, incinera-
tion or an appropriate sale.

2. Exclusion by limiting access to the affected 
objects with appropriate personal protective 
equipment (PPE) for safe handling and use.

3. Appropriate disinfection or sterilisation of the 
object may be feasible.

Cleaning and disinfection of treated objects

The risk assessment should determine what degree 
of disinfection is appropriate, this can vary from 
surface cleaning to more complex interventions.

Basic vacuuming of the surface of affected 
materials can be effective in removing loose dust 
that may have absorbed toxic chemicals from pre-
vious pesticide treatments (Schaeuffelhuth et al, 
2000). This is known to occur with, for instance, 

FIGURE 2. FTIR analysis of a white powder from a historic piece of furniture.
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the biocides that could legally be purchased, used 
and disposed of under certain conditions. In the 
UK, The Control of Pesticides Regulations 1986 
(COPR) regulated all biocides and their use. In 
2012, the European Union issued the Biocidal 
Products Regulation 528/2012, and it has been con-
troversial ever since.

Article 2 of the Biocidal Products Directive 
98/8/EC (BPD) which legislation preceded the 
Regulation 528/2012, defines biocidal products as 
“active substances and preparations containing 
one or more active substances put up in the form 
in which they are supplied to the user, intended 
to destroy, deter, render harmless, prevent the 
action of or otherwise exert a controlling effect 
on any harmful organism by chemical or biolog-
ical means” (Directive 98/8/EC). Concern was 
expressed as this seemed to control such attrac-
tants as cheese on a mouse trap and pheromone 
lures. These problems now appear to have been 
resolved: “Treated articles should not be placed on 
the market unless all active substances contained 
in the biocidal products with which they incorpo-
rate, are approved in accordance with this regula-
tion” (REGULATION (EU) No 528/2012).

It has proved difficult to determine what the 
regulation means by “the market” and no clear 
answer seems to arise from treated objects bought, 
sold or auctioned or loaned and put on exhibition 
to other institutions. There is no clear advice on 
objects where any pesticide treatment is unknown 
or suspected, such as historic ethnographical mate-
rial, objects treated with insecticides recently with 
materials that are now unregistered and objects 
that have been treated in the past with an unregis-
tered material. The UK’s Health and Safety Exec-
utive’s Division, which is the Biocides Operational 
and Active Approvals have maintained a silence 
over the issues (Health & Safety Executive Bio-
cides Helpdesk, 2017).

Conclusion

The perceived hazard of pesticide residues seems 
to be greater than the actual one. There are few 
known examples of people being affected by them 
in the heritage sector. However, there are hazards 
and risks in certain areas such as crowded herbar-

iums, entomology collections and furniture stores 
where the risk needs to be acknowledged, moni-
tored and addressed. Otherwise, in most circum-
stances, standard precautions of good housekeep-
ing, cleanliness and good hygiene will minimize 
any risks to personnel and the public.
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As a trained secondary school teacher I began 
my museum career as an educator; teaching and 
facilitating primary and secondary school stu-
dents by developing programmes and resources 
that open up the learning potential of collec-
tions. Following this, I undertook formal train-
ing in Museum and Cultural Heritage Studies. I 
now work behind the scenes as a Collection Man-
ager in the Collection Care team at Auckland 
Museum and am responsible for overseeing pest 
management. At Auckland Museum the founda-
tions for IPM were initially established by conser-
vators and responsibility was later passed to the 
collection management team who oversee preven-
tive conservation, the IPM plan was developed 
and launched between 2013 and 2015. The intersec-
tion of my teaching qualification and my collec-
tion care experience has allowed me to draw on my 
knowledge of different approaches to teaching and 

Background

Auckland War Memorial Museum was built in 
1929 in remembrance of the Aucklanders who 
died in the First World War and was extended 
in 1960 to include remembrance of the Second 
World War. The museum’s floor space was further 
increased by 60 percent in 2006 when a range of 
refurbishments took place including the develop-
ment of subterranean collection storage and work-
shops, educational amenities, exhibition and visi-
tor services, a theatre and an events centre. Today 
there are over 300 full time employees and 300 
volunteers at Auckland Museum, and over 4.5 mil-
lion collection objects, making it one of the larg-
est cultural heritage institutions in New Zealand. 
The diversity of staff and breadth of collections, in 
conjunction with current extensive building reno-
vations has implications for pest management at 
Auckland Museum. 

GEORGIA MILLER 

Socializing Integrated Pest Management

Abstract
Integrated Pest Management (IPM) requires 
a museum-wide approach to be successful, 
effective tools for communication can prevent 
or reduce most pest problems. Empowering all 
staff to identify as stewards in the care of collec-
tions is challenging but can be achieved with a 
variety of communication techniques that are 
accessible and insightful. Methods for social-
izing IPM at Auckland War Memorial Museum 
take the form of visually stimulating signage, 
engaging presentations, digital platforms and 
interactive educational tools. Varied strategies 
for spreading awareness have become increas-
ingly necessary while the museum is undergo-
ing major building transformations and since 

encountering an infestation of Reesa vespulae. 
By reconsidering traditional methods for com-
municating IPM and utilizing new and innova-
tive techniques, staff interest and involvement 
has increased with a rise in the number of pest 
sightings being reported and pest considera-
tions from non-collections staff. Soft skills such 
as positivity, creativity and good communica-
tion play a proven and integral role in the suc-
cess of any IPM plan. 

Keywords: Integrated pest management; Reesa 
vespulae; Dermestid beetle; communication; 
education; training; technology; creativity; 
infestation; preventive conservation; agents of 
deterioration
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sistent application of IPM strategies. Empowering 
all staff to identify as stewards and stakeholders in 
the care of collections and adapting their behav-
iours can often be a challenging and arduous pro-
cess; it requires good communication between the 
staff responsible for IPM and the wider museum 
staff. Communication that is irregular, unin-
formative and/or uninspiring can result in casual 
attitudes and a lack of interest from staff; this is 
dangerous when staff cooperation is essential for 
ensuring the success of IPM. Communicating 
IPM doesn’t have to involve repetitive lectures or 
a barrage of data. Instead, a variety of communi-
cation techniques can be applied that are focused, 
accessible and insightful. Methods for socializing 
IPM can take the form of visually stimulating sig-
nage, engaging presentations, digital platforms or 
interactive educational tools. 

Education

For staff members to be on board with IPM they 
must have an understanding of why pests are dan-
gerous to collections, what to do if they find pests 
in the building and how their actions can help 
or hinder pest prevention. Therefore, regardless 
of the size of your institution, training is funda-
mental for educating staff on the role they play in 
the efficacy of their organisation’s IPM plan. At 
Auckland Museum there are over 300 full time 
employees who work across five different direc-
torates. Like many other museums, we do not 
have the time or resources to provide intensive 
IPM training courses to all museum employees. 
We do, however, provide thorough training to all 
new staff that joins the Collections and Research 
directorate with a full day induction. The induc-
tion is run by the Collection Managers in the Col-
lection Care team and is based on the Ten Agents 
of Deterioration1, providing an insight into how 
these factors are mitigated. This information is 
presented by a number of speakers and in a vari-
ety of ways to ensure the presentations are memo-
rable and information is retained. As well as being 
an introduction to the basics of Collection Care at 
Auckland Museum, the induction is also intended 
to foster a sense of shared responsibility in caring 
for collections and to empower Collections staff 
to set the example for best practice pest manage-
ment to non-collections staff. Training is also pro-
vided for contractors whose work has implications 

learning and apply this knowledge to the commu-
nication of IPM at Auckland Museum. Having 
experienced how IPM is interpreted as a non-col-
lections staff member and now as a member of the 
Collection Care team, I have attempted to imple-
ment new and innovative strategies to communi-
cate IPM, moving away from traditional modes of 
communication. This paper will share an insight 
into some of the strategies for socializing IPM at 
Auckland Museum.

Introduction

An essential part of preventive conservation in 
museums, galleries, libraries and other cultural 
and heritage institutions is IPM. IPM focuses on 
the prevention of pest infestations and the reduc-
tion of pesticide applications. Preventive measures 
are easier to manage, more cost-effective and more 
likely to ensure the longevity of collections for 
future generations. For IPM to be effective, buy-in 
from all staff within an institution is necessary, 
this requires continual communication to inspire 
staff to want to assist in pest prevention. There is 
currently a considerable body of literature which 
relates to pest identification and the implementa-
tion and maintenance of an IPM plan, however, 
there is little written about practical approaches 
and methods for communicating IPM policies and 
procedures amongst museum employees. This is 
surprising given that spreading awareness of IPM 
is potentially the single most important factor for 
reducing pest problems. Collection care staff gen-
erally have formal training which teaches, from a 
scientific perspective, the importance of pest man-
agement and the damage that pests can cause to 
collections. On the other hand, non-collection 
staff often struggle to comprehend how their indi-
vidual actions can have negative impacts on col-
lections.

For IPM to be successful in preventing pests, 
a museum-wide approach is fundamental. Unlike 
traditional methods of pest treatments which 
consisted of regular pesticide applications, IPM 
requires a daily mind-set and assiduous practice 
to remain effective. A museum-wide approach 
involves having support and assistance from all 
staff, not just those who have a direct role in col-
lection care. In large institutions such as Auckland 
Museum, partnerships between the museums var-
ious departments are crucial for ensuring the con-
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entomology lab, presentations by guest speakers, 
tours of our pest treatment methods including the 
blast freezer and anoxic chamber and pest identi-
fication training. The committee has been success-
ful in creating a museum-wide presence; the Bug 
Busters are avenues for distributing information 
and updates across departments, this means the 
reinforcement of key IPM messages doesn’t just 
come from Collections staff. 

Monitoring

To further encourage cross-departmental com-
munications and a sense of shared responsibility, 
some IPM tasks can be shared by several mem-
bers of staff as opposed to solely the collection care 
department or IPM representative. Depending 
on the size of your institution, insect monitoring 
can be adopted by several members of staff. Auck-
land Museum’s monthly monitoring programme is 
spread across all collections departments; Human 
History, Natural Sciences, Documentary Herit-
age, Collection Readiness and Collection Care. 
Each team has 1-3 staff members who are on a 
rotating pest checking roster and are responsi-
ble for checking blunder and Dermestid bait traps 
placed in their particular collection areas. The 
monitoring programme was established by Collec-
tion Care and training on pest identification and 
record keeping was provided to each pest checker. 
As each department is discovering and identify-
ing the pests themselves, they become invested in 
their particular collection area. For example, if the 

for pest prevention including café staff, cleaners, 
event caterers and furniture hire companies. This 
training is carried out by the collection care IPM 
representative and encompasses pest identification 
and a detailed introduction to the practical appen-
dices of our IPM plan, including our colour-coded 
floor plan indicating where food and drink can 
and cannot be consumed, approved commercial 
and catering food delivery routes (e.g. not through 
galleries or storerooms) and our incoming deliver-
ies procedure. 

 
Ambassadors 

As it is not feasible to train every single museum 
staff member on the intricacies of pest manage-
ment, Auckland Museum has in place a Pest Con-
trol Committee called the Bug Busters. Each 
team or office area has one staff member who is 
appointed as their resident Bug Buster and is the 
go-to person for pest related concerns. Each mem-
ber of the committee wears a Bug Buster Identifi-
cation tag on their staff lanyard and has their name 
listed on the IPM page on our staff intranet. The 
Bug Busters are Collection Care’s ‘eyes and ears’ 
across departments, reporting pest sightings and 
championing our food control methods. Quarterly 
meetings are held for the Bug Busters committee, 
which are an opportunity to offer further IPM 
training, discuss pest concerns and keep up to date 
on current pest activity. We also acknowledge the 
Bug Busters commitment to IPM with special-
ist activities including back of house tours of the 

FIGURE 1. Georgia Miller presenting to caterers on the 
Incoming Deliveries Procedure using the Risk Assessment 
Pyramid. Photo: Auckland War Memorial Museum, 2018. FIGURE 2. Bug Buster Identification Tag.
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• No hitch hikers: Consider what you bring into 
the museum. Check you have no pesty hitch 
hikers coming in on the items you bring in or 
have delivered to the museum.

• Famous Five: Have you seen the Famous Five? 
Look out for and report any sightings of the 
following pests to Collection care for us to 
keep track of pest populations in the museum; 
rodents, clothes moths, silverfish, borer beetles 
and dermestid beetles and larvae. 

Strategically placing visual prompts can enable 
them to be better comprehended. The Fast Four 
stickers are made to the size of our standard tissue 
boxes and are applied to the boxes before they are 
distributed to employee’s desks. By having these 
guidelines visible on each staff member’s desk 
they function as a subtle prompt to keep IPM at 
the forefront of people’s minds, staff can also eas-
ily refer to the pictures of the Famous Five and 
know where to report any sightings to. Posters also 
showing the Fast Four guidelines are displayed at 
our main loading dock where all deliveries enter 
the museum, to target people who are bringing 
materials into the museum and remind them to 
check for ‘hitch hikers’.

Human History team find high numbers of sil-
verfish one month, it will indicate to them that 
perhaps they should increase the cleaning in their 
collection storage areas. Sharing pest monitoring 
further enhances the notion of a collective respon-
sibility for IPM and means that the pest checkers 
will communicate their pest findings and concerns 
back to their teams. 

Visual Perception

Visual stimuli are another effective tool for com-
munication. Studies show that it only takes about a 
quarter of a second for the human brain to process 
and attach meaning to a symbol (Thorpe, Fize, 
Marlot, 1996). In back of house areas at Auck-
land Museum, stickers and posters with alluring 
graphics and symbols are used to serve as visual 
reminders for staff to remember our ‘Fast Four’ 
guidelines to IPM:

• Food and drink: Only consume food and drink 
in approved areas. Limiting areas where we 
consume food and drink will limit what pests 
can live off too.

• Keep it clean: A clean and tidy museum will 
mean fewer places for pests to find homes in.

FIGURE 3 & 4. Auckland Museum’s Fast Four Guidelines sticker and tissue box.
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example, the Pecha Kucha format involves having 
20 slides for 20 seconds each; creating a concise 
and fast-paced presentation that forces the speaker 
to stick to the key messages. ‘Buzz groups’ are 
another learning technique that involves the for-
mation of small discussion groups with the objec-
tive of developing a specific task. For example, you 
could pose a question to each group such as: what 
are our current methods for deterring pests in the 
museum? How can the museum’s building enve-
lope be better sealed? Or a scenario question such 
as “what is wrong with this image?” After dis-
cussing the question, each group then informs the 
 others of their considerations, creating a commu-
nal and receptive teaching and learning environ-
ment.

Social Media

Utilizing your institutions website and social 
media platforms can be a further tool for com-
municating IPM to staff and additionally, educat-
ing the public on pest management within her-
itage organisations. The Collection Care team at 
Auckland Museum are committed to increasing 
the visibility and appreciation of the department 
internally and externally by sharing blogs and 
information pages on our website; these are then 
promoted via social media. Some examples of our 
current blogs include ‘What’s Eating Auckland 
Museum?’ an introduction to the Famous Five, 
and, ‘Cleaning, but not as you know it’, a glimpse 
into the complicated, specialist cleaning that takes 
place in the conservation lab. Other blogs cover 
topics such as storage optimisation, light sensitiv-
ity and environmental control. Sharing these sto-
ries in an informal or conversational style such as a 
blog, via multiple social media platforms, diversi-
fies the audiences that this content influences. 

Data

When communicating to staff it is important to 
include evidence that supports the need for IPM. 
Evidence can take the form of statistics of pest 
activity, maps depicting areas of pest density and 
distribution, images illustrating pest damage to 
collections or violations of policy and so on. IPM 
requires frequent monitoring therefore museums 
amass large amounts of data on pest species and 
population numbers in various store rooms, gal-
leries, work spaces and other locations. Arrang-

Visual stimulation in the form of digital tech-
nology can be used as an engaging educational 
tool. For staff inductions and Bug Buster meet-
ings we have often used quizzes as an icebreaker 
when introducing a topic or to break up for-
mal talks. There are a number of online, game-
based learning platforms that can be accessed for 
free on the internet. Creating online quizzes and 
games to test people’s knowledge of pests can cre-
ate an interactive social and competitive learning 
environ ment, which brings energy and interest to 
topics such as pest management, which can often 
be perceived as dull.

Presentations

Presentations and speeches to staff are necessary 
for communicating IPM updates and information 
and often function as a ‘call to action’. The style 
and delivery of a presentation can greatly influence 
the engagement levels of the audience and deter-
mine what information is retained. Studies show 
that humans are far more receptive to what we see 
versus what we hear, with 90 percent of the infor-
mation we take in coming to us through our eyes 
(Hyerle, 2009). Therefore, pairing talks with visual 
cues are more likely to leave a lasting impression 
on the viewers. A range of presentation programs 
can be accessed online, some take the traditional 
slide based format whereas others are intended to 
be used in a more conversational context, encour-
aging participation from the audience to create a 
collaborative and dynamic dialogue. Changing up 
delivery styles can be another method to gener-
ate interest and communicate information. For 

FIGURE 5. Social Media post promoting a blog via Auckland 
Museum’s Facebook page.
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Museum’s galleries prompted further investiga-
tions. A live larva was collected by the museum’s 
entomology curator, after the larva matured into 
a beetle and reproduced, it was confirmed that 
the insect reproduced through parthenogenesis. 
This, paired with the fact the larvae are omnivo-
rous and the adult beetles can fly, make Reesa ves-
pulae a huge threat to collection objects contain-
ing organic material. To further investigate the 
insect’s behaviour, preferred environments, popu-
lation numbers and possible attractants, a project 
was launched which involved 12 months of inten-
sified monitoring using protein baits in addition to 
our regular sticky blunder trap monthly monitor-
ing. Between September 2017 and August 2018, 43 
beetles, 52 larvae and 18 casings were discovered 
in nine locations in the museum. Seven of these 
locations held collection objects, one was an office 
space and one was the staff lunch room. From our 
data we were able to prove the following trends:

• Reesa vespulae are attracted to areas where staff 
store and consume food, 

• Reesa vespulae are attracted to dark, quiet 
 collection spaces that are rarely accessed. 

These trends reinforced the need for increased 
store checks and regular cleaning schedules for 
collection teams and heightened awareness and 
vigilance of food storage for all museum staff. 

ing this data into a digital format allows for analy-
sis and graphical representation (Henderson, Bars, 
Hopkins, 2017). Using graphs, pie charts, info-
graphics or more advanced software means pest 
data can be interpreted in an accessible way and 
allows for comparisons. It can then be incorpo-
rated into presentations, emailed to staff in memo 
notifications or perhaps be a feature on your staff’s 
intranet to serve as an everyday visual reminder. 
Images can be used as a powerful tool for creat-
ing an emotional response. For example, using 
a microscopic image of a Dermestid larva found 
wriggling in the staff lunch room carpet is likely to 
incite a few shocked responses. Engaging people’s 
repulsion is likely to gain the attention of even the 
least enthused staff and persuade people to want to 
be an ambassador for IPM. Showing examples of 
collections which have been damaged due to pest 
activity will also foster an emotional connection 
and create a purpose for deterring pests. Providing 
this evidence helps demonstrate the importance 
of IPM by revealing the need for museum wide 
co-operation. Being transparent about your insti-
tutions’ pest activity and the challenges it brings 
can foster a sense of trust and understanding.

Case Study: Reesa vespulae at 
Auckland Museum

In September 2017, an infestation of the Der-
mestidae species Reesa vespulae (common name: 
Museum Nuisance Beetle) in one of Auckland 

FIGURE 6. Reesa vespulae findings at Auckland Museum by month 2017–2018.
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people to want to eat there meant they would be 
less likely to consume food in their office spaces, 
which are often in close proximity to collection 
stores and galleries. When introducing a new sys-
tem or protocols it is vital that communication is 
clear and consistent from the outset so people feel 
well-informed and involved. To introduce the new 
staffroom and protocols to all museum employees, 
a presentation was made during an all-staff meet-
ing. From an IPM perspective, our strategy was 
to make the presentation memorable and inform-
ative and to inspire all staff to want to do their bit 
towards pest prevention. We shared the evidence 
of pest activity from our previous lunch room 
with statistics, images of Reesa vespulae larva and 
 beetles, and an image of a kiwi bird from our col-
lection which had its feathers consumed by larvae 
from the Dermestidae family; a kiwi is a flightless 
bird which is native to New Zealand and highly 
endangered, a naked kiwi was sure to pull on some 
hearts strings. A strong call to action was made by 
detailing how members of staff could be of assis-
tance to our IPM strategy. To add an element of 
memorability and humour, the Collection Care 
team members opted to dress up in symbolic out-
fits; a fruit fly and a bruised banana. The result was 
positive and enthusiastic. When communicating 
science there is room for creativity and there is no 
shame in combining science with fun.

Recognition

A significant aspect of communication is acknowl-
edging and praising people’s efforts towards IPM. 
Recognising good work and showing appreci-
ation and gratitude to staff members confirms 
that their work is valued by others. When peo-
ple feel their efforts are appreciated they become 
motivated to uphold or improve their good work. 
Appreciation can be expressed personally through 
words of gratitude for simple tasks such as report-
ing a pest sighting. Even if the pest is not a threat 
to the collection, it is important to acknowledge 
the effort that’s gone into reporting it, failure to 
do this could result in people not bothering to 
report a more dangerous pest in the future. To 
avoid always sharing negative stories of pest dam-
age and infestations, share positive instances of 
good behaviour and hold it up as an example to 
the institution. If there has been a decline in pest 
activity due to intensified cleaning or food control 

Currently Auckland Museum is undergoing a 
dramatic period of transformation and change, 
this involves refurbishing and revitalising galleries, 
adding more public space to showcase collections 
and improving wayfinding. Any kind of change or 
impending change within the workplace can cause 
anxiety which unsettles employees and can create 
a negative atmosphere. However, change can also 
open up lines of communication and be an oppor-
tunity to adjust behavioural habits and reinforce 
key messages. As part of the refurbishments, the 
staff lunch room where the Reesa vespulae had pre-
viously been discovered was going to be demol-
ished and rebuilt. This became an opportunity for 
Collection Care to provide input into the devel-
opment of the new staffroom and to share with 
museum staff evidence of the correlation between 
food that is consumed and stored in the museum 
by staff and pests which make their way into stores 
and galleries and damage collections.

Collection Care made recommendations such 
as using lino on the floor instead of carpet, remov-
able and washable covers on the cushions, easy 
to wipe surfaces and regular fridge and cup-
board cleanouts. With over 300 staff and 300 vol-
unteers at Auckland Museum, it was important 
that we advocated for stronger messaging around 
food storage. We promoted that all food, espe-
cially fruit, must be stored in sealed containers 
and for all staff to follow the name and date sys-
tem; using the provided stickers and pens to write 
their name and date on any food that is stored in 
the lunch room. This means any old and forgotten 
or unclaimed food can be disposed of during the 
monthly fridge clean out, decreasing the chance of 
attracting pests. We also encouraged staff to get 
in the habit of visiting the lunch room on their 
arrival to the museum and on their way home, to 
drop off and pick up their lunch boxes and dis-
courage long term food storage. To persuade staff 
to get on board with pest prevention communica-
tion needed to be transparent, receptive and deliv-
ered in an engaging manner.

We were conscious of the fact that during this 
time of change, staff might be feeling fatigued by 
the number of announcements regarding building 
changes. It was important to sell the new lunch 
room as an exciting and attractive new space for 
staff to eat their lunch, host morning teas and 
socialize with other colleagues. Encouraging 
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FIGURE 8. (right): Reesa vespulae larva. 
Photo: Auckland War Memorial Museum, 2018.

FIGURE 7. Reesa vespulae beetle. 
Photo: Auckland War Memorial Museum, 2017.

FIGURE 9. Damage to taxidermy Kiwi bird caused by Dermestidae larvae. Photo: Auckland War Memorial Museum, 2016.
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efforts, acknowledge this commitment by sharing 
statistics of the decrease in pest numbers as a result 
of their hard work. Furthermore, this reinforces 
that the success of IPM is largely dependent on 
the actions of those within an institution. 

Conclusion

Increased efforts to socialize IPM at Auckland 
Museum in recent years have had noticeable 
impacts on pest activity. Although hard to meas-
ure, the diversity of staff and volunteers reporting 
pest sightings to collection care has become more 
widespread with sightings coming from across all 
museum teams as opposed to just collections staff. 
Varied strategies for communication have helped 
to strengthen relationships across departments 
and build a sense of trust. The Museum’s café staff 
were taken on a behind the scenes tour of the sub-
terranean collection stores to spark an interest in 
collections and their care, this rapport has opened 
the lines for honest communication. Pest-related 
enquiries are also on the rise with many staff in 
commercial or building works teams consulting 

FIGURE 10. Collection Care team members presenting 
to staff about new lunch room. 
Photo: Auckland War Memorial Museum, 2018.

FIGURE 11. A Silverfish cake to celebrate a decline in pest activity. Photo: Auckland War Memorial Museum, 2015. 
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Endnotes
1 The Ten Agents of Deterioration include: physical 

forces, theft, fire, water, pests, pollutants, light,  
temperature, relative humidity and custodial neglect.

with collection care about how their work can best 
adhere to the IPM principles. Our biggest and 
most notable victory is the decline in the num-
ber of pests being sighted. Since the IPM plan was 
launched between 2013 and 2015 and a focus on 
communication was implemented in recent years, 
the presence of rodents in the museum has been 
eliminated. Silverfish sightings, although still 
present, have also dramatically decreased. 

TABLE 1. Number of rodent and silverfish sightings reported 
by staff at Auckland Museum

 No. of rodent sightings No. of silverfish sightings

 2012 20 167

 2018 0 31

IPM requires a museum wide approach to effec-
tively mitigate pest damage to collections; there-
fore, spreading awareness of IPM is potentially 
the single most important factor for reducing 
pest problems. To empower museum employ-
ees to want to assist towards pest prevention and 
protecting collections, communication must be 
engaging, accessible and insightful. Reconsid-
ering traditional methods for communicating 
IPM and utilizing new, innovative techniques 
could refresh and invigorate current staff attitudes 
towards IPM and inspire better behaviours. Strat-
egies for socializing IPM at Auckland Museum 
have involved communicating key IPM messages 
through all available avenues and incorporating 
different technologies to do so. Visually engag-
ing signage and presentations, interactive present-
ing styles and activities and digital platforms have 
had a proven impact on staff interest and involve-
ment in IPM. Continuously evolving technologies 
means that communicative strategies can change 
and develop over time to maintain relevance and 
hold interest. In this era of climate change, glo-
balisation and increased museum and gallery ref-
ormations, it is now more important than ever to 
ensure we are doing all we can to socialize IPM 
in cultural heritage institutions and ultimately 
ensure the perpetuity of collections for future gen-
erations. 
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In addition, the publication of ‘A New Silver-
fish Threat in the UK and Europe’ in 2017 (Moore 
and Steer) led to at least five other UK heritage 
organisations identifying C.  longicaudata in their 
buildings, and one identifying Ctenolepisma line-
ata, another species new to the UK. A number 
of these organisations have been working in col-
laboration with MOL, exchanging IPM data and 
information on buildings and operations. This 
paper will provide a summary and (where possi-
ble) an analysis of C. longicaudata data collected 
as part of each organisation’s ongoing IPM pro-
gramme, and report any observed similarities and 
differences in the occurrence and behaviour of this 
new insect pest. 

Ctenolepisma longicaudata

C.  longicaudata (of the order Zygentoma, in the 
family Lepismatidae) is reported as a native species 
of both North America and South Africa, however 
being as C.  longicaudata is a species that lives in 

Introduction

At the 3rd International IPM Conference in Muse-
ums, Archives, Libraries and Historic Buildings 
several authors made reference to Ctenolepisma 
longicaudata (grey silverfish) as an emerging threat 
to collections. This insect pest was also reported 
from a UK heritage organisation, the Museum of 
London (MOL), for the first time (Querner and 
Hassler, 2016; Knoop, 2016; Pinniger et al., 2016). 

C.  longicaudata is now present in 25 locations 
(stores, galleries, laboratories) across two MOL 
sites, representing 79 percent of the museum’s 
total silverfish population. This paper will pro-
vide an analysis of silverfish data collected as part 
of MOL’s ongoing IPM programme since 2013, 
and report the first known C.  longicaudata dam-
age to collections in the UK. A simple method of 
normalising insect data has also been trialled to 
enable more objective comparison of insect counts 
collected from locations with greatly varying 
insect trap densities.

ABBY MOORE, RACHEL CHAPMAN, KATE PERKS, FRANCES COOPER & LETITIA STEER 

Ctenolepisma longicaudata (grey silverfish): 
occurrence and behaviour in UK heritage organisations

Abstract
At the 3rd International IPM Conference in 
Museums, Archives, Libraries and Historic Build-
ings, Ctenolepisma longicaudata (grey silver fish) 
were reported from a UK heritage organisa-
tion, the Museum of London (MOL), for the first 
time. Silverfish data collected as part of MOL’s 
ongoing IPM programme (from 2013–2018) is 
presented, as well as data from three other UK 
heritage organisations also reporting C. longi-
caudata in their buildings. Grey silverfish are 
currently being reported from organisations 
based in urban locations, and it is observed 
that they are able to thrive in environ ments 

optimised for the long-term storage of collec-
tions. Grey silverfish are also capable of estab-
lishing large and widespread populations in 
buildings containing significant food sources, 
making containment and remediation chal-
lenging, and emphasising the importance of 
effective building maintenance programmes 
and quarantine procedures. 

Keywords: Ctenolepisma longicaudata; Museum 
of London; Science Museum; London Library; 
Leeds University Library; IPM; paper; relative 
humidity; normalised count.
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verfish are reproducing, presenting an additional 
risk to collections (Walker et al., 2013).

C. longicaudata data from the  
Museum of London

As part of MOL’s ongoing IPM programme, the 
Collection Care team has been monitoring insect 
pest activity and recording insect pest data in a 
centralised database since 2013. In 2017 ‘A New 
Silverfish Threat in the UK and Europe’ reported 
that grey silverfish were first recorded in MOL’s 
Dress and Textile Store (DTS) in March 2015 
following a notable increase in insects caught on 
traps (Moore and Steer, 2017). MOL’s Collection 
Care team have continued to monitor and investi-
gate the ongoing presence of this new insect pest, 
and can now evidence the occurrence of C. longi-
caudata prior to 2015. Evidence also suggests that 
C. longicaudata did not necessarily originate from, 
or were confined to, the DTS. A video of C. longi-
caudata in the DTS was received by the Collec-
tion Care team’s ‘Pest Desk’ email inbox in April 
2014. Additional reports of ‘large silverfish’ in the 
DTS, but also in the museum van (whilst trans-
porting archive items from MOL to an off-site 
storage facility), were received between August 
2011 and April 2012. Further reports from 2011–
2014 document ‘silverfish’ activity in other areas 
of the building. 

Between 2013 and 2018 the approach to insect 
pest data collection at MOL has varied in line 
with resources and collection risk. For the pur-
poses of analysis, the IPM data documenting sil-
verfish activity between 2013 and 2018 is therefore 
separated into three datasets to reflect three differ-
ent data collection methods used. The datasets are 
described in Table 1.

close proximity to humans and benefits from this 
association, it is argued that introduction to North 
America is perhaps more likely (Walker, 2013; God-
dard et al., 2016). C. longicaudata is widely reported 
across the globe and throughout Europe, the first 
reports from the UK were published in 2016. Phys-
ical attributes that can be used to identify C. lon-
gicaudata are described by Moore and Steer (2017) 
(Palit et al., 1999; Shiah et al., 2008; Chowdhury 
et al., 2006; Machida et al., 1996; Whitington et 
al., 1996; Walker et al., 2013; Goddard et al., 2016; 
Schoelitsz et al., 2014; Sellenschlo, 2007; Meineke 
et al., 2014; Pinniger et al., 2016).

C. longicaudata are reported to feed on cellulosic 
materials and thrive in warm conditions at a mid-
range RH synonymous with their native environ-
ment. They can survive at 35 % relative humid-
ity (RH) for up to one week, however an RH of 
50–55 % is optimum for development (Sellenschlo, 
2007; Landsberger and Querner, 2017; Querner 
and Hassler, 2016).

As terrestrial insects, most silverfish species 
from the order Zygentoma have evolved to repro-
duce by transferring sperm using silk. Lepisma 
 s  accharina (species of silverfish commonly found 
in UK Museums, Libraries, Archives and His-
toric Houses) and C. longicaudata are exceptions as 
they carry out a choreographed courtship behav-
iour consisting of antennae tapping and repetitive 
movements, with male insects using their silk as a 
tactile cue. They create patterns that are detected 
by females, inducing the uptake of a sperm droplet 
deposited by the male nearby. Since silverfish silk 
is not required for a structural purpose, it rapidly 
becomes dry and brittle. Silk fibres (up to 20 cm 
long and 0.3–1µm in diameter) and shed scales are 
therefore likely to be present on surfaces where sil-

TABLE 1. Silverfish data from the Museum of London 2013–2018.

 Dataset number Period covered Data description

 1  January 2013–June 2016 Dataset covers all MOL sites excluding the DTS1. L. saccharina 
    and C. longicaudata are both recorded as L. saccharina.

 2  September 2016–September 2018 Dataset covers all MOL sites excluding the DTS2. Following the identification 
    of C. longicaudata, L. saccharina and C. longicaudata are recorded separately.
 
 3  September 2016–September 2017 Dataset covers all MOL sites including the DTS3. L. saccharina and 
   and January 2018–September 2018 C. longicaudata are recorded separately.
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sity for each location has been calculated by divid-
ing the number of insect traps by the footprint of 
the location. The actual insect count is divided by 
the trap density to produce the normalised count. 
This method has not yet been validated with the 
use of statistical analysis, but has proved useful in 
helping to take into account variations in trap den-
sity when analysing insect pest data.

For example, IPM data collected at MOL 
between September 2016 and September 2018 
(dataset 2), shows that the actual count of C. 
longi caudata in two locations (the Lower Galler-
ies and Photography Studio) is comparable. How-
ever, the trap density in the Photography Studio is 
four times greater than that in the Lower Galler-
ies. The normalised count helps to highlight this, 
indicating that if the same number of traps per m2 
were deployed in the Lower Galleries, it’s likely 
that a larger grey silverfish population would be 
observed (Figure 1). Where indicated, this method 
has been used to aid analysis of IPM data pre-
sented below.

Figure 2 presents the actual count of L. saccha-
rina and C. longicaudata per quarter from 2013–
2018 (datasets 1 and 2), and the actual count of C. 
longicaudata per quarter from 2016–2018 (dataset 2).

It can be observed that the total population 
of silverfish at MOL has increased from 2013 to 
2018, with the largest count recorded in Septem-
ber 2016. However, the C. longicaudata count has 
not significantly increased or decreased from 2016 
to 2018. 

The normalised count for datasets 1 and 2 reveals 
that the five largest silverfish populations are con-
sistently reported from the same seven locations: 
Lower Galleries, DTS corridor (as an indicator of 
the DTS), Transit Store, Paintings Store, Paper 
Conservation Studio, Photography Studio and 
Upper Galleries (Figure 3).

This is consistent with reports of silverfish activ-
ity received by the museum’s Pest Desk email 
inbox, with the addition of the Applied Arts Con-
servation Laboratory.

The normalised count for dataset 3 also shows 
that the areas with the most activity are the Lower 
Galleries, DTS, DTS corridor, Upper  Galleries, 
Transit Store, Photography Studio and Paper 
Conservation Studio (Figure 4).

The normalised count of both silverfish spe-
cies for the period September 2016–September 

1. The DTS is excluded from this dataset, instead 
the DTS corridor is used as an indicator of 
activity in this area. During this time the 
DTS IPM programme was moth focused in 
line with collection risk. Silverfish had been 
sighted but largely attributed to localised damp 
from an adjacent plant room, the Facilities 
team responded by deploying their own insect 
traps. Conversely, the number and location of 
insect traps in the DTS corridor has remained 
unchanged since 2013, and traps have been 
checked quarterly. The DTS corridor houses 
a representative portion of the collection and 
leads into the DTS. 

2. The DTS is excluded from this dataset, instead 
the DTS corridor is used as an indicator of 
activity in this area. During this time the DTS 
trapping frequency was increased to an eight 
week rotation compared to a twelve week rota-
tion for all other locations. It is therefore diffi-
cult to directly compare DTS insect counts to 
insect counts from all other locations.

3. The DTS is included in this dataset. For these 
select periods it is possible to produce a total 
count per twelve week period for every location.

The footprint of the 25 locations where C. longi-
caudata has been recorded at MOL varies from 
5 to 2,405 m2 and the number of insect traps per 
location varies from 1 to 49. All locations house 
collections so are covered by the same policies for 
access, security and collection care. All 25  loca-
tions undergo regular housekeeping activities 
and maintain an environment of 40–65 %RH and 
18–22  oC. In each location insect traps are posi-
tioned according to best practice principles for 
catching insects. 

However, insect traps at MOL are not deployed 
in regular grid patterns and do not achieve a con-
sistent trap density (number of traps per m2) across 
locations. The higher the trap density, the higher 
the probability of catching insects, resulting in an 
increased count (Pinniger, 2015). Without a con-
sistent trap density, it is therefore difficult to com-
pare populations from different locations.

To enable more objective analysis of IPM data 
collected from locations with very variable trap 
densities, a simple method for normalising the 
actual insect count has been trialled. The trap den-
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FIGURE 1. Graphs comparing actual and normalised C. longicaudata count, MOL, September 2016–September 2018.
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FIGURE 2. Actual C. longicaudata and L. saccharina count, MOL, January 2013–September 2018 and September 2016–September 2018.
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FIGURE 3. Normalised C. longicaudata and L. saccharina count, MOL, January 2013–June 2016 and September 2016–September 2018.
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FIGURE 4. Normalised C. longicaudata count, MOL, September 2016–September 2017 and January 2018–September 2018. 
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With reference to Groups A and B, it can be 
inferred that C.  longicaudata have entered/are 
entering the museum from the external urban 
environment via weaknesses in the building fab-
ric and/or with visitors and objects. It is observed 
that C. longicaudata are able to locate food sources 
and harbourage sites within a building and estab-
lish populations in close proximity to them. Dam-
age has been observed to papers, particularly 
those with high or added cellulose, starch or pro-
tein content. Large populations of C. longicaudata 
are also observed in close proximity to areas with 
significant human activity. Adults do not require 
elevated RH to thrive and therefore seem to be 
capable of straying throughout a building, rapidly 
establishing a large and widespread population. 
At MOL C. longicaudata is currently observed in 
up to 20 separate locations per quarter, compared 
to only six locations in September 2016 (Sellen-
schlo, 2007, Meineke et al., 2014; Landsberger and 
Querner, 2017; Chowdhury, 2006; Machida et al., 
1996).

C. longicaudata development occurs above 
20–22 °C, young insects will not develop at tem-
peratures below 16  °C, and 22  °C is required for 
the development of the egg. PPD is significantly 
colder than all of the other Group A and B loca-
tions, but contains a very large paper-based col-
lection. Despite observing instances of damage in 
this store (due to the attractive nature of the con-
tents), perhaps the low temperature explains why 
the established population size is relatively small 
(Sellenschlo, 2007). 

In 2018 C. longicaudata were observed in three 
bays (housing mixed material collections) at 
MOL’s storage facility, Mortimer Wheeler House 
(MWH). Significantly fewer insects are counted 
at MWH compared to MOL and they have not 
been observed in a bay housing a large paper 
archive. Again, the lower temperature at MWH 
could be contributing to the lack of growth and 
migration of the population in this building.

C. longicaudata elsewhere in the UK
Science Museum, London

The Science Museum IPM team have reported 
two C. longicaudata at their main site. One insect 
was observed in April 2017 in the basement, and 
another trapped in January 2018 in a third floor 
gallery.

2018 also indicates possible seasonal fluctuations. 
The population of both species increases in June–
September, with the exception of L. saccharina in 
June–September 2018 (Figure 5). 

C. longicaudata damage at the 
Museum of London

Although C. longicaudata have been observed in 
25 locations, damage to collection items is lim-
ited to two watercolour paintings stored in close 
proximity to one another in the Paper, Prints and 
Drawings (PPD) Store. Both were conserved and 
resized with gelatine in the 1980s. On one of the 
watercolours damage is concentrated around Japa-
nese tissue paper and methyl cellulose repairs. 
Other damage is limited to packing and conser-
vation materials including boards covered in blot-
ting paper (adhered with wheat starch paste), acid-
free and lens tissue, and gummed tape (Figure 6).

Discussion of C.longicaudata data 
from the Museum of London

Locations with the largest C. longicaudata pop-
ulations and/or damage can be divided into two 
groups based on their similarities:

Group A: Lower Galleries, Upper Galleries  
and Transit Store.
These locations are areas with significant human 
activity and they represent the three primary 
locations for people and objects entering MOL. 
The Lower and Upper Galleries are large, open-
plan areas, with external doors providing multi-
ple entry points. Dead spaces provide harbourage 
and nutrition in the form of dust, hair and skin. 
The Transit Store houses incoming and outgoing 
packing material and objects (Landsberger and 
Querner, 2017). 

Group B: DTS, Paper Conservation Studio, 
Photography Studio, Paintings Store, PPD and 
Applied Arts Conservation.
These locations either contain or are adjacent 
to known and significant C.  longicaudata food 
sources including acid-free and lens tissue, rag 
paper, wheat-starch paste, photography paper 
(coated with a gelatine membrane and stored in 
a dark room), and historic prints, drawings and 
watercolours.
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FIGURE 6. Examples of C. longicaudata damage. 
Left to right: damage to a watercolour painting concentrated around a methyl cellulose repair. 
Damage to second watercolour painting. 
Damage to a board covered with blotting paper adhered with wheat starch paste. 
Copyright Museum of London. 

FIGURE 5. Normalised L. saccharina and C. longicaudata count, MOL, September 2016–September 2018.
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FIGURE 7. Actual C. longicaudata and L. saccharina count, London Library, July 2016–September 2018.

FIGURE 8. Normalised C. longicaudata count, London Library, August 2018–September 2018.
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don Library also reports a seasonal increase in sil-
verfish count from March–September for the last 
three years (2016–2018).

Leeds University Library, Special 
Collections and Galleries

Leeds University Library Special Collections 
and Galleries IPM team have reported C.  longi-
caudata in 14  locations across five sites in central 
Leeds. C. longicaudata were first identified in May 
2017 at the Cemetery Road Store (which houses 
books, paper archives and a museum collection), 
and Special Collections within the Brotherton 
Library building, in a room housing books and 
artworks. By October 2017, C.  longicaudata were 
observed in The Treasures of the Brotherton Gal-
lery, The Stanley and Audrey Burton Art Gal-
lery (both Parkinson Building), and the Western 
Campus Store housing printed books. By April 
2018 C. longi caudata were present in the University 
(books and paper) Archive (Figure 9). 

The London Library, London

The London Library IPM team have reported 
C. longicaudata in five locations across their base-
ment floor. C. longicaudata and L. saccharina have 
been recorded separately since August 2018, how-
ever conservators suspect C.  longicaudata to have 
been present since 2016 when silverfish counts 
started to increase (Figure 7).

C.  longicaudata has been regularly reported in 
three collection areas containing between 439–
1,226 meters of books, and two adjacent non-col-
lection areas. The ambient conditions in these loca-
tions ranges from 21–29 °C and 13–52 %RH. Trap 
density is variable, so a normalised count for the 
period August–September 2018 suggests a larger 
population in the side front basement when com-
pared to the lift lobby and rolling cases, and the 
toilets and lobby (adjacent to the side front base-
ment). The side front basement contains approx-
imately double the amount of books than the 
lift lobby and rolling cases (Figure 8). The Lon-

FIGURE 9. Leeds University Library, Special Collections and Galleries site map. 
Copyright University of Leeds (www.leeds.ac.uk/downloads/download/9/campus_map_for_visitors). 
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Discussion of C.longicaudata data from 
the Science Museum, the London Library 
and Leeds University Library, Special 
Collections and Galleries

The aforementioned UK heritage organisations 
reporting C.  longicaudata in their buildings are 
based in urban locations. It is also observed that 
the occurrence of this agile insect is sustained 
and widespread in buildings with significant food 
sources, and appears capable of locating in close 
proximity to food sources (Sellenschlo, 2007). This 
is demonstrated with reference to the side front 
basement at the London Library, the Brother-
ton Library and Special Collections building in 
Leeds, and the Group B locations at MOL. Dam-
age caused by C.  longicaudata to paper has been 
observed, particularly papers with high cellulose 
and starch content. C. longicaudata is also capable 
of seeking out areas of high cellulose and starch 
content across single items. C.  longicaudata has 
also been observed locating and thriving in areas 
with significant human activity (particularly those 
with harbourage opportunities), this is demon-
strated with reference to the Parkinson Building, 
Leeds University Library, and Group A locations 
at MOL. 

Populations of C.  longicaudata are reported to 
thrive in buildings with significant food sources, 
mature insects live for two to ten years, with 
females producing 50 eggs per year (Landsberger 
and Querner, 2017; Meineke et al., 2014, Sellen-
schlo, 2007). At MOL this is despite the appli-
cation of desiccant dust in a number of locations. 
University of Leeds Special Collections have 
reported a decrease in population size after the 
application of Constrain (permethrin) pesticide to 
the perimeter of two rooms.

With reference to MWH and the Science 
Museum, in buildings with lower temperatures 
and fewer food sources, occurrence of C. longicau-
data seems more sporadic, with population growth 
slowed. 

The observations reported indicate that there 
is no link between elevated relative humidity and 
the occurrence of C.  longicaudata, and that low 
temperatures could also be limiting population 
growth in the PPD Store at the MOL (despite its 
significant food source), and MWH.

The ambient environment in all 14 locations 
is not damp, only occasionally reaching a maxi-
mum of 65 %RH. The Collection Care team have 
reported populations of L. saccharina from a num-
ber of insect traps indicating areas of localised ele-
vated relative humidity, C.  longicaudata are not 
reported from these locations.

The largest and most established population 
of C.  longicaudata is reported from the Parkin-
son Building. This building houses objects from 
Special Collections on temporary display in two 
galleries, including books, paper archives, photo-
graphic material, artworks, textiles and objects. 
There are a number of store rooms for non-col-
lection material such as display cases and book 
mounts, and the building also houses the Art 
Gallery Store containing paintings, sculpture, 
works of art on paper, textiles and a library. IPM 
data shows that the C. longicaudata population in 
this building has increased since they were first 
reported in June 2017, and that the population has 
moved from one location to three in approximately 
four months.

The Parkinson Building houses the least amount 
of paper and books when compared to the other 
four sites, however the Treasures of the Brother-
ton Gallery (where the majority of the C. longicau-
data have been observed) was refurbished in 2015. 
Similar to the Group A spaces at MOL, this gal-
lery is an area with significant human activity, an 
entry point for visitors, and there are also cavi-
ties under and behind display cases providing har-
bourage sites.

Special Collections (Brotherton Library build-
ing) has the second largest population and C. longi-
caudata have been recorded regularly in this build-
ing since their first occurrence in May 2017. This 
building houses the most archive material and 
books when compared to the other sites. The pop-
ulation has not increased since May 2017, but 
has been recorded in eight separate locations in 
16 months.

C. longicaudata populations at the three remain-
ing sites are smaller (only one insect has been 
reported from the Cemetery Road Store) and 
occurrence is much more sporadic. These build-
ings house fewer archive materials when compared 
to Special Collections.
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lighted. The Paper Conservation Studio and Pho-
tography Studio at MOL currently has limited 
provision of pest-proof storage and disposal solu-
tions for vulnerable conservation and photography 
materials, particularly those that have a require-
ment to be stored in the dark rendering them even 
more attractive to grey silverfish (Landsberger and 
Querner, 2017). Improved housekeeping measures 
are being implemented at MOL to prevent popu-
lation growth.

A method of normalising insect counts in order 
to more objectively compare populations in build-
ings with variable trap densities has been trialled. 
Normalising insect counts is a possible solution to 
periods of variable data collection, as opposed to 
a methodology museums should adopt over the 
actual deployment of traps to a consistent density. 
The Collection Care team at MOL will be review-
ing the placement of insect traps with a view to 
establishing a consistent trap density. Where this 
is not possible (i.e. for stores and galleries which 
vary greatly in size), a normalisation method will 
be developed further and introduced to the IPM 
database. 

Through collaborative working and data anal-
ysis, the Collection Care team at MOL have a 
much deeper understanding of the occurrence and 
behaviour of C. longicaudata. As a result, priority 
areas for building maintenance, improved house-
keeping and the implementation of pest-proofing 
measures have been identified, and resources more 
effectively targeted.
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(e.g., Baharudin and Yan, 2016; Handcock et al., 
2009; Kim et al., 2010; Mochizuki and Murakami, 
2014; Ropert-Coudert and Wilson, 2005). Now in 
2019, it continues to evolve in its use for rodent 
pest management applications (Corrigan, 2018). 
Herein, this technology is referred to as Remote 
Rodent Monitoring Technology (RRMT).1

 RRMT is similar in design and operation to 
systems developed for home security. Occurrences 
of rodents in or around a structure are monitored 
remotely, and notifications are issued in the same 
way that security break-in alerts are issued to the 
local police station. Since the first prototypes, 
RRMT has evolved to include multiple manufac-
turers offering varied capabilities depending upon 
the level of sophistication needed by a client.

Generally speaking, most remote monitors 
employ one or more sensors that detect rodents 

Remote rodent monitoring technology 

Rodent pests that invade our cities and buildings 
tend to be both secretive by nature and most active 
when people are inactive (i.e., nighttime), often 
allowing them to escape attention. By the time 
we are aware that a rodent invasion has occurred, 
damage is already taking place. For museums and 
other highly sensitive facilities, any tardiness in 
detecting these destructive pests can be expensive 
and even disastrous. 

Remote rodent sensor technology was invented 
in 1999, and in 2002 the Liphatech Corporation 
patented the Electronic Pest Management System 
and Method. These early sensors were designed to 
provide detection of rodent activity without the 
presence of monitoring staff. Advances in remote 
sensor technology and applications for biology 
and wildlife emerged over the next 15 years or so 

JULIA SYBALSKY, ROBERT CORRIGAN, ROBERT HANSON, 

LISA ELKIN & MICHAEL FRESHOUR 

Remote Sensor Technology for Rodent 
Surveillance in Museums: Trial Program at 
the American Museum of Natural History

Abstract
As all those involved in collection care know, 
mice and rats pose significant threats to arti-
facts and biological specimens in museums. 
Remote rodent monitoring technology (RRMT) 
developed in the last 15 years provides early 
detection of rodent pests and many associated 
advantages for museum integrated pest man-
agement (IPM) programs. These products are 
now available from numerous manufacturers, 
including large scientific corporations as well 
as smaller entrepreneurs. 

The American Museum of Natural History 
(AMNH) in New York City is among the first 
museums to evaluate this new technology  

 
in a large, structurally complex, functionally 
diverse institution. Outcomes of the AMNH tri-
als provide insights into key criteria for assess-
ing these systems and demonstrate the role 
of early detection alerts in better  protecting 
museum artifacts from pest attacks. We 
observed increases in efficiency of routine 
trapping, opportunities for strategically inves-
tigating known or suspected activity, and a 
shift toward more environmentally sensitive 
trapping methods.

Keywords: remote pest monitors; electronic 
rodent sensors; vertebrate pest management
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time available to complete inspections and other 
IPM efforts elsewhere. 

Further, RRMT provides immediate notifica-
tion of any new rodent infiltration into a moni-
tored space. Once an alert has been issued, com-
munication with all IPM partners can be quickly 
enacted (e.g., pest professionals, custodial, main-
tenance personnel, administrators, etc.). They can 
then make a more detailed investigation and plan 
for a resolution. Rodent carcasses can be removed 
promptly, which reduces the risk of secondary 
insect invaders further threatening collections 
(Bruesch, 2011).

Remote monitoring can also assist in profil-
ing overlooked or unknown structural faults and 
disrepairs that require rodent-proofing to prevent 
ongoing infestations. Operational issues requir-
ing management intervention (e.g., doors being 
left open at night, sloppy use of refuse containers 
drawing rodents to the property, clutter providing 
harborage for mice, etc.) can promptly be detected 
and rectified. 

When RRMT is interfaced with an IPM or pest 
control data management solution, integrated data 
tracking is possible. Such integration can further 
boost efficiency because pest control managers, 
contractors, facility personnel, and others may be 
provided with convenient summary reports of pro-
gress, hot spots, and evaluations of possible causa-
tive conditions. This information can aid in setting 
priorities and allocating resources.

Remote rodent monitor trial program at 
the American Museum of Natural History

Between 2017 and 2019, the American Museum 
of Natural History (AMNH) in New York 
City tested a selection of remote rodent mon-
itor (RRM) devices. The goals of this trial pro-
gram were to identify criteria that are important 
for assessing and selecting RRMT for a particular 
trapping environment and to qualitatively evaluate 
these criteria against the challenges of a museum 
like the AMNH, i.e. a large, complex institution 
with an assortment of use patterns.

The AMNH comprises 1.8 million square feet 
and is composed of 27 interconnected structures, 
built over 140 years. It includes 20,000 square feet 
of kitchen and restaurant space, a butterfly vivar-
ium, classrooms, high-traffic areas where pest 
traps are regularly disturbed, low-activity areas 

through their movement, their touch, or their 
activation of a trap. Upon being triggered by a 
rodent, the sensor transmits an alert to a remote 
cloud server via either a property’s WiFi system 
or a cellular data connection (with or without an 
intermediate network of cellular gateway hubs). 
By mid-2019, some manufacturers will be releas-
ing technology that uses Bluetooth to send alerts 
to a designated smart phone. Alert data can be 
gathered and summarized according to each mon-
itor’s location, facilitating data compilation across 
rooms, floors, or an entire building.

Applications of rodent remote monitors 
in museum collections

For museums and other cultural heritage institu-
tions, rodents present a danger to human health as 
carriers of disease, and to collections of objects that 
may be damaged by gnawing, consumed as nutri-
tion, shredded for nesting materials, or stained 
with urine (Corrigan, 2011). Furthermore, the car-
cass of a dead rodent, whether in a neglected trap 
or a wall void, becomes an attractant and a food 
source for insect pests that can quickly destroy 
nearby collections (Bruesch, 2011). The advent of 
RRMT is a “game changer” because it can be con-
figured to provide enhanced protection for virtu-
ally any kind of collection within a museum of any 
level of complexity and size. 

Remote rodent monitoring enables around-the-
clock, proactive monitoring throughout a facility, 
with particular value in

• artifact/object storage spaces where rodents 
can move into cabinets, boxes, crates, and 
other housings;

• hard-to-reach but highly vulnerable interior 
spaces such as ceilings, wall and floor voids, 
utility chase risers and basement tunnels;

• outdoor landscaping and exterior  perimeter 
walls where, for example, rodents are often 
drawn to refuse staging and delivery doors.

The economic benefit of proactive remote moni-
toring cannot be overstated. Currently, without 
the use of RRMT, many hours are inefficiently 
spent performing routine checks of rodent traps. 
By most industry estimates, upwards of 95 per-
cent of that time is spent servicing rarely-visited 
(i.e. empty) traps. Improved efficiency makes more 
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ket (Table 1, Figures. 1–6). Other manufacturers 
offer monitors that we were not able to include. 
Remote monitors were deployed in approximately 
200 locations with a history of rodent activity and 
tested for periods of six to 24 months. 

Wireless network compatibility and 
ease of installation

Several modes of network connectivity were rep-
resented by the assortment of devices trialed, 
including WiFi and cellular data (the latter with 
and without a dedicated network of gateway hubs 
set up onsite). Monitors that connected directly to 
existing cellular data or WiFi infrastructure could 
quickly be deployed in a stand-alone fashion any-
where that sufficient signal strength existed. These 
systems could then be extended on an ad hoc basis 
where network coverage was available. RATMO, 
a cellular device, was deployed with minimal con-
figuration. While in the past we have found that 
security settings on our institutional WiFi net-
work can complicate the connection of stand-
alone devices (such as environmental dataloggers), 
the EZ Square WiFi monitors were also deployed 
with ease. However, WiFi network settings are 
input to these monitors during activation, so in 
the event that later changes require the settings to 

where pests may go unnoticed, and exhibit halls 
where refreshments accompany special events. 
Drop ceilings, false walls, platform floors and hid-
den voids are abundant throughout. These areas 
are difficult to access and are not routinely moni-
tored or inspected.

The museum is situated within Theodore Roos-
evelt Park, an urban landscape that harbors house 
mice and Norway rats. Numerous perimeter 
doors present potential points of entry. The Park 
is owned by the City of New York, requiring the 
AMNH to partner with the Department of Parks 
and Recreation to manage pests beyond the zone 
immediately surrounding the museum. 

The AMNH employs one full-time pest control 
manager responsible for control of insect and ver-
tebrate pests. Though the museum is fortunate to 
have this expertise on staff, the fact remains that it 
is a huge area for one person to cover. With approx-
imately 500 rodent trap locations across the facil-
ity, the time-cost to checking traps is very high. 
Upgrades that increase the efficiency of routine 
trapping and expedite investigations of known or 
suspected activity also allow more resources to be 
devoted to preventive activities.

The AMNH trial program included six differ-
ent models of RRM devices currently on the mar-

TABLE 1. Remote rodent monitors represented in the AMNH trial program.



138

FIGURE 1. RATMO, manufactured by Arctic Systems and  
provided by Insects Limited Inc. Photo: Julia Sybalsky.

FIGURE 3. ActiveSense NC1, manufactured and provided by 
Corteva Agriscience. Photo: Julia Sybalsky.

FIGURE 2.1 & 2.2. Rodent Monitoring System,  manufactured 
and provided by Bayer Environmental Science. 
Photo: Julia Sybalsky.

FIGURE 4.1 & 4.2. ActiveSense AIR1 Beta, manufactured and 
provided by Corteva Agriscience. Photo: Julia Sybalsky.
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engaged in product installation and troubleshoot-
ing. Open and ongoing communication and col-
laboration between the pest control manager, 
museum staff and technical support were essential 
for the operation of these systems at the AMNH. 
The manufacturers of the stand-alone devices that 
we evaluated provided adequate documentation 
for us to deploy monitors on our own, and cus-
tomer service was available if needed.

Compatibility of RRMs to various uses 
and environments

The AMNH pest management program relies 
on a range of snap traps, multi-catch live mouse 
traps (MCTs), and exterior bait stations to control 
rodent pests. None of the RRMs trialed were com-
patible with all of these traps. Most were compat-
ible with standard snap traps and trap placements 
for mice or rats. These monitors were clipped, zip-
tied, or otherwise attached to the trap, and were 
triggered by vibration, movement, or a change in 
position of the trap. 

In high-traffic areas, rodent trap covers or trap 
stations were often needed to protect traps from 
human disturbances (i.e. a broom, a kick, etc.) 
that could trigger a false alert. The  compatibility 
of each RRM with different covers sometimes 
impacted its suitability for a particular space. For 

be updated manually, it would take a long time to 
visit each monitor in a large and widely distributed 
array like ours.

It was found that due to the thick masonry and 
steel construction of the AMNH, the building 
envelope presents formidable limitations to the 
widespread use of any device that is dependent on 
a wireless network of any kind. Cellular data and 
WiFi coverage are inconsistent and do not extend 
to all of the areas in which rodent traps are used. 
Where these signals were weak, stand-alone mon-
itors could not communicate reliably.

ActiveSense and Bayer RMS hub systems suc-
cessfully addressed these drawbacks, but at the 
expense of setup time. Both relied on a network 
of cellular gateways installed prior to trap deploy-
ment. The time investment required to setup and 
troubleshoot a gateway network is proportional 
to the complexity of the site and should not be 
underestimated. The payoff for this effort was a 
dedicated network that provided coverage every-
where it was needed and could be extended going 
forward. Once that network was in place, monitor 
deployment was simple and efficient.

Because hub systems required an initial site 
assessment process and at least one subsequent site 
visit to establish network coverage, technical rep-
resentatives from Corteva and Bayer were actively 

FIGURE 5 (above). EZ Square Mouse, manufactured and 
provided by VM Products. Photo: Julia Sybalsky.

FIGURE 6 (right). EZ Square Rat, manufactured and 
provided by VM Products. Photo: Julia Sybalsky.
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toring rodent trails and runways in out-of-the-way 
places, but utilizing this capability required a pre-
cise understanding of where activity was located 
because the sensor detects movement at close 
range. Coupling RRMs with a motion-activated 
IR wildlife camera in these spaces provided video 
confirmation and valuable detailed information 
about the nature of activity.

On the exterior of the museum, the AMNH 
employs rodent bait stations and rodenticide baits 
to reduce rodent populations, protect the perimeter 
of the facility, and locate concentrations of activity 
(Corrigan, 2001). Due in part to resident birds of 
prey that feed on urban rodents, there is a strong 
push to move away from rodenticidal baits towards 
non-toxic approaches. To this end, we were able to 
replace the rodenticide bait in many of our exte-
rior stations with remote-monitored snap traps. 
Most of the devices we trialed were designed for 
indoor/outdoor use and could be deployed in this 
way. Snapped traps could be promptly emptied 
and reset, repositioned, or added in areas of con-
cern. A reduction in bait used outside the museum 
means fewer poisoned rodents dying inside the 
museum and improves the health of the park and 
the urban ecosystem.

Data management, visualization 
and analysis

Data associated with the RRMT systems we tri-
aled was accessed and manipulated through an 
internet browser or mobile device application. 
These digital platforms supported the deployment 
and maintenance of monitors but provided lim-
ited support for analyzing and/or reporting cap-
ture data. This shortfall reflects the fact that RRM 
manufacturers are under pressure to design prod-
ucts that interface with existing third-party soft-
ware (e.g. PestPac, Briostak) commonly used in the 
commercial pest management sector rather than to 
develop comprehensive stand-alone data solutions. 

Integrated pest management requires analyz-
ing trends in data from one or more locations over 
time (Sawyer and Casagrande, 1983; Parsons et al., 
2019). Nearly all of the digital platforms we tri-
aled included basic capabilities for visualizing 
data, though they lacked advanced filtering tools 
(i.e. captures by department, floor, etc.). While 
these applications could record technician service 
notes such as the number, species, sex, and age of 

example, in a busy operational corridor, we found 
that remote-monitored snap traps were being trig-
gered daily when inadvertently bumped by work-
ing staff. However, the slim-profiled trap cover 
supplied with the EZ Square Mouse solved this 
problem: it was narrow enough to fit into a gap 
behind a row of stanchions, protecting it from dis-
turbance and significantly reducing the number of 
human-generated false alerts.

Bayer’s RMS and Corteva’s ActiveSense AIR1 
Beta are both designed specifically for MCTs. 
MCTs vary in size and shape, but all of them 
incorporate a mechanism that confines successive 
mice in a chamber after they pass through a nar-
row entry point. Because they can capture a dozen 
or more mice at any particular deployment, MCTs 
offer high efficiency for a pest professional’s time, 
particularly in large facilities like the AMNH. 
The monitors we trialed fit into or onto the MCT. 
Bayer’s RMS was compatible with one particular 
style of MCT, while the AIR1 had near-univer-
sal compatibility. Both incorporate an ability to 
distinguish between human disturbance and true 
rodent capture, which successfully reduced false 
positive alerts being generated. Combining MCTs 
with remote monitors naturally leads to a situa-
tion in which a pest professional who responds 
promptly to a capture alert may come upon one 
or more live mice that will try to escape when the 
trap is opened. In our trials, we followed the pest 
industry’s standard practice of deploying flat glue-
boards (not glue trays) inside the MCTs, rendering 
any MCT with captures much easier to service.

Snap traps can also be configured for efficiency 
(but to a much lesser degree) by setting up sev-
eral snap traps under a single trap cover. The 
ActiveSense NC1 and EZ Square Mouse were 
compatible with this technique and could each be 
coupled with two traps simultaneously. However, 
we observed that in most cases, the force of the 
first snap trap capture sprang the second snap trap, 
negating the multi-catch functionality.

In an incrementally built facility like the 
AMNH, it is important to monitor hidden voids 
when looking for the source of a problem or after 
taking action to exclude rodents. We trialed both 
ActiveSense models in these constricted, inacces-
sible spaces, and found that they provided a sig-
nificant time savings benefit. The AIR1 Beta can 
be deployed without a trap or enclosure for moni-
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RRMT is naturally aligned with the internet of 
things (IoT) and Smart City initiatives that use 
information from various networked data collec-
tion devices to manage resources for maximum 
operational efficiency in urban environments.

Conclusions and recommendations

Remote rodent monitoring systems offer excit-
ing benefits, but vary in their network connectiv-
ity, ease of installation, trap and cover compati-
bility, and in the functionality of their respective 
data platforms. Some of the systems we trialed 
were a better fit for the AMNH than others, but 
the needs of other institutions will differ, and 
should be considered systematically when evalu-
ating RRMT for possible use. Be sure to consider 
the following:

• What type of rodent(s) are you targeting? 
Choose monitors for rats, mice, or both.

• What kind of wireless network coverage is 
available in your trapping areas? If existing 
WiFi or cellular signal strength is good, stand-
alone monitors are simple to set up. Hub sys-
tems provide consistent coverage where it is 
needed but require more time to install. 

• How many monitors do you need? The effort of 
installing a hub system may not be justified if 
only a few monitors are needed. 

• What type of traps and enclosures are suitable 
for your facility, and where are they used? Sys-
tems vary widely in their compatibility. Real-
izing the benefits of greater versatility requires 
greater engagement with the system on the part 
of the pest control operator.

• How important are mapping tools to keeping 
track of your trap inventory, and for commu-
nicating trap locations to affiliated pest pro-
fessionals? Mapping to digitized floorplans is 
important for discriminating trap locations in 
large multi-level facilities.

• How do you organize and analyze capture data? 
Digital platforms provide limited integrated 
functionality for analyzing and reporting data, 
but some systems chart trends or allow users to 
export datasets in standard formats that can be 
manipulated in other applications or archived. 
Location hierarchies used by different RRMT 
platforms may suit some approaches to data 
organization better than others.

rodents captured, only RATMO integrated those 
statistics with charting functionality. Several plat-
forms also offered the capacity to export capture 
data for processing in applications like Microsoft 
Excel, but not all could do so as a single dataset. 

The data platforms we trialed varied in their ease 
of use. Most provided a dashboard-style overview of 
the system, though some delivered the most impor-
tant information (i.e. sensors requiring service) to 
the immediate attention of the user more efficiently 
than others. All of them organized data using a 
hierarchy of locations and sub-locations. Using 
these hierarchies effectively depended upon under-
standing how they impact operation of the soft-
ware. For example, the ActiveSense NC1 system 
grouped monitors (and data) by gateway hub, even 
though those hubs were not set up to have a mean-
ingful relationship to sectors within the museum. 
In all cases, we found that a robust naming proto-
col with unique location identifiers helped in mak-
ing clear which trap monitors had triggered alerts.

Mapping functionality within these platforms 
determined how precisely we could record our 
monitor locations. This is of consequence at times 
because technicians working outside their usual 
rounds need easy-to-navigate maps to efficiently 
locate traps. Several systems pulled in GPS coor-
dinates and plotted them on a satellite image, but 
this feature was not as useful as it initially seemed. 
The scale of the satellite image was not suitable for 
visualizing the distribution of monitors between 
rooms or within parts of a room. Nor could one 
discriminate between floors in a multi-level struc-
ture like the AMNH. In contrast, Bayer’s integra-
tion of floorplans with dynamic scaling allowed 
us to easily drop repositionable pins to accurately 
record monitor locations.

We foresee further improvements in digital 
platforms. Several of the RRMT developers in our 
trial anticipate the future value of their product as 
much in the platform as in the devices themselves. 
Although it is not obvious yet where that will lead 
them, it is clear they understand the need for inte-
grated networks that support more than the detec-
tion of rodent activity. One intriguing possibility 
could be the innovation of a network that employs 
a comprehensive digital management platform 
to bring together data from an array of  different 
monitor technologies, such as environmental or 
light loggers, alongside RRMs. Used this way, 
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Endnotes

1 Various terms and acronyms continue to emerge for 
Remote Rodent Monitoring Technology (RRMT) 
including remote rodent monitors (RRMs), remote 
rodent sensors (RRS), electronic rodent sensors 
(ERS), electronic remote monitor devices (ERMDs), 
remote pest monitors, and others. Most of the terms 
however are synonymous and may simply depend on 
the particular manufacturer’s terms for the devices. In 
general, the term “remote pest monitors” will likely 
be the universally employed terms for this technology 
since their use is quickly being developed for a wide 
range of insect, rodent, bird and wildlife pests.

Presently, many pest management profession-
als still have very limited familiarity with RRMT. 
Whether or not a museum administers an in-house 
pest management program or contracts it out, 
remote rodent monitoring will be most success-
ful with committed on-site staff who are engaged, 
have a stake in the success of the system, and are 
readily available for troubleshooting. Because 
timesaving is perhaps the single greatest benefit of 
RRMT, the implementation of any RRM system 
should reflect an institution’s goals for taking the 
greatest possible advantage of those savings.
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done with great caution (Pinniger and Myer, 2015 
pp. 18, 27).

Long Lasting Insecticidal Net (LLIN) is manu-
factured and sold for the control of malaria trans-
mission by mosquitos (WHO, 2014). This net has 
been tested successfully as protective packaging of 
non-infested museum objects (Nicosia et al., 2016, 
p. 46), and permethrin insecticides like those used 
in LLIN have been investigated to control pests in 
museum contexts (Pinniger, Morgan, Child and 
Langford, 1994, p. 24). However, there has not 

Introduction

Protein eating insects common to the north-
east region of the United States such as webbing 
clothes moths (Tineola bisselliella) and varied car-
pet beetles (Anthrenus verbasci) present significant 
challenges to museums (Pinniger, 2015). Integrated 
Pest Management (IPM) programs within muse-
ums often encompass active and passive methods 
of control, including monitoring, cleaning, quar-
antine, and de-infestation of collections objects 
by multiple methods, although use of pesti cides is 
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Pest Management of Clothes Moths (Tineidae) 

and Carpet Beetles (Dermestidae)

Abstract
Long Lasting Insecticidal Netting (LLIN) has 
been used successfully as a barrier against pest 
migration in museum and art storage settings 
(Nicosia et al., 2016, p. 46). This interdisciplinary 
research project aimed to further character-
ize the efficacy, safety, and feasibility of using 
alphacypermethrin LLIN in a museum IPM pro-
gram. Laboratory testing was completed on 
webbing clothes moths (Tineola bisselliella) 
and cabinet beetle (Trogoderma inclusum). LLIN 
proved to be lethal to adult and larval stages 
of these museum pests on wool encased with 
LLIN and on wool interleafed with LLIN. Mate-
rials analysis of three brands of LLIN was com-
pleted through Oddy testing and gas-chroma-
tography-mass spectroscopy (GCMS). Results 
suggested the netting may be safely used in 

proximity to museum collections on a tem-
porary basis. Field studies were performed to 
evaluate the use of LLIN in the practical set-
tings of a collections storage facility and at a 
historic house museum site. The field stud-
ies showed an interruption of the movement 
of adult webbing clothes moths and carpet 
 beetle larvae after deployment of LLIN in areas 
of documented infestation. 

Keywords: webbing clothes moth, Tineola 
bisselliella, varied carpet beetle, Anthrenus 
verbasci, cabinet beetle, moth, beetle, 
alphacypermethrin, cypermethrin, pyrethroid, 
insect net, long-lasting insecticidal net, LLIN, 
museum storage, museum collections, historic 
house museum, integrated pest management, 
IPM, Oddy Testing, GCMS volatiles analysis
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contained within the polymer matrix. This allows 
it to move to the surface over a period of years to 
maintain efficacy (WHO, 2014). 

Alphacypermethrin is toxic to insects, caus-
ing mortality through direct physical contact with 
the insecticide. It has low toxicity for humans and 
other mammals, although it has higher toxicity for 
aquatic life (Pyrethroids Resource Center, 2018). 
Human toxicity exposure comes through direct 
skin contact, so it is recommended that safety-da-
ta-sheets of specific products are understood to 
assess handling hazards. 

Insect mortality testing

To test the mortality efficacy of the netting on 
museum insects, three species of insects during 
mobile life stages were introduced in close prox-
imity to all three brands of LLIN, and checked for 
survival over time. Adults and larvae of the spe-
cies cigarette beetle (Lasioderma serricorne), web-
bing clothes moth (Tineola bisselliella), and the 
dermestid warehouse beetle (Trogoderma variabile) 
were introduced into an enclosed space containing 
a sample of 18 cm X 12 cm X 0.2 cm, processed, 100 
percent wool from a sweater purchased at a thrift 
shop, wrapped in LLIN. The LLIN was cut to 38 
cm X 14 cm x 0.1 cm and completely covered the 
wool sample. 

Ten live insects of each species were used in 
the individual studies. The larvae of each species 
ranged from early to late molting-stages of devel-
opment. Live insects were applied directly onto 
the wool and the LLIN was placed over the sam-
ple using a gloved hand. The wool and netting 
materials were placed into resealable, Ziploc®- 
style plastic bags that were 17.5 cm X 31 cm for the 
duration of the study (Figure 1). Control tests of 
the three insect species and wool samples, with-
out LLIN, were also carried out (Figure 2). Insect 
mortality counts were made daily based on com-
plete lack of insect movement. All tests were per-
formed over a one-month period at a temperature 
of 20–23 °C and 30–45 % relative humidity (RH).

Oddy Testing
Oddy testing of all three brands of LLIN was 
completed at the Metropolitan Museum of Art 
(The Met). Tests were run in duplicate with dupli-
cate controls for comparison using The Met’s 
Oddy testing and interpretation protocol version 

been an in-depth investigation into using LLIN 
to control active pest infestations on a large scale 
as part of a holistic IPM strategy in museums.

This paper presents the interdisciplinary 
research undertaken to determine the feasibility, 
efficacy, and safety of LLIN in museum settings. 
Entomological efficacy of LLIN at controlling 
specific species known to damage common 
museum objects was completed. Materials analy-
sis was performed to determine the safety of using 
LLIN in proximity or contact with museum col-
lections. Field studies were carried out to explore 
the logistics of deploying LLIN as part of a wider 
IPM strategy in a museum context.

Laboratory Testing

Materials

Long-Lasting Insecticidal Net (LLIN)
LLIN is used widely for the control of insect-
borne illness on a global scale. The production of 
LLIN is tightly controlled by the World Health 
Organization (WHO) and must be made of 100 
percent polyethylene-fiber net manufactured 
with the insecticide permethrin (WHO, 2014). 
LLIN is effective only through direct contact with 
insects. The following brands of LLIN were eval-
uated: Duranet®, Pramex™, and Royal Sentry®. 
Exploratory surface pH testing of the three LLIN 
with Fisherbrand™ color-fast pH strips showed a 
neutral pH (Tse, 2007), indicating suitability for 
further testing. 

High-Density Polyethylene (HDPE)
LLIN is produced with high-density polyethylene 
(HDPE) (WHO, 2014), a thermoplastic hydro-
carbon ((C2H4)n) polymer in the class of polyole-
fin plastics. The polymer is known for high ten-
sile strength and resistance to acids, bases, and 
oxidi zing agents, and appears in its pure state as 
a translucent-to-white plastic (Waentig, 2008, pp. 
291–301).

Alphacypermethrin
Alphacypermethrin (C21H20Cl2NO3) is a spe-
cific molecular formation of permethrin insecti-
cides that are a commonly used to control an array 
of domestic and agricultural insects. For LLIN, 
alphacypermethrin is mixed with the polyethylene 
before spinning into fiber, so the insecticide is not 
located solely on the exterior of the net but is also 
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pest breeding and movement in the region with 
temperatures between 20–35  °C (Child, 2007). 
Sticky traps baited with webbing clothes moth 
pheromone and dermestid food lures were used 
to determine efficacy of the net at containing the 
movement of the insect species. 

Collections storage testing 
The first test site was within the Historic New 
England’s Haverhill storage facility. Occupied as 
a storage facility since 1988, the 1912 eight-story 
poured-concrete building has been retrofitted 
with modern environmental systems, insulation, 
and weatherproofing. The environmental condi-
tions are modified and monitored throughout the 
building with some seasonal fluctuations. Pest 
monitoring is undertaken using sticky traps baited 
with pheromone and food lures.

An area of collections storage, with known 
webbing clothes moth activity, was chosen as a 
testing zone. This area contained dense storage of 
wool, feather, and silk textiles. Prior to testing, six 
moths were counted in the sticky trap near the test 
zone over a period of two months.

LLIN was deployed to entirely encapsulate the 
shelving units, using 804 m2 of net to cover stan-
dard pallet rack system with 1.2 m x 2.4 m shelves 
occupying a 663 m2 footprint. A new, refreshed 
pheromone trap was placed outside of the LLIN 
testing area and was monitored weekly for another 
two months from August through September.

20171116_OT (Buscarino, Stephens, and Breitung, 
2018). Testing was completed with coupons hang-
ing above and in contact with the LLIN.

Gas Chromatography Mass Spectrometry (GCMS)
Volatiles analysis was performed using solid-phase 
micro-extraction GCMS using a LEAP RTC-
PAL auto-sampling arm for heating, sampling, 
and injection into an Agilent 7890B/5977 GCMS 
system fitted with an Agilent HP-5MS-UI and 
cryotrap. A 1.1 mm diameter Carbon WR/PDMS 
SPME Arrow was exposed for 20 minutes at 
60 °C to the headspace of a sealed 20 mL GCMS 
vial with 0.3 g of netting that had been pre-heated 
for 20 minutes at 60 °C. The fiber was injected and 
allowed to desorb for 2 minutes at 250 °C onto a 
-15  °C cryotrap. Oven method: 40  °C for 3 min, 
ramped to 250 °C at 10 °C/min, held at 250 °C for 
5 min. Mass Spectrometer: scanned 12-475 mass 
units. Data analyzed using Agilent’s MassHunter 
Qualitative Analysis software vs. B.07.00 SP2 and 
the NIST 2017 electron ionization mass spectral 
library. 

Feasibility Study of LLIN in Museum Setting

Historic New England deployed LLIN as a con-
tainment method for museum storage shelving 
units infested by webbing clothes moths, and one 
individual object infested with varied carpet bee-
tles in a historic property. These tests were run at 
two different sites between the months of June and 
September, which represent the height of active 

FIGURE 1. Insects introduced on wool from a thrift-shop 
sweater wrapped with LLIN. Photo: Patrick Kelley, 2018. 

FIGURE 2. Live warehouse beetle dermestid larvae on sweater 
wool five months after introduction onto wool used as a 
control, with no LLIN. Photo: Patrick Kelley, 2018.
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dermal contact with the pesticide netting that is 
needed for toxicity. 

In general, the insects on the control wool sur-
vived longer than their counterparts in the LLIN 
tests. The warehouse beetle larvae and the web-
bing clothes moth larvae had survivors on the 
non-insecticide control test at the completion of 
the trial. The mortality numbers from this study 
suggested that tested brands of LLIN are effec-
tive at killing museum insects that come in direct 
contact with it.

Materials analysis of LLIN

Oddy test results combined with GCMS vola-
tiles analysis allowed for a comparison of the suit-
ability of the three brands of LLIN for suitabil-
ity of use around art objects. The Oddy test overall 
results for all three brands of LLIN were similar, 
with all three brands rated as ‘temporary for use.’ 
The GCMS volatiles analysis was used to further 
understand what compounds in each net might be 
responsible for the corrosion or films produced on 
the Oddy coupons. 

Oddy Testing
Oddy test coupons were used to detect volatile 
compounds released from materials to determine 
a material’s suitability for use around museum 
objects. Copper coupons are used to detect acids, 
aldehydes, chlorides, and sulfides. Silver is used 
primarily to detect sulfides and chlorides, and 
lead for detection of acids and aldehydes (Thick-
ett, 2004). 

The corrosion or film observed and rated 
according to The Met Oddy protocol are outlined 
in the table and images below (Table 2 and Figure 
3). The ratings refer only to the hanging coupons, 
where all copper and lead coupons were ‘tempo-
rary for use’ (T). The silver coupons, despite hav-
ing film growth were rated ‘permanent for use’ (P). 
No coupons were given an ‘unsuitable’ (U) rating. 
The in-contact coupons showed similar or slightly 
worse corrosion than the hanging coupons in all 
cases. 

Previous investigation at The Met showed that 
a beige or white film on silver coupons can be 
attributed to a contaminant found on the silver 
from the manufacturer (Fine Metals Inc.). These 
films were not corrosion products which are typi-
cally yellow, purple, or black, and films were seen 

Single object containment 
The single object containment test was conducted 
at Historic New England’s Beauport, the Sleeper- 
McAnn House, built in 1907. Beauport is open in 
the summer, with limited environmental controls. 
The average 2018 summer-season was 24  °C and 
65 percent RH. The house is furnished with a large 
collection of textiles and upholstered furniture. 
The property has had significant, complex IPM 
issues involving several species over the years. 
Weekly monitoring and data collection of sticky 
traps for pest activity is routinely done throughout 
the spring, summer, and fall. 

In Beauport Blue Willow room, a sticky trap 
baited with beetle pheromone and food presented 
11 dermestid beetle larvae in one week. The trap 
was located between a wool upholstered chair, 
and a bed. The bed had no visibly active infesta-
tion with no recorded previous infestation history, 
however it did contain a feather pillow as a poten-
tial new infestation site. The chair had a known 
history of infestation, treatment and re-infesta-
tion, and dermestid beetle larvae were visible on 
the chair after inspection. 

LLIN bed netting with stitched seams was 
draped over the chair in direct contact with the 
fabric and tucked under to completely encap-
sulate the object. A new sticky trap baited with 
pheromone and food lure was placed between the 
chair and the bed and monitored weekly for two 
months.

Results and Discussion

Laboratory insect mortality testing

The results in the following tables are based on 
a daily visual check of insect mortality over a 
1-month exposure period. 

All exposed adults and larvae of the webbing 
clothes moth died within one week of direct-con-
tact exposure to LLIN. Cigarette beetles sur-
vived longer than the clothes moths in general. 
Cigarette beetles ingest tobacco products (Mah-
roof and Phillips, 2008) and are likely tolerant 
to some insecticides. Warehouse beetle adults all 
died within a week of being exposed to LLIN, 
however some of warehouse beetle larvae lived for 
more than two weeks after exposure. The larvae of 
Trogoderma species have dense hairs on their bod-
ies (Ahmedani et al., 2007), which could possibly 
be preventing the insect larvae from having direct 
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TABLE 2. Corrosion and film descriptions with Oddy ratings for each brand of LLIN. 

FIGURE 3. Corrosion and films seen during Oddy testing for Royal Sentry®. Photo: Isabella Buscarino, Metropolitan 
Museum of Art Scientific Research Department, 2018.
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containing compounds, which have the potential 
to tarnish silver during Oddy testing. The lack 
of silver tarnish on the Oddy test coupons for all 
three materials indicates that those compounds 
are unreactive and not of great concern.

Alphacypermethrin and its acid  hydrolysis 
 products were not observed. Only one very 
small signal in the Pramex™ sample was likely 
a di-chloro-alkene, which is also a component of 
alphacypermethrin, however, positive identifica-
tion of the compound’s structure was not possible.

The differences between levels of acids, alde-
hydes, and esters for the three brands of LLIN 
were not significant. The similarities were borne 
out in the Oddy test, where the copper and lead 
coupons showed similar levels and types of corro-
sion for all three brands. 

None of the acids found in the GCMS cor-
relate to alphacypermethrin degradation prod-
ucts (Jones, 1999). GCMS experiments were run 
in small sealed vials, so access to water and oxy-
gen were minimal and the length of exposure at 
60 ⁰C was minimal (< 1 hour). Alphacyperme-
thrin degrades in the presence of water and oxy-
gen (Jones, 1999), so more acids would be expected 
in the Oddy test (28 days at 60⁰C) and some atmo-
spheric conditions. Acidic, oxygen-rich and humid 
environments increase the likelihood of damage 

only when enough acids and other reactive com-
pounds are present, as confirmed by lack of visible 
film on control samples. 

The films from on silver showed trace cyano 
compounds that did not match the known car-
bon-nitrogen triple-bond component of alphacy-
permethrin for Duranet® and Royal Sentry®, but 
not Pramex® (Jubert, et al., 2007, pp. 1208–21). 
This suggests that the volatile compound observed 
to be either depositing on the silver or absorb-
ing in the contaminant film were not alphacy-
permethrin but were possibly a degradation prod-
uct or bi-product from pesticide production for 
Duranet® and Royal Sentry®. 

GCMS testing
The main chemical classes of concern for museum 
object safety are acids, sulfides, chlorides, alde-
hydes, amines, esters, and plasticizers. GCMS 
volatiles analysis identified acids, aldehydes, chlo-
rinated organics, and esters in all three materi-
als with aldehydes and esters generating the most 
signal in each (Table 3). Acids and chlorinated 
organics accounted for much less of the GCMS 
chromatogram and appeared in similar quantities 
across the three brands. Alphacypermethrin con-
tains a dichloro-alkene compound, and GCMS 
data for each LLIN shows the presence of chlorine 

TABLE 3. GCMS volatiles grouped by compound type, quantifying the total area of the compound group signal, 
and total number of compounds identified for each group.
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FIGURE 4. The Haverhill collections facility test, showing LLIN draped over shelving units known to be infested with 
webbing clothes moths. Photo: Adam Osgood, 2018.

FIGURE 5. The Beauport test site, using LLIN draped over a single object known to be infested with dermestid carpet beetles. 
Photo: Megan Creamer, 2018.
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appeared to provide a quick and easy containment 
method for several months during the most active 
breeding cycles of the pests studied. 

Risk to collections and staff
The results of testing at the Haverhill storage 
facility and Beauport were positive. The deploy-
ment of LLIN over large shelving units of mixed- 
material objects, presented very low risk to the 
collection, given the multiple barriers of acid-free 
storage materials and space between objects and 
LLIN. No microclimate effects or visible changes 
to objects were detected. For the single object in 
direct contact with LLIN, there was risk of expo-
sure to the volatiles seen in Oddy and GCMS test-
ing. No visual changes to the textile or wood com-
ponents of the object were noted during weekly 
monitoring after several months. The use of LLIN 
as part of a temporary quarantine method is felt to 
be justified against the risks of active, damaging 
pest infestation.

While the manufacturer’s intended usage for 
the prevention of malaria is considered low-risk, 
some users in this study experienced mild skin 
reaction after cutting or handling the material. 
Personal protective equipment implemented dur-
ing this study included nitrile gloves, long sleeves, 
and hand-washing after handling net, as well as 
particle masks and eye shields when cutting the 
net. Labels can be used to identify the LLIN in 
storage, with hazard warnings to ensure all staff 
are aware of the use of pesticide.

Conclusions

Entomological testing confirmed that LLIN was 
lethal to moth species and beetle species that 
damage museum collections. Materials testing by 
Oddy test resulted in a rating for ‘temporary use’ 
for all three brands tested. The copper and lead 
coupons in all tests were affected, and correlation 
with GCMS volatiles analysis indicated a possi-
ble cause was the presence of acids, aldehydes, and 
esters. Given the ‘temporary for use’ ratings, cau-
tion should be used in implementing the nettings 
near museum objects for more than six months, 
and more caution is advised when considering 
direct contact usage.

Field testing showed that LLIN was a cost- 
effective, low-tech, and easy to implement tool 
in settings common in many types of museums 

through acid hydrolysis of many museum objects 
that are also attractive to pests, such as fur, silk, 
feathers, leather, as well as cotton, woody fibers, 
and other materials (Timár-Balázsy and Eastop, 
1998, pp. 19–56).

The presence of phthalate plasticizers was most 
evident in Duranet®. Pramex™ showed minimal 
evidence for volatile plasticizers, and Royal Sen-
try® showed no GCMS signal for plasticizers. In 
the case of LLIN, it is likely that not only is the 
pesticide meant to migrate to the surface over time, 
but plasticizers and other small molecules within 
the HDPE net may also migrate to the surface of 
the fiber and possibly transfer to museum objects.

Field Testing

Supplied on a roll, or as pre-stitched bed drapes, 
LLIN was ready to use and quickly covered shelv-
ing units or individual objects. Cost and access to 
LLIN was a limiting factor in field testing, result-
ing in testing of only two brands. Duranet® was 
not marketed in the USA, but was available to 
be purchased in significant quantities through 
online auction at reasonable prices. Royal Sen-
try® was available for purchase in bulk at cost for 
this study, shipped directly from the manufacturer 
in China. Pramex™ was available as a consumer 
product in the USA at significantly higher costs. 
In terms of feasibility for long-term or high-vol-
ume usage, Pramex™ was thought to be out of 
price range and was not pursued for testing. Total 
cost of Duranet® and Royal Sentry® used for the 
two tests was under 300 USD. 

Sticky traps placed outside of the LLIN test-
ing zone in the Haverhill storage facility showed 
zero pests trapped outside of infested shelving 
units or objects after containment with LLIN 
(Figure 4). A new webbing clothes moth phero-
mone trap attracted zero moths for the months of 
August through October after deploying LLIN 
compared to a count of six just prior to deploy-
ment. At Beauport, a new beetle pheromone and 
food lure trap was placed between the chair and 
the bed for continued monitoring after encapsula-
tion of the chair in LLIN (Figure 5). In the sub-
sequent weekly monitoring of the trap, zero beetle 
larvae or adults were seen for the next two months. 
Without deployment of LLIN these known infes-
tations would have been expected to spread to 
other adjacent collection objects. The LLIN 
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manufactured by:
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IPM measures are implemented. 

Future Research

There are still questions to be answered regard-
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In October 2017, an insect infestation was dis-
covered during the dismantling of photographs 
that had been loaned to the exhibition Les Ren-
contres de la photographie in Arles (south of France). 
The IPM coordinator of the BnF was alerted. The 
infestation management process was immediately 
undertaken to develop a remedial action plan. This 
paper will discuss the risk assessment performed 
by the IPM team, and the implemented correc-
tive and preventive actions. It will also discuss the 
challenges and how they were met, and the lessons 
that were learned about how to effectively manage 
this kind of infestation.

Risk assessment

The IPM section of the BnF is one of the three sec-
tions of the scientific laboratory and belongs to the 
conservation department. The IPM team is com-

Introduction

The foremost missions of National Library of 
France (Bibliothèque nationale de France, BnF) 
are the preservation of collections for present and 
future generations, and the valorization of these 
collections through communication to readers and 
exhibitions for the public. The BnF holds more 
than 30 million printed books, manuscripts, and 
graphic and audiovisual documents, as well as 
coins and medals, furniture, theatre costumes, 
and archaeological objects. Each year, several 
thousands of documents or objects are exhibited 
in the BnF galleries or are loaned to other cultural 
heritage institutions. Because of the importance of 
these exhibitions, two specific services are dedi-
cated to the framing of graphic documents: one 
under the supervision of the conservation depart-
ment, and the other under the photographs and 
prints department.

CAROLINE LAFFONT & SIMONA DRAGO 

Management of an infestation at the National Library 
of France: the role of the IPM team 

Abstract
In October 2017, a Lyctus infestation was dis-
covered in the framing workshop of National 
Library of France. An alert was triggered, and 
the infestation management process began 
immediately, under the supervision of the con-
servation department through its Integrated 
Pest Management (IPM) coordinator (IPM coor-
dinator). The main goal of the IPM team was to 
evaluate the risk of the infestation spreading, 
and to develop an appropriate remedial and 
preventive action plan. Meetings were organ-
ized by the IPM coordinator to reassure the col-
lections manager and curators of the low risk 
of spreading, and to present the action plans 
to all the stakeholders. The main challenge was 
coordinating the communication between all  

 
the stakeholders and determining the deci-
sion-making process, in order to implement 
curative actions without interrupting the activ-
ities of the different services involved in the 
management of exhibitions. This infestation 
was an opportunity to implement preventive 
procedures and actions previously not consid-
ered necessary, such as reinforced insect trap-
ping, reinforced training sessions, and reorga-
nization of spaces, including fitting out a 
quarantine zone on the Richelieu site.

Keywords: IPM coordination; decision process 
making; risk assessment; Lyctus infestation; 
biocides; non-chemical treatment;  monitoring; 
prevention.
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exhibitions department released an office to use as 
quarantine. Once isolated, the five photographs 
were taken out of the frames, to reduce the risk of 
damage and evaluate the impact on photographs, 
but also to find evidence to confirm the Lyctus 
infestation. This first step was performed by the 
framing service staff. In addition to the dead adult 
insect, frass was identified in two other frames. 
One photograph was affected; the damage was a 
small hole in the photograph corresponding to the 
exit hole. The photographs and prints restoration 
service took responsibility for this photograph, 
and pictures were taken before sending the frames 
to the IPM laboratory. Unfortunately, because this 
was an emergency and normal procedure was not 
followed, they didn’t send the dead adult Lyctus 
directly to the laboratory and this sample was lost. 
Therefore, the exact Lyctus species has not been 
identified.

An analysis of the frames was carried out by the 
IPM team within the laboratory to confirm the 
presence of insects. This examination also allowed 
us to determine that only the frame spacers made 
of ramin wood, which serve to raise the glass from 
the photographs, were infested (Figure 1). Live 
larvae were found in these frame spacers (Figure 
2), but the rough oak frames were not yet infested. 
The Lyctus infestation was confirmed by its typi-
cal frass, the size of emergence hole, and the shape 
and size of the larvae. Lyctus are dangerous xylo-
phage coleoptera of the family Bostrichidae. They 
develop in the sapwood of broad-leaved trees, 
which contain a high amount of starch (such as 

posed of four biologists including the IPM coor-
dinator, which is a full time position. The team 
is also specialized in preventive conservation and 
climatic analyses. The IPM team is thus prepared 
to rapidly lead a holistic and multi-disciplinary 
risk management response, to operate in a tar-
geted manner, and to monitor the IPM program 
effectiveness. In addition, the IPM team pro-
vides training (at least four sessions a year includ-
ing a two-day session with practical workshop). 
The technical centre of the BnF (CTBnF), based 
outside of Paris, has a large quarantine room, two 
pest treatment units, and a dust removal unit. The 
treatment units include an ethylene oxide disin-
fection unit to treat active microorganism con-
tamination and an anoxia unit to prevent or treat 
insect infestations. These facilities are under the 
supervision of the conservation laboratory.

The infestation described in this case study 
was discovered by the person in charge of trans-
porting the loaned photographs back to the BnF. 
She found an adult insect in one framed photo-
graph, and recognized signs of Lyctus infestation 
thanks to the training given by the IPM team she 
had attended years earlier. Once alerted, the risk 
assessment began immediately. The IPM coor-
dinator gave the first recommendations to avoid 
risks of spreading. The first step was to find a safe 
place to isolate the frames at the Richelieu site, as 
no specific quarantine exists on this site.  Moreover 
it was impossible to modify the transport opera-
tor roadmap and go directly to the CTBnF quar-
antine facility, because it is too far from Paris. The 

FIGURE 1. Infested frame spacers stored in storage room: 
vessels of the ramin wood and exit hole of 1.5 mm of diameter 
(Digital microscope Hirox KH-8700, x320). 
Photo: Caroline Laffont, BnF.

FIGURE 2. Live Lyctus larva found in a frame spacer stored in 
storage room (Digital microscope Hirox KH-8700, x120). 
Photo: Caroline Laffont, BnF.



156

this infestation was detected, the framing service 
had already framed almost two hundred works of 
art with the infested ramin wood. These artworks 
were framed for an important exhibition of pho-
tographs at the BnF (Paysages français – Une aven-
ture photographique, 1984–2017), which was being 
installed for its opening at the end of that same 
month (October 2017). Moreover, these frames 
had already been dispatched several weeks earlier 
to all premises dedicated to exhibitions, and some 
of them were already hung in the exhibition gal-
lery. Fortunately, the framed works of art loaned 
to other heritage institutions during this period 
were not framed with this type of framing and so 
were not at risk.

First, the assessment was conducted in the stor-
age room of the framing workshop where the 
majority of frames were stored. This evaluation 
included: 

• visual inspection for insect and frass  
sampling

• insect trapping 
• identification at the laboratory 
• climatic condition records (temperature and 

relative humidity) 

oak, chestnut, mahogany, ramin) and whose ves-
sels are more than 0.05 mm in diameter (Lyctus 
do not attack softwoods). The size of the adult is 
from 4 to 6.5 mm long, and they are a brown to 
reddish brown, with an elongate shape. They have 
 eleven-articled antennae, antennal clubs formed of 
2 articles; and the antennae about the same length 
as the pronotum. The length of the elytra is 2.5 
times the width. Larvae dig circular galleries par-
allel to the woods vessels, filled with frass. Larvae 
measure 4 mm to 8.5 mm long at their final devel-
opment stage, and have a curved shape. Their bod-
ies are entirely greyish white with a reddish head. 
The emergence holes are circular and about 1 to 
2 mm in diameter. The frass is typically very fine 
and looks like flour. Adults emerge from April to 
October, and the entire life cycle lasts about a year 
in normal conditions but there can be two or three 
generations per year in heated places.

Following identification, the most  important 
step was to undertake a broad assessment of pre-
mises and works of art, in order to identify the 
source(s) and magnitude of the infestation, and 
the risks of spreading and then to create and 
implement remedial and preventive action plan 
(Brokerhof, 2013; AFNOR, 2016). Indeed, when 

FIGURE 3. Lyctus frass identified on frames stored in the frames storage room during the assessement. Photo: C. Laffont, BnF.
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of corrective actions in order to avoid interrupting 
library activities – especially for the exhibitions 
and the framing services.

The challenge consisted in reassuring the col-
lections manager and curators that the risk of the 
infestation spreading was low. Contrary to what 
they feared, it was not necessary to repatriate the 
works of art lent to cultural heritage institutions, 
because they had not been framed with infested 
materials. The head of the exhibitions depart-
ment also decided not to inform these institutions. 
Another challenge was gaining acceptance of the 
fire safety and security services, the health, safety 
and environment service, and the building mainte-
nance services, for fumigation of the premises. 

Emergency conservation actions

Concerning the frames made for the exhibition 
being installed, it was decided to only un-frame 
the artwork that had been framed with ramin 
spacers or with wood likely to be infested by Lyc-
tus, such as rough oak or mahogany. They were 
re-framed with resinous wood frames, because 
Lyctus doesn’t feed on resinous wood.  For extra 
precaution, these frames were not stored in the 
two infested rooms. Inert polypropylene frame 
spacers were purchased to re-frame them, and it 
was decided as a long-term preventive measure 
that only this material will be used from now on. 

Furthermore, during the entire period of the 
exhibition, the BnF galleries were inspected 
every week, with particular care, by the exhibi-
tion department. A protocol for this examination, 
and a description of what to do in case of signs of 
infestation, was written by the IPM team. Once 
a month, the IPM team conducted this examina-
tion, as we are more trained to recognize signs of 
pests. And it was also the opportunity to recover 
the climatic data from the dataloggers.

Concerning the stored frames, two treatments 
were chosen and undertaken in order to avoid 
interrupting the planning of the framing service:

1. Six cubic meters of frames that were urgently 
needed were frozen on the premises of an exter-
nal service provider (Hygiène Office SA). Freez-
ing was chosen for its effectiveness and rapidity. 
The carriages used to move the artworks were 
also treated. This Ice-tech method uses freez-
ing as a treatment against all wood insects at 

• frame conservation evaluation 
 (e.g. packaging, dust levels) 
• evaluation of the environmental  
 cleanliness. 

In this room, Lyctus frass and remains were found 
in a highly localized place on rough oak frames 
(Figure 3). The climatic conditions were suitable 
for Lyctus development.

The same control was applied in the framing 
workshop where the installation for the mount-
ing frame takes place. Frass was found in this 
room, where the infested ramin frame spacers had 
been stored. Two sources of infestation were then 
defined: rough oak frame from the storage room, 
and ramin raising sticks. 

Subsequently, all premises at risk of infestation 
have had the same evaluation. No sign of Lyctus 
infestation were discovered, except in one deposit 
room where some frass was found and where 
moths (Tineola bisselliella) were found on the exist-
ing traps. 

Simultaneously to the evaluation described 
above, all 200 works of art were examined by staff 
of the exhibitions department. The IPM coordi-
nator described indications for the recognition of 
infestation signs. Frass were found in two rough 
oak and ramin-framed photographs. The IPM 
team also found live larvae in these frame spacers.

These assessments, from risk identification to 
risk estimation, were performed in less than one 
week. Knowledge of the life cycle of Lyctus, and 
the vulnerability of the materials, enabled the 
IPM action team to develop plans with prioritized 
actions concerning the framed works of arts, the 
frames and the premises. 

Remedial action plan
Communication and planning

The IPM coordinator convened a large meet-
ing, where she presented the assessment results 
and the action plans to all the involved stake-
holders. The action plans were divided into emer-
gency and short-term measures, and a preven-
tive plan. This meeting was also the occasion to 
define the decision-making process. The goal was 
to work together to find the best and safest way 
to get back to a satisfactory situation as quickly 
as possible. Key issues were human and financial 
resource planning. Another issue was the planning 
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As it was not possible to fumigate the frame 
storage room, it was totally emptied and decon-
taminated with a liquid insecticide proposed by 
the BnF external provider, Saniterpen DK choc®. 
This insecticide contains deltamethrin (0.2 g/l), 
pyrethrins and pyrethroids (0.038 g/l). The other 
premises were thoroughly vacuum cleaned. The 
remaining frames (around twenty cubic meters) 
were sent to the Hygiene Office for anoxia a few 
weeks later. The dynamic anoxia treatment is per-
formed in a chamber for three weeks at 25 °C and 
50 % relative humidity with residual oxygen level 
lower than 900 ppm. A certificate is established 
after the treatment.

Preventive action plan

The preventive action plan includes both specific 
interventions on the premises and mostly proce-
dural improvements. It was designed to prevent a 
recurrence of any insects, and improve the preser-
vation conditions. 

Concerning the premises, to improve the insect 
detection, sticky UV-light traps (Flex-trap 45®, 
Abiotec) were installed. The number of sticky 
traps, both with and without pheromones, was 
also increased. This allows any kind of insects to 
be targeted (flying and non-flying, adult and also 
larvae). The pheromone traps are used to detect 
moths. The monitoring, recording, and replace-
ment are done by the IPM team. No damaging 
insects have been detected since the treatments. 
The climatic monitoring has been reinforced in 
some premises.

Sticky floor mats that keep dust out at the prem-
ise entrances were also installed. The air tightness 
and insulation of the framing workshop windows 
was improved. Floors are now cleaned by vacu-
uming, and shelves are vacuumed more often. As 
noted above, the framing is now routinely done 
with inert polypropylene frame spacers. 

It was recommended that all the staff of the 
exhibitions and framing services attended training 
session on IPM, given by the IPM team. The goal 
of the training is to improve recognition of signs 
of insects or microorganisms, and how to react 
quickly - but without making decisions too hast-
ily. Not all the staff are trained yet.

The lack of quarantine facilities at the Riche-
lieu site made the management of this infesta-
tion more complex, and resulted in additional risk 

all stages. For this treatment, a statuary cycle, 
generally used for movable objects, is applied. It 
consists of incubation at minus 25 ±2 °C of tem-
perature and 50±5 % of relative humidity, for 15 
hours. The freezing chamber is about 20 cubic 
meters. During the treatment, parameters are 
monitored. A certificate is established after the 
treatment.

2. Five cubic meters of artwork that had been 
framed without ramin frame spacers, but that 
had been stored close to infested frames in the 
framing workshop, were treated by the BnF 
anoxia unit. This unit uses the Veloxy® system 
where a compressor sends the atmospheric air 
through molecular filters that separate gasses, 
sending only the nitrogen into a heat-sealed 
gas-tight enclosure. The residual oxygen inside 
the enclosure is below of 1,000 ppm. Once 
this concentration is reached, works of art are 
kept for four weeks at 25 °C and 50 % of rela-
tive humidity. After the treatment they are vac-
uumed. A report of treatment is sent to collec-
tions manager.

Short-term action plan

Regarding the premises, the framing workshop 
and safety deposit room were treated by fumiga-
tion with Dobol®. This process enables disinfes-
tation by diffusion of an insecticide that spreads 
quickly in the most inaccessible areas. The insecti-
cide contained is the cyphenothrin of pyrethroids 
family at a concentration of 7.2 percent. It acts 
by contact, on the nervous system of insects that 
ingest it. It does not stain and leaves no residual 
deposit.

For the organization of fumigation (e.g. sealing, 
safety and security detection shut down), the IPM 
team coordinated meetings, with the pest control 
external provider of BnF , the building mainte-
nance, the fire safety and health services, and the 
safety and environment services. Prevention plan 
documents were signed, as required by French 
regulations. As these two rooms are located near 
public areas it was necessary to avoid any risk of 
dispersion of fumigation products. Therefore, a 
mobile air purifier (RoomDopair®) was installed 
after treatment. This air purifier only uses particu-
late and chemical filtration.
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entation that showed the results of the assessments 
and needed action plan. This presentation is a way 
of communicating which is not usually  necessary. 
The coordinator also convinced the management 
of the necessity of biocidal treatments for prem-
ises. Usually, biocides are avoided, both because 
they are toxic and especially because since the 
implementation of the preventive conservation 
strategy in the early eighties, they have not been 
necessary. In this case, however, it was a  necessary 
action.

This infestation was also an opportunity to rein-
force preventive insect detection and preservation 
conditions. Importantly, an additional quarantine 
room for emergency has been defined (this is still 
being installed and is not yet in use). Before the 
Lyctus infestation, this quarantine was not judged 
necessary as BnF already has a large quarantine 
facility. The collaborative process was also critical 
to the successful management of this infestation, 
from the early detection to the implementation of 
curative and preventive actions. This event was 
also the opportunity to strengthen the collabo-
ration between the department of conservation 
and the building maintenance department and 
the health, safety and environment service. Thus, 
through a fast and collaborative response, the BnF 
was able to both avert a widespread infestation, 
and to improve the emergency response systems 
for such an event. 
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of propagation of the infestation, or damages to 
artwork. The IPM coordinator had to convince 
the management to dedicate premises for urgent 
quarantine. This was done through the exchange 
of reports and meetings. As the lack of space is 
a major problem, it was hard to find an appropri-
ate space. It still needs to be furnished, and the 
procedures in terms of staff accreditation, clean-
ing and maintenance, and alarm system still need 
to be established.

Discussion and conclusion

This case study points out the importance of hav-
ing an IPM team in a large and complex cultural 
heritage institution like the BnF, and also having 
an IPM strategy as part of the preventive conser-
vation policy. Having these things in place allows 
for quick action, and the avoidance of a wide-
spread infestation.

Knowing the pests and their biology, the vul-
nerability of the collections, the possible remedial 
and preventive strategies relevant to the occur-
rence, and the estimated magnitude of the risk are 
key factors to define proper action plans. Another 
key point is the importance of familiarity with the 
organization of the institution, and the regula-
tions concerning particularly biocides, and safety 
and security. 

In the case of this infestation, the assessments, 
the decision-making process, its implementa-
tion, and taking corrective measures (reframing, 
premises treatments) all happened very quickly. 
All stakeholders were very responsive. They pri-
oritised the remediation of this infestation. This 
infestation was also exceptional in terms of the 
number of frames, of framed works of art, as well 
as the number of premises susceptible to infesta-
tion. It is also very uncommon to use an external 
provider for treatments of works of art; however 
this was necessary because of the volume of frames 
that needed to be treated in a very short time (in 
order not to interrupt the framing services activ-
ities for more than a few days). Usually the BnF 
anoxia unit is more convenient in terms of insur-
ance, human and financial resources.

The IPM coordinator was able to reassure stake-
holders, especially the collection managers, the 
head of departments and the health, safety and 
environment service. This was done thanks to the 
written reports, the meetings and a visual pres-
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emergency cases with different materials and 
workflows, which could be helpful in practical 
application. 

Emergency planning

• The basic principles for emergency planning 
are the following: 

• avoid emergency situations;
• minimize damage;
• prevent losses;
• rescue objects.

Emergency plans usually address cases of robbery, 
earthquake, extreme weather, vandalism, and 
fire and water damage (SiLK, 2019;  Smithsonian 
Museum Conservation Institute, 2019; Getty 
Conservation Institute, 2019). Following the rec-
ommendations from the Conference of Archives 
Headers (KLA, 2019), there are only handling 
instructions for general pest attack regarding 
archives. There are recommendations for action in 
cases of acute mould infestation on registry and 
archival material (LWL, 2019; Neuheuser, 2006). 
However, there is very little information about 
emergency plans for pest attacks in the literature 
or online forums, such as museumpests.net. Nor 

Introduction

An acute pest attack of insects or rodents can hap-
pen suddenly in spite of an existing IPM-system, a 
preventive action plan and frequent monitoring. In 
such cases, it is important to react fast and safely 
to avoid the spreading of pests inside the build-
ing and avert further damage. Through frequent 
lending of collections and objects between muse-
ums, libraries and archives, there is also a high 
risk of pest attack, for example through packag-
ing materials or transport boxes (Biebl, 2014; Biebl 
& Querner, 2016). Larvae and adult insects can 
also enter buildings with infested objects (Pin-
niger et al., 2016; Querner et al., 2013; DIN EN 
16790). Not only can museum objects be irreversi-
bly damaged, but there is also a financial challenge 
to eliminating a pest attack that has been intro-
duced to a collection with a loan (Biebl & Lang, 
2014; Hakanen, 2011). Due to the fact that many 
pests are well hidden and have a short develop-
ment cycle, it can result in a fast spreading prob-
lem, resulting in severe damage (SILK, 2019). 

This paper describes the general emergency 
management and an overview of the  common 
pests classified according to food sources. 
Further more, it will demonstrate exemplified 

STEPHAN BIEBL

Practical emergency plans in the case of 
pest infestations in museums

Abstract
This paper reports on sudden pest infestations 
in museum exhibitions and storage facilities, 
which may happen without warning. These 
infestations may be caused by a lack of lending 
routines, lack of quarantine or infested trans-
port boxes and wrapping material.

Practical experience from a consulting 
expert in museums helps to show solutions 
with different methods such as protecting stor- 
 

 

age rooms with tapes, using traps and quar-
antine. A description of methodology will be 
given along with recommendations based on 
personal experience to help avoid mistakes 
and failures by implementing IPM. 

Keywords: Integrated Pest Management; 
pest infestation; museum; quarantine
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Detritus feeders, like Gibbium psylloides (Fig-
ure 2), are commonly found in debris underneath 
floors from historic houses. Construction work 
with associated vibration can lead to an infesta-
tion of spider beetles. During autumn in build-
ings that are not well insulated, wintering insects 
like flies (Brachycera), stink bugs (Pentatomidae) or 
ladybirds/ladybugs (Coccinellidae) could cause an 
acute infestation.

Regarding rodents, the house mouse (Mus mus-
culus) and brown rat (Rattus norvegicus) belong to 
the most common pests with high damage poten-
tial in museums and historic houses. They are able 
to colonise museums and historic houses, which 
may lead to many serious problems like damage by 
gnawing electric cables (Pinniger, 2015).

is such information available in national guide-
lines, such as the guideline of cultural heritage 
from the Bundesamt für Bevölkerungsschutz und 
Katastrophenhilfe (federal office for civil protec-
tion and disaster relief, SiLK, 2019). The guide-
lines only describe general problems with infesta-
tion of pests and mould. For this purpose, there is 
a need for constant observation and a basic know-
ledge about the biology of relevant museum pests.

Overview of common museum pests 

Webbing clothes moths (Tineola bisselliella) (Fig-
ure 1), biscuit beetles (Stegobium paniceum) and dif-
ferent wood borers like powderpost beetles (Lyctus 
spp.) belong to the most common insect pests with 
high damage potential because of their develop-
ment cycle and reproduction rate.

TABLE 1. List of pests according to different food sources and examples.

FIGURE 1. Heavy insect pest attack with webbing cloth moths 
(Tineola bisselliella). Photo: Stephan Biebl.

FIGURE 2. Spider beetles (Gibbium psylloides) on glue trap. 
Photo: Stephan Biebl.

 
Types of food sources  Examples

 keratin based material  clothes moths and carpet beetles 
 (e.g. fur, feathers, wool) 

 wood (particular plywood) wood boring beetles, dry wood termites

 dried plants or food, seeds cigarette beetle, drugstore beetle, ham beetle

 cellulose based material  silverfish, firebrats, grey silverfish

 moulds and fungi  booklice, fungus and plaster beetles 

 detritus  spider beetles 

 human food and waste cockroaches, rodents, ants 
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beetles. This treatment was kept up until all bee-
tles had hatched. The reason why the log boat was 
kept in the museum was based on the knowledge 
that such beetles do not spread, but remain close 
to their food source.

Wood pest infestation in exhibition objects (2)

A historic wooden figure was preventively treated 
with anoxia and placed in a showcase in a spe-
cial exhibition. Shortly after the opening of the 
well-attended exhibition, conservators detected 
wood dust heaps and crawling beetles inside the 
showcase. After consulting a wood pest expert, 
an infestation of the common furniture bee-
tle (Anobium punctatum) was determined. It had 
been caused by an ineffective anoxia treatment, 
because the temperature during treatment was 
too low. After risk assessment, the hatched bee-
tles were removed and a daily control routine was 
put in place. There was no danger of a new infesta-
tion with this place-bound food source species and 
a hermetical display case. A new treatment with 
anoxia followed immediately after the exhibition. 

Textile pest infestation in a storage room

A severe infestation of webbing clothes moth 
(Tineola bisselliella) developed in a non-air-con-
ditioned room during summer with high temper-
atures. The infestation was unexpected since the 
historic collection that they belonged to had been 
treated with biocides .As a first step, the museum 
staff sealed the cabinets with adhesive tape to iso-
late the infestation and placed pheromone lures 
to catch as many male moths as possible. After 
a risk assessment with the support of an exter-
nal IPM-expert, a comprehensive treatment with 
anoxia could take place. All cabinets were sealed 
with an airtight foil, enabling the lethal oxy-
gen level to be reached for four weeks at about 24 
degrees Celsius. 

Stored product pest infestation in 
exhibition rooms (1)

During a well-attended temporary exhibition, a 
heavy infestation of biscuit beetles (Stegobium pan-
iceum) was detected by the staff. Some insect traps 
were filled with beetles, but no food source could 
be found inside the rooms. The reaction meas-
ures were reduced to vacuum cleaning, using a 
green light lamp (attracting insects without harm-

Case stories of acute pest attack 
in museums 
The difference between a normal pest infestation 
and an acute attack is based on the unscheduled 
situation with a high risk of damage to cultural 
heritage within a short time. Suitable conditions 
(high quality food source, humidity and elevated 
temperature) for certain insects or rodent species 
can allow them to multiply explosively and lead to 
emergencies. 

Below are eight examples/case studies that 
demonstrate practical emergency situations from 
museums and collections and their implemented 
countermeasures. 

Wood pest infestation in exhibition decoration

A large number of palm tree baskets from Egypt, to 
be used as props in an exhibition, were delivered on 
a Friday afternoon from an art transport company 
to the storage room of a museum. While unpacking 
the palm tree baskets, many crawling beetles were 
detected on the packaging material and exit holes 
were found on the baskets. There was a risk of infes-
tation of the wooden floor of the storage room and/
or spreading to the exhibition areas. As an emer-
gency measure, the wood boring beetles (deter-
mined to be palm tree borer Enneadesmus trispi-
nosus) were removed by vacuum cleaner and many 
insect traps were placed along the walls to moni-
tor the situation. All the 70 palm tree baskets were 
quickly removed outside into the museum ś garden. 
After a risk- and cost assessment, the museum’s 
management decided to dispose of all the baskets 
at a local incineration plant. Insect traps for moni-
toring the storage were used for some weeks after to 
check for spread of the beetles.

Wood pest infestation in exhibition objects (1)

A long and estimated 600 kg heavy log boat, 
which was built as a historic reproduction from 
hardwood showed many exit holes and crawling 
beetles, determined to be the fan-bearing wood-
borer (Ptilinus pectinicornis) shortly after the 
beginning of an exhibition. This beetle can infest 
felled trees and develop inside the hardwood dur-
ing the processing period. Considering the costs 
and work for removing the log boat, the muse-
um’s management decided to treat the wood. This 
involved surrounding the log boat with a liquid 
contact biocide and daily removing the crawling 
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• Lack of IPM. 
• Lack of experience and knowledge about pests.
• Panic actions, such as:
 – internal transport of infested material 
  without covering;
 – use of (incorrect) food moth lures to control  

 webbing clothes moths;
 – use of insecticides with repellent effect (e.g.  

 pyrethrum) resulting in spreading of insects  
 to other areas inside the building; 

 – treatment of transport boxes or objects  
 caused by wrong identification of the pest  
 insect.

 – use of rodenticides, resulting of dead bodies  
 of mice in the collection, which leads to a  
 webbing clothes moth infestation. 

• Lack of quarantine or interim storage for 
infested objects.

• Lack of preventive measures or incorrect  
treatment parameters. 

• Incorrect classification of pests (such as false 
comparison with images found online).

• Incorrect application of biocides by untrained 
staff.

• Neglected pest control management (such as 
rodent control in outdoor areas). 

Prevention of pest emergency situations

IPM emergency response can learn from ordi-
nary disaster preparedness (Kriese, 2018), as per-
formed by museums in case of fire and flooding. 
Many actions are similar. The following points can 
be part of a museum’s or archive’s disaster plan: 

• Set an in-house quarantine strategy, such as 
isolating objects in case of a suspicion of pests, 
restricting access. 

• Form an emergency group and record name, 
telephone and address (head and deputy of 
conservation, emergency officer, unit manager, 
storage manager, technician, etc.). Keep rosters 
up-to-date and central (e.g. on the intranet).

• Create an emergency plan for treatments  
(listings for the nearest heating/anoxia  
chamber or freezer, contact details for an IPM 
specialist, etc.).

• Keep a map of where the quarantine or  storage 
room is and what the safest and fastest way 
from the delivery zone is.

ful UV-light) and spreading diatomaceous earth 
behind the exhibition shelves. Without finding the 
source of the infestation, the exhibition continued 
as planned without any damage. After some time, 
the pest infestation slowly decreased. 

Stored product pest infestation in 
exhibition rooms (2)

Shortly before the start of a temporary exhibition, 
beetles were found running inside a display case 
with contemporary art, made of animal bones. The 
beetles were identified as the red-legged ham bee-
tle (Necrobia rufipes), which can feed on carrion 
and was brought in with the artwork. Short-term 
pest control (treatment) was not possible because 
of time restraints. The high summer temperatures 
led to a continuous development of the beetles 
on the art object. As an emergency measure, the 
display case was opened daily and the bugs were 
mechanically removed until the exhibition ended.

Mould infestation on organic exhibits

A large tree trunk with bark was exhibited in a 
museum. Before taking it into the museum, the 
freshly cut tree trunk was stored outdoors in front 
of the museum. The wood was still very wet over 
the cross-section. For organizational reasons, the 
tree trunk could only be treated in a heated cham-
ber for a few days in order to pre-emptively fight 
existing insects, such as greenflies (Aphididae) on 
the wood. Shortly after the installation, resid-
ual moisture from the interior of the wood in the 
air-conditioned exhibition space led to significant 
mould growth on the surface. A siphoning off of 
the mould made no sense as long as the tree trunk 
was still releasing moisture. Thus, the tree trunk 
had to be removed from the exhibition as an emer-
gency and further dried until mould growth was 
no longer possible. 

Summary of errors when applying 
emergency management

As the case stories show, lack of IPM, experience 
and general knowledge about pests are key factors 
that may aggravate an attack. Lack of prepared-
ness, creating non thought-through actions more 
or less in panic, is also a major factor. The follow-
ing list summarizes the major errors from the case 
stories mentioned above:
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TABLE 2. Suggestions for the content of an emergency box.

 Material Examples

 Handouts  IPM coordinator,
 with contact details collections response team,
  specialist biologists

 Literature IPM manual book images
  of pests to aid identification

 Investigative material disposable gloves, flashlight, 
  magnifying glass, insect tubes,  
  notepad and pen

 Insect determination  USB microscope 
  camera or mobile phone 

 Cleaning agent vacuum cleaner with pipe 
  extension, electric cable

 Isolation material garbage bags, stacking boxes,  
  foils, zip-bags, cover films, tape,  
  double tape, insect netting, 
  stapler, barrier band

 Measurement moisture measuring device  
 equipment for wood

 Tools scissors, knives

 Pest traps glue traps for insects, rodent traps

• Have a quarantine room available, or choose a 
room that is fairly easy to evacuate and to use 
to store infested objects. 

• Create a routine for risk assessment and  
control of incoming/outgoing objects and 
material.

• Offer regular training and exercises for staff 
and IPM coordinators to update knowledge of 
emergency plans and measures. 

• Provide regular maintenance of freezers and 
chambers for treatment (anoxia, heat).

• Keep an easily accessible emergency box (see 
Table 2 for contents) close to the quarantine 
room. Maintain regular control of the emer-
gency box for completeness and durability (e.g. 
PE film can become brittle, pens dry, tape 
dries out).

FIGURE 3. Quarantine of paper materials in 
archive to control the possible infestation of the 
grey silverfish. Photo: Volker Hingst.

FIGURE 4. Cultural heritage emergency container for quarantine and treat-
ment with climate control. Photo: Maruchi Yoshida/Kurecon.
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  Steps Actions / Examples Person

 1 Identification/Assessment of emergency  
 
 2 Informing responsible persons Call Emergency officer
    IPM-coordinator
    Conservator
 
 3 Request for help Call IPM-specialist
    Pest Biologist
    Pest Control company
 
 4 Instruction of actions Oral  Emergency officer
 
 5 Documentation of the damage Take photographs of the damage,  Emergency officer
   pest species and numbers, galleries, IPM-coordinator
   exit holes, etc.  Conservator
    
 6 Determining the extent and nature  Of the damage collection of pest  Emergency officer
   and excrements samples IPM-coordinator
   send photos to experts Conservator
   matching with existing data (object
   documentation, old damages) 
  
 7 Provision of material and equipment Emergency box Emergency officer
   disposables (tape, foil)
   traps for insects or rodents 
 
 8 Isolate infested objects  Pack objects  Emergency officer
   e.g. with stretch foil (Fig. 3)  Conservator
   bring objects into the quarantine room 
   or to a treatment chamber  
 
 9 Secure infested spaces  Avoid spreading of pests Emergency officer
   (e.g. close windows, glue doors with 
   tape, isolate hollow spaces, seal storage 
   shelves or show cases)  
 
 10 Disposing Packaging or infested material (disposal  Emergency officer
   must be outside the building) 
 
 11 Clarification next steps Decision of treatment Pest Control Company
   notification of transport company or  Emergency container
   emergency container company (Fig. 4) company

TABLE 3. Emergency measures work flow.
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Emergency measures 

First phase 

After the assessment of an acute pest infestation, it 
is necessary to follow certain steps to avoid failures 
that could lead to damage and worsen the infesta-
tion. The following table is an example of emer-
gency workflow (Table 3): 

Second phase 

After the first emergency measures have been 
carried out, more self-directed countermeasures 
could follow: 

• Mechanical elimination (removal) of insects. 
• Removal of pests by vacuum cleaning  

(important: freeze or dispose of vacuum 
cleaner bags).

• Check and control climate: cool down if  
possible to avoid mould growth and rapid 
development of insects.

• Dry humid objects and lower the relative 
humidity if too high (to reduce the risk of 
mould).

• Avoid spreading of the insects by keeping 
doors closed. 

• Isolate infested spaces or showcases to avoid 
spreading (e.g. seal with tape). 

• Mount mechanical barriers such as double 
sided or one-sided sticky tape (see Figure 5) 
under doors.

• Seal objects in cupboards with flexible insect 
netting (Hakanen, 2011).

• Dispose of food sources (e.g. old mice baits).
• Set up traps for interception of crawling 

insects, thereby reducing the infestation.
• Put up light traps to monitor and reduce the 

infestation.
• Use empty isolated chambers or climate- 

controlled containers (Kulturgutrettungs-
container 2019) to store infested objects  
temporarily.

• Check light sources like windowsills or  
emergency lamp fittings.

• In the case of a structural pest infestation, 
external expert(s) should be consulted  
(Museumpests, 2019).

Conclusion

In the past, many museums have just reacted with 
treatments in the event of pest attacks and dis-
regarded the implication of preventive measures 
such as strict quarantine or insect monitoring in 
storage rooms. 

Emergency prevention means doing everything 
possible to reduce the likelihood of acute pest 
infestation and to minimize the potential for dam-
age in a preventative way. 

By construction or climatic arrangements, pests 
can be prevented or minimized in an emergency. 
Lack of quarantine and knowledge of the biol-
ogy or behaviours of museum pests increases the 
risk of an unexpected pest infestation. Training or 
courses for staff is important to avoid panic actions 
in emergency situations.

If in doubt, IPM or museum pest specialists 
must be consulted in order to make the correct 
risk assessment and take the most effective meas-
ures. In most emergency situations, simple meas-
ures and equipment such as tapes or foils, are suf-
ficient to avoid spreading of pests. Emergency 
plans and equipment should be reviewed regularly 
and adapted to new requirements. New or inva-
sive pests may require their own or separate emer-

FIGURE 5. Isolated storage door with silicone paper with a 
one-sided sticky surface. Photo: Stephan Biebl.
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gency strategies, which cannot be handled with 
existing procedures or methods. Open communi-
cation between museums and conservators about 
case studies or new treatment technologies are 
required to avoid sudden pest infestations. 

Corresponding author
Stephan Biebl, info@holzwurmfluesterer.de

References

Biebl, S. 2014 Holzschädlinge in Transportkisten. 
Praktische Erfahrungen mit Splintholzkäfern 
in Depoträumen. In: Restauro, 3/2014: 22–25.

Biebl, S. & Lang, U. 2014 Treatment of wood-bor-
ing beetles in oxygen-free atmospheres. 

In: Müller, G. et.al. (eds.), The 8th International 
Conference on Urban Pests. Veszprém: OOK 
Press Kft, pp: 323–328.

Biebl, S. & Querner, P. 2016. Transportation of 
wood boring beetles (Lyctus spp. and Anobiids) in 
wooden transport boxes, wood pallets and newly 
bought wood in museums. Poster at the Inter-
national Conference on IPM in Museums, 
Archives, Libraries and Historic Buildings. 
Paris. Abstract available at: http://www.alpha-
visa.com/ipm/2016/documents/IPM2016-Ab-
stract_Book.pdf  [Accessed 10 April 2019].

Deutsches Institut für Normung, 2016. DIN EN 
16790:2016 Conservation of cultural heritage – 
Integrated pest management (IPM) for protection of 
cultural heritage. Beuth Verlag.

Getty Conservation Institute.1999. Building an 
Emergency Plan. A Guide for Museums and Other 
Cultural Institutions. D. Berland (ed.) [pdf] Los 
Angeles: Getty Conservation Institute. Avail-
able at: http://www.getty.edu/conservation/
publications_resources/pdf_publications/pdf/
emergency_plan.pdf [Accessed 12.01.2019].

Kriese, S. 2018. Pest Control as a new permanent 
task in the archive. Schädlingsprävention als neue 
Daueraufgabe im Archiv. ARCHIVAR, Heft 4, 
71 Jahrgang, pp.326–327.

Kulturgutrettungscontainer (Cultural heritage 
emergency container). Available at: 

http://www.kurecon.de/klimacontainer-kunst-
container-rettungscontainer/konservierung-ar-
beit s s icherheit-gesundheit s schutz .html 
[Accessed 12 January 2019].



168

2013; Pinniger, 2015). Objects made out of wood 
and textiles as well as natural history collections, 
ethnographic materials, modern art objects, his-
toric libraries, archives and historic buildings can 
become infested. 

Biscuit beetles in museums

The biscuit beetle (Stegobium paniceum) is a com-
mon food and artefact pest with a cosmopolitan 
distribution and can be found in museums, his-
toric libraries, food industry settings and in pri-
vate homes. Along with other Anobiids (such as 
the tobacco beetle, Lasioderma sericorne or the fur-
niture beetle, Anobium punctatum), the biscuit bee-
tle is a key pest for museum environments (Pinni-
ger, 2015; Pinniger & Lauder, 2018; Brokerhof et 
al., 2007; Querner, 2015; Florian, 1997; Querner 

Introduction

Integrated Pest Management (IPM) is an impor-
tant part of preventive conservation in museums 
and aims to stop damage to museum objects and 
the spread of pests. In IPM,  different measures 
such as physically excluding pests from a building, 
regulating the climate within a building, quar-
antine of incoming or suspect materials, detailed 
cleaning and housekeeping, training museum staff 
about IPM and monitoring, all help to reduce the 
risk of an infestation (Brokerhof, 2007; Pinniger, 
2015; Pinniger & Lauder, 2018; Querner, 2015). 
Most museums try to reduce the application of 
pesticides in their collections and will use the pes-
ticide-free techniques of freezing, controlled heat 
as well as anoxic treatment with nitrogen or CO2 
to kill all stages of pests (Querner and Kjerulff, 

GABRIELE SAUSENG & PASCAL QUERNER 

Sniffer dogs in the detection of biscuit beetle 
(Stegobium paniceum) infestations in historic libraries

Abstract
Using sniffer dogs to detect the Asian long-
horn beetle (Anoplophora glabripennis), an 
introduced quarantine pest from Asia, is 
already widely practiced in Europe. Infested 
wood packaging materials are investigated by 
sniffer dogs to prevent the spread of invasive 
pest beetles. The infested wood is mainly used 
in the transportation of stones imported from 
China and beetle outbreaks have occurred in 
many European countries (e.g. Austria, Ger-
many, Switzerland, Italy and more). We started 
testing the capability of sniffer dogs to detect 
active biscuit beetle (Stegobium paniceum)
infestations in historic libraries and museums 
in Austria. These libraries, often found in mon-
asteries, hold thousands of books being stored 
in a single large room. Locating individual 
infested books is very time consuming, expen- 

 
sive and can often end without the source 
being found. A well-trained dog should be 
able to detect an infestation in a room, locate 
actively infested books and also be able to 
locate potential sources of beetles in the build-
ing (e.g. attic or ductwork). We trained a two 
year-old beagle dog with original biscuit bee-
tle frass from historic books, living adult bee-
tles and larvae. The ability of the dog to locate 
infested material was tested in three locations 
(two libraries and one storage depository of a 
museum) in 2018. Results are compared with 
other methods of monitoring like the use of 
sticky blunder, pheromone and UV light traps 
as part of an IPM program.

Keywords: detecting infestation, monitoring, 
biscuit beetle, sniffer dogs 
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2009). The dogs can detect empty breeding gal-
leries, exit holes and overgrown oviposition sites. 
This ability enables the dogs to detect the insects 
in standing trees in a forested outbreak area as well 
among imported plants and even in roots in the 
soil. Hoyer- Tomiczek et al. (2016) tested the sen-
sitivity and selectivity of trained A. glabripennis 
detection dogs towards different scent sources of 
A. glabripennis (larvae, frass and wood shavings, 
infested wood) under controlled as well as realis-
tic conditions and found an overall sensitivity of 
75–88 percent. 

Training of the dog “Funny”
Dog training 

One dog (a two-year-old Beagle named Funny) 
was trained by the author for six months to pick up 
the scent and locate living adult biscuit beetles and 
larvae. The dog already had intensive scent train-
ing for paper currency (Euro, US Dollar and Swiss 
Franc) since the age of nine weeks. Biscuit beetle 
training for the dog was performed for six months 
every other day for 15–20 minutes. The scent of bis-
cuit beetle frass (collected from the historic library 
in the Capuchin monastery) as well as the scent of 
live larvae and adults (collected from a cultivation 
on bread biscuits) (Figure 1a) was presented to the 
dog within different environmental situations. The 
scent training method for Stegobium detection uses 
the principle of positive reinforcement where the 
dog is rewarded by its handler immediately after 
a correct indication by the dog in order to com-
bine the positive feeling of reward with the tar-
get scent (Rebmann et al., 2000; Braun, 2013). The 
trained response of this dog for indicating the tar-
get scent was the act of putting its nose on the 
most intensive point of the scent and freezing 
any further movement. This kind of indication is 
very often used by police dogs in dangerous target 
scent detection scenarios such as the presence of 
explosives, accelerants and narcotics. This type of 
response from the dog avoids any contact or dam-
age to the indicated area. 

Further, we introduced a special scent carrier 
into the dog training. Cigarette filters were cov-
ered with real “beetle odour” by putting live bee-
tles and filters together in a glass jar for two days 
(Figure 1b). The filters trap the odour of the bee-
tles. By using the filters as a training device, safe 
training without any infestation risk to objects 

et al., 2015). The larvae of the biscuit beetle feed 
primarily on plant materials and on goods in the 
food industry such as cereal, pasta, rice, biscuits or 
bread. In museums, the beetles can damage dried 
plant materials found in herbaria, historic books, 
paper, upholstery, different objects with starch 
glue, as well as textiles, mummies, animal mounts 
and insect collections (Museumpests.net., 2012). 
They can feed and survive on keratin-based mate-
rial, but in most cases, they prefer plant material 
and especially starch-based glue. While feeding 
on books, the larvae feed mainly on the glue of the 
bookbinding, and in this process the first pages of 
the book, the leather book cover and occasionally 
the entire back of the book may be damaged as 
well (Hicken, 1992). 

Monitoring of biscuit beetles

Simple sticky blunder traps and UV light traps 
work well to trap adult beetles emerging from 
infested objects (Child and Pinniger, 1993; Child, 
2011; Querner, 2015; Querner et al., 2010; 2013; 
2017). Since the discovery of the isolated biscuit 
beetle sex pheromone and subsequent commer-
cial availability of pheromone traps, locating an 
infestation has become even easier (see for exam-
ple Swindells & Harvey, 2017, Harvey et al., 2017). 
But after trapping the beetles, the infested objects 
still need to be located, and this can be time con-
suming and difficult in large storage depositories 
or historic libraries. 

Sniffing dogs

Besides the widely known use for detection of 
people, cadavers, truffles, drugs or explosives, 
dogs have also been trained to detect various 
insects (Brooks et al., 2003; Pfiester et al., 2008; 
Lin et al., 2011; Suma et al., 2014) and wild ani-
mals (Engemann et al., 1998; Paula et al., 2011; 
Wasser et al. 2012). Anoplophora glabripennis for 
example is a wood boring beetle pest mainly intro-
duced into foreign countries along with untreated 
or insufficiently treated wood packaging material 
from China. Anoplophora chinensis, a similar spe-
cies, is mainly introduced into non-native coun-
tries along with live plants. Canine scent detection 
is possible because the nose of a trained dog is able 
to detect even minute traces of the target scent. 
Anoplophora detection dogs have been trained in 
Austria since 2009 (Hoyer-Tomiczek & Sauseng, 
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FIGURE 2. Dog training for the scent of biscuit beetle. 
Photo: Gabriele Sauseng.

can be carried out in historic libraries or any other 
training sites. The dog responds to the filters with 
the odours in the same way as it would respond to 
living beetles or larvae.

After training for six months (Figure 2) we were 
confident enough to test the dogs search  capacity 
in three realistic locations in Austria with and 
without an active biscuit beetle infestation. 

Test location I

The Kaiserliche Wagenburg horse carriage 
muse um in Vienna holds a large collection of horse 
harnesses in its attic. Biscuit beetles are known 
to have been active in this room for many years. 
The authors knew of individual infested objects, 
but the beetles were also entering the room from 
small cracks and spaces in the floor. On the 25th 
of September 2018, the dog searched the attic for 
1.5 hours and found six spots with a scent of live 
biscuit beetles. Some were known as entry points 
of beetles from void spaces and others were the 
infested objects themselves.

FIGURES 1A & 1B. Breeding biscuit beetles on dog food (left) and collection of the scent of biscuit beetle in cigarette filters (right). 
Photo: Pascal Querner.
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Test location II

On the 25th of September 2018, the historic library 
in the Klosterneuburg monastery was visited. A 
few years prior, an active and strong infestation of 
Stegobium paniceum was discovered in this library. 
All books were treated with the toxic gas Sulfuryl 
fluoride in the spring of 2017 to eradicate the infes-
tation. Because no active infestation was present 
in the library, we hid two half open glass jars with 
five live larvae of biscuit beetle inside each jar 
(Figure 3). The dog searched the central part of 
the library of the library for 20 minutes to locate 
the live insects. 

Test location III

On the 27th of November 2018, the historic library 
in the Capuchin monastery (Kapuzinerkloster) 
in Vienna was visited. We knew that there was 
a low, but active, infestation of Stegobium pani-
ceum in this monastery. Some books were treated 
with anoxia in the past, but the infestation was 
not completely eradicated. The dog searched the 
library for 17 minutes (Figure 4) to locate infested 
areas and books. Following a break for the dog, 13 
books were laid out on the floor on blankets and 
the dog searched again book by book to locate the 
infestation more closely.

All tests were carried out indoors. Any indica-
tion by the dog had to be clearly communicated to 
the dog handler by the dog. The handler imme-
diately confirmed whether the indication was 
correct. In the case of correct positives, the dog 
handler rewarded the dog with its usual reward 
(typically food). Then the search was resumed 
until all samples had been examined. The dog 
handler abandoned the test run in few exceptional 
cases when the dog became too distracted to work. 

Results and Discussion
Test location I

The dog clearly indicated the actively infested 
horse harnesses in the attic, some of which were 
placed on the floor and some were still hanging. 
It also indicated different infestation areas in the 
room located in cracks in the floor. Some of these 
were already known as entry points of live bis-
cuit beetles into the storage depository (Figures 5 
and 6). The beetles were entering the room from 
small cracks and spaces beneath in the floor. The 
dog also indicated a previously unknown area of 

FIGURE 3. Hiding of live biscuit beetles in a glass jar inside a 
cupboard (top shelf) in the historic library in the 
Klosterneuburg monastery. Photo: Pascal Querner.

FIGURE 4. Historic library in the Capuchin monastery in 
Vienna with an active biscuit beetle infestation. 
Photo: Pascal Querner.
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FIGURE 5 & 6. The dog Funny in the attic of the horse 
carriage museum indicating an active biscuit beetle 
infestation. Photo: Pascal Querner.

FIGURE 7. The dog searching in the historic library in the 
Klosterneuburg monastery without an infestation. 
Photo: Pascal Querner.

FIGURE 8, 9 & 10. The dog Funny searching infested books 
in the historic library in the Capuchin. Photo: Pascal Querner.
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the ground. Experience from training and from 
surveys in outbreak areas shows that dogs are able 
to detect infestations in tree crowns at heights of 
six meters (Hoyer-Tomiczek & Sauseng, 2013). 
Dogs searching for scent material from red palm 
weevil, Rhynchophorus ferrugineus, in potted palm 
trees gave correct positive indications in 78 per-
cent of cases (Suma et al., 2014). Trained dogs 
were shown to be able to distinguish the scent of 
imported red fire ants from other ant species (Lin 
et al., 2011) or of bed bugs from other insects, such 
as ants, cockroaches or termites (Pfiester et al., 
2008). Dogs trained to detect termite colonies did 
not detect wood infested with lyctine beetles in a 
test but they were 100 percent successful at detect-
ing wood with termite colonies (Zahid et al., 2012). 

Using sniffer dogs to detect the Asian longhorn 
beetle (Anoplophora glabripennis) is already widely 
used in Europe. Infested wood packaging mate-
rials from China are investigated by sniffer dogs 
in Austria, Germany, Switzerland, Italy and more. 
The success rate of dogs in standardized situations 
is very high with an overall sensitivity (the ability 
to detect an odour) of 85–93 percent and a specific-
ity (the ability to differentiate different odours) of 
79–94 percent (Hoyer-Tomiczek et al., 2016). 

The Museum of Fine Arts in Boston also made 
public that they will start to use a sniffer dog to 
detect infestations of insect pests in a museum 
environment (Artnet News, 2018; Smartnews, 
2018). The museum acquired a Weimaraner puppy 
which will also receive training to detect case 
making and webbing clothes moths (Owen, 2018).

A well-trained dog should be able the detect an 
infestation in a room, locate individual actively 
infested books and objects and also potential 
sources of beetles in the building. Training and 
real searches must be carried out in such areas. 
Canine training normally is expected to take 
about up to two years to reach a required standard 
(Springer, 2016). It was reported that dogs can be 
trained to detect black tea within eight training 
sessions of only a few minutes each and reached a 
high sensitivity of 92,1 percent and a specificity of 
97,4 percent (Johnen et al., 2013). This pilot project 
with the dog Funny, showed a very high suitabil-
ity for accurate inspection in the short time of six 
months worth of work and training. 

Compared with other methods of monitor-
ing such as the use of sticky blunder traps, phero-

infestation where many dead beetles were found 
after visual inspection. The ultimate source of the 
biscuit beetle infestation is still unknown to the 
authors at this time. Some food source beneath the 
floor must be the host of the infestation. The iden-
tified objects (horse harnesses) have already been 
or will be treated with anoxia. We also plan to 
treat the gaps and seal them.

Test location II

The dog was not able to locate the live larvae (Fig-
ure 3) inside the glass jars hidden in the large room 
(Figure 7). However, when the search area was 
made much smaller, it managed to locate them. 
Probably the scent of the larvae was too weak to 
detect (it was placed only for five minutes before 
the dog searched the room, and the glass jars were 
half closed with a loose lid to prevent spread of the 
infestation. The monastery insisted on the lid to 
reduce any danger of a new infestation).

Test location III

The trial in the Capuchin monastery in Vienna was 
the most important test as actively infested objects 
were present. Within 17 minutes, seven areas with 
potentially active infestations were found (Figure 
8). The dog clearly indicated this and repeated her 
reaction again and again. Out of the 13 books from 
two shelves laid out on the floor, the dog indicated 
four books as actively infested (Figures 9 and 10). 
Other books on the shelves were not interesting to 
the dog. Out of the 13,230 total books in the library 
(we counted only half as the dog searched only up 
to the height of 1m = 6,500 books), 10–20 books 
with an infestation were located within the rea-
sonable time of about 1–2 hours of work with the 
dog. This is much faster than a visual inspection of 
all of the books.

Hoyer-Tomiczek et al. (2016) showed that dogs 
of various breeds are able to detect Anoplophora 
glabripennis scents of different origin in both con-
trolled as well as realistic test conditions. The 
mean percentage of correct positive indications 
(=  sensitivity) was between 85.0 and 92.6 percent 
under controlled conditions and between 75.0 and 
88.1 percent under realistic conditions. Placement 
of the scent at a height of 1.8 meter was no prob-
lem for the dogs, since the mean sensitivity from 
the outdoor scenario of the old orchard in their 
study did not differ from the search for frass on 
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mone traps and UV light traps, searching for bis-
cuit beetles with a dog has many advantages. It 
is less time consuming if the dog is well trained 
and can pinpoint the infestation to an individual 
object. Moni toring with traps also clearly shows 
the activity of pests in a room, museum storage 
depository or library, but the infested objects still 
need to be found. This can be a very time-consum-
ing process, especially if the library hosts thou-
sands of books of which only few are infested. 

If this method of detection is found to be suc-
cessful in further trials, we suggest to train dogs 
to smell and locate other museum pests like other 
Anobiidae (for example Anobium punctatum, 
Lasioderma serricorne, Ptinus fur), Lyctus sp. bee-
tles or other species of pests like the grey silver-
fish Cteno lepisma longicaudata. Further experience 
must be gained for the inspection of tall book-
shelves and the use of staircases to reach books at 
upper levels.
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monitoring and on prevention through appropri-
ate physical and administrative measures. Excel-
lent introductions to modern insect pest manage-
ment principles and procedures are for example 
Brokerhof et al., 2007 and Pinniger, 2015.

Where preventive and curative treatments 
remain necessary they will ideally be effective 
without causing damage or alterations to the often 
already degraded and delicate materials most likely 
to be attacked by insects (feathers, silk and wool, 

Introduction

Since the late twentieth century institutions have 
made significant efforts to move away from the 
liberal preventive and curative use of insecticides 
towards non-toxic alternatives in order to manage 
insect pest related risks. The application of bio-
cides to individual objects or globally by fumiga-
tion to groups of objects or even to entire buildings 
has been replaced by intelligent integrated pest 
management strategies with a strong emphasis on 

KILIAN ANHEUSER

Anoxic treatment or freezing?  
Consider your options

Abstract
In objects conservation there are four gen-
erally accepted preventive or curative treat-
ments for suspected insect infestations: deep 
freezing, anoxic treatment in a large air-tight 
chamber usually using nitrogen, anoxic treat-
ment in small oxygen-barrier film bags with 
oxygen absorbers placed inside, and heating 
to c. 50–55 °C with strict humidity control. Each 
of these techniques has its specific advantages 
and drawbacks. An experimental study of rela-
tive humidity (RH) fluctuations is presented for 
the two types of anoxic treatment and for deep 
freezing. 

Anoxic treatment in a nitrogen chamber 
requires some considerable investment into 
infrastructure and takes several weeks per 
treatment cycle but carries the lowest risk of 
damage to the object through RH and tem-
perature variations. It is suitable for treating 
large objects such as furniture or large carpets.

Anoxic treatment in bags with oxygen 
absorbers requires little capital investment but 
is limited to smaller objects. 

Freezing to -25 to -35 °C has become popular 
as a rapid, inexpensive and convenient tech-
nique. The treatment only takes a few days and

a suitably large freezer is affordable also to 
institutions on small budgets. However, RH 
fluctuations during treatment are signifi cant. 
When the object is cooled to sub-zero tem-
peratures, RH drops to very low levels as water 
is removed from the system by being fro-
zen out. At the end of the treatment there is a 
risk of condensation on the cold object as the 
temperature of the environment increases. 
For polymers (glues, varnishes, natural resins, 
binding media) cooling below the glass tran-
sition temperature creates a risk of brittleness 
and associated damage.

The effect of placing bags of silica gel (Pro-
sorb™) with the objects to mitigate RH fluctua-
tions was also investigated.

The paper concludes with recommendations 
for best practice in choosing the most appro-
priate technique for a given situation. All tech-
niques have their rightful place in conservation 
but should have different areas of application.

Keywords: insect pest treatment; anoxic 
treatment; nitrogen chamber; oxygen 
absorbers; freezing; relative humidity 
variations
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hermetically sealed bags made of oxygen-bar-
rier film with an appropriate quantity of oxy-
gen absorbers placed inside. Either treatment is 
carried out at a minimum temperature of about 
20 °C and takes about six to eight weeks.

• Heating to 50–55 °C in a RH-controlled cham-
ber or bubble, a treatment option now interna-
tionally commercialized by Thermo Lignum 
Ltd. (Xavier-Rowe et al., 2000; Tscherne et al., 
2016). The technique can be adapted to large-
scale treatments such as the wrapping and heat-
ing of entire buildings. A low-cost variant with 
less stringent control over temperature and RH 
has also been proposed in the form of placing 
objects in a solar tent even though this is not 
a technique commonly used in temperate cli-
mates (Brokerhof, 2002).

Previous research and aim of this study

Much of the conservation research into non-toxic 
insect pest treatment techniques has in the past 
focussed on assuring and optimizing the effect of 
the treatment (Strang, 1992; Berzolla et al., 2011). 
How long do we need to freeze objects at a given 
temperature to ensure 100 percent mortality of all 
relevant insects in all stages of their development? 
How low do we need to go with the oxygen con-
centration in an anoxic treatment, and how does 
the minimum duration of the treatment depend on 
the temperature of the environment? What is the 
minimum length and temperature for heat treat-
ment to be effective? Suitable freezer units, anoxic 
bubbles and heat chambers have been developed 
and are now commercially available for purchase 
or as a service.

Delicate materials commonly found in museum 
objects have been tested at length with all three 
methods to prove to the conservation commu-
nity that they do not put at risk the objects they 
are meant to save and protect. This research has 
often looked at the physical effects of changes in 
temperature to which objects are subjected during 
heat treatment or freezing, especially brittleness of 
polymers below the glass transition temperature, 
and at dimensional changes (Strang, 1995; Meck-
lenburg, 2007). The physical impact of RH fluc-
tuations on wood and on paintings has also been 
researched in considerable detail (Mecklenburg, 
2007; Bratasz, 2013 and 2016) even though this 

and wood in all its different uses). These materi-
als may also be dyed or carry polychrome surfaces.

Effectiveness and the absence of risks to the 
object are not the only relevant criteria for choos-
ing the most appropriate treatment technique. In 
a real world there are also considerations of time- 
and cost-efficiency especially when large numbers 
of objects are to be treated, and versatility to apply 
a given technique to a great variety of objects, 
the size of which may range from the small and 
 easily portable to architectural elements and other 
immobile structures which have to be treated in 
situ.

An overview of current preventive and curative 
insect treatment practices and research in muse-
ums can be found in recent conference proceed-
ings such as Winsor et al., 2011 and Lochot, 2017. 
More specific references for the different treatment 
techniques are given below. The following alterna-
tives to insecticide treatments are today generally 
accepted by the conservation community:

• Freezing at around -30 °C for a few days. Rec-
ommendations are usually based on the litera-
ture review by Strang (1992). The duration of 
the treatment must be adapted to ensure that 
the core temperature of large objects reaches 
equilibrium. For small to medium size objects a 
chest freezer may be used whereas larger objects 
such as carpets or furniture can be accommo-
dated by walk-in freezer units.

• Anoxic treatment, usually using  nitrogen. 
Occasionally carbon dioxide is also used 
despite its disadvantages, in particular its den-
sity higher than air (Selwitz & Maekawa, 1998). 
Regulation (EU) no. 528/2012 of 22 May 2012 
adopted by the European parliament and the 
Council of the European Union now requires 
treatment operators to hold a specific licence 
for the use of nitrogen and carbon dioxide for 
anoxic treatments since it classifies these gases 
as biocidal active substances. This currently 
rules out its legal use for most institutions 
bound by EU legislation. Large objects are 
treated inside a hermetically sealed chamber or 
a bubble of the required size, equipped with a 
RH-controlled nitrogen generator, which takes 
the nitrogen from the surrounding air. Small 
to medium size objects can also be treated in 
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a) Freezing

Experiments were carried out using the Lieb-
herr BGPv 8420 ProfiLine freezer unit owned by 
the Musée d’ethnographie de Genève. This bak-
ery-norm professional freezer offers one of the 
largest available interior spaces for stand-alone 
units. The freezer was cooled down to and main-
tained at its minimum temperature of -35 °C. It is 
regularly used by the museum for preventive and 
curative treatments of objects from its collections.

work is primarily focussed at defining tolerable 
temperature and RH variations in storage and dis-
play environments. In insect pest treatment studies 
RH fluctuations have generally received relatively 
little attention, with the exception of the Thermo 
Lignum® heat treatment for wood (Tscherne et 
al., 2016 with further references therein), where 
mechanical stress in the objects is reduced to a 
minimum through sophisticated control of the 
equilibrium moisture content of the wood.

In this paper we present RH recordings mea-
sured during freezing and the two types of anoxic 
treatments, with and without placing silica gel 
next to the object in order to stabilize RH lev-
els during treatment. The purpose is to provide 
conservators with RH data to make an informed 
choice regarding which method to use depending 
on the nature of the objects to be treated.

Experimental setup and results

In all experiments temperature and RH curves 
were recorded using Elpro Hamster EHT1 data 
loggers, which were placed on or immediately 
next to the objects to be treated. The data logger 
calibration was verified before the experiments by 
comparison of the readings with an identical ref-
erence data logger, factory-calibrated less than 12 
months before.

FIGURE 1. Freezer with objects in bags after treatment. 
Photo: Kilian Anheuser. 

FIGURE 2. Temperature and RH curves for freezing without silica gel. 
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FIGURE 3. Temperature and RH curves for freezing with added Prosorb™ silica gel.

In accordance with our routine procedure 
the objects to be treated, in this case a group of 
wooden household items, were sealed inside bags 
of  poly eth ylene sheet and placed inside the pre-
cooled freezer (Figure 1). To determine the  possible 
stabilizing effect of a humidity buffer one group 
of objects was frozen with two bags of Prosorb™ 
 silica gel granules (total net weight approx. 1,200 g 
conditioned at 45 percent RH) inside the polyethy-
lene bags, the other without silica gel.

b) Anoxic chamber

Temperature and RH curves were measured dur-
ing the anoxic treatment of an object from the 
European collection of the Musée d’ethnogra-
phie de Genève, a harvest festival bouquet made 
of cereal crop stems, after discovery of an active 
infestation by webbing clothes moths Tineola bis-
selliella. We used the 3 x 2 x 2 m fixed walk-in 
anoxic chamber of the Musée d’art et d’histoire de 
Genève manufactured in 2002 by Bentert GmbH 
in Berlin, Germany, equipped with a  Domnick 
Hunter laboratory nitrogen generator and a 
PC-controlled Oxymin humidification module 
designed by the chamber manufacturer and sup-
plied with the chamber (Figure 4). Figure 5 shows 
the temperature and RH curves inside the anoxic 
chamber during treatment.

c) Anoxic treatment using oxygen absorbers
Two identical treatment bags measuring approxi-
mately 62 x 42 x 3 cm each were made from heat-
sealed PET / aluminium / polyethylene oxygen- 
barrier film. Inside each treatment bag twenty-four 
ATCO FTM 1000 oxygen absorber packs and 
identical books as mock-up objects were placed. 
One of the two treatment bags also contained 
two bags of Prosorb™ silica gel granules (total 
net weight approx. 1,200 g conditioned at 50 per-
cent RH) to evaluate the effect of a humidity buffer 
(Figure 6). Figures 7 and 8 show the temperature 
and RH curves inside the barrier film bags during 
treatment.

Discussion
a) Freezing
The temperature and RH curves for freezing (Fig-
ures 2 and 3) demonstrate that it took approximately 
four hours for the data logger inside the polyeth-
ylene bag to reach -35 °C at the beginning of the 
treatment, and two to three hours for temperature 
and RH to return to ambient levels from the 
moment the freezer was opened at the end of the 
treatment. During treatment there were minor 
periodic variations of temperature and RH related 
to the functioning of the freezer. The temperature 
varied between -32 and -35 °C which is perfectly 
acceptable for the efficiency of the treatment.
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FIGURE 4. Anoxic chamber for use with nitrogen from a 
nitrogen generator (Musée d’art et d’histoire, Geneva). 
Photo: Kilian Anheuser.

FIGURE 5. Temperature and RH curves for an anoxic treatment using RH stabilized nitrogen.

FIGURE 6. Anoxic treatment using oxygen absorbers. 
Photo: Kilian Anheuser.
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FIGURE 7. Temperature and RH curves for an anoxic treatment using oxygen absorbers without silica gel.

FIGURE 8. Temperature and RH curves for an anoxic treatment using oxygen absorbers with added Prosorb™ silica gel.

The presence or absence of Prosorb™ sil-
ica gel with the objects made a significant dif-
ference to RH fluctuations. Without silica gel 
RH levels dropped sharply from c. 45 percent to 
15–20  percent and remained there for the dura-
tion of the treatment with minor periodic fluctu-
ations matching those of the temperature inside 
the freezer. This is because humidity was frozen 
out of the system, with ice crystals forming on the 

inside of the treatment bag. The moment when the 
freezer was turned off and opened at the end of 
treatment, RH inside the treatment bags peaked 
at saturation point (100 percent RH) as the tem-
perature increased beyond 0 °C and the water pre-
viously trapped in the form of ice was released. 
There was a risk of condensation on the objects, 
which are usually much slower to warm up than 
the surrounding plastic bag. For a brief period 
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of time, typically two to three hours, there was 
always liquid water on the inside of the plastic 
bags, originating from melting ice crystals. It is 
advisable not to touch or move the bags with the 
objects at this point in order to avoid contact of the 
objects with liquid water inside the bag as far as 
possible. Two to three hours after the opening of 
the freezer, temperature and RH had completely 
equilibrated with the room environment at c. 45 
percent RH and c. 20 °C. The objects were never-
theless given 24 hours to warm up because larger 
items may require more than just a few hours to 
fully equilibrate.

In the presence of Prosorb™ silica gel the ini-
tial RH drop was from c. 45 percent to c. 25 percent 
rather than to 15 percent, and more importantly 
the brief peak at the end of the treatment only 
reached c. 65 percent RH rather than saturation 
point, eliminating the risk of the objects coming 
into contact with condensing water. For the ulti-
mate RH minimum of c. 15 percent the presence 
or absence of silica gel made no difference, even 
though the minimum was reached more slowly in 
the presence of a silica gel buffer.

To what extent RH fluctuations in a situation 
of temperature change actually trigger significant 
dimensional changes in an object is a matter of 
discussion. Some research has been conducted on 
wood imitating panel paintings enclosed in micro-
climate packaging, i.e. small volumes with added 
silica gel (Kamba & Nishiura, 1993; Richard, 2007), 
arriving at different conclusions. However, this 
research sought to mirror typical shipping condi-
tions and was therefore restricted to a temperature 
range of 10–40 °C. Actual dimensional changes of 
wood in the presence of silica gel at temperatures 
below 0 °C when humidity peaks during freezing 
treatments have to the best of our knowledge not 
yet been experimentally monitored. In the absence 
of scientific data common sense suggests that RH 
peaks to saturation point and condensation inside 
the freezing bag should best be avoided. In any 
case with the anoxic techniques we have a valid 
alternative for sensitive items.

In addition to RH variations and contact with 
liquid condensed water, freezing carries a signif-
icant risk associated with low temperatures and 
temperature variations. Most polymer materials 
such as glues, varnishes, natural resins and bind-
ing media in paint layers will be cooled below 

their glass transition temperature which renders 
them brittle and extremely delicate (Strang, 1995). 
Moreover, despite the fact that differences in lin-
ear coefficients of thermal expansion between 
for example wood and typical binding media are 
small there is a risk that thermal contraction in a 
cold environment may exceed the flexibility of a 
coating at low temperatures (Mecklenburg, 2007).

It is clear from the data that varnished or painted 
objects cannot be safely frozen.

Even though freezing must be considered 
unsuitable for certain sensitive objects we have in 
our ethnographic collection numerous other arte-
facts potentially at risk from insect infestation, 
for example plain wooden objects or simple items 
made of wool, where the benefits of rapid and sim-
ple freezing over a much longer anoxic treatment 
outweigh the added risk of damage. Most wooden 
objects in museum collections are already cracked 
or broken in places. Fissures in the material tend 
to act as expansion joints, avoiding situations of 
mechanical restraint and making the object more 
tolerant towards RH-induced mechanical stress 
(Mecklenburg, 2007). This is not always the case 
for freshly restored objects, which are potentially 
more sensitive towards RH variations.

b) Anoxic chamber
In the anoxic chamber the RH curve started 
with a slow decline from c. 52 percent to the set 
RH value of 45 percent. After approximately two 
weeks RH readings remained completely stable at 
45 percent. The recorded RH peak reaching c. 63 
percent immediately before the start of the treat-
ment was due to transport conditions on the way 
to the anoxic chamber. It was not part of the actual 
treatment. When the nitrogen flow was stopped 
at the end of the treatment, RH levels inside the 
chamber remained stable with very small fluctu-
ations until the moment when the chamber was 
reopened. The overall stability of RH and temper-
ature was excellent as expected and deemed suita-
ble even for the most delicate objects.

c) Anoxic treatment using oxygen absorbers
The use of oxygen absorbers for the anoxic treat-
ment instead of a flow of humidified nitrogen led 
to similar results: excellent stability of RH read-
ings for the entire duration of the treatment. 
There was a short peak at c. 60 percent RH and an 
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cold object as the freezing bag returns to room 
temperature.

Based on these results we have adopted the fol-
lowing treatment policy:

• For sensitive items such as objects with degraded 
polychrome surfaces or delicate textiles, anoxic 
treatment is the preferred option even though 
this takes much longer and the associated cost 
is significantly higher (purchase of consumables 
such as oxygen absorbers and barrier film, extra 
working hours to take the objects to the anoxic 
chamber administered by another museum).

• Less sensitive objects like plain wooden agri-
cultural tools are frozen. In this case a suitable 
quantity of silica gel is placed inside the treat-
ment bag and the duration of the treatment is 
usually limited to three to four days for medium- 
sized objects.

• Unnecessary precautionary freezing is avoided, 
in particular if an object is clean and thorough 
visual inspection shows no evidence of an infes-
tation.

• In order to avoid contact as far as possible 
between the objects and condensed water and 
ice on the inside of the treatment bags, we turn 
off and open the freezer at the end of the treat-
ment without moving the objects until they 
have slowly warmed to room temperature. How 
long this actually takes depends on factors such 
as mass, thickness and thermal conductivity of 
the object. A period of 24 hours can generally 
be considered largely sufficient. We consider 
this good practice also because of the brittle-
ness of some materials at low temperatures, 
which may render them particularly vulnerable 
to mechanical damage.
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increase in temperature of 3–4 degrees for approx-
imately the first four hours of the treatment which 
can be attributed to the chemical reaction of the 
iron powder in the oxygen absorber bags and the 
relatively small air volume inside the treatment 
bag. Later on there were no further significant 
variations.

For the duration of the treatment the temper-
ature inside the treatment bags varied with room 
temperature as would be expected. No signifi-
cant differences were measured for the RH peaks 
associated with the opening of the absorber bags, 
regardless of whether Prosorb™ silica gel was 
present or not. This is perhaps because unlike 
freezing with and without silica gel the momen-
tary increase in RH caused by the oxygen absorb-
ers was too brief for the silica gel to respond.

Anoxic treatment using oxygen absorbers can 
therefore be considered as suitable for delicate 
objects and does not benefit from any addition of 
silica gel.

Conclusions

The results show that either type of anoxic treat-
ment, the anoxic chamber or the use of oxygen 
absorbers, guarantees highly stable RH levels, 
rendering the treatment suitable even for the most 
delicate objects. The disadvantage of the tech-
niques lies in the long duration of the treatment, 
which at a temperature of 20 °C or slightly above 
takes about six to eight weeks from start to finish. 
Anoxic treatments also avoid the problem with 
brittleness of polymers associated with freezing.

The much faster freezing treatment, complete 
in just a few days, exposes the objects to a sharp 
drop in RH, from ambient humidity to c. 15 per-
cent, when at sub-zero temperatures most of the 
moisture in the remaining air is frozen out to 
form a thin coat of ice crystals on the inside of 
the treatment bag. This is in addition to the drop 
in temperature, which potentially creates brittle-
ness problems depending on the composition of 
the objects.

The placing of silica gel inside the treatment 
bags attenuates the hygrometric shock signifi-
cantly during the first 24 to 36 hours. Thereafter 
the objects are exposed to similar conditions as for 
a treatment without added silica gel.

At the end of the treatment the silica gel serves 
to reduce potential condensation of water on the 
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starting initiatives to proceed against the biocides 
directive – a resolution is still far off and the out-
come is uncertain (ICOM Austria, 2019; ICOM 
Germany, 2019). Alternative solutions may be 
found in inventing new pest control methods, in 
rethinking IPM-strategies, and in re-considering 
existing methods like freezing in order to opti-
mize its efficacy and efficiency. 

The freezing method and its potential 
for an improved application
Freezing objects to control pests is a known and 
widely used method in museums and archives. 
Compared to nitrogen treatment freezing is much 

Introduction

The freeze treatment of museum and archival col-
lections is a common pest management method. 
However, a range of sensitive artworks and cul-
tural assets are regarded as not appropriate for 
extreme temperature exposure. Therefore, a large 
number of museums and archives, especially in 
Germany and also Austria, prefer anoxic treat-
ment methods by using in-situ generated gase-
ous nitrogen (DMB, 2019). Since the new biocides 
regulation has become effective in September 2017 
this common method of anoxic treatment is no 
longer applicable (European Union, 2012; Child, 
2013). Museums and conservators associations are 

MARUCHI YOSHIDA 

Killing me softly … – Adaptive freezing as 
object-friendly and efficient pest control method

Abstract
Freeze treatment is a pest control method 
accepted and applied by museums and arch-
ives. This paper describes a technical approach 
to apply the freezing treatment in a multipli-
able and scalable manner especially to sup-
port small and middle-sized museums and 
archives to prevent and control pest infesta-
tion. ISO-standardized, air-conditioned con-
tainers are to be equipped with supplementary 
technology in order to control the re-humidi-
fication in regard to the dew point line of the 
object surfaces and therefore avoid the use of 
plastic foils to cover the objects. Pre-tests in a 
climate chamber are run to simulate the freeze 
and thawing process in small scale. The first 
freezing test is run with paper material in dif-
ferent packaging types and a selection of com-
mon pest species e.g. the Grey Silverfish (Cten-
olepisma longicaudata). The freeze treatment is 
operated in a usual manner and the tempera-
ture and relative humidity change is observed  

 
and documented in different places in the 
chamber, at the objects and inside the packag-
ing. A preliminary evaluation and comparison 
of the climate progression in the sealed plas-
tic bag and cardboard document box shows 
no significant difference. This leads to the 
assumption that the container box can be uti-
lised as a “sealed bag” and therefore can sub-
stitute the plastic packaging. Further tests are 
carried out to control the de- and re-humidi-
fication process to reduce risk of damage to 
objects caused by extreme relative humidity 
values and condensation. Reference projects 
are started to create services in order to help 
affected institutions to adapt their IPM-system 
to specific conservational needs, their individ-
ual economic requirements and general eco-
logical principles. 

Keywords: low temperature treatment; 
adaptive freezing; humidity control
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Raphael, 1994; Strang, 1997; Pinniger & Winsor, 
2004). Most damage to treated surfaces of wood 
and metals can frequently be observed within 
the temperature range of -31 to -45 °C. Causes of 
damage are not specified except for water damage 
resulting from condensation on unwrapped sur-
faces (Kjerulff, 2013). 

A controlled freezing and thawing process with 
gradual heating and re-humidification of air has 
the potential to reduce physical load and avoid 
condensation on the surface of the objects. It 
could become an appropriate pest control method 
for a wider range of object types than currently 
assumed.

The challenge is to find optimal temperature 
curves adapted to properties of the different mate-
rial composites of “common” artworks and tar-
geted to particular pest organisms with different 
living conditions and resilience. For that, the fol-
lowing measures need to be taken:

Always chose the “warmest” lethal  temperature 
for the targeted organism. This means that an 
exact identification of the pest present is  necessary 
to define the lethal temperature. Experience, 
empiric studies, and experiments show that 100 
percent mortality rate for certain species can be 
achieved with higher temperatures around -20 °C 
(Bergh & Jensen et al., 2006). In case of adult grey 
silverfish (Ctenolepisma longicaudata) infestation, 
the freezing temperature only needs to reach 0 °C 
to achieve lethal effect.

Define the physical “weak point” of an object 
and adjust the temperature drop accordingly. This 
means that competence in material science and 
historical art technology is needed to assess the 
physical weak point of a complex artwork.

Define the lowest dew point line of the object 
and adjust the temperature rise and re-humidifica-
tion of air accordingly. This means that an appro-
priate technology must be made available. 

The aim is to find a technical solution by modi-
fying an industrial application in order to achieve 
effective and reliable pest control in an economi-
cally efficient, multipliable and scalable way, at the 
same time meeting the high requirements of the 
cultural artefacts and artworks. The development 
of technical devices for climate control with spe-
cial regard to an intelligent measuring and control 
unit is therefore one of the main objectives.

faster and possible to carry out with common tech-
nical equipment used in the food or pharmaceuti-
cal industries. However, objects must be sealed in 
partially evacuated heavy-duty polyethylene film 
or wrapped tightly in foils or plastic bags in order 
to avoid condensation on the object surface. Pack-
ing and unpacking each object is time  consuming 
and the use of plastics is not sustainable. As long 
as there are no re-usable covering materials or 
other ways to avoid the mass consumption of plas-
tics, the environmental impact remains a major 
disadvantage. 

Another aspect concerns the climatic require-
ment of an artwork. Climate stability in a range 
between 16 to 18 °C and 40 to 55 % relative humid-
ity is a priority for storage and display, but the 
freezing process exposes the artworks to a critical 
variation of temperature within a very short period 
of time, resulting in temperature gradients in the 
objects of up to 45 °C and, even if relative humid-
ity theoretically stays on the same value of about 
50 %, changes of water content in the air from 
about 6,9 g to 0 g/kg air and back (see also Figure 
3) occur. Differential expansion and shrinkage of 
materials were seen as serious threats to museum 
objects undergoing thermal treatments (Beiner 
& Ogilvie, 2005). However, a later investigation 
indicates that wooden objects can be considered 
as very temperature tolerant showing only small 
changes after being exposed to -15 °C. Principally 
fluctuations of relative humidity seem to have a 
greater effect, on wood and on organic binding 
agents based on glues or gelatine, than tempera-
ture changes (Mecklenburg, 2010). Holl states 
that short-term climate fluctuations under 1 hour 
have only minor effects even on sensitive materials 
like parchment. Nevertheless climate fluctuations 
lasting several days cause physical loads on objects 
by swelling and shrinking processes (Holl, 2016).

Still, freezing is an accepted method for archi-
val paper, ethnographic and technical objects 
made of textiles and wood; mostly applied on an 
empirical or experience basis concerning temper-
ature and duration of treatment. Different types 
of freezers come into use (household, industrial/
walk-in freezing chambers and containers) and 
different levels of freezing temperature (mostly in 
the range between -21 to -45 °C) run for at least 24 
hours and most commonly 72 hours (KLA, 2016; 
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shortly before ripening matures during trans-
port under controlled conditions. Pest preven-
tion is undertaken by running a pre-set cold treat-
ment program to sterilize insects known to affect 
tropical fruit (Figure 1). There are also other mul-
tiple temperature set point programs available to 
pre-define temperature changes in up to six steps.

Getting on track: technical approach

The starting product is a so-called reefer (refrig-
erated container), a climate-controlled container, 
usually used as shipping container for perish able 
food. They are available in three ISO-standard-
ized sizes: 3, 6 and 12 meter length. They have 
proven to be highly efficient in an extremely com-
petitive global food trade market: Fruit harvested  

FIGURE 1. Scheme of a pre-set Cold Treatment program of a reefer. Source: Maersk Container Industri.

FIGURE 2. Application examples of reefers as storage facilities for climate sensitive archaeological finds. 
Photo: kurecon (left), Susanne Heimel (right).
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FIGURE 3. Normal climate regulation curve in a container (red) vs. ideal curve (green) vs. dew point line for the object surface 
(light blue); blue hatch: humidifying, yellow hatch: de-humidifying. Source: kurecon/Streit.



189

air, the warming process should be adapted in a way 
that the heating is coupled with a controlled re-hu-
midifying process alongside the dew point line of 
the coldest surface of the treated objects.

Pre-test configuration in a climate chamber

A pre-test was run in a climate chamber to simu-
late the “common” freeze treatment and to observe 
and document temperature and humidity progres-
sion in comparison between packed and unpacked 
objects in a small scale. So the freezing was oper-
ated without any additional humidity regulation. 
The chamber was loaded with archival  materials 
in different forms: unpackaged; in a cardboard 
archive box and sealed in ESCALTM, an alumin-
ium laminated polyester-polyethylene foil (12 µ 
Polyester/12 µ Aluminium/75 µ LDPE). Several 
high-precision sensors were installed within the 
chamber, at the object surfaces and within object 
packages and stacks (see Figure 4). Some insects, 
biscuit beetle (Stegobium paniceum), larvae of house 
longhorn beetle (Hylotrupes bajulus), and grey sil-
verfish (Ctenolepisma longicaudata) were also placed 
into the paper piles and packages. According to 
usually recommended temperature curves the tar-
get temperature was set at -30  °C for a duration 
of three days (Pinniger & Winsor, 2004; Strang, 

Kurecon (a German company specialising in 
containers for cultural heritage storage and res-
cue) uses modified reefers to offer interim storage 
for waterlogged archaeological objects or to pro-
vide quarantine storage for potentially contami-
nated collections. These climate containers oper-
ate in a range from -30 °C to +30 °C, enhanced 
with further air conditioning supplements, guar-
anteeing constant environmental conditions in 
both very dry and very humid climates. Adapt-
able and mobile storage systems make them suit-
able for a wide spectrum of objects and collections. 
The first use of such a container took place dur-
ing an archaeological rescue excavation in Lübeck 
in 2013 to recover and secure a wooden medieval 
cellar. Another container is in use for waterlogged 
wood at an underwater archaeological expedition 
in Austria since 2015 (see Figure 2).

The reefers are able to hold a targeted climate 
value very precisely as it is needed for perishable food 
or climate sensitive goods. However, they are not 
intended to regulate different climatic levels except 
of the pre-set temperature programs. Cooling and 
heating will therefore follow the “shortest” way to 
reach the target temperature as is shown in the sim-
plified graphic in Figure 3. While the cooling pro-
cess can be pre-set along with dehumidification of 

FIGURE 4. Climate chamber test for simulating freeze treatment in a small scale. Photo: Lars Klemm.
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 Transfer to climatized containers

Taking the climate value of the sealed bag as an 
“accepted benchmark” the whole container body 
can be made to function as an airtight sealed shell 
around the objects. In the cooling process the cli-
mate unit automatically dissipates the humidity 
in order to avoid condensation, and the relative 
humidity will drop accordingly. In the thawing 
process the climate unit blows warmed air into the 
container room over a range of up to six tempera-
ture and humidity set points. The re-humidifica-
tion should start as soon as temperature reaches 
a level where humidity becomes a relevant value. 
The technical challenge is seen in controlling the 
humidification rate according to the lowest dew 
point line of the “coldest” object surface to avoid 
condensation on the original materials. 

Regarding archival collections the hygroscopic 
paper material will re-humidify gradually until 
the equilibrium moisture content within the tar-
geted relative humidity is reached. The thawing 
process of museum collections consisting of dif-
ferent material composites is more complex. How-
ever, good practices in museums and study results, 
where no chemical and physical alteration on 
gilded historic polychrome oil painted wood sam-
ples were stated (Beiner & Ogilvie, 2005) encour-
age further field experiments which will focus 

1997; Raphael, 1994). The cooling speed could not 
be pre-set but 0  °C was expected to be reached 
within 4–6 hours to avoid acclimatisation reac-
tions in the insect organisms (Bergh, et al., 2006). 

The climate curves in Figure 5 show that accord-
ing to the temperature drop relative humidity also 
decreases quickly. The humidity in the sealed bag 
is partly adsorbed by the paper material but has 
probably mostly been condensed on the inner sur-
face of the foil as no silica gel or other desiccant 
was used. The relative humidity in the document 
box falls about 5 % lower than in the sealed bag. 
The humidity is probably adsorbed by the card-
board and also exchanged by the drier air in the 
climate chamber. Detailed evaluation of all  climate 
data, which will be incorporated into the technical 
development, is still ongoing.

The climate progressions of the pre-test in the 
chamber shown in figure 5 are not very surprising 
as such. However, one detail gives a hint towards 
the aim to dispense with plastic foil: the pre-test 
shows that the cardboard box is not significantly 
different to the sealed bag. That supports the usual 
practice that paper materials are freeze treated in 
cardboard boxes without additional plastic cover-
ing, and also conforms to the statement that paper 
objects show no damage from freezing cycles 
(Beiner & Ogilvie, 2005).

FIGURE 5. Temperature and relative humidity in the cardboard document box and sealed plastic bag. Source: Obkircher.
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The expected benefits of freeze treatment in the 
airtight and climate controlled container are

• adaptive control of relative humidity, which 
reduces the duration of the critical dry phase 
to the minimum, 

• avoidance of plastics, and
• multipliable and scalable solution.

on controlled humidification processes and their 
technical implementation in the standard climate 
container. Additionally, parameters like dimen-
sion, thickness and density of objects and also 
individual states of preservation can be taken into 
account. 

FIGURE 6. Example of a container configuration for cleaning (blue container) and quarantine. Photo: Sascha Rheker.

FIGURE 7. Scheme of a decontamination chain for the commissioning of the new central archive. Source: kurecon. 
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Regarding the large amount of heterogenic col-
lections, limited time and space to occupy the 
entrance area of the collection centre, decontam-
ination chains will be divided into a “fast lane” 
outside and a “slow lane” inside the building. 
The majority of both archival and museum col-
lections are allocated to undergo a thermal treat-
ment (warm air and freezing), cleaning and disin-
fection outside the building. A selected collection 
of delicate artworks and artefacts will be treated 
in anoxic atmosphere by using nitrogen cartridges 
inside the building (see Figure 8).

All reference projects take into account that 
limited time and personnel capacities have to be 
compensated by a technology that is reliable and 
an infrastructure that allows a safe and quick han-
dling of objects by deploying support staff. Thus, 
museum and archive professionals can focus their 
activities on organizing the support staff, con-
trolling the overall processes and taking decisions 
on the appropriate treatment methods.

Application cases and service prototyping 
with reference customers
Besides the technical solution, test applications 
with reference customers are necessary to adjust the 
service to the specific needs and capacities of pub-
lic institutions. Especially small and middle-sized 
institutions are identified as target groups as their 
financial and personal capacities are limited and 
storage conditions accordingly problematic. 

Test applications of freeze treatments are 
embedded in the IPM-system, which is individ-
ually elaborated for the specific institutions. The 
first case is a municipal archive, which will cen-
tralize their collections from different locations 
in a new central archive. Regarding the present 
storage condition, infestation with insects or con-
tamination with mould is very likely. The size of 
the collection and the shortage of time and staff 
do not allow a detailed assessment of infestation 
beforehand. Thus the archival collection will be 
treated completely – whether contaminated or not 
– before moving into the new building. Therefore 
every object passes the decontamination chain 
starting with the freeze treatment in the con-
tainer, followed by a manual cleaning and disin-
fection in a working container, before entering the 
building (Figures 6 and 7).

Further case studies will take place in museums 
where mixed collections are scheduled for annual 
(prophylactic) pest control. This application will 
provide opportunities to test and compare differ-
ent thawing and re-humidification techniques. 
After the first reference projects, the freeze treat-
ment is intended for use within the start-up oper-
ation of a new collection centre used by four insti-
tutions (municipal museum and archive on the one 
side and diocesan museum and archive on the other 
side), a larger project than monitored thus far.

Even though every institution involved has its 
own IPM-concept, all of them agree on a common 
IPM-strategy, especially in the start-up phase 
when huge collections are scheduled to be moved 
into the storage rooms within a short period of 
time. The general IPM-policy of all four institu-
tions is to store collections in the new building 
only with a “clean” and “decontaminated” status. 
Thus any piece of object that could bear any kind 
of infestation or contamination must be cleaned 
beforehand. 

FIGURE 8. Schematic illustration of the storage process 
on a “fast” and “slow lane”. Source: ycons.
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condensation on the object surface and to be able 
to dispense with plastic packaging in future appli-
cations.

Follow-up studies besides the reference appli-
cations are planned to develop special racks and 
palettes for an optimal loading geometry in terms 
of freezing speed and regular temperature and 
humidity distribution to enhance performance 
and energy efficiency of freeze treatments in the 
containers. 

More detailed research and development pro-
jects are planned to adapt the climate technology 
to the specific freezing processes required by tar-
geted organisms to be eradicated, and climate sen-
sitive artworks with special regard to the thick-
ness, density and thermal conductivity of the 
material in question. 
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Re-opening and the first years

The re-inaugural exhibition in 1998, with the title 
Wounds, comprised artworks by 68 international 
and national artists. Artworks including living 
flies, stuffed dogs, fresh red meat, mashed pears, a 
wasp’s nest and eight zebra finches in cages, were 
exhibited. When unpacking the gigantic wasp’s 
nest in the installation Passage Dangereux by Lou-
ise Bourgeois, living insects were discovered and 
the nest was sent for a weeklong low tempera-
ture treatment to the Swedish Museum of  Natural 
History (NRM). 

Damien Hirst’s installation A Hundred years 
was a two-room aquarium measuring over 2 x 4 x 
2 meters, housing flies hatched from maggots, fed 
with water and sugar cubes, and eventually killed 
by an electric lamp (Figure 1). The maggots to be 
used for restocking were kept in the carpentry 
workshop in plastic buckets with lids and yet they 
were found crawling out from the buckets. The 
escape was discovered in time, and the lids were 
fastened more securely. The refilling of the mag-

Introduction to Moderna Museet 

Moderna Museet is a Swedish state museum with 
the national responsibility for modern and con-
temporary art, founded in 1958 and housing a col-
lection of artwork from circa 1900 until today. The 
number of registered artworks in the collection is 
approximately 70,000, comprising 4,500 paint-
ings, 1,500 sculptures, 31,000 prints and drawings, 
34,000 photographs and 450  time-based media 
works. The museum was originally located in the 
old naval facilities on the tiny island of Skeppshol-
men, in the center of Stockholm on the Baltic Sea. 
In the beginning of the nineties, an architec tural 
contest for a new museum building was announced 
since the existing one was no longer suitable for 
the activities of a modern museum of art. In Feb-
ruary 1998 the new museum building designed by 
the Spanish architect Rafael Moneo opened to the 
public. Since 2009, the museum has an additional 
space in Malmö, in the south of Sweden. The 
yearly number of visitors in both locations com-
bined is around 800,000.

KATARINA HAVERMARK

The challenge of combining contemporary art 
and IPM at Moderna Museet, Stockholm

 

Abstract
Contemporary art can present considerable 
challenges regarding integrated pest manage-
ment, (IPM). The collection of Moderna Museet 
is relatively new and the museum building 
is only a few decades old. The very nature of 
a modern and contemporary art museum 
involves exhibiting and collecting high-risk 
objects. Already in the re-inaugural exhibition 
at Moderna museet in 1998, the Conservation 
Department encountered many challenges, 

followed by more in the coming years. Through 
increased awareness and shared responsibil-
ity, the IPM routines at Moderna Museet have 
gradually evolved and expanded during the 
period the museum has been operating in a 
new building. 

Keywords: contemporary art; integrated pest 
management
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Hundreds of kilos of fresh red meat hanging on 
hooks, an untitled installation by Jannis Konnellis 
(Figure 4), did not cause any major alarm regard-
ing insect infestation. Neither did a sculpture 
called, ‘Moi,... ‘(Memento Pirum) with slowly ooz-
ing mashed fresh pears by Thierry de  Cordier (Fig-
ure 5). Except for one escaped bird in Bustamante’s 
installation that had to be chased and captured, no 
other incidents occurred. Despite all these incom-
ing artworks with a high pest risk, the measures 
taken by the Conservation Department prevented 
possible infestations. The Conservation Depart-
ment is always alert to potential incoming loans 
with high risk content, although this process 
requires further standardization. All works are 
unpacked in a special area close to the transport 
entrance and they are inspected as soon as possi-
ble after arrival. 

gots and the water every week caused the conser-
vators some concern since the silicone seal around 
the little window in the aquarium wall needed to 
be cut open; the maggots were then poured into 
the aquarium through a tube. The little window 
was then quickly resealed without letting any flies 
escape. 

Another perspective: reactions 
from the visitors

Other works that could have been problematic 
regarding IPM became an issue from another 
perspective. Two stuffed dogs by Maurizio Cat-
telan (Figure 2), and an installation by Jean Marc 
Bustamante with eight zebra finches, each one in 
an individual cage (Figure 3), caused strong reac-
tions from animal rights activists, with newspa-
per debates and live manifestations outside the 
museum. On the other hand, the above-men-
tioned installation by Damien Hirst did not upset 
the visitors in the same way. 

FIGURE 1. Damien Hirst, A Hundred Years, 1990. 
Photo: Moderna Museet/Stockholm.

FIGURE 2. Maurizio Cattelan, Untitled, 1998. 
Photo: Moderna Museet/Stockholm.

FIGURE 3. Jean Marc Bustamante, Sculpture I-V, VII-IX, 1997. 
Photo: Moderna Museet/Stockholm.

FIGURE 4. Jannis Kounellis, Untitled, 1998. 
Photo: Moderna Museet/Stockholm.
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with insects and eggs. Both artworks were sent 
to NRM and underwent high temperature treat-
ment according to standard procedures (Figure 6). 
In this period no documentation of species deter-
minations was made when an infestation was dis-
covered. At the time this was not considered nec-
essary and the main issue was to incapacitate the 
insects. Policies and recordkeeping have since 
improved.

Another example from the same exhibition was 
Old Legends Newly Tested, by Audrius Novickas, 
a sculpture with 14 used hats on a metal stand. 
The hats were dirty, had holes and traces of moth 
activity and therefore, as a precaution, underwent 
the same treatment with elevated temperature at 
NRM (Figure 7). 

Christodoulos Panayiotou’s installation Days 
and Ages, a terracotta floor from Cyprus, arrived 
at the museum in 2013. Upon arrival, big black 
bees began flying around in the unpacking area 
even before unpacking (Figure 8). They were cap-
tured and sent to NRM for identification and for-
tunately found not to pose a risk in this case. The 
species is called Xylocopa violacea, violet carpenter 
bee, and nests in dead wood. Initially, the artist 
also wanted to exhibit some of the wooden crates 
on top of the floor. However, the final installation 

An unexpected discovery

An issue instead appeared from an unexpected 
source. Soon after the move to the new building, 
the problem of wooden freight pallets from the 
EU was encountered. The museum shop discov-
ered xylophagous beetles (Anobiidae) in their stor-
age facilities and an infested pallet was identified. 
All wooden freight pallets in the museum were at 
this point exchanged for plastic ones during a rel-
atively short period of time. At this stage insect 
traps of a standard sticky detector variety had been 
placed, but only in the art storage areas and with 
sporadic inspections.

The following years

During the following years, there were a few fur-
ther incidents with incoming loans that could have 
caused severe problems but were avoided thanks to 
attentive staff members and preventive measures. 
One example from the exhibition After the Wall, 
in 1999, is an artwork by Artur Klinov consisting 
of suitcases filled with various contents, such as 
jars of jam, pickled vegetables and loaves of bread. 
During unpacking it was discovered that the lids 
were rusty, and that the jars were leaking. Insects 
and mold were found on the base of the suitcases. 
The loaves of bread in one suitcase were infested 

FIGURE 5. Thierry de Cordier, ‘Moi,... ‘(Memento Pirum), 
1993–95. Photo: Moderna Museet/Stockholm.

FIGURE 6. Artur Klinov, Karl Marx, Das Kapital, 1997 and
Franz Kafka, 1997. Photo: Moderna Museet/Stockholm.
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with the attendance of one conservator at a one-
day IPM course organized by NRM and PRE-
MAL in the beginning of 2012. Discussions 
with colleagues from other museums during the 
course further increased awareness and it became 
clear that the museum had been very fortunate in 
the relatively low number of insects detected in 
the museum facilities as well as the lack of seri-
ous outbreaks. But how could the museum keep 
it that way? The number of traps was once more 
increased, now to 30 traps with regular inspections 
every third month. Cleaning personnel and the 
museum hosts were also informed and instructed 
to monitor the exhibition rooms. 

After some years, the workload of inspecting 
the increasing number of traps became too much 
for one person and various sections of the Con-
servation Department became involved, each spe-
cialized conservator taking care of their studio and 
storage. There was, however, the wider museum 
building to consider as well. To engage more of 
the museum’s personnel, NRM was asked to con-
duct a custom-made workshop for conservators, 
storage-keepers, art handlers and technicians 
at Moderna Museet. Two of the museum hosts 
also participated. The training course was held 
in autumn 2017. It was fully attended and ignited 

solution was without the crates for several reasons, 
which included conservation concerns. All the 
tiles (circa 400 m2) and crates were treated with 
low temperature, -40 degrees Celsius during four 
days at the Nordiska museet.

On the way to implementation

In 2007, the limited number of insect traps began 
to be expanded to around 20. They were also more 
systematically organized, regarding placement 
and documentation, thus improving the work of 
insect monitoring. This active regular monitoring 
was combined with the daily housekeeping and 
conservation care in the permanent and tempo-
rary exhibition galleries. 

Participation in the Swedish interest group 
PRE-MAL1 (Pest Research and Education – 
Museums, Archives and Libraries) and use of its 
publications contributed greatly to the increased 
awareness and the continuing implementation 
of IPM routines. The fact that potential infesta-
tions were discovered and prevented early on and 
the lack of crisis during the initial years in com-
bination with the newly constructed building led 
to certain complacency and false sense of secu-
rity. Consequently, it took a few years to expand 
the IPM framework. However, work continued 

FIGURE 7. Audrius Novickas, Old Legends Newly Tested, 1995. 
Photo: Moderna Museet/Stockholm.

FIGURE 8. Christodoulus Panayiotou, Days and Ages, 2013. 
Photo: Moderna Museet/Stockholm.
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IPM routines have evolved from an intermittent 
activity undertaken time permitting, to an impor-
tant activity that is part of the regular duties for 
both the conservation and technical departments. 
The work, which initially seemed easy and man-
ageable, progressed to an unreasonable, unshared 
workload, but with awareness and wider involve-
ment, it has become manageable again. 

The Future – it will continue and never end

The IPM work at Moderna Museet is now evolv-
ing with a broader, deeper and more focused scope. 
The museum’s IPM policy is being reworked and 
expanded by the Conservation Department and 
will be re-submitted to the management team. 
Useful guidelines and European standards in the 
IPM field were published 2016 and give support 
to continuing IPM work with statements such as: 
“The IPM policy shall be authorized by manage-
ment and included in the institution’s policy doc-
uments” and “The overall responsibility for IPM 
shall rest with the senior level management of the 
organisation”.2

The museum is a tenant of the building man-
aged by the state-owned institution, National 

a  considerable interest in the topic and an eager-
ness to monitor for insects. In connection with the 
first inspection in March 2018, conducted after 
the workshop, a digital collaborative workspace 
was prepared on the museum’s intranet. Among 
the content can be found floor plans showing the 
placement of the traps, the empty templates for 
trap inspection and the results and statistics from 
previous monitoring, images and descriptions 
of the most common insects found in the traps, 
guidelines and standards for IPM, as well as links 
to relevant literature and webpages.

At present, 91 traps are checked regularly, of 
which 34 every third month and 57 every six month. 
The number of traps has increased considerably 
with the growing awareness and it will probably 
continue to increase further in the future. This 
expanded participation through the digital collab-
orative workspace will be evaluated after one year. 
The experience has been positive so far, although 
introducing new routines is always a complicated 
process. The increased interest after the  training 
course and the push from the Conservation 
Department were a considerable help, as well as 
more support from the senior management. The 

FIGURE 9. Carsten Höller, Silberfischenhaus, 1999. Photo: Moderna Museet/Stockholm.
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Conservation Department faced another chal-
lenge: a new acquisition to the collection made 
after the exhibition La naissance de Stockholm..!/
The Birth of Stockholm..! with the artist Georges 
Adéagbo. Adéagbo creates complex site-specific 
installations, where news cuttings, posters, books, 
postcards, objects, clothes and his own  handwritten 
texts are shown together with sculptures and paint-
ings from Benin and the specific exhibition venue, in 
this case Stockholm. The complete installation con-
tained over 700 objects. The Conservation Depart-
ment was warned by the artist’s team that the incom-
ing crates from Benin contained ethnographic 
objects of materials with potential hazards. During 
the unpacking, some dead insects were found, mostly 
spiders, and it was considered necessary to immedi-
ately send the objects for treatment as a preventive 
measure. The objects were vacuumed, sealed in plas-
tic, re-packed and sent for low temperature treat-
ment, for one week at -30 degrees Celsius. No insects 
were detected during the exhibition, and after the 
exhibition the objects were stored in closed pack-
ages and will be checked regularly for signs of insect 
activity, aided by an annual digital reminder from 
the museum database. In 2015, a similar case arrived 
with the exhibition Fantasma by Adrián Villar Rojas. 
One of the artworks, Los teatros de Saturno III, con-
sisted of a podium with 84 objects in a state of nat-
ural decay, e.g. bread, drying fruits and vegetables, 
crab claws and other specimens direct from nature. 
Another acquired artwork from the same exhibition 
was a then eight-year-old sponge cake, from the series 
Pedazos de las personas que amamos (Pieces of the Peo-
ple We Love), 2007 (Figure 10). Preventive treatments 

Property Board Sweden (SFV). SFV provides and 
maintains the climate system and it is essential to 
connect the work with the climate control to the 
IPM routines. In terms of housekeeping, SFV has 
the responsibility for some areas of the building 
and Moderna Museet for other areas. The shared 
responsibility can be complicated and needs to be 
well structured and clearly defined. Even if such 
museum spaces as galleries, conservation  studios 
and art storages are cared for in an  impeccable 
manner because they hold artworks, there are 
many more spaces included in a museum building, 
areas which the conservators can have no or very 
little control over, like the foyer, restaurants, cafés, 
shops and offices. 

Besides the Conservation Department, more 
departments within the organization need to be 
involved in IPM work. For example, Property and 
Security, Finance and Technical Departments. 
Input and involvement from the Conservation 
Department are preferable during the procure-
ment of housekeeping staff and the continuing 
education of the cleaning personnel.

As mentioned earlier, the very nature of exhib-
iting contemporary art requires that the museum 
brings high-risk objects into the museum build-
ing as the artists continue to test boundaries, and 
this will continue to be the case. A recent example 
is the artwork Silberfischenhaus, (1999) by Carsten 
Höller in the exhibition Livet självt/Life Itself, 2016 
(Figure 9).

Silberfischenhaus is exactly what it sounds like, 
a house in the form of a rebuilt overhead pro-
jector with a light beam which is now and then 
aimed at the tenants, silverfish (Lepisma saccha-
rina), disturbing them and causing commotion. 
This artwork caused much concern and stress for 
the conservators and an agreement was made to 
put a plexiglass roof on the “house” to minimize 
the escape risk of the silverfish. The silverfish were 
delivered and installed in the house not without a 
degree of trepidation. During the exhibition, they 
were to be fed with fish food powder and water-
soaked blotting paper. However, it became clear 
during the exhibition that the problem was not sil-
verfish escaping, but that it was hard to keep them 
alive in the dry environment and under the heat of 
the strong light. 

All the above-mentioned examples were incom-
ing temporary loans to the museum. In 2014 the 

FIGURE 10. Adrián Villar Rojas, Pedazos de las personas que 
amamos, (Pieces of the People We Love), 2007. 
Photo: Moderna Museet/Stockholm.
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an infestation is higher in the storage areas where 
there is low activity for extended periods. 

The collecting and exhibiting activities of Mod-
erna Museet will not change dramatically in the 
future and the high-risk projects will continue 
to turn up: the Conservation Department has 
adapted to this. One risk factor is the increased 
number of exhibitions and tighter installation 
schedules noticed in recent years. Sometimes 
there is not enough time for IPM treatments in 
the planned installation schedules. 

The IPM work must be shared and involve the 
entire staff working in areas with artworks. It is 
only when performing the monitoring routines 
that their importance is realized. A broader col-
laboration and communication with other stake-
holders, internal as well as external, is also of high 
importance.

The IPM issues need to reach the senior man-
agement level for increasing the awareness and 
support since IPM activities need time, financial 
resources and official support.

It takes time to implement a structured, cohe-
sive IPM strategy unless there is an infestation or 
a disaster that suddenly causes top-down change. 
It is a highly organic process but the experience 
at Moderna Museet has shown that with per-
severance and a framework, an organized inte-
grated pest management can be implemented and 
improved step by step.

Corresponding author
Katarina Havermark,  
k.havermark@modernamuseet.se

Endnotes
1 PRE-MAL (Pest Research and Education  

– Museums, Archives and Libraries), the IPM-group 
of Swedish museums, archives and libraries started 
1984 and consists of conservators, entomologists and 
experts occupational medicine. Originally adminis-
tered by the Swedish Museum of Natural History, and 
since 2013 by the Swedish National Heritage Board.

2 SS EN 16790 Conservation of Cultural Heritage  
– Integrated Pest Management (IPM) for protection 
of cultural heritage.

3 Guest Colleague, the Heritage Laboratory, Swedish 
National Heritage Board.

before the installation were undertaken and during 
the exhibition several outbreaks of living insects had 
to be addressed. Among them were beetles such as 
Stegobium paniceum, Dienerella filum and Cortcaria 
serrata. The acquisition of this artwork resulted in a 
study regarding the conservation of and the poten-
tial for anoxic storage of the artworks and has now 
become a research project together with the Swedish 
National Heritage Board, for one of the conservators 
at the museum.3

Many more examples could be mentioned. 
What is reassuring is that during the time period 
described here, the number of institutions that 
offer services for IPM treatments has increased 
substantially, as have the online resources.

A recent challenge is the acquisition of an 
aquarium with a complete biotope from the pond 
in Claude Monet’s garden in Giverny in France by 
Pierre Hughye, containing insects, fish and plants, 
including Monet’s famous water lilies. Among 
the insects there should be four different kinds of 
water-living beetles that all have a developmental 
stage where they evolve wings and potentially can 
start to fly (Dypticus marginalis, Notonecta glauca, 
Hydrobius fuscipes and Nepa cinerea). The artwork 
is on show inside the museum’s exhibition spaces 
without the possibility of sealing the aquarium. 
Consequently, these insects are not included in the 
installation, which is a significant intervention in 
the artwork. 

In the future, the ambition is to work even more 
pro-actively, so that the IPM work consists not 
only in controlling traps and reporting findings. 
One or a couple of insects do not constitute a pest 
problem. The museum has never had any major 
infestations and in the long run we want to keep 
it that way.

Summary and conclusions

The risk of infestations may seem higher with 
incoming loans and acquisitions, but this is more 
manageable than the risk presented by insufficient 
housekeeping routines and vague areas of responsi-
bility in a very large building with a great number 
of different activities. There are now active rou-
tines for the care and handling of incoming loans 
since the museum activities involves high-risk 
objects being deliberately brought in. The risk of 



202

Depending on the material of the objects to be 
treated and species of pests that occur, the treat-
ment time and the required minimum concentra-
tion for nitrogen can be quite variable (Selwitz and 
Maekawa, 1998; Bergh et al., 2003). In this study, 
the economically most important material pests in 
their different stages of development were treated 
under controlled anoxic atmosphere. Dose-re-
sponse parameters were generated under different 
climatic conditions. This project work was funded 
by Deutsche Bundesstiftung Umwelt (DBU).

Material and methods
Test chamber setup

A nitrogen generator (HPN2 5200C, Parker Han-
nifin Corporation) was used to produce high-pu-
rity nitrogen of 99.999 % to supply a climate cham-
ber (C -40/350, CTS Clima Temperatur Systeme 

Introduction

Museum collections are permanently at risk of 
biogenic deterioration. Undetected infestation 
can cause a loss of substance or destruction of 
objects. An integrated pest management (IPM) 
programme combines procedures for prevention, 
early detection and directed eradication of mate-
rial-damaging organisms. The focus is on physical 
and biological measures to combat harmful organ-
isms efficiently in an environmentally friendly 
manner. In the case of prophylactic or curative 
treatments of museum objects against pest infes-
tation, methods that are particularly gentle on 
the material and residue-free are most important. 
These requirements are met by an anoxic treat-
ment using nitrogen gas, where the residual oxy-
gen content, climatic conditions and the duration 
of treatment influence the success of the measure. 

BILL LANDSBERGER, HARRO FRAUENDORF, CORNEL ADLER & RUDY PLARRE 

Capability and Limitations of Anoxic Treatments 
for Protecting Museum Collections

 

Abstract
Without precaution, insects may cause serious 
damage to museum collections. Quarantine of 
potentially infested objects can be logistically 
challenging. Anoxia under controlled nitrogen 
atmosphere is a most gentle but also time-con-
suming method to eradicate insect pests in all 
kinds of different materials. Treatment results 
are usually affected by duration, temperature, 
humidity and residual oxygen content. During 
a two-year research project, 34 relevant pest 
insect species of all developmental stages were 
tested in different materials (wood, paper, wool) 
to monitor treatment success and to determine 
optimum treatment parameters. Duration of 
treatment ranged from one to three weeks at 
temperatures of 20–27 °C. As expected, results 
showed significant differences in mortality 

among tested species. Highest tolerance of 
hypoxic conditions was found in elder larvae of 
Hylotrupes bajulus. Although this species is an 
unlikely museum pest, it may serve as an over-
all most tolerant reference. Anobiids and other 
wood boring beetles are more often an issue 
related to cultural heritage. A combination of 
three weeks exposure time at maximum 0.5 % 
residual oxygen and 24  °C, alternatively 1 % 
residual oxygen and 27 °C are recommended 
for infested artefacts. Imbedding materials in 
general had no influence on mortality. This 
study was funded by Deutsche Bundesstiftung 
Umwelt (DBU).

Keywords: museum insect pest, anoxia, 
nitrogen, controlled atmosphere



203

GmbH, Figure 1). The oxygen concentration in 
the chamber was monitored by a zirconia oxygen 
measuring system (Zirox GmbH) with a resolu-
tion of 10 vol. ppm to 21 vol. % oxygen installed in 
the air-conditioned test chamber. Oxygen meas-
urements were randomly double-checked and ver-
ified using a second oxygen sensor (CheckPoint 
MOCON Inc.)

Insects

Insect species for testing were supplied by 
the stored-product protection group of Julius 
Kühn-Institute Berlin and the Division 4.1 Biode-
terioration and Reference Organisms of Bundes-
anstalt für Materialforschung und -prüfung Ber-
lin. These insects were then cultivated on their 
respective substrates. Table 1 gives an overview of 
used culture diets.

Test specimens

Museum collections may consist of a wide vari-
ety of materials. This can probably influence fumi-
gation, as the material may block the diffusion of 
nitrogen and hence the displacement of the resid-
ual oxygen (Petty, 1973; Sorz and Hietz, 2006). 

FIGURE 1. Climate chamber for CA-treatments and nitrogen 
generator. Photo: Rathgen-Forschungslabor.

FIGURE 2. Test samples of wood, paper, fabric and bubble wrap. Photos: Rathgen-Forschungslabor.
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TABLE 1. Culture diet substrates
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 bajulus were treated. Additionally, identical spec-
imens were stored under the same climatic condi-
tions in a normal atmosphere as control set-ups.

To simulate real pest infestation of museum 
objects and to minimize handling stress to test 
organisms, groups of pest insects were placed 
in test tubes made of Polyethylene terephthal-
ate glycol-modified (100 ml Rotilabo®-wide neck 
container), so that they were able to acclimatize 
and multiply before and during the tests. During 
test series, PETG tubes were covered by gauze 
instead of tight lids. Larvae of wood decaying bee-
tle species Hylotrupes bajulus, Anobium punctatum 
and Lyctus brunneus were carefully removed from 
their breeding substrate and transferred into pre-
pared wood, ten days prior treatment (Figure 3). 
Preconditioning of all test insects lasted minimum 
10 days before testing.

Test series and treatment parameters

To test pest insect tolerance to low oxygen con-
ditions, test parameters of 20, 24, and 27 °C were 
selected at a constant relative humidity of 50 % and 
variable oxygen concentrations of 0.5 and 1.0 % for 
a period of 14, 21, or 28 days.

The objects may also perform as oxygen reservoirs 
(Bwambok et al., 2014). In order to investigate and 
evaluate this influence, two different approaches 
were used to simulate the effect of  surrounding 
material on nitrogen diffusion and treatment effi-
cacy. Tested materials were softwood blocks, 
paper, textile and bubble wrap (Figure 2), repre-
senting characteristic matrices of museum objects 
or packaging material. The wooden blocks con-
sisted of three aligned pieces of spruce wood, 30 
cm x 20 cm x 4 cm. A rectangular gap was cut 
into the central block, into which the test insects 
could be inserted. The same sample size was used 
for paper from telephone directories. Blankets 
made of a 60:40 % cotton-synthetic blend were 
used as a textile sample. Furthermore, a similar 
sample size of bubble wrap was tested. A sample 
body made of blankets consisted of three blankets 
of 100 x 150 cm2, each folded to size of 30 x 20 
cm2, with the insect samples being inserted into 
the middle cover. The sample of bubble wrap con-
sisted of a total of 40 layers of 30 x 20 cm2. After 20 
sheets, the insect samples were inserted and over-
laid with another 20 leaves. In all tested materi-
als three larvae of the old house borer Hylotrupes 

FIGURE 3. Samples of wood boring larvae before treatment. 
Photo: Rathgen-Forschungslabor.

FIGURE 4. Larvae of H. bajulus after treatment, dead (above) 
and alive (below). Photo: Rathgen-Forschungslabor.
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ual oxygen and the same temperature, individ-
uals of some species were no longer successfully 
controlled: In addition to the old house borer 
(Hylotrupes bajulus), which plays a minor role 
in museum pest control, also the tobacco beetle 
(Lasioderma  serricorne), the dermestid Trogoderma 
parabile and the shiny spider beetle (Mezium affine) 
were not completely eradicated. This is an import-
ant finding, as a treatment success of museum 
objects, when target insect pests are unknown, is 
no longer given. It is therefore of particular impor-
tance to strictly observe the residual oxygen con-
centration and the temperature at any time and 
at any place in the treatment room, which can be 
quite difficult, especially with larger treatment 
chambers or tents. Also interesting are the results 
obtained at 20 °C. There, other relevant species, 
such as dry wood termites (Kalotermes flavicollis), 
common furniture beetle (Anobium punctatum) 
and brown powderpost beetle (Lyctus brunneus) as 
well as the Australian carpet beetle (Anthrenocerus 
australis) were found surviving. Less tolerance was 
observed with species from tested moths (Lepi-
doptera). In all experiments carried out, moth spe-
cies, such as webbing clothes moth (Tineola bissel-
liella), case-bearing clothes moth (Tinea pellionella) 
and Indian meal moth (Plodia interpunctella) were 
completely eradicated. However, a shorter treat-
ment time for these frequently occurring, low-tol-
erance species, such as the webbing clothes moth, 
is not recommended, because the Australian car-
pet beetle Anthrenocerus australis is a tolerant spe-
cies that has a similar food spectrum. By choos-
ing the shorter time the moths may be killed but 
not any carpet beetle present. The combat against 
keratin-consuming species should be based on the 
most tolerant species.

In overall summary of the results, some tolerant 
species are listed in Table 4, with respect to a treat-
ment period of 21 days. From the data obtained the 
authors recommend anoxic treatments of museum 
objects similar to the those tested for a duration 
of at least 21 days at maximum 0.5 % residual oxy-
gen content and at least 24 °C with no more than 
50 % RH.

Corresponding author
Bill Landsberger, 
b.landsberger@smb.spk-berlin.de

Data collection and evaluation of test results 
was carried out in two different ways: Species for 
which the number of individuals was known, i.e. 
wood boring species, were split out of the wood 
after the experiment and discriminated as live or 
dead (Figure 4). Individuals were considered as 
dead when their coloration had turned dark and 
there was no reaction when probed with pointed 
forceps. This was also done with those species vis-
ible as individuals in the substrate. Results were 
recorded 24 to 48 hours after the end of the exper-
iment. Delayed effects were analysed no later than 
seven days after the end of the experiments.

This procedure was not applicable for  species 
within the substrate, where individuals were hid-
den and not counted at the beginning of test. 
Absolute numbers were thus unknown and small 
larval stages and eggs could not have been detected 
in the heterogeneous breeding substrates. There-
fore, these samples were qualitatively inspected for 
adults or larger larval stages. If no living insects 
were recorded, samples remained for further incu-
bation in the climatised breeding room and were 
checked again after three months. The effect of 
treatment was compared to the development in 
untreated control samples.

Untreated controls were kept under simi-
lar conditions as the test assays under ambient 
 atmo  s pheric conditions outside the climate cham-
ber (approx. 22 °C, 40 % RH). Table 2 gives an 
overview of the species tested and the parameters 
of the experiments carried out. 

A comparison of the experimental results 
obtained in different published references is often 
simplified. Frequently, data were produced under 
non-standardized conditions and with very differ-
ent sample formats. Table 3 compares published 
research results in detail.

Results and discussion

Table 2 gives an overview of the species and para-
meters tested during the experiments. Marked in 
red are experiments in which at least one insect 
survived. Numbers within the red highlight reflect 
the number of dead (first number) and  surviving 
(second number) insects. At a 21-day treatment 
at 27 °C at both 0.5 % and 1.0 % residual oxygen, 
all tested insects were killed. At 24 °C, however, 
complete eradication of all insects was achieved 
only at 0.5 % residual oxygen. At 1.0 % resid-
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TABLE 2. Tested species and experimental parameters
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Species Stages O2 (%) T (°C) rF (%) Time (d) Mortality (%) Reference

Anobium punctatum all 0.9 30 35 10 100 Valentin 1990

Anobium punctatum all 0.05 20 40 7 100 Valentin 1991

Anobium punctatum all 0.05 30 40 5 100 Valentin 1991

Anobium punctatum all 0.03 20 40 7 100 Valentin 1993

Anobium punctatum all 0.03 30 40 5 100 Valentin 1993

Anobium punctatum larvae 0 16 ? 35 95 Reichmuth et al. 1993

Anobium punctatum larvae 0 20 ? 30 95 Frank 1991

Anobium punctatum larvae < 1 23 51 43 100 Biebl and Lang 2014

Anobium punctatum eggs < 1 22 51 12 100 Biebl and Lang 2014

Anthrenus flavipes all 0.1 25.5 55 2 100 Rust and Kennedy 1993

Anthrenus museorum larvae 0.3 25 55 1 100 Bergh 2003

Anthrenus verbasci larvae 0.3 25 55 2 100 Bergh 2003

Anthrenus vorax all 0.4 30 70 21 100 Gilberg 1991

Attagenus smirnovi larvae 0.3 25 55 3 100 Bergh 2003

Attagenus woodroffei larvae 0.3 25 55 2 50 Bergh 2003

Attagenus unicolor all 0.03 20 40 4 100 Valentin 1993

Attagenus unicolor all 0.03 30 40 3 100 Valentin 1993

Dermestes lardarius all 0.1 25.5 55 2 100 Rust and Kennedy 1993

Hylotrupes bajulus all 0.05 20 40 20 100 Valentin 1991

Hylotrupes bajulus all 0.05 30 40 10 100 Valentin 1991

Hylotrupes bajulus all 0.03 20 50 14–20 100 Valentin 1993

Hylotrupes bajulus all 0.03 30 50 7 100 Valentin 1993

Hylotrupes bajulus all 0.03 20 40 20 100 Valentin 1993

Hylotrupes bajulus all 0.03 30 40 10 100 Valentin 1993

Hylotrupes bajulus larvae 0.05 25 50 14 100 Gunn 2008

Hylotrupes bajulus ? 0.2 25 ? 21 100 Gialdi and Ratto 2002

Hylotrupes bajulus ? 0.2 20 ? 35 100 Gialdi and Ratto 2002

Hylotrupes bajulus larvae < 0.1 23 51 43 100 Biebl and Lang 2014

Incisitermes minor nymphs 0.1 25.5 55 3 100 Rust and Kennedy 1993

Lasioderma serricorne all 0.1 25.5 55 8 100 Rust and Kennedy 1993

Lasioderma serricorne all 0.03 20 40 9 100 Valentin 1993

Lasioderma serricorne all 0.03 30 40 6 100 Valentin 1993

Lasioderma serricorne all 0.03 40 35 14 100 Valentin 1993

Lasioderma serricorne all 0.4 30 70 21 100 Gilberg 1991 

Lasioderma serricorne all 0.42 30 65–70 7–21 100 Gilberg 1989

Lyctus brunneus all 0 20 ? 22 95 Frank 1991

Lyctus brunneus all 0 25 ? 19 95 Frank 1991

Lyctus brunneus all 0 28 ? 12 95 Frank 1991

Lyctus brunneus larvae 0 20 ? 22 95 Frank 1991

Lyctus brunneus larvae 0 28 ? 12 95 Frank 1991

Lyctus brunneus adults 0 28 ? 1.4 95 Frank 1991

TABLE 3. Summary of published data on the efficacy of anoxic treatments
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Anobium punctatum all 0.9 30 35 10 100 Valentin 1990

Lyctus brunneus larvae < 1 23 51 43 100 Biebl and Lang 2014

Lyctus brunneus eggs < 1 22 51 11 100 Biebl and Lang 2014

Lyctus spp. all 0.1 25.5 55 5 100 Rust and Kennedy 1993

Nicobium castaneum all 0.03 20 40 6 100 Valentin 1993

Nicobium castaneum all 0.03 30 40 4 100 Valentin 1993

Reesa vespulae larvae 0.3 25 55 2 96 Bergh 2003

Sitophilus granarius all <1 20 75 28.8 99 Adler 1993

Stegobium paniceum all 0.4 30 70 21 100 Gilberg 1991

Stegobium paniceum all 0.03 20 40 6 100 Valentin 1993

Stegobium paniceum all 0.03 30 30 4 100 Valentin 1993

Thermobia domestica all 0.1 25.5 55 2 100 Rust and Kennedy 1993

Tineola bisselliella all 0.4 30 60 21 100 Gilberg 1991

Tineola bisselliella all 0.1 25.5 55 2 100 Rust and Kennedy 1993

Tribolium confusum all 0.1 25.5 55 3 100 Rust and Kennedy 1993

Trogoderma angustum larvae 0.3 25 55 3 100 Bergh 2003

Trogoderma inclusum all 0.1 25.5 55 5 100 Rust and Kennedy 1993

Xestobium rufovillosum all 0.03 20 40 7 100 Valentin 1993

Xestobium rufovillosum all 0.03 30 40 5 100 Valentin 1993

 Temperature Residual oxygen concentration

   1.0 % 0.5 %

 20 °C Anobium punctatum Anthrenocerus australis

    Hylotrupes bajulus

  Anthrenocerus australis  Mezium affine 

    Sitophilus granarius

  Hylotrupes bajulus Sitophilus zeamais

    Trogoderma parabile

  Kalotermes flavicollis 

  Lyctus brunneus

  Mezium affine

  Sitophilus granarius

  Sitophilus zeamais 

  Thermobia domestica

  Trogoderma parabile

 24 °C Hylotrupes bajulus

  Lasioderma serricorne none

  Mezium affine

  Trogoderma parabile

  

 27 °C none  none

TABLE 4. Tolerant species with single individuals surviving a treatment time of 21 days at 50 % RH
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a warmer and more humid climate with more 
extreme weather in Northern Europe (Kjellström 
et al., 2018, IPCC 2013), which brings new and 
increased risks for cultural heritage (Leissner et 
al., 2015). Local building traditions have evolved 
in response to stresses related to the local weather, 
both in terms of extreme events such as storms 
and in terms of average levels for temperature and 
humidity. Buildings built in traditional ways may 
therefore be more vulnerable to the impacts of a 
changing climate than modern buildings, and 
preventive adaptation will be necessary to avoid 
costly damage.  

Regardless of the fact that predictions of climate 
change impacts will always remain highly uncer-
tain (Dessai et al., 2009), it is apparent that the 
scope and the inevitability of the challenge with 
future climate change is extraordinary. Within 
the cultural heritage sector there is an awareness 
of climate change and a high level of ambition in 

Introduction

The summer of 2018 was extremely warm and dry 
in Sweden. In August, the weather became more 
humid, and The Swedish Meteorological and 
Hydrological Institute recorded a  temperature of 
26 °C and a relative humidity of 93 % on the first 
of August 2018 near Karlskrona in southern Swe-
den. This corresponds to a dew point tempera-
ture of 24,8 °C which was one whole degree higher 
than the previous record (SMHI 2018). Later in 
the same month, on the Baltic island of Gotland, 
a period with warm and humid weather caused 
an unexpected outbreak of mould in Visby cathe-
dral, leading to costly cleaning and a reconsider-
ation of the indoor climate control strategy of the 
church (Figure 1). The unusually warm and humid 
weather might have been an effect of the natural 
variability of the climate, but anthropogenic cli-
mate change may very well be a  contributing fac-
tor. We know that climate change will lead to 

GUSTAF LEIJONHUFVUD & TOR BROSTRÖM

A call for systematic monitoring: exploring the link 
between monitoring and management of cultural 
heritage in times of climate change 

 

Abstract
Climate change will give a warmer and more 
humid climate in Scandinavia, which will 
increase the risk of bio-deterioration of cultural 
heritage. Given the limited understanding of 
future risks, there is a need to adopt manage-
ment strategies that are robust, adaptive, and 
that facilitate organizational learning. We there-
fore suggest that safeguarding cultural herit-
age from climate change impacts will require 
management practices that use feedback from 
long-term, systematic monitoring. In this paper 
we argue for the need of such monitoring, as 
well as discuss its conceptual foundations. Col-
lected data can be used as feedback at differ-

ent levels: to improve the scientific models of 
the system, to give early warning signs that 
require immediate management action and to 
improve long-term decision-making. Monitor-
ing programmes cannot live a life on their own, 
decoupled from management. We advocate 
that monitoring and management should be 
set-up and work in tandem in a framework of 
adaptive management, where feedback from 
monitoring provides double-looped organiza-
tional learning.

Keywords: cultural heritage; climate change 
impact; risk assessment; monitoring
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trol is decentralized and cooperation with  private 
sector actors is hailed (Coombe, 2012). As a result 
of the decentralization of decision making in the 
public sector, cultural organizations are develop-
ing strategies to secure funding and legitimacy 
by adopting private sector managerial  rhetoric 
and practices (Lindkvist, 2012). In Sweden, we 
have seen a shift where built heritage organiza-
tions have become more independent from the 
state and are governed more like the private  sector 
with a focus on cost-effectiveness (e.g. Statens 
fastighetsverk, 2009; Svenska kyrkan, 2015). In a 
parallel development, heritage conservation has 
become a highly professionalized enterprise dur-
ing the 20th century (Barthel-Bouchier, 2013). A 
process of rationalization has followed upon this 
professionalization, with increasing demands on 
tangible results, responsible allocation of resources 
and transparency of decisions (Barthel-Bouchier, 
2013). Jones and Yarrow (2013) discuss how new 
modes of governance, related to external pressures 
such as funding schemes and legal frameworks, 
have shaped conservation practice by demanding 
accountability, transparency and evidence-based 
decision making. 

We live in a “project society” where projects, 
characterized by temporary organization and 
specified tasks, have become a dominating form 
for structuring work (Lundin et al., 2015). The cul-
tural heritage sector has also become “projecti-
fied”, not least activities involving restoration and 
conservation. A major contributing factor is fund-
ing schemes. An obvious risk with the “projectifi-

terms of adaptation (Fatorić and Seekamp, 2017; 
Sesana et al., 2018). Given the limited understand-
ing of future risks, there is a need to adopt man-
agement strategies that are robust, adaptive, and 
that facilitate organizational learning. We there-
fore suggest that safeguarding cultural heritage 
from climate change impacts will require manage-
ment practices that use feedback from long-term, 
systematic monitoring. In this paper we argue for 
the need of such monitoring, as well as discuss its 
conceptual foundations. Within the field of nat-
ural resource management there is ample experi-
ence from climate change impact monitoring. We 
draw on this literature to discuss ways in which 
the cultural heritage sector could implement mon-
itoring activities as a part of an adaptive manage-
ment of cultural heritage. 

Projects and prospects

Long-term systematic monitoring requires long-
term systematic management. The cultural her-
itage sector is by nature suitable for long-term 
management, but existing modes of governance 
are lacking and will have to be modified to suc-
cessfully adapt cultural heritage to the impacts 
of climate change. A long-range planning hori-
zon should be part and parcel of cultural herit-
age management. Traditionally, the sector has 
been dominated by state institutions with hierar-
chic and stable organizations, reliable funding and 
high inertia (Glendinning, 2013). There are pres-
sures on governments to embrace new modes of 
governance over cultural institutions, where con-

FIGURE 1. Mould growth discovered in August 2018 inside an organ in Visby Cathedral. Photo: Claes Holmgren.
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• establish a baseline in terms of existing 
 environmental conditions and the state of 
 cultural heritage objects.

• assess long-term changes in the environment 
and in objects.

• improve the understanding of causal links 
between environmental changes and damage.

• guide management action in the short-term in 
the form of early warning signals. 

• assess the consequences of different 
 management interventions and in the long   
run improve the management strategy.

Risky risk assessments 

Jonathan Ashley-Smith elaborated on risk assess-
ment as the governing logic for conservators in 
the 1990s, and while he didn’t deliver ready-made 
answers, he evoked a transformation of the field 
(Ashley-Smith, 1999). The following three decades 
have seen a development of risk-based frameworks 
for collection care that has had major impact on 
both the discourses and practices of preventive 
conservation. Risk has become the lingua franca 
in training material, policies, and standards and 
guidelines. Standardization has moved from being 
rule- to risk-based, from a focus on outcomes to a 
focus on processes (Leijonhufvud and Broström, 
2018). 

Climate change impact assessments on cultural 
heritage also use the language of risk, although 
(the unknown but high) uncertainty is disguised 
in the deterministic top-down approaches applied 
so far (Leijonhufvud et al., 2013). Current state-
of-the-art is based on materials research and the 
predictive power of computer modelling, ranging 
from simulations of crack propagation in wood 
to simulations of future indoor climates (Leijon-
hufvud, 2016). The top-down approaches now 
widely used in risk assessments of museum indoor 
climates (e.g. Martens, 2012), and climate change 
impact assessments in particular (e.g. Leissner et 
al., 2015) are necessary but not sufficient to inform 
adaptation decision-making. Complex causal 
links, stochastic deterioration processes and syn-
ergies between hazards (e.g. light, humidity, pol-
lutants) complicate the use of damage functions 
and stress the need to monitor how actual objects 
endure in different environments (Leijonhufvud 
et al., 2013). 

cation” of management is that gained knowledge 
doesn’t transcend project boundaries. The tempo-
rary team involved in a project, often consisting 
of both in-house and external expertise, breaks up 
when the project is finished and lessons learned 
tend to get lost in-between projects. While man-
agement is meant to be long-term and dynamic, it 
is in practice often the opposite: short-term goals 
in combination with scarce and uncertain fund-
ing counteract long-term planning. This is bad 
news for heritage stewards trying to understand 
and adapt to climate change impacts, as the plan-
ning time-scales are longer than usual (Hall et al., 
2016). 

In a study of how energy and indoor climate 
issues were managed in the Church of Sweden 
(Leijonhufvud, 2016), it was evident that there 
was an organizational division between contin-
uous daily management and more infrequent 
projects in relation to major changes of control 
strategies and/or technical systems. The organi-
zational and financial framework favoured that 
major changes of indoor climate control systems 
were made as part of a package of other renova-
tion or conservation work. In these projects, there 
was a different set of actors involved than during 
daily management. A change in control strategy 
or the installation of a new technical system was 
a one-shot decision for the individual parish. The 
decentralized structure and the division between 
daily management and one-shot knowledge inten-
sive projects made it difficult to systematically use 
feedback for continuous improvement and know-
ledge sharing. There was no systematic connection 
between the permanent organization responsible 
for daily management and the temporary organi-
zation that emerged in connection with renovation 
projects. The feedback loop between these two was 
weak or non-existent, and this resulted in a prob-
lem with knowledge sharing within the organiza-
tion as a whole.

To resolve problems with organizational learn-
ing we need new management models where feed-
back is integrated, and this will be dealt with below. 
But a central tenet of a more dynamic and antic-
ipatory (instead of reactive) management is long-
term monitoring. Long-term, systematic monitor-
ing has multiple purposes (Dale and Beyeler, 2001; 
Lindenmayer and Likens, 2009). Monitoring can 
be used to
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2009). Generally, confidence is increased in mod-
els that make accurate predictions, and confidence 
is decreased in models that give poor predictions 
of system performance (Williams, 2011).

Adaptive management and 
adaptive monitoring

Management strategies for preventive conserva-
tion are, at best, based on best practices and expert 
judgement. In the worst cases they are non-exist-
ent and management actions are ad hoc and reac-
tive rather than proactive. Relying on expert judg-
ment can be the best alternative if there is low 
uncertainty about which management alterna-
tives that are most resource efficient, if develop-
ing an effective monitoring programme is impos-
sible, or if there is no feedback pathway between 
monitoring and strategic decision-making (Wil-
liams, 2011). In practice, such situations would be 
rare in the context of adapting cultural heritage to 
climate change impacts. We therefore need to look 
at management frameworks that take into account 
dynamic processes and feedback loops. In this sec-
tion we will discuss the concepts of adaptive man-
agement and adaptive monitoring, and outline a 
framework for how monitoring can be integrated 
in cultural heritage management.

To fully exploit the benefits of monitoring, there 
is a need for integration with management pro-
grammes. Commencing monitoring programmes 
that have little or no connection to overarching 
management is a waste of resources. Experience 
from the monitoring of ecological systems tells 
us that the choice of indicators might be nega-
tively affected by vague long-term goals of man-
agement programmes (Dale and Beyeler, 2001). 
Further, the integration of monitoring and man-
agement will not be possible with static manage-
ment models, hence a call for monitoring is also 
a call for more dynamic management, which has 
the potential to link monitoring, risk assessment, 
adaptation and thereby both improve management 
actions and learning. 

Adaptive management is a management frame-
work developed for natural resource conservation, 
in which the feedback loop between learning and 
decision-making is the key component (Williams, 
2011). The guiding principles of adaptive manage-
ment are generic and by inference valid also for cul-
tural heritage resources. Adaptive management is at 

Still, thirty years after Ashley-Smith rhetori-
cally asked for the frequency of damaging events 
to collections, we don’t have good answers. Long-
term, systematic, monitoring can improve the sta-
tistical evidence needed to assess vulnerability to 
climate change in a bottom-up manner. It can be 
used to calibrate damage functions, improve the 
knowledge base for risk assessment, and correlate 
regional climate change impact projections with 
local and site-specific measurements. 

Models and monitoring

All monitoring should be based on models of the 
system to be monitored, but not all monitoring 
data is useful for improving models. Monitoring 
in museums used for quality control is often use-
less for scientific purposes (Padfield, 2007). Tem-
perature and relative humidity monitoring is a 
case in point. Handy data loggers have replaced 
the analogue thermohygrographs and we have 
become immersed by data. Lack of calibration, 
documentation and standard data formats make 
most monitoring activity useful only as a way of 
reactive quality control, where monitoring results 
can be checked against pre-set targets (Padfield, 
2007). More often than desired, such monitoring 
has been performed as a kind of textbook ritual, at 
times encouraged by wishful thinking that mon-
itoring in itself will improve the preservation of 
collections. Our experience is that the data (in 
the few cases where it is of high quality and well 
organized) seldom is used for thorough analy-
sis that has resulted in improved climate control 
strategies. We suspect that this lack of analysis is 
partly due to the fact that the monitoring has been 
performed without a useful model in mind. 

Models (or alternatively: theories) are the build-
ing blocks of science. A model is an abstraction of 
the real world, a set of ideas that describe a specific 
system. By testing hypotheses we can debunk or 
improve models. Models are needed both to plan 
what and how to monitor. How variables should be 
sampled in space and time is informed by models. 
As was apparent in the case discussed above, mod-
els are also needed in order to interpret and act 
upon collected data (Ims and Yoccoz, 2017). Mon-
itoring can be performed as a scientific activity in 
itself if the monitoring is designed to answer a set 
of questions based on the models of the system 
(Ims and Yoccoz, 2017; Lindenmayer and Likens, 
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tics illustrate a dynamic, partly unpredictable sys-
tem where feedback loops can improve models and 
in the end decision-making and policy.

 Adaptive management is implemented in two 
phases, one set-up phase and one iterative phase. 
A similar structure has been suggested for indoor 
climate management in historic buildings, which 
emphasizes the (often missing) link between the 
system level and the operational level (Figure 2). 
The set-up phase in adaptive management includes 
an orientation of the decision context and a fram-
ing of the overall problem (Williams, 2011). Set-
ting objectives and stakeholder involvement are the 
important first steps. The iterative decision-mak-
ing phase consists of decision-making, monitoring 
and assessment. The management actions in the 
iterative phase are based on objectives, resource 
status and understanding of the system. Data from 
monitoring is assessed and used to inform deci-
sion-making. This is the first learning-loop. The 
objectives and understanding of the problem iden-
tified in the set-up phase have to be revisited at 
periodic intervals, based on an improved under-
standing of how the system responds. This is the 
second learning-loop, taking place at a different 
time scale than the first loop. 

An adaptive monitoring programme (Linden-
mayer and Likens, 2009) can be an integral part of 
adaptive management. Design, data collection and 
analysis are the three activities that make up an 
adaptive management framework (Figure 3).

Design monitoring programme

In this first step, the questions that the monitor-
ing should aim to answer are carefully formulated. 
Clear objectives and tractable questions are nec-
essary to resolve conflicts about what and how to 
monitor. Posing good questions requires a robust 
model of the system to be monitored as well as a 
true partnership between stakeholders and experts 
(Lindenmayer and Likens, 2009). The design of 
the monitoring programme can in practice be 
coordinated with the set-up of the management 
programme, but they remain parallel activities 
at different time-scales. Monitoring programmes 
should aim to maintain long series of core data 
sets, while management programmes have shorter 
life span. 

its core a version of rational choice theory, involving 
defining objectives, identifying alternative courses 
of action, assessing their consequences and mak-
ing trade-offs. What is emphasized is the tempo-
ral dynamics of the system to be managed, and the 
learning process where improved understanding of 
the system derived from feedback is iteratively used 
to improve the management strategy. 

The context in which adaptive management is 
useful is where a complex system changes over 
time and where the effects of management actions 
are difficult to predict (Council, 2004). Accord-
ing to Williams (2011) it is typically applied in the 
management of natural resources in situations 
where

1) the system to be managed is dynamic and 
responsive, over time, to both environmental 
change and management actions.

2) the system is only partially predictable due to 
inherent uncertainties, such as stochastic pro-
cesses.

3) the system is subjected to periodic manage-
ment actions that may vary over time. These 
actions may affect the system either directly or 
indirectly.

4) there exists uncertainty about which manage-
ment actions that are the most effective. By 
reducing this uncertainty, more resource  
efficient management is possible. 

In this case, we illustrate the “system” to be man-
aged with an historic building. Such a building 
consists of elements that are structurally linked, 
and where deterioration of one element might 
affect others. The various elements are vulnera-
ble to environmental stressors depending on their 
material composition (Loli and Bertolin, 2018). 
Predictions of future damage will to some extent 
always be uncertain, as well as the effect of reme-
dial actions. There are however epistemic uncer-
tainties that can be reduced with improved know-
ledge of cause-effect relationships (Leijonhufvud 
et al., 2013). Preventive measures, maintenance 
and renovation work will prolong the life of indi-
vidual elements, and such activity will vary with 
time. Other management aspects, such as the use 
of the building, have indirect effects on the state 
of preservation. Taken together, these characteris-
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FIGURE 3. A framework for the integration of systematic monitoring in cultural heritage management.

FIGURE 2. The two levels of management related to indoor climate control in historic buildings 
(Leijonhufvud, 2016).
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selecting indicators: relevancy and practicality. 
Relevancy related to the ability of the indicator to 
indicate climate change impact, i.e. it should be 
possible to determine if a change in the indicator is 
due to a change in the climate, and not some other 
factor. Practicality meant the potential to use the 
indicator in practice, given the long time frame, 
limited available resources (financial and compe-
tence) and the availability of existing technologies. 
This was, in our experience, a simplistic but effec-
tive way of deciding between indicators. In the 
case of cultural heritage management, the prob-
lem is limited as the number of plausible indica-
tors is not as many as in ecosystems, and most of 
the available indicators are directly relevant for the 
practical management. The key question revolves 
more around how monitoring programmes should 
be funded and organized, and which institutions 
should be accountable for their longevity.

Conclusions

The magnitude of risks related to the impacts of 
climate change makes it painfully obvious that we 
have to monitor the surrounding environments 
and the conditions of cultural heritage objects, 
buildings and sites in order to better understand 
the risk and to make informed decisions about 
adaptation measures. 

In this paper we have argued that long-term, 
systematic monitoring is both a key to better deci-
sions regarding management actions and an essen-
tial part of the scientific endeavour to calibrate 
and improve the risk models that underpin impact 
assessments. Monitoring programmes cannot live 
a life on their own, decoupled from management. 
We advocate that monitoring and management 
should be set-up and work in tandem in a frame-
work of adaptive management, where feedback 
from monitoring provides double-looped organi-
zational learning. 
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Data collection and analysis

A fundamental feature of adaptive monitoring is 
that design, data collection and analysis are iter-
ative activities (Lindenmayer and Likens, 2009). 
Data analysis might imply a reconsideration of the 
monitoring design. Questions posed in the begin-
ning might be answered and new questions might 
arise. Data collection, for example sampling fre-
quency, might have to be altered in the light of 
collected data. Data collection is an opportunity to 
engage stakeholders in the management process. 
In the suggested integration of monitoring and 
management outlined in Figure 3, there are three 
ways that data analysis contributes to improved 
management. Firstly, data can be used to improve 
the scientific models of the system as discussed 
above. Secondly, observations can be early warn-
ing signs that require immediate management 
action. Thirdly, an analysis of monitored data can 
be used to understand the effects of interventions 
and the causes of damage, which can be used to 
improve management decision-making.

Choosing indicators

Choosing what to measure in a long-term mon-
itoring programme can be a difficult task. Indi-
cators (i.e. simple measures that reflect complex 
processes) are often used in the monitoring of eco-
systems. According to Dale and Beyeler, indica-
tors should be chosen that are: 1) easily measured, 
2) sensitive to stresses on the system, and 3) react-
ing to such stresses in a predictable manner (Dale 
and Beyeler, 2001). As already noted, it is impor-
tant that what is measured (i.e. the indicators) is 
relevant for management intervention (Linden-
mayer and Likens, 2009). In order to understand 
how different local impacts are related to climate 
change, it is essential to also include monitoring of 
the local outdoor climate in the programme.

The selection process of indicators for a recently 
started climate change impact monitoring cam-
paign in Norway, in which the authors of this 
paper were involved, is described by Haugen et 
al (Haugen et al., 2018). The team developing the 
programme decided to use two simple criteria for 
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Conservation heating (CH) is a common techno-
logy in northern European countries for lower-
ing RH and has been extensively tested in practice 
(Broström et al., 2013). By using hygrostatic con-
trol instead of thermostatic control it is possible to 
keep a steady RH and also to reduce energy use 
(Broström and Leijonhufvud, 2008). 

Dehumidification (DH) is achieved either by con-
densation or adsorption technology. Adsorption 
dehumidifiers are more effective at low tempera-
tures and therefore favourable in unheated build-
ings during winter (Klenz Larsen and Broström, 
2011).

Adaptive ventilation (AV) is a low-energy alterna-
tive for indoor climate control in historic build-
ings (Klenz Larsen et al., 2011; Klenz Larsen et al., 
2014). A fan is activated when the absolute humid-
ity indoors is higher than outdoors. 

Introduction

Climate change is likely to increase the risk for 
mould growth in unheated historic buildings in 
northern Europe (Leissner et al., 2015). Historic 
buildings without proper climate control, which 
until now have had no, or at least manageable, 
problems with mould growth, might have to install 
active humidity control to avoid serious problems 
in the future. At the same time, there is a need to 
reduce the energy used by buildings to curb green-
house gas emissions. Climate change thus calls for 
adaptation measures that are as energy efficient as 
possible.

In buildings with little or no demand for ther-
mal comfort there are three principal technologies 
available for lowering relative humidity (RH) in 
order to eliminate mould growth: heating, dehu-
midification and adaptive ventilation. 

TOR BROSTRÖM, MAGNUS WESSBERG & GUSTAF LEIJONHUFVUD 

Better safe than sorry?
 – Climate control for mould prevention

 

Abstract
Climate change is expected to result in a 
warmer and more humid climate in northern 
Europe. Historic buildings with none or prim-
itive climate control will face higher risk of 
bio-deterioration – mainly due to mould, rot 
and insects. The first part of the paper presents 
a technical cross-comparison of three differ-
ent strategies for preventing mould growth: 
conservation heating, dehumidification and 
adaptive ventilation.  The investigation was 
carried out during three years at Skokloster, 
an unheated Baroque castle in Sweden suf-
fering from problems due to high indoor rela-
tive humidity. The second part of the paper dis-

cusses the importance of understanding the 
energy load for measures aiming to reduce rel-
ative humidity in relation to the selection of 
control strategies and safety margins. We have 
shown how small changes in the safety mar-
gin or in future outdoor climate can have major 
implications on energy use, and illustrated 
how load duration curves can be a simple yet 
effective visual aid to support decision-makers 
in making informed trade-offs between pres-
ervation and energy use.

Keywords: indoor climate control; mould 
prevention; safety margins
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on the results from this case study, the paper dis-
cusses the importance of understanding how the 
humidity load is affected by different control strat-
egies and by the selection of safety margins in rela-
tion to commonly used mould growth limits.

Case study: technical cross-comparison 
of three different strategies for preventing 
mould growth

The case study was carried out at Skokloster 
 Castle, a unique Baroque palace museum (Figure 
1). The major part of the collection, which is dom-
inated by objects from the 17th century, is still on 
display in its original historic setting. The castle 
is mainly open during the summer, but there are 
occasional guided tours also in winter. The upper 
floors of the castle have been unheated for cen-
turies. A few rooms on the ground floor are per-
manently heated to provide thermal comfort for 
staff and visitors. An increase in problems with 
mould growth, especially in rooms facing north, 
has called for preventive indoor climate control. 

The indoor climate of Skokloster is character-
ized by high thermal inertia and a high and unsta-
ble RH. Indoor temperature (T) has small short-
term fluctuations and follows the average outdoor 
T with a time lag. Due to the relatively leaky build-
ing envelope there are large short term fluctuations 
in RH, driven by changes in the absolute humidity 
outdoors in combination with strong winds. The 

In addition to active control, the structural con-
dition of the building should be considered, in 
order to minimise the intrusion of water through 
the building envelope.

The energy load to reduce RH, by any of three 
above mentioned technologies, is defined anal-
ogously to the heating load of buildings (EN 
12831:2017). The load to reduce RH is characterised 
by the time of operation, indicating energy use, 
and the maximum capacity needed. This in turn 
determines running costs and investment costs 
for humidity control. In the following text, the 
load to reduce RH will be referred to as humid-
ity load. The humidity load is determined by the 
actual level of relative humidity in relation to the 
desired level. 

Energy efficient climate control is not only 
about technical solutions; it very much depends 
on the targets that are used. Conservative tar-
gets with a safety margin will inevitably result in 
higher energy use for climate control. A trade-
off between “being safe or being sorry” is always 
involved in setting indoor climate targets with 
respect to preservation.

The present paper builds on a previously pub-
lished technical cross-comparison of three dif-
ferent strategies for preventing mould growth in 
Skokloster Castle: conservation heating, dehu-
midification and adaptive ventilation (Wessberg et 
al., 2014; Eriksson, 2016; Justin Moll, 2016). Based 

FIGURE 1. Skokloster Castle, exterior and interior. Photos: Skokloster Castle.
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Reference rooms  Case study rooms Measure

Number Room  Number Room Year 1 Year 2 Year 3

RF1 Blå rummet CS1 Grå rummet DH  AV CH

RF2 Bryssel  CS2 Florens AV CH DH

RF3 Gröna sängkammaren CS3 London CH DH AV

Three rooms known to have mould growth were 
chosen as case study rooms. The active measures 
were rotated annually according to the sched-
ule described in Table 1. Three similar rooms 
with no active climate control were used as ref-
erence. Rooms CS1, CS2, RF1 and RF2 were fac-
ing north-northeast and CS3 and RF3 were facing 
south-southwest. T and RH were monitored in all 
six rooms for all three years while energy use was 
monitored solely in the case study rooms. 

Prior to the first year of the study all six rooms 
were draught proofed to improve air tightness.

 Conservation heating and dehumidification 
were controlled with hygrostats, with set points 
for T and RH set according to Sedlbauer ś Lowest 
Isopleth for Mould (LIM I) for susceptible build-
ing materials (Sedlbauer, 2002). This is a com-
monly used mould risk model for control pur-

air exchange rate in the building has been meas-
ured and there is a strong correspondence between 
RH fluctuations and air exchange rate. A combi-
nation of high thermal inertia and a lack of mois-
ture surplus from the building envelope leads to 
small gradients within rooms, both regarding T 
and RH (Wessberg et al., 2014; Eriksson, 2016; 
Justin Moll, 2016).

In 2008–2010 an extensive measuring campaign 
at Skokloster was performed to determine the 
impact of the building envelope on the indoor cli-
mate (Broström and Leijonhufvud, 2010). One con-
clusion was that draught proofing the rooms would 
decrease the amplitude of RH fluctuations without 
increasing the average RH level. It was also sug-
gested that relying on passive control only would 
not be sufficient to eliminate future mould damage.

TABLE 1. Case study and reference rooms and associated rotation of climate control measures. 
DH=Dehumidifier, AV= Adaptive ventilation, CH=Conservation Heating,

FIGURE 2. Installations for adaptive ventilation, dehumidification and conservation heating. Photos: Magnus Wessberg. 
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of measure, room or year varying between 32 to 
443 kWh per year and room. Since the absolute 
numbers were so small, the cross comparison of 
the three different measures in terms of energy 
was not as conclusive as expected. However, dehu-
midification generally seemed to have the lowest 
energy demand. The total amount of energy used 
was so low though that the difference hardly could 
be important for the selection of control strategy 
in this particular case. 

Given that the devices for dehumidification and 
conservation heating are designed with respect to 
the actual humidity load, both these solutions are 
sufficient to maintain a desired indoor climate. 
Adaptive ventilation will never be fully sufficient 
as its function depends on the weather, and thus 
an auxiliary solution is needed to cover extended 
time periods of humid outdoor climate.

The indoor climate in the rooms with climate 
control was kept within target range but only just 
below the mould damage risk limit. In spite of this, 
during the later stages of the case study mould 
growth was discovered in some of the rooms with 
climate control. Possible reasons for this could be:

• Microclimates in the rooms. Previous measure-
ments with higher spatial resolution (Broström 
and Leijonhufvud, 2010)) showed that there 
were none or very small T and RH gradients in 
the rooms. During the present study, the sen-
sors were placed centrally in each room. 

• Inaccurate sensors: The sensors were calibrated 
annually, but they have an inaccuracy of ±3%.

• Insufficient mould risk models.

Whatever the actual reason was, the solution 
could be to introduce a large enough safety mar-
gin. In the following part of the paper we will dis-
cuss this further.

Understanding the humidity load 

To determine dehumidification load in residential 
buildings and offices there are established prac-
tices used by engineers (Winkler and Booten, 
2016) but for buildings where preservation, rather 
than comfort is the main concern, there are no 
guidelines to follow. The present paper does not 
aim to present such guidelines but rather discusses 
and illustrates the need to understand the humid-
ity load before deciding on solutions.

poses. However, it should be pointed out that it 
does not reflect the full complexity of conditions 
for mould growth.

A safety margin of 3 % in RH was used during 
the first year. In the second and third years a safety 
margin of 8 % in RH was used. In the case of adap-
tive ventilation a fan was controlled by the ratio 
between indoor and outdoor water vapour partial 
pressure (Broström et al., 2011), running only when 
the ratio was larger than 1. The technical installa-
tions for the third year are shown in Figure 2.

 
Results from the case study

The results from the case study have been pre-
sented previously (Wessberg et al., 2014; Eriksson, 
2016; Justin Moll, 2016). The following is a sum-
mary and short discussion laying the ground for 
the second part of the paper.

Draught proofing prior to the actual experi-
ment reduced the risk for indoor mould damage 
and the need for humidity control much more 
than expected. Draught proofing appeared to have 
an effect equal to or better than that of active con-
trol. The room with the highest air exchange rate 
consistently had the highest risk for mould dam-
age and the highest energy demand due to active 
climate control. Draught proofing also had a posi-
tive effect in terms of providing a more steady RH.

It should be noted that Skokloster Castle is a 
special building with none or very little internal 
moisture generation. In other buildings where 
moisture is added to the indoor climate from the 
construction and from visitors, draught proofing 
may not have equally positive effects. Either way, 
if active climate control is introduced, the building 
should be as airtight as possible. 

Even though draught proofing had a significant 
effect, the reference rooms without active climate 
control, had an indoor climate with a significant 
risk of mould damage. This risk occurred during 
a limited number of short and well-defined time 
periods that were distributed throughout the year 
without any obvious seasonal pattern. Thus, the 
indoor climate at Skokloster is characterized by an 
intermittent and short-term humidity load in order 
to prevent the emergence of indoor mould growth. 

Based on the above, it comes as no surprise that 
in the three rooms with active climate control, the 
time of operation was quite limited. Thus, energy 
use was low throughout the test years, regardless 
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a certain threshold. In Figure 3 the maximum 
value of RH is 87 % indicating the required capac-
ity and investment cost. The time above a given 
RH level, for example, 1,000 hours above 80 % 
indicates the time of operation for active climate 
control and thus the running cost. 
 
Humidity control strategies

Often, humidity control is governed by a set point 
for RH. However if avoiding mould growth is a 
main priority, indoor climate can be controlled 
in relation LIM 1 (Broström and Leijonhufvud, 
2010), see Figure 4, where the risk for mould dam-
age is defined in terms of both RH and T. As we 
will see, the control strategy will have an  influence 
not only on the indoor climate but also on the 
energy use.

Duration curves can also be made to show the 
duration of mould damage risk. In this case we use 
the ratio between RH according to LIM 1 and meas-
ured RH to construct a mould damage risk index. 
Values of the index above 1 are above the LIM 1, and 
values below 1 are below LIM 1 (Figure 4).

Figure 5 shows duration curves for RH and 
mould damage risk index for one room in Sko-
kloster castle without climate control. In rela-
tion to the mould damage risk curve, the indoor 
 climate is above the threshold for around 300 hrs.  

 The humidity load depends on
• design conditions – what T and RH are we 

aiming for?
• T and RH of the outdoor air;
• air exchange rate in the building;
• moisture production from the building  

envelope, activities and people in the building;
• hygrothermal buffering of the building  

envelope.

The design conditions are not cast in stone as they 
are based on often complex negotiations (Winkler 
and Booten, 2016). In the following we will show 
examples of how different design conditions affect 
the load for humidity control. 

Load duration curves as a tool for 
understanding the load for humidity control

A conventional time graph over RH, see Figure 3, 
gives a good chronological overview, but it is very 
difficult, if not impossible, to say anything about 
the humidity load. Load duration curves are com-
monly used for designing heating systems (Poulin, 
et.al., 2008). A load duration curve is constructed 
by sorting all values of RH for one year, from the 
biggest to the smallest and plotting a curve, see 
Figure 3. The duration curve clearly shows the 
maximum value of RH and how long RH is above 

FIGURE 3. Measured values for RH (left) can be converted to a duration curve (right). The load duration curve shows how 
many hours RH is maintained above a given level.
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FIGURE 4. The lowest Isopleth for Mould (LIM 1) growth on sensitive materials according to Sedlbauer (2002).

FIGURE 5. Duration curves for RH and mould damage risk.
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using a set point for RH, but the difference is not 
as much as one would expect from looking at the 
duration curves only. This is probably due to sea-
sonal moisture buffering.

Safety margins

As seen from the Skokloster case study safety mar-
gins may be needed with respect to the uncertain-
ties involved. Duration curves, see Figure 5, can 
be used to assess the effect of introducing different 
safety margins. The duration curve for RH shows 
that RH is above 75 % for around 2,500 hours. If 
introducing a safety margin by lowering the tar-
get to 70 %, the indoor climate would be above the 
threshold for around 5,000 hours.

The duration curve for mould damage risk index 
shows that the indoor climate is at risk for mould 
damage for around 250 hours. Introducing a safety 
margin of 10  % the indoor climate would stay 
above the threshold for around 5,000 hours.

Depending on the shape of the duration curve, 
even a moderate safety margin may have a dra-
matic effect on the time of operation for humid-
ity control. 

If we instead use a set point for RH, for example 
70 %, the indoor climate will be above the threshold 
for 2,500 hours. Anytime the indoor climate reaches 
above the set point, climate control will be acti-
vated. Thus, this comparison would seem to indi-
cate that using the mould damage risk curve would 
give a much lower energy use than using a fixed set 
point to control RH. However, control using LIM 1 
leads to higher RH levels at low temperatures. This 
may cause hygroscopic moisture buffering in the 
building during winter which in turn may increase 
the humidity load during the summer season. 

The difference between using the mould dam-
age risk curve or a set point for RH was assessed 
by the use of whole building hygrothermal sim-
ulations on a church nearby Skokloster Castle 
(Håkansson and Thor, 2017). As can be seen from 
Figure 6, controlling the indoor climate by LIM 1 
(with a 10 % safety margin) reduces the humidity 
load during the winter, as compared to using a set 
value for RH. However, during the summer LIM 
1 control results in a higher humidity load. In all, 
LIM 1 control would still have an annual duration 
of 5,000 hours as compared to around 6,000 hours 

FIGURE 6. Results from a church nearby Skokloster castle showing hours of operation for humidity 
control with a set point for RH (70 %) or by the LIM1with a safety margin of 10 %.
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4. Humidity load analysis using duration curves: 
A second monitoring period is necessary to 
determine the new humidity load following 
draught proofing.

5. Designing conditions: Choose control strate-
gies and safety margins based on the calcula-
tions extracted from the duration curves indi-
cating the consequences of different options.

6. Choose technical solution: Based on the above, 
choose technical solutions as described in this 
study for indoor RH control.

The choice of adapting a climate control strategy 
is important, both in terms of preservation and in 
energy use. The decision requires thorough analy-
sis of the consequences following different alter-
natives. We have shown how small changes in 
the safety margin of indoor RH control or in the 
future outdoor climate can have major implications 
on energy use. In addition it is illustrated how load 
duration curves can be a simple yet effective tool 
to support decision-makers in making informed 
trade-offs between preservation and energy use. 

For the future, the authors suggest three lines of 
research and development on climate control for 
mould growth prevention:

• Further development of methods to determine 
the design load for humidity control, i.e. the 
size of the equipment needed. 

• Systematic investigations, in situ, of the effec-
tiveness of different solutions for humidity con-
trol. 

• The development and assessment of smarter 
control algorithms based on dynamic and more 
precise mould growth models.
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The effects of climate change

Climate change in Northern Europe is expected to 
lead to a warmer and more humid climate resulting 
in higher RH levels and increased risk for mould 
growth inside buildings without  climate control 
(Leissner, et al., 2015). Using duration curves, it 
can be shown that even small changes in the aver-
age level of RH may lead to dramatic effects on the 
humidity load. In the case of Sko kloster Castle an 
increased indoor average level due climate change 
of for example 5 percentage points would have the 
same effect as lowering the present threshold by as 
much. The time of operation for humidity control 
would double in this case.

Discussion and conClusion

In Skokloster Castle, the results from the pres-
ent investigation have been used to set a long-term 
strategy for prevention of mould growth. The first 
stage is draught proofing of all the windows in the 
castle, which will take some time given the size 
of the building. Even if weather stripping can be 
expected to have a significant positive effect on 
the indoor climate, the results from the reference 
rooms indicate there will still be a need for active 
climate control in order to prevent mould growth. 
In the present situation the need for active climate 
control is limited to short periods. However, even 
with relatively small long-term changes in the out-
door climate the time of operation for active cli-
mate control and thus energy demand can increase 
substantially.

More generally this paper points at the need for 
a method to define and understand the humid-
ity load before deciding on a technical solution. A 
general strategy/approach is presented as follows:

1. Monitoring indoor climate and primary analy-
sis: The objective here is to determine if there is 
a further need for improved climate control.

2. Expert analysis of existing mould growth, if 
any.

3. Improve air tightness: If the primary analy-
sis shows a need for active climate control, the 
building should be made as air tight as possible.



230

Klenz Larsen, P., Wessberg, M., and Brostrom, T. 
2013. Adaptive ventilation for occasionally used 
churches. In: 3rd European Workshop on Cultural 
Heritage Preservation, EWCHP 2013, 2013, pp. 55–62.

Leijonhufvud, G. 2016. Decision making on indoor 
climate control in historic buildings: knowledge, 
uncertainty and the science-practice gap. PhD Dis-
sertation, Gothenburg University.

Leissner, J., Kilian, R., Kotova, L., Jacob, D., 
Mikolajewicz, U., Broström, T., Ashley-Smith, 
J., Schellen, H. L., Martens, M., Schijndel, 
J., Antretter, F., Winkler, M., Bertolin, C., 
Camuffo, D., Simeunovic, G. and Vyhlidal, T. 
2015. Climate for Culture: assessing the impact 
of climate change on the future indoor climate 
in historic buildings using simulations. Heritage 
Science, vol. 3, no. 1, pp. 1–15.

National Renewable Energy Laboratory (NREL) 
Technical Report NREL/TP-5500-66515.

Poulin, A., Dostie, M., Fournier, M., Sansre-
gret, S. 2008. Load duration curve: A tool for 
technico-economic analysis of energy solutions. 
Energy and Buildings, 40(1): 29–35.

Sedlbauer, K. 2002. Prediction of Mould Growth 
by Hygrothermal Calculation. Journal of Build-
ing Physics, 25(4): 321–336.

Wessberg, M., Klenz Larsen, P. and Broström, 
T. 2014. Solar energy augmented adaptive ven-
tilation in historic buildings. In: J. Arfvidsson, 
L-E. Harderup, A. Kumlin, and B.Rosencrantz 
(eds.) NSB 2014. 10th Nordic Symposium on Build-
ing Physics, 15–19 June 2014 Lund, Sweden, pp. 
648–655.

Wessberg, M., Leijonhufvud, G. and Brostrom, 
T. 2016. An evaluation of three different meth-
ods for energy efficient indoor climate control in 
Skokloster Castle. In: M. de Bouw, S.Dubois, 
L. Dekeyser and Y. Vanhellemont (eds.). Pro-
ceedings EECHB-2016 Energy Efficiency and 
Comfort of Historic Buildings Brussels, Belgium 
19th–21st October, 2016, pp 144–150.

Winkler, J. and Booten, C. 2016. Procedures for 
Calculating Residential Dehumidification Loads.

References

Broström T. and Leijonhufvud, G. 2010.The 
Indoor Climate in Skokloster Castle. In: D. Del 
Curto (ed.) Historical buildings as museums: Sys-
tems for climate control and heritage preservation. 
Firenze: Nardini Editore, pp. 84–93.

Broström, T. and Leijonhufvud, G. 2008. Heat 
pumps for conservation heating. In: C. Rode 
(ed.) Proceedings of the 8th Symposium on Building 
Physics in the Nordic Countries, Copenhagen, June 
16–18, 2008. Danish Society of Engineers, IDA, 
pp. 1143–1150.

Broström, T., Hagentoft, C.-E. and Wess-
berg, M. 2011. Humidity Control in His-
toric Buildings through Adaptive Ventilation : 
a Case Study. In: NSB 2011: 9th Nordic Sym-
posium on Building Physics, Tampere, Finland 
29 May – 2 June 2011, pp. 1–8.

Brostrom, T., Vyhlidal, T., Simeunovic, G., Klenz 
Larsen, P. and Zitek, P. 2013. Evaluation of dif-
ferent approaches of microclimate control in 
cultural heritage buildings. In: J. Ashley-Smith, 
A. Burmeister and M. Eibl (eds.) Climate for col-
lections, standards and uncertainties. London and 
Munich: Archetype Publications and Doerner 
Institut, pp. 105–115.

EN 12831:2017 Energy performance of buildings – 
Methods for calculations of the design heat load. 

Eriksson, R. 2016. Fuktstyrning av inomhusklimatet 
på Skoklosters slott. En utvärdering av avfuktning, 
skyddsvärme och fuktstyrd ventilation. Degree 
project in building Science. Uppsala universitet.

Håkansson, J. and Thor, H. 2017.Simulering av kli-
matstyrning i Härnevi kyrka. Degree project in 
Building Science, Uppsala University.

Justin Moll, A. 2014. Inneklimatet på Skoklosters 
slott: en studie av ett klimatexperiments  första 
år. Degree project in building conservation, 
Uppsala University.

Klenz Larsen, P. and Broström, T. 2011.  Climate 
control in historic buildings in Denmark. In: 
Bahram Moshfegh (ed.) World Renewable. 
Energy Congress, 8–13 May, 2011, pp. 2026–2033.



231

of a certain age and quality are covered. In fact, 
the law does not allow churches to independently 
deaccession artefacts, but rather demands that 
old artefacts taken out of service are kept in the 
church. The law states that the church is responsi-
ble for those artefacts detailed on their inventory 
list.

Since the year 2000 when the Church separated 
from the state, the state has given economic aid for 
the upkeep and preservation of church buildings, 
interiors and artefacts, through the Church Anti-
quarian Compensation Fund. In 2017, SEK 460 
million was distributed. The amount given to each 
church or parish varies but is usually 60-85 percent 
of the cost for renovation and conservation. 

This funding enables individual churches with 
smaller budgets to look after and conserve import-
ant objects. The parish to which the church 
belongs must apply for the financial compensation, 

The Swedish tradition of church 
maintenance

There are approximately 3,400 churches in Swe-
den and they make up the largest collected cul-
tural heritage in the country. Stone churches from 
the 12th century are still in use and it is important 
that the cultural and historic values are saved and 
looked after for the future. Although one of the 
most secular countries in the world, the church is 
still an important building and many people get 
married, baptize their children and finally have 
their funeral in a church and half of the concerts 
conducted take place in a church, this means that a 
church with mould and dampness can cause prob-
lems for visitors and staff.

Churches, their surroundings and the artefacts 
inside them are protected by the Cultural Heri-
tage Act. The law governs the keeping of artefacts, 
such as ecclesiastical textiles, and only artefacts 

REBECKA KARLSDOT TER 

Ecclesiastical textiles and mould 
– strategies for prevention

 

Abstract
Textile conservators in Sweden have seen an 
increasing problem with mould growth on 
ecclesiastical textiles. This paper will describe 
how the mould infested ecclesiastical textiles 
are decontaminated and new out-breaks are 
prevented at Studio Västsvensk Konservering, 
a conservation studio in Gothenburg. Mould 
can be hazardous for the health and can dam-
age ecclesiastical textiles. The Church of Sweden 
has a long tradition of using liturgical colours on 
ecclesiastical textiles and therefore our churches 
house a large number of valuable textiles. 

An anonymized church, referred to here as 
Church A, with mould and dampness prob-

lems is used to illustrate the process of decon-
taminating the ecclesiastical textiles. On some 
of the textiles so called “sticky-tape tests” for 
spores and hyphens were taken and analysed 
by the Swedish research institute RISE.

The paper also describes that it is impossi-
ble to fight mould on ecclesiastical textiles if 
the climate in the vestry is not controlled and 
how good communication with the people 
involved in the care of the textiles in the church 
is key to obtain the desired results. 

Keywords: mould; ecclesiastical textiles; 
churches; conservation
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dios made ecclesiastical textiles at this time and a 
lot of churches expanded their textile collections. 
The history of textile conservation in Sweden took 
its shape during the beginning of the 20th cen-
tury with knowledgeable and gifted textile artists 
for example Agnes Branting with ateliers Han-
darbetets Vänner, Licium and Pietas among oth-
ers, promoting high quality fabrication and care of 
ecclesiastical textiles, shaping the future and pav-
ing the way for textile conservators working today 
(Ridderstedt, 2008). Many of the newly produced 
objects were of good quality and of a very high 
artistic standard, the ateliers imported exclusive 
fabrics and materials. Even smaller churches in 
poorer areas would invest in high quality textiles 
such as those in the image (Figure 1), sometimes 
supported by donations from wealthy patrons. In 
the 1970s a trend towards simplicity in the produc-
tion of ecclesiastical textiles could be noticed with 
more abstract motifs and often heavier hand-wo-
ven fabrics. Numerous church carpets of a very 
high standard were produced in this country and 
are still in use today. Many of the textiles are irre-
placeable valuable pieces of art in their own right 
and should be given the best conditions possible to 
withstand the tests of time.

the application is reviewed by the county admin-
istrative board in accordance with a certain proto-
col. The process can take a few years, which means 
in practice that conservators can detect mould-in-
fested textiles and it can take another two years 
until the textiles will be treated.

The use of liturgical textiles in Sweden

The use of liturgical colours is mentioned by the 
Pope Innocentius as early as 1198 AD. White, 
green, red, violet, blue and black are the standard 
liturgical colours. Black is no longer a compulsory 
liturgical colour but is still formally used on Good 
Friday and for some funerals. White and green are 
most commonly used and ecclesiastical textiles in 
white and green are consequently mostly exposed 
to stains and wear. Red and violet are only used 
a few times per year, blue is used more seldom. 
It is rather odd that a protestant nation has such 
a magnificent collection of ecclesiastical textiles. 
The Church of Sweden kept using liturgical tex-
tiles and their colours after the Reformation (Rid-
derstedt, 2008), when Sweden became a protes-
tant country, simplified ceremonies and changed 
the use of artefacts in church service. During the 
18th and 19th centuries, the use of several colours 
declined but in the mid-19th century, a deeper 
interest in the liturgical textiles increased leading 
to the reintroduction of the colours. Several stu-

FIGURE 1. Chasubles in a variety of liturgical colours and qualities at SVK. Photo: Rebecka Karlsdotter. 
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is futile. Textiles hanging too close to each other, 
not allowing air to flow, is often a culprit but new 
furniture for the vestry can be designed to make 
a better environment for the textiles. As textiles 
absorb humidity from the human body it is advis-
able to hang chasubles on a standing hanger after 
use and let them dry before placing them in the 
wardrobe again. General maintenance like this 
can hugely improve the conditions for the textiles. 

Mould

Mould is a biohazard. It can deteriorate fabric, 
cause allergies and asthmatic attacks. A mouldy 
building may smell, some describe it as a “musty 
cellar-smell”. Microorganisms exist everywhere 
where life is present and are an important part 
in the biodegradation process in nature (Edebo, 
1999). Climate change, with an increase in pre-
cipitation and higher temperatures increases the 
risk of indoor microbiological growth. “Church 
mould” is often present in churches, especially in 
microclimates, even when RH is low in the larger 

This treasure of ecclesiastical textiles calls for 
a high level of responsibility in care since most 
churches would never be able to replace a dam-
aged silk chasuble with something similar of the 
same quality, the cost would simply be too high. 
Ecclesiastical textiles are often made from vari-
ous high-quality fabrics and materials, some are 
made from the finest silk fabrics and silk-velvet is 
common in older types of chasubles. Sometimes 
the textiles are decorated with metal-threads, silk 
embroidery and applications. Historic ecclesias-
tical textiles taken out of service but kept in the 
church can sometimes cause a problem as they 
might need extra care and take up space.

Church/vestry interior 

The climate in the vestry is very important, if it is 
too damp it can increase the risk of microbiologi-
cal growth like mould attacking the ecclesiastical 
textiles. It is key to change the environment of the 
textiles placed in cupboards and wardrobes in the 
vestry, otherwise all the work put into the textiles 

FIGURE 2. Lining of a very mould infested chalice-cover that has been framed behind glass trapping dampness and preventing 
the air movement. Photo: Lotti Benjaminsson.
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problems with dampness and mould stains, mak-
ing it more difficult to detect and also preventing 
movement of air. 

Research shows that certain mycotoxins may 
influence immune cells causing an increased risk 
for allergies and that extremely small doses (pico-
grams) are enough to start the process. It has also 
been detected that mould fungi release very small 
hyphae fragments that never sediment. These par-
ticles are smaller than spores and are very effec-
tively distributed in the lungs. In practice this 
mean that our exposure to mould can be many 
hundred times higher than previously estimated 
(Bloom, 2008). The actual risks or perceived risks 
of working in a mould infested church can be the 
same. Sometimes the symptoms cannot be mea-
sured and can very well be experienced by only one 
individual. However, it is important to recognize 
the symptoms. You can react to wearing a chasu-
ble that is infected by microbiological growth and 
mould, the reaction can be rapid and acute or give 
milder symptoms such as itchy eyes, headaches 
and a runny nose. It can also cause an acute asth-
matic attack (Bloom, 2008). Mould shows up well 
in UV-Flourescence, see figure 3. The microbi-
ological damage can lead to deterioration of the 
textile fibers. Mould can also discolour and stain 
lighter coloured fabrics leaving dark spots. Mould 
infested textiles like a chasuble worn close to the 
body or a chalice-cover close to the wine to be 
consumed in the mass is a definite health hazard. 

open areas of the church building. (Bloom, 2010). 
Biodeterioration is the unwanted degradation of 
organic materials. The cycle is mainly dependent 
on moisture and temperature. Mould has micro-
scopically small fungal fruiting bodies and is most 
commonly spread by spores. The spore function is 
similar to that of seeds. They are microscopical in 
size, exist in high numbers and generally spread 
very easily for example in the movement of air. If 
given the right conditions a spore will germinate 
and start growing hyphae, thin thread-like tubes 
that will form a mycelium. The mycelia will grow 
on the surface of the object producing enzymes 
and organic acids. This can initially not be seen by 
the human eye but can be noticed in its later stage. 
By that time a large area can be affected before 
mould growth has been detected. Some types of 
mould are very specialised, others can exist in 
many different circumstances. Adequate humid-
ity is needed for mould to establish itself: a rela-
tive humidity (RH) of below 55-60 percent is usu-
ally advised in cultural heritage environments. The 
spores can hibernate in a dry climate for years and 
be activated if dampness reoccurs. Mould needs 
something to live off: a stain on the fabric can be 
enough to nurture it if the temperature and level of 
humidity is right. A church building can be sound 
in many parts but have a microclimate that is 
unsuitable for the textiles in the wardrobe just by 
the outer wall or behind the glass of a framed tex-
tile (see Figure 2). General untidiness can cover up 

FIGURE 3A & 3B. Altarcloth under normal light. The same altarcloth under UV-Flourescence showing the mould outbreak. 
Photo: Lotti Benjaminsson.
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• Basic photos are taken of the full textiles, front, 
back, insides and outsides before we start the 
decontamination. Details of affected areas or 
damages are also photographed. Work is car-
ried out in a safe and organized manner to min-
imize any risks of harm or allergic reactions.

• Tyvek overalls, P3 masks and goggles together 
with protective disposable gloves are used for 
protection. The work takes place in a desig-
nated room that has a good extraction system 
and contaminated textiles are kept separate 
from other textiles, shown in Figure 4. A small 
mould-infested area on the outside of a chasu-
ble can mean a larger damage/growth behind 
the lining!

• Visible mould is removed mechanically by using 
a vacuum cleaner with HEPA filter (High Effi-
ciency Particulate Arresting filter). For a HEPA 
filter in a vacuum cleaner to be effective, the 
vacuum cleaner must be designed so that all the 
air drawn into the machine is expelled through 
the filter, with none of the air leaking past it.

Method
How ecclesiastical textiles are initially decontami-
nated at Studio Västsvensk konservering (SVK)

Initial inspection of a church. By wearing a pro-
tective mask when examining textiles in churches 
we avoid the risk of allergic shocks.

• Affected textiles are taken into the conserva-
tion studio for initial decontamination and 
investigation. Usually the church arranges the 
transportation of the textiles to us. We request 
that they are packed together wrapped in a cot-
ton fabric and plastic wrapping. 

• Textiles are frozen for at least seven days. Freez-
ing will not kill fungi but as a safety measure 
we always freeze artefacts upon arrival at SVK 
as there can be other pests, like moths, present. 
Heat can be used as a way of “killing” mould but 
is not advisable as such high temperatures can 
lead to degradation of the textiles (Edebo, 1999)

• If sticky-tape samples are taken they are taken 
after the freezing.

FIGURE 4. Wearing protective gear while vacuuming a woollen chasuble. Photo: Lotti Benjaminsson.
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them before the initial cleaning to measure the 
amount of mould present before and after decon-
tamination, see Table 2.

Test by Research Institutes of 
Sweden AB (RISE)

Microbiological growth on the textiles was tested 
by RISE to see if one could measure the quan-
tity of mould before and after the cleaning. The 
microbiological analysis was conducted by sticky-
tape samples taken on the infested textiles (Urzi & 
De Leo, 2001). Affected areas were marked with 
tacking thread to know where the samples were 
taken on the object and the samples were sent to 
RISE for analysis. The method used is a quanti-
tative analysis of micro fungi and actinomycetes 
using microscopical technique. The sticky-tape 
samples are transferred to glass slides, dyed and 
analysed in 400-1,000 times magnification under 
a microscope (Ekstrand-Tobin, 2018). 

Table 2 shows the results of the sticky-tape sam-
ples reported by RISE. The points were marked on 
the textile with tacking thread to make it possible 
to take new tests after the initial cleaning. A num-
ber of the samples were not tested after the ini-
tial cleaning and are therefore not included in the 
table, since no conclusion regarding the effective-
ness of cleaning can be reached. 

Communication

Monitoring the climate in church buildings is 
vital and requires interest and skills. Usually the 
approach to problems with humidity in a church is 
professional but sometimes employees in the church 
trivialize the problem with mould and dampness, 
which has led to prolonged mould attacks on tex-
tiles. If the church-staff learn to be proactive prob-
lems could be detected early. Climate change is a 
challenge for the churches and so are new functions 
like toilets and kitchens that have been incorporated 
in the church building. How do we deal with wet 
rags, left-over flowers and the risk of water leakage 
in cleaning cupboards in churches from a conserva-
tion point of view (see Figure 5)? 

The care of the textiles in the churches is often 
undertaken by church wardens or volunteers. Skills 
in textile-care that the church depends on and has 
counted on for many years are not always present 
nowadays and this fact needs to be acknowledged 
when planning for the care of the textiles in the 

Conservation, restoration and the 
future handling of the textiles

If mould is detected on several textiles, we try to 
treat all textiles as if they were affected. The tex-
tiles are always kept separate from other items and 
well covered when in the studio care (Bengtsson, 
2012). Vacuum cleaning is followed up by wash-
ing the objects by hand, using water and a sur-
factant. We change linings that need and can be 
replaced if they are mouldy and carry out renova-
tion and conservation as needed on the textiles. It 
can be argued that the quality of a good linen fab-
ric from an older textile cannot be obtained these 
days. We go to great lengths trying to find proper 
fabrics if anything must be replaced and therefore, 
we sometimes must import fabric or dye existing 
stock. Ecclesiastical textiles in use may have to be 
repaired and conserved with a utilitarian mind 
and by relining a chasuble with new fabric, its 
lifespan can be prolonged, and the priest can wear 
it without experiencing any allergy symptoms. It is 
an on-going challenge to make these textiles use-
able in ceremony and let them withstand the test 
of time at the same time. Old fashioned chasubles 
can have linings stiffened with paper like old man-
uscripts or book pages that can hold humidity and 
there is always a risk of mould in hidden places 
such as hemlines and inside linings on textiles.

Church A

Upon a visit to a church built in 1914 a textile con-
servator reacted to the amount of mould infested 
textiles in the vestry. The church was still in regu-
lar use and the vestry itself had had problems with 
high humidity and a mouldy smell for some time. 
The textile cupboard, in the vestry of the church, 
was positioned by the outer wall with no air cir-
culation resulting in a damp microclimate. Dur-
ing closer inspection active mould could be seen 
on some of the ecclesiastical textiles, even on some 
of fairly recently acquired textiles used regularly. 
There were 20 textiles in the vestry and mould was 
found on 11 of them. The chasubles were hanging 
in a very small wardrobe placed against an outer 
wall so close to each other that the air could not 
circulate between them. The chasubles being used 
the least hung in the back and were affected the 
most. The 11 ecclesiastical textiles with visible 
mould were examined. The textiles are described 
in Table 1. Sticky-tape tests were taken on six of 



237

Object Mould Foxing Cleaned Further treatment

Altarcloth, red Large patches and smaller Not seen Brushing and Cleaned with surfactant   
  spots of mould on wool fabric   vacuum-cleaning and water
  Test 7a, 7b

Altarcloth, green None on silk fabric. On lining On lining and Brushing and Cleaned tablecloth and   
  and on tablecloth. Test 8 on tablecloth vacuum-cleaning lining replaced

Chasuble, red wool Mouldy spots over larger Not seen Brushing and Cleaned with surfactant
  areas on outer fabric. Test 3a, 3b  vacuum-cleaning and water

Chasuble, green wool Mouldy spots over larger Not seen Brushing and Cleaned with surfactant
  areas on outer fabric. Test 5a, 5b  vacuum-cleaning and water

Chasuble, velvet,  Mould on lining and  Not seen Brushing and  New placement
violet outside-fabric. Test 6a, 6b  vacuum-cleaning
    Nap deteriorated

Chalice veil, older.  Mould covering the whole Not seen Brushing and New placement in acid-free
Not in use textile on both sides. Test 4a,4b  vacuum-cleaning cardboard box

Collection bag, red Small mouldy areas on Not seen Brushing and Protection bags made, 
  outer silk  vacuum-cleaning new placement

Collection bag, green Small mouldy areas on Not seen Brushing and Protection bags made, 
  outer silk  vacuum-cleaning new placement

Priests coat Large attacked areas at Not seen Brushing and Cleaned with surfactant
  hemline and lower part  vacuum-cleaning and water

Stole, black, lining  Mould on lining Not seen Brushing and Lining replaced
    vacuum-cleaning

Stole, violet, lining Mould on lining Not seen Brushing and Lining replaced
    vacuum-cleaning

Point Textile Tested by RISE:  Tested by RISE: Tested by RISE: Tested by RISE:
  Hyphens. Before Spores. Before  Hyphens. After Spores. After
  initial cleaning initial cleaning initial cleaning initial cleaning

1a, 1b Black stole, lining.  Sparingly Abundant Sparingly Sparingly

3a,3b Red chasuble Abundant Abundant None Sparingly

4b Chalice Veil, black Abundant Abundant Not tested. The object will Not tested. The object will 
 velvet    be kept separate in a box. be kept separate in a box.

4c Chalice Veil, black Abundant Abundant Not tested. The object will Not tested. The object will.
 velvet, lining    be kept separate in a box. be kept separate in a box

5a, 5b Green Chasuble Abundant Abundant Abundant Abundant

7a, 7b Red altar cloth Abundant Abundant Sparingly Sparingly

8 Linen lining from Abundant Abundant Not tested as linen fabric Not tested as linen fabric
 green altar-cloth.    will be replaced will be replaced

TABLE 1. Examination of textiles from Church A before initial cleaning.

TABLE 2. Tests conducted by RISE.
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gear when working with mould infested textiles 
and always wear a mask if in doubt when entering 
a church that might have problems with mould. 
Climate change can make the problems with 
mould and dampness worse in a church and will 
affect the textiles. If the vestry has been rebuilt 
and renovated the storage for the textiles might 
have to be redesigned as well. Sometimes a tex-
tile conservator can give important input or even 
design the new storage to aid in the handling of 
the textiles for the future. The vestry in Church A 
is now being rebuilt with a free-standing cupboard 
and floor-heating to prevent the dampness prob-
lems in the future. 

Corresponding author
Rebecka Karlsdotter, 
rebecka.karlsdotter@vgregion.se

church. If there is a checklist it is recommended 
to ask the people actively working in the church 
about their routines and let them explain how 
they work towards the recommendations by scru-
tinizing their own answers. Finding solutions that 
work and rules that are easy to follow, for exam-
ple fool proof written housekeeping rules together 
with a calendar, will open up for good routines in 
handling the ecclesiastical textiles over the liturgi-
cal year. The recommendations from the Swedish 
National Heritage Board are a valuable resource 
and can be used in combination with directions for 
the individual church. 

After conservation and decontamination is car-
ried out it is good idea to present what has been 
done and why to the church-staff. It is better to 
have a discussion in-situ rather than just write rec-
ommendations in a conservation report that might 
not be read by everybody handling the textiles. 
Doing this in the actual church opens for discus-
sions and is also an opportunity to point out diffi-
culties and their solutions on a positive note.

Conclusion

During the project with this specific church we came 
to some conclusions regarding the practical decon-
tamination and future handling of the textiles.

Analyses of the mould type can be of interest 
but at is also a source for misunderstanding and 
false security as every sticky-tape sample only cov-
ers a small piece of the fabric, if taken in the wrong 
part of the textile it can be misleading. To analyse 
objects can be costly and takes time and is proba-
bly not doable on a regular basis. If mould is seen 
or if other signs of a visible mould outbreak are 
spotted there is probably a problem with the cli-
mate (or microclimate) in the church building.

Communication skills are important and clarity 
in communication with the people actively work-
ing in the church is vital, as is the ability to listen 
to information given by administrative personal, 
churchwardens and laymen. To learn about new 
research by attending conference and workshops 
is also crucial for conservators.

Good routines and proper monitoring of the 
climate and microclimate where the ecclesiasti-
cal textiles are kept will minimize the risk of new 
mould out-brakes. By being curious when enter-
ing a church for the first time fewer problems with 
damp and mould will go unnoticed. Use protective 

FIGURE 5. Cleaning cupboard in church, showing damp 
conditions and general untidiness. A perfect spot for mould 
growth! Photo: Rebecka Karlsdotter.
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cases (Nordt, 2006; Rotberg, 2007). The key tech-
nical point when this method is applied to wooden 
objects is to humidify the objects during the heat-
ing process and to dehumidify during the cool-
ing process, so that the moisture content of the 
wooden object is kept at a constant equilibrium 
level. Through this approach, no shrinkage or 
swelling is expected of the wooden objects, and 
as the result, we can minimize the risk of cracks, 
deformations or irreversible strain on the objects. 
The expansion or shrinkage that would be gener-
ated by the temperature change alone should be 
relatively small in comparison with those due to 
the moisture change.

Introduction

Treatment using humidified warm air is known 
as one of the effective, safe and environmentally 
friendly methods to control insect attack in histor-
ical properties, and is increasingly popular mainly 
in European countries (Ertelt, 1993; Thomson, 
1995; Kneppel, 1995; Leary, 2002; Beiner, 2005; 
Ackery, 2005; Tscherne, 2008; Tscherne, 2008). 
By increasing temperature to around 55 to 60 °C 
and maintaining it for a couple days, all the stages 
of the insects inhabiting the objects, egg, larva, 
pupa and adult will die. This method is applied 
to smaller objects in museums by placing them 
in a special chamber for the treatment. It is also 
applied to the entire or part of a building in some  

YOSHIHISA FUJII, MASAHIKO HARADA, HIROYUKI KITAHARA, YUKO FUJIWARA, 

RIKA KIGAWA, YOSHINORI SATO, YUKIO KOMINE, MASAHIDE INUZUKA, 

TOMOKO KOTAJIMA, SHINGO HIDAKA, AKIKO SAITO & TADASHI FUKOKA 

Application of humidified warm-air treatment 
to entire historic wooden buildings at Nikko World 
Heritage site to control insect attack

 

Abstract
To control insect attack, mainly by beetles, in 
historic wooden buildings in Japan, a humid-
ified heat treatment system for large-scale 
treatment was developed, and it was applied 
to two wooden Buddhist buildings in Nikko in 
Japan, in November 2017 and September 2018. 
The temperature of the airflow was increased 
from atmospheric up to 60 °C at a rate of 0.3 °C 
per hour and kept at 60 °C for three days. The 
humidity of the airflow was controlled so that 
the moisture content of the wooden parts was 
kept at initial air-dry level of about 15 %. In the 
process of cooling down, another unit was 
employed for generating cooler and dry air-
flow to avoid water condensation in the treat-
ment system. It was confirmed that the air in a 
treatment volume of about 400 m3 can be con-

trolled successfully by the developed system. 
The treatment ability was confirmed by the 
mortality of the test insects at several stages 
evaluated in a wooden sample. The strain both 
on the wooden surface and the Japanese lac-
quer surface finish was also evaluated using 
strain gages attached to the wooden mem-
bers and test specimen. The strain was smaller 
in comparison with results obtained by a long 
term strain monitoring for the actual wooden 
members of the buildings in Nikko. No  colour 
change on surface finish, crack generation or 
deformation of the wooden parts was detected 
as a result of the treatment.

Keywords: humidified warm-air treatment; 
wooden historical building



241

FIGURE 1. System configuration. Photos: Y. Fujii.
Treatment unit. (Figure 1a).
Temperature / humidity sensor located at the center of the building. (Figure 1b+1c).
Steam generator with water softener in control unit. (Figure 1d).
Electric generator driven by diesel engine. (Figure 1e).
Dehumidifying control unit. (Figure 1f).
Dehumidifying ducts attached to thermal isolation covering. (Figure 1g).

1a

1b1c

1d 1e

1f 1g
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have also invited researchers and engineers from 
abroad for further advice. Additionally, we have 
conducted a one-year continuous measurement of 
the surface strain of the buildings generated by the 
combination of temperature and relative humid-
ity change by the local climate. Following this we 
developed a small treatment chamber of about 30 
m3, powered by electricity, with a fan, a heater, a 
steam injector, a dehumidifying apparatus and a 
control unit. We have confirmed the performance 
of the chamber and developed another system for 
whole building treatment. After the repetition of 
the test treatment, we have developed a system for 

This method is under development and before 
its application to the Japanese historical objects 
and buildings, we have to investigate not only the 
effect on our domestic wood attacking insects, but 
also the influence of the treatment on the objects, 
which are often finished with urushi (Japanese 
lacquer) or constructed with wooden post and 
beams of larger size. 

We have started a series of research and devel-
opment projects since 2013, starting with a sur-
vey and basic research on the related technologies, 
insect activity in Nikko area and some laboratory 
tests on efficiency and influence of the method. We 

FIGURE 2. Monitoring devices. Photos: Y. Fujii.

Strain sensor attached to post finished with Japanese 
lacquer. (Figure 2a)

Strain sensor attached to the unfinished post. (Figure 2b)

Test specimen set in the chamber with strain sensors and 
temperature/humidity sensor embedded in the core regions 
of the specimen. (Figure 2c)

Portable colorimetry device applied to the surface finished 
with Japanese lacquer and painting materials before and 
after the treatment. (Figure 2d)

2a

2b

2d

2c

Jag har beskurit dessa bilder en aning
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altar in a prayer room. It is constructed by wooden 
post and beam method. Most of the wooden struc-
tures in- and outside of the building are finished 
with urushi. Heavy attacks by anobiid beetles are 
confirmed in the construction parts such as posts, 
beams, sill and rafters.

Schedule of humidified warm-air treatment.

The allocation of the units and other apparatus 
is shown in Figure 4. The schedule of the treat-
ment was as follows: starting temperature/relative 
humidity 18 °C/73 %, increasing up to 60 °C/83 % 
taking three days, retention time of two days, 
decreasing down to 10 °C/73 % taking three days. 
This was based on the average moisture content at 
the seven posts and the regional equilibrium mois-
ture content. The treatment was finished at the 9th 
day (Figure 5) The warm air was drawn along the 
peripheral walls and introduced slowly toward the 
inside of the building by the intake fan set in the 
hall floor.

Results and discussion

The change in temperature and absolute humidity 
in the treatment area measured at several repre-
sentative points in the hall, under the floor and in 
the attic is shown in Figure 5. It can be confirmed 
the temperature and the relative humidity are con-
trolled in line with the schedule explained above. 
As Figure 5 shows, the distributions in temper-
ature/relative humidity measured by about 400 
sensors in the treatment area was almost uniform 
at about 60 °C and 83 % during the retention time, 
respectively, no local large deviation in tempera-
ture and humidity was found.

the treatment of full size building and applied it 
to two buildings in the Nikko area, in November 
2017 and September 2018 respectively, as a verifi-
cation test.

System configuration

The system consists of eight treatment units. Each 
unit consists of a heater, a fan and a steam injec-
tor. The hall was covered by a provisional roof and 
wall structure and it was thermally insulated and 
air-tightened. A water softening apparatus was 
employed to avoid the mineral deposits due to 
impurities in the steam generated from tap water. 
Apparatus powered by combustible gas such as 
propane is not allowed in Japan, thus the devel-
oped system was driven by electricity generated by 
the nearby diesel engine generator. The units are 
controlled by the temperature/humidity sensors 
located in the centre of the building. A dehumid-
ifier was also employed to avoid water condensa-
tion in the cooling process (Figure 1). Strain sen-
sors monitored the surface strain on the wooden 
members. Temperature/humidity sensors embed-
ded in the test wood specimen of 30 cm3 were also 
used. Test plates finished with urushi and Japanese 
traditional painting were used for colour analysis 
before and after the treatment (Figure 2).

First verification treatment “I-zen-do” 
in November 2017
“I-zen-do”

“I-zen-do” is a small hall that belongs to the 
Chuzenji temple and is located at the lakeside of 
the Chuzenji lake. It is about 7 meters high and 
5 meters wide and deep, and with a statue on an 

FIGURE 3. “I-zen-do” hall and thermal isolation scaffolding. Photos: Y. Fujii.
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Figure 6 shows the temperature distributions 
inside of test specimen measured by embedded 
or attached sensors over four days just before and 
during the retention time. At the beginning of the 
retention period, the temperature at the centre has 
not reached 60 °C (in blue lines), however, in four 
days the temperature distribution becomes uni-
form at the set temperature.

As an indicator of the efficiency of the treat-
ment, live powder post beetle Lyctus africanus of 
different stages were used. They were put into a 
hole in the air-dried wood specimen (Zelkova ser-
rata) of 30 cm3 and the hole was sealed. The speci-
men was set in the treatment area and the mortal-
ity was evaluated. No adult generation was found 
from the specimen exposed to the treatment. Adult 
beetles were found in a control wood specimen.

FIGURE 4. System configuration for the treatment of I-zen-do hall.

FIGURE 5. Temperature (left) and absolute humidity (right) change during treatment. Data in the early stage 
of the treatment are missing. The relative humidity fluctuates depend on the small variation in temperature, 
so that the humidity is expressed in absolute value. 
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FIGURE 6. Temperature distributions inside of test specimen measured by embedded or attached sensor over 
four days just before and during the retention time.

FIGURE 7. Surface strain of the cubic specimens of 30 cm, made of solid wood and wood finished with urushi.
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the treatment on the shaded side of the building 
remained for a long time. It is necessary to con-
firm, if these strains would cease over a longer 
period of time, and to clarify the mechanism.

Second verification treatment 
“Sho-row” in September 2018
“Sho-row” in Chuzenji

Sho-row is the bell tower that belongs to the 
Chuzenji-temple located also at the lakeside of 
Chuzenji-lake. It is constructed by wooden post and 
beam method. Wooden walls surround the frame 
construction with the curvature covered by copper 
plate at its lower part. At the top of the building, 
a bell is hung from the main beam. In the upper 
part of the building, posts and beams are finished 
by urushi technique. The wooden roof is covered by 
copper plate. The building is about 15 meters high 
and 7 meters square. Heavy attack by anobiid bee-
tles was detected in the previous survey.

Outlines of treatment

Based on the results of the first verification treat-
ment, we have improved the treatment system and 
the second verification treatment was conducted 
in September 2018. The hardware of the system is 

Figure 7 shows the change in surface strain dur-
ing the treatment. The strains both for solid wood 
and wood finished with urushi show a similar ten-
dency. In this process, the moisture content of 
wooden object should be kept at a constant level, 
so that no strain due to the change in the moisture 
content is generated (Takeguchi, 2017). The meas-
ured strain was due to the temperature increase 
and it was of about 1000*10-6, and it reduced to 
zero after the treatment. The strain in the tangen-
tial direction is much larger than the one in the 
longitudinal direction. The anisotropy in the strain 
of urushi layer suggests it expands or shrinks in 
accordance with the changes in the wood. By tak-
ing the results from another experiment into con-
sideration (Takeguchi, 2017), the strain change due 
to the change in moisture change was not detected. 
The strain was lower than that in wooden parts 
exposed to the local climate.

Figure 8 shows a long term strain monitoring 
on wooden members of the hall before, during and 
after the treatment. The strains measured by the 
sensors attached to the wooden parts on the sunny 
side of the building changed during the treatment 
and recovered to the initial values just after the 
treatment. However the strain generated during 

FIGURE 8. Long term strain monitoring on wooden members of the hall before, during and after the treatment
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FIGURE 9. Second verification treatment in Sepember 2018. 
Photos: Y. Fujii.

“Sho-row” bell tower located at the lake side Chuzenji-ko. 
(Figure 9a)

“Sho-row” covered with thermal isolation scaffolding installed 
with treatment devices. (Figure 9b) 

Roof part of the thermal isolating scaffolding. (Figure 9c)

Inside of the treatment area. (Figure 9d)

Ducts for air-pull-out near ground level. (Figure 9e)

9a 9b

9c

9d

9e
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mann/gagelmann.html [Accessed 19 June 2019].
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Strain change on surface of wood and Urushi 
layer under humidity controlled warm air treat-
ment. Science for Conservation, 56, 165–173 (in 
Japanese).

Thomson, R. S. 1995. The Effect of the Thermo- 
Lignum Pest Eradication Treatment on Leather 
and Other Skin Products. In: Postprints of the 
fourth Interim Meeting of the ICOM Committee 
for Conservation Working Group 10, Conservation 
of Leathercraft and Related Objects, 5–8 April 1995 
in Amsterdam. Amsterdam: Netherlands Insti-
tute for Cultural Heritage.

Tscherne, F., Schachenhofer, B., and Roux, K. 
2008. Research study on the effects of the 
Thermo Lignum® Warm air treatment on art 
objects with paint and gilt finishes. Paper deliv-
ered at the Cost Conference in Braga, Portugal, 
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the same as the first verification treatment, but we 
have strengthened the thermal isolation. Figure 9 
shows the outline of the treatment. The treatment 
was conducted in the same manner as the first veri- 
fication test, but with the change in the treatment 
schedule.

Summary

We have investigated humidified warm air treat-
ment of two Japanese wooden buildings to con-
trol insect attack, and confirmed the feasibility 
of the methods, although there are still technical 
problems such as cost/efficiency optimization and 
a long-term influence evaluation of the treatment 
on the objects, etc. The treatment can be applied, 
for example, in combination with the normal res-
toration process, such as renovation of roof tiles. 
By this method, we can control insect attack to a 
zero level without any after effects. It is important 
to maintain inspection for insect activity as part of 
regular maintenance.
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objects in the stores as well as compromising the 
structural integrity of the wooden pallets them-
selves. In order to control these infestations effec-
tively and to prevent further outbreaks, questions 
arose relating to why adult beetles are emerging 
in autumn and also what conditions A. punctatum 
need to develop and reproduce. 

Emergence details

Helmsley Archaeological Store (HA Store) is a 
5,000 m3 warehouse in Yorkshire housing over 
1,300 pallets of objects from EH sites in the north 
of England, including architectural stonework 
and archaeological finds. There is no environmen-
tal control and minimal insulation, which is not a 

Introduction

The English Heritage Trust (EH) is a charitable 
body that looks after over 400 historic buildings, 
monuments and archaeological sites and their 
associated artefacts. As well as those displayed at 
sites, there are several collections stored in other 
buildings. Since 2015 EH has experienced out-
breaks of furniture beetle (Anobium punctatum) 
in wooden pallets at two large stores. In both 
instances adult furniture beetles were first spot-
ted emerging in autumn, which is at odds with the 
currently held view that the adults emerge during 
spring and early summer (Pinniger and Lauder, 
2018). Whilst the infestations are currently in the 
pallets, there is a risk of spread to historic wooden 

AMBER XAVIER-ROWE, PAUL LANKESTER, DAVID PINNIGER, DAVID THICKET, 

SOPHIE DOWNES, SARAH LAMBARTH & CAROLINE RAWSON

Beetles Behaving Badly – Control of furniture 
beetle Anobium punctatum outbreak in wooden 
storage pallets

 

Abstract
The emergence of furniture beetle (Anobium 
punctatum) during autumn, from wooden pal-
lets storing collections at two large English Her-
itage (EH) stores, has raised questions over the 
effect of equilibrium moisture content on the 
lifecycle of A. punctatum. Results from an anal-
ysis of temperature, relative humidity, equilib-
rium moisture content and A. punctatum num-
bers at both stores are presented. A literature 
review suggests that A. punctatum cannot sur-
vive in wood with an equilibrium moisture con-
tent below 10 to 12 %. Options for control are 
reviewed. Replacing wooden pallets with plas-
tic over five years emerged as the solution for 
stone collections in storage areas with no or 
passive relative humidity control. For robust 
historic wood collections an equilibrium mois-

ture content /relative humidity control solution 
is investigated. The relationship between rela-
tive humidity and equilibrium moisture con-
tent isotherms are measured gravimetrically 
for five pallets. The minimum relative humid-
ity to achieve 12 % and 10 % equilibrium mois-
ture content is confirmed as 59.8 % and 46.3  % 
respectively. Over ten months the equilibrium 
moisture content of the wooden pallets has 
been kept below 12  % for 98  % of the time. 
Further monitoring is required to confirm the 
effectiveness of lowering equilibrium moisture 
content as a control strategy. 

Keywords: furniture beetle Anobium punctatum; 
wood moisture content; pallets; historic 
collections; store
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FIGURE 3. WPCS Area 1: largely archaeological stone work 
and bulk finds on wood pallets. Photo: English Heritage.

risk to the majority of the stonework stored in this 
space. Wooden pallets are housed on a mixture of 
five-metre high static and mobile racking. 

On 10th November 2015 (late autumn in the 
UK), hundreds of furniture beetle bodies were 
discovered on the floor of one of the aisles. This 
aisle had been cleaned 14 days earlier and no 
 beetles were found. A full inspection of the store 
revealed over 400 pallets with flight holes and/or 
frass present, centring around one aisle. The con-
centration of affected pallets noticeably dimin-
ished when moving away from this aisle. The exact 
source remains uncertain but is assumed to be a 
pallet or pallets moved into the store.

In February 2016 numerous pallets previously 
identified as being sound, showed signs of fur-
niture beetle activity. In November 2018 beetle 
emergence continued with numbers in the thou-
sands – too many to count individually! The struc-
tural stability of pallets affected became a concern. 
On average, loads in excess of 250 kg are standard 
within the store and collapse of a pallet at the top 
of five-metre high racking could be catastrophic. 
There is also a fear that the small numbers of 
wooden objects within the store were being placed 
at risk with such widespread beetle activity in the 
building.

Wrest Park House and Gardens is a historic site 
in Bedfordshire. In 2011–2012 a 1950s industrial 
building on the site was refurbished to become the 
Wrest Park Collections Store (WPC Store) hous-
ing over 170,000 archaeological and architectural 
artefacts. The store is divided into several sections, 
of which Area 1 (6,060 m3) and Area 2 (2,600 m3) 
are both fitted with static racking and objects are 
stored on wooden pallets. Area 1 contains approx-
imately 900 pallets of bulk archaeological finds, 
predominately stone and ceramic material and is 
well insulated with good passive environmental 
control. Area 2 contains approximately 400 pal-
lets of large architectural pieces, many of which 
are constructed from wood. The environment is 
controlled by two Munters MCS 300 dehumidi-
fiers with a set point of 75 % RH as the materials 
are robust (architectural fixtures and fittings) and 
conditions were predicted to rise to 75 %RH for 20 
% of the time. (Xavier-Rowe et. al., 2014).

On 1st November 2017 in Area 2, pale  powder 
was noticed on 19th century bell jacks. These are 
originally from a massive clock from a  demolished 

FIGURE 1. Static pallet racking at HAS. Photo: English 
Heritage.

FIGURE 2. The extent of furniture beetle damage to pal-
lets in HAS by September 2018. Photo: English Heritage.
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carried out every time the store is opened (usually 
several times a week) no one could be certain when 
the frass had appeared and so we can only narrow 
down the potential date of emergence to between 
9th October and 1st November 2017.

A survey of all objects and pallets in Area 2 was 
undertaken during November 2017 and 290 fur-
niture beetles were found. Upon visual inspec-
tion a pattern of infestation emerged: old pallets 
were affected whilst newer ones nearby, as well 
as wooden artefacts, didn’t show evidence of bee-
tle activity. All new pallets had been heat treated 
before use in the store. A small number of large, 
heavy or awkwardly shaped objects were still on 
old pallets that they were stored on in a previous 
store. These pallets may be the source of the furni-
ture beetle infestation.

On 29th November 2017, frass was also discov-
ered on a pallet in Area 1. This pallet had been 
checked for other reasons on 28th November and 
no frass was present. Furniture beetles caught on 
traps and collected were recorded to help measure 
activity, see Table 1. 

Review of the lifecycle of 
Anobium punctatum 

Anobium punctatum has been associated with man 
and his dwellings for thousands of years (Child and 
Pinniger, 2014). Some of the earliest documented 
records in the UK are from the archaeological 
remains of wooden buildings in York (Kenward, 

building, in the form of larger-than-life-size 
tradesmen, carved from walnut and painted black. 
Closer inspection showed that it was frass that had 
dropped down from pallets above. The bell jacks 
are a feature of public tours and so close atten-
tion is paid to cleaning the surrounding area. A 
team of volunteers cleaned on 9th October 2017 
and there was no frass present. Whilst checks are 

FIGURE 4. Frass on wooden bell jacks. Photo: English Heritage.

TABLE 1. Anobium punctatum numbers at WPCS, both caught on sticky traps and collected up

 Date / Location Total number of beetle bodies Area 1 Total number of beetle bodies Area 2

 Third quarter 2016
 (July to September)  0 2

 Third quarter 2017
 (July to September) 1 1

 Fourth quarter 2017
 (October to December)   0 290

 First quarter 2018
 (January to March)  2 0

 Third quarter 2018 
 (July to September) 9 17
 
 November 2018 33 74
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tle populations that have been found in the stores. 
This is a much understudied area and would need 
considerable research to make specific conclusions. 

Knowing what environmental conditions (prin-
cipally RH) will support A. punctatum infestation 
is critical to understanding how these conditions 
may be controlled to prevent infestations. Addi-
tionally, understanding whether parts of the life-
cycle are particularly sensitive to parameters such 
as temperature and relative humidity, could pro-
vide a method for controlling and eliminating 
infestations. The female beetles lay up to 30 eggs 
in cracks or end grain of wood which, it has been 
suggested, needs to be above 10–12 % equilibrium 
moisture content (EMC) for the eggs to hatch and 
the larvae to burrow into the wood (Becker,1942; 
Spiller, 1948; Bletchley, 1957; Williams, 1983; and 
Unger, Schniewind and Unger, 2001). Although it 
is difficult to study the development of an insect 
that lives inside wood, it is generally accepted that 
there may be up to six or seven larval stages before 
pupation. The length of this development period 
can vary enormously depending on the key fac-
tors of temperature, nutritional value and EMC. 
In ideal conditions (> 65–70 % RH and 21–24 °C 

Williams and Addyman, 1979). Its biology and 
behaviour have been researched by a number of 
authors, including Hickin (1975), Ridout (2000 and 
2012), and Unger, Schniewind and Unger (2001). It 
is generally accepted that in Northern Europe the 
female beetles emerge from the wood and mate in 
spring. This is triggered by both temperature and 
length of daylight resulting in the main emergence 
occurring from March through to June, or even 
July. In some years a few individuals emerge outside 
this window, although the causes are not known. 
The furniture beetle was introduced into Australia 
in the 19th Century and is now well established in 
the South East coastal areas. The main emergence 
period is September to December, which means 
the beetle has adapted to emerge in the Australian 
spring and early summer (French, 1968). 

The observations of the main emergence of A. 
punctatum in the autumn have, as far as the authors 
are aware, never been recorded before in the UK. 
It is possible that A. punctatum has adapted to a 
change in conditions caused by recent changes in 
climate, much as has been found in those resid-
ing in Australia (French, 1968). There could be the 
possibility of adaptations in the DNA of the bee-

FIGURE 5. Summary of data from literature on the effect of temperature and relative humidity on the development of A. punctatum. 
Key: dark green – optimal conditions; light green – activity possible; yellow – activity significantly decreased; red – activity not 
supported. (Unger, Schniewind and Unger, 2001; Becker, 1942; Spiller 1948a; Bletchley, 1957).
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Whilst there are no published studies showing 
at what point A. punctatum larvae would no longer 
survive, Williams (1983) studied a closely related 
Anobiid: Xyletinus peltatus. Williams found that 
at 25  °C the RH at which no young larvae sur-
vived was 59.1 ±2.6%, equating to an E MC of 
11.6±0.7  %. Importantly though Williams found 
that an EMC of 11.9 ± 0.4 % or lower for 13 weeks 
after larvae had already reached three, six, or nine 
months old did not reduce survival. Therefore only 
three months of above 12 % EMC would allow for 
the Anobiid insects to lay eggs that could survive 
and proceed through the lifecycle stages to a point 
where EMC would not prevent activity. Williams 
(1983) suggests that if EMC remains below 12 % 
throughout the year Anobiid infestations would 
die out. 

Equilibrium Moisture Content of Wood

The species, dimensions and age of wood can all 
influence its response to changes in environment 
(Bratasz, L. et al., 2008). Pine is the most fre-
quently used wood for pallets, but even then the 
subspecies and extractive content (e.g. resins and 
phenolic compounds) affects the isotherm, the 

(Unger, Schniewind and Unger, 2001), the life 
cycle of egg through to emerging adult can be 
two years, but in typical UK conditions it can take 
three to five years (Ridout, 2000).

Focusing on EMC, Unger, Schniewind and 
Unger (2001) state that an EMC of 28–30 % is opti-
mum and larvae will cease to develop if this rises 
too high or drops too low. They suggest a mini-
mum EMC of 10–12 %. This is broadly in agree-
ment with Ridout’s summary of a number of other 
studies that suggests an EMC of 12 % is probably 
the lowest that newly hatched Anobiid larvae can 
tolerate (Ridout, 2000). Unger, Schiniewind and 
Unger (2001) equate an EMC of 11 % or less to RH 
values consistently below 60 %. At this point they 
suggest that the growth of larvae will slow greatly, 
although crucially not necessarily cease entirely. 

A summary of environmental conditions quoted 
in literature relating to the development of A. 
punctatum is plotted in Figure 5. The situation is 
not as clear-cut as the image suggests since it is not 
known whether there are specific threshold values. 
The figure should be read as an indication of risk, 
for example: the closer to the dark green area, the 
greater the risk of activity. 

FIGURE 6. Desorption isotherm for unused pallet wood (pine sp.) from WPCS. A single repeat measurement of each slat 
and block is shown as the deviation between samples was within 0.1 %.
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FIGURE 7. Helmsley Archaeological Store 2017 temperature and relative humidity measurements plotted 
over the risk of A. punctatum activity as in Figure 5.

FIGURE 8. Wrest Park Collections Store 2017 temperature and relative humidity measurements plotted 
over the risk of A. punctatum activity as in Figure 5.
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from WPC Store Area 2 with RH control for 2017 
is shown in Figure 8. Both indicate that A. punc-
tatum activity in the pallets is supported in the 
store environments. The comparatively high RH 
levels needed for an EMC of 10–12 % in oak and 
walnut might be why we are currently only expe-
riencing an infestation in the pallets and not the 
artefacts. 

Review of Options to Control Infestation

The options for the control of furniture beetle at 
both stores were reviewed and are summarised in 
Table 2.

The response at HA Store was comprised of two 
stages. The first stage involved the heat treatment 
(in the Thermo Lignum mobile trailer) of historic 
timber collections before relocation to another RH 
controlled store in a separate building on the same 
site. The second stage, for both HA Store (uncon-
trolled) and WPC Store Area 1 (passive control), 
is to replace all wooden pallets with plastic pal-
lets. Collections must be carefully transferred onto 
plastic pallets and some stonework requires spe-
cialist lifting equipment. Carrying out the work 
over several years allows it to be undertaken by 
current staff alongside their normal duties and a 
relatively small fund is needed each year to pur-
chase replacement plastic pallets.

 As the RH in WC Store Area 2 is controlled by 
two dehumidifiers, it was decided to replace the 
small number of affected pallets with plastic and 
trial reducing the EMC by reducing the RH. On 
4th January 2018, the set point of both dehumidifi-
ers was lowered from 75 % to 50 % RH to keep the 
RH below 55 % which should result in an EMC of 
12 % or below. Data from January to October 2018 
shows that the RH was under the target of 55 % for 
98 % of the time, with a maximum RH of 66.8 %. 
The RH fluctuations recorded did not occur for 
more than 27 consecutive hours and the store spent 
less than 1 % of the time over 59.8 % RH (which 
equate to the measured 12 % pallet wood EMC). 
However, the store was over 46.3 % RH, equating 
to above 10 % pallet wood EMC, for a third of the 
recorded data.

In order to measure the EMC of wooden pallets 
in the store, a Protimeter Timbermaster was pur-
chased. To determine the accuracy of the meter it 
was checked against the samples where EMC had 
been determined gravimetrically. The meter has 

way in which it absorbs and desorbs moisture. In 
order to determine the relationship between RH 
and EMC isotherms were measured gravimetri-
cally for five unused pallets from WPC Store. 

The samples were dried at 110 °C for seven days, 
cooled in 0 %RH conditions and weighed. They 
were deemed dry when three consistent weights 
were recorded. Replicate samples were then 
exposed to 5  % RH intervals from 35  % to 85  % 
in sealed glass Mason jars above glycerol solu-
tions. Other replicates were equilibrated at 85  % 
RH before being exposed to lower RH environ-
ments. The calculated values were confirmed using 
a NAMAS traceable calibrated Rotronic probe. 
The pallet samples were weighed until equilibrium 
was reached and three consistent measurements 
were recorded. Gravimetry is considered the most 
accurate measure of EMC and used as a reference 
to calibrate other methods (BS EN 16682, 2017). 

The experimentally determined desorption iso-
therm for the pallets are shown in Figures 6.1 
These show that the wood used for the pallet slats 
has less variation in EMC than that of the sup-
porting blocks, with the slats having a higher aver-
age EMC. This is likely due to the higher extrac-
tive content observed in the block wood (Ridout, 
2004). The desorption isotherm indicates that the 
minimum RH for beetle control at 12  % wood 
EMC would be 59.8 %. If the lower figure of 10 % 
is used, the RH would need to be below 46.3 %. 

Environmental Data

The literature relating to conditions that are 
favourable to A. punctatum suggest that an EMC 
of 10–12  % should see a significant decrease in 
activity. The experimental data shows that for the 
pallets this equates to an RH of 46.3–59.8 %. It is 
worth noting that this RH level is lower than that 
taken from published isotherms for other wood 
species that are commonly found in historic col-
lections. For example those calculated by Bratasz 
et al., (2008) for oak show that an EMC of 10-12 % 
equates to 64.5–74.5  % RH (desorption) and for 
walnut that an EMC of 10–12 % equates to 70.5–
81 % RH (desorption).

The temperature and relative humidity is mon-
itored in both stores. At HA Store the environ-
ment is uncontrolled; the monitored data from 
2017 is plotted over the data available from the lit-
erature in Figure 7. In a similar manner, the data 
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 OPTION 

A. CONTROL THE 
 ENVIRONMENT
 Install up to four desiccant 

dehumidifiers and controls 
/ lower set point of exist-
ing dehumidifiers – aiming 
to lower humidity to reduce 
moisture content in the tim-
ber to a level that furniture 
beetle naturally die out.

B. LIVE WITH THEM
 Accept furniture beetle will 

remain in the pallets long-
term. Replace pallets when 
they become unstable.

C. REPLACE ALL WOOD 
 PALLETS WITH NEW HEAT 

TREATED WOOD PALLETS IN 
ONE PHASE

 Needs to be undertaken 
over one season when the 
beetle are not emerging/
flying 

D. GRADUAL REPLACEMENT 
OF WOOD PALLETS WITH 
PLASTC PALLETS 

 1370 pallets at HAS
 900 pallets WPCS Area 1

E. INTERNAL HEAT TREATMENT 
OF THE PALLETS AND 

 COLLECTIONS IN SITU
 Wrap each bank of pallet 

racking 

Est. COST £’s 

£5000 equipment 
£7358 energy cost  
each year

£2000 each year 

£69,000
[Contract staff £40,000
Heat treated wood 
pallets cost – £19,000
Enabling costs – 
£10,000]

£102,000
£65,000 Helmsley
£37,000 Wrest 
[New pallets £71,000 
Materials & equipment 
£8000]

In the region 
of £70,000 for 
Helmsley only
[£54,000 plus
£7,100 for gas
£600 caravan
£1300 scissor lift
Security guard]

PROS

• No need to replace  
pallets.

• Deals with any  
potential infestation of 
historic wooden objects 
at the same time.

• If maintained could 
use the stores to keep 
wooden artefacts in 
again in the future

• Low cost
• Existing pallets are close-

boarded and none are 
loaded to capacity so 
they should remain 
structurally stable for 
some time despite the 
beetle activity

• Removal of all wood 
infested or potentially 
infested with furniture 
beetle

• Opportunity to under-
take a deep clean of 
store and objects, 
update documentation.

• Phased over a number 
years

• Can be achieved over 
five years at Helmsley 
and three years at Wrest. 

• No risk of infestation in 
future

• Eradication of furniture 
beetle larvae and adults 
from all wood pallets and 
objects.

CONS

• Great uncertainty that RH could be  
sufficiently lowered in HAS as it’s very 
leaky building and we have never 
attempted such close control in this type 
of building.

• WPCS is more airtight but Area 1 is a huge 
volume.

• If very low RH level is required this could 
cause damaging dimensional change to 
wooden objects that have acclimatised to 
high RH conditions

• Poor eco. credentials

• Long term presence of furniture beetle in 
the store. Year on year the damage could 
increase. How would we monitor further 
beetle activity within the pallets? 

• Every pallet would need to be checked 
regularly-this is a huge and possibly  
unsustainable task.

• H&S risk of collapse of structurally 
unsound pallets during forklifting. 

Risk that wood pallets will become 
infested as RH will remain high, especially 
as emergence times not necessarily as 
previously thought
• Need to employ additional staff to help 

with the project.
• High team resource to support

• Staff resource to plan and deliver meaning 
time away from other core tasks

• Risk that not all larvae are killed as pallet 
racking difficult to wrap.

• Concerns about the efficacy of in situ 
 ‘tent’ treatment because the RH and  

temperature control cannot be so precise 
as in a purpose built unit 

• Security of the store compromised as 
 large vent holes required within the 
 building envelope-security guard 
 required for 3–4 weeks
• Gas storage on site is challenging and 

requires adherence to a lot of regulations
• Risk to electronics of roller racking at HAS
• Doesn’t address the concern over pallet 

structural stability for the damage that 
 has already been done

TABLE 2. Summary of options appraisal for dealing with the Anobium punctatum infestations
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trol option for A. punctatum. However,  on-going 
monitoring of beetle numbers, frass, RH and 
EMC is needed to confirm eradication. 

The recorded emergence from wooden pallets 
in two English Heritage stores in the autumn is 
without precedent in the UK. Research into the 
potential genetic diversity of furniture beetles 
found in the stores along with close measurement 
of emergence times coupled with environmental 
data, may help elucidate this in the future. In the 
meantime we may have to accept that furniture 
beetles do not always behave in the way that you 
would predict from established knowledge. 

Materials

250 ml Mason jars – Bernardin
Glycerol – VWR Chemicals
Distilled water – VWR Chemicals
Melinex – Preservation Equipment Ltd
Explorer Balance – Ohaus
Rotronic probe – Meaco Measurement and  
Control Ltd
Protimeter - Timbermaster
Dehumidifer - Munters CMS 300

Corresponding author
Amber Xavier-Rowe, 
amber.xavier-rowe@english-heritage.org.uk
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or when no other method can be applied. Insect 
pest monitoring is an important part of IPM, in 
order to detect pests, to provide specimens for the 
correct identification of species involved, and to 
locate the infested objects or problems in a par-
ticular building. 

All these aspects require one dedicated person 
in charge of the IPM for coordination of data col-
lection, treatments and setting priorities for fur-
ther actions. This person should be trained in basic 
IPM procedures, pest identification, data manage-
ment, and have substantial knowledge of treat-
ment methods, in order to be able to apply these 
correctly (i.e. to select the correct method accord-
ing to the pest and the object). Further, preventive 
actions need to be selected. This basic know ledge 
of IPM is the foundation of the IPM courses.

Introduction

The concept of Integrated Pest Management 
(IPM) was developed in the 1950s in the food 
industry and since the 1980s has been successfully 
applied in museums. Today, IPM is an important 
part of preventive conservation focusing on the 
prevention of pest infestations and the reduction 
of pesticide application. This is achieved by sealing 
buildings against pests, adapting the (micro-) cli-
mate, maintaining high hygienic standards, quar-
antining new and incoming objects and monitor-
ing pest infestations with traps. When necessary 
non-harmful methods are used to treat infested 
objects. Treatment methods such as heating, freez-
ing or anoxic treatments, mainly with nitrogen, 
argon, carbon dioxide or oxygen scavengers, are 
applied. Chemicals are only used in emergencies, 

PASCAL QUERNER 

Communicating and Teaching Integrated 
Pest Management

 

Abstract
This paper reports on different Integrated Pest 
Management (IPM) courses, at the University of 
Applied Arts, Vienna, Austria and also on inter-
national IPM courses organized over the last 
six years. Courses vary from one, three to five 
days and are a combination of practical exer-
cises and theory lectures. These courses have 
been well received, as the training in monitor-
ing, treatment, prevention, identification and 
documentation can be applied hands-on in the 
home institution. Besides IPM courses, further 
activities to spread awareness of IPM consist 
of regular presentations at national meetings 
and conferences, publications in the native lan-
guage and building a network of persons inter-
ested in IPM to meet yearly in a national IPM 
working group. Most experienced experts in 
IPM in museums start teaching courses after 
some years and the topics and contents are 

very similar. The background of the participat-
ing museum staff varies greatly between coun-
tries and institutions, making it an interesting 
and a learning experience also for teachers. 
Experts often team up together to teach, mak-
ing it more diverse and stimulating for the par-
ticipants. Developing guidelines, launching 
pest posters and starting a reference collec-
tion are all new activities, which may enable 
an institution to continue developing their IPM 
programme. In this paper, communicating and 
teaching of IPM is described and compared 
in different countries. National problems and 
challenges facing cultural heritage protection 
in different countries are also described.

Keywords: IPM, workshops; students; reference 
collection; lectures; practical work
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IPM Course in Sri Lanka

In 2013 the Goethe Institute and the National 
Library in Colombo, Sri Lanka, organized a 
three-day IPM course (Figure 1). Mainly librar-
ians, but also some paper and book conservation 
staff from different libraries all over the coun-
try participated in the course, some traveling a 
few days to reach the capital. Tropical countries 
like Sri Lanka face difficult challenges in every 
topic concerning IPM: (1) high temperature and 
humidity, (2) tropical pest species such as termites, 
silverfish and wood damaging beetles which are 
active all year round and can cause severe dam-
age to all kinds of paper, books and wood materi-
als, (3) funding is very limited; it may not even be 
possible to buy sticky traps in order to start mon-
itoring. However, the staff is often very moti-
vated to preserve the collection and participants 
very much enjoyed learning something new out-
side their day-to-day routine library work. There 
is no formal education for book or paper conser-
vation in Sri Lanka at the moment, which makes 
it important for external experts to visit the coun-
try and share their knowledge. Fungi, indoor food 
and drink restrictions and food pests like cock-
roaches, are further challenges.

Pesticides such as Phosphine, have been used 
in the past and are still common at larger insti-
tutions to treat infested collections. During the 
course, a carbon dioxide fumigation of books 
and papers was demonstrated by a pest contrac-
tor, normally working in food protection (Figure 
2). Other methods like anoxia were demonstrated 
and discussed but seemed very expensive to the 

Training in IPM is not standardized and as pre-
ventive conservation is already an interdisciplinary 
field, people with different backgrounds come to 
work with IPM. Those responsible for IPM in 
cultural heritage institutions are mainly trained 
conservators who might have had specific train-
ing in IPM at the university. Often many years 
pass before they achieve a position in a museum 
or similar institution. They need to refresh and 
update their knowledge through internal or exter-
nal workshops. Such workshops very often lead 
to more intense work in the field of IPM, when 
knowledge is needed on a regular basis and can be 
applied directly to the needs of the home institu-
tion. Courses are taught by different IPM experts 
in museums, at universities and online institutions 
like Museum Studies (www.museumstudy.com, 
see also Annex I). The structures of the courses 
are very similar, but the background, motivation, 
specific collections or materials in focus (for exam-
ple natural history versus archive material) and the 
students’ educational backgrounds vary. 

Training courses outside Europe 

Pest problems in a tropical climate with the pres-
ence of termites are harder to treat and moni-
tor, compared with insect pests found in Cen-
tral Europe. Higher temperatures and humidity 
lead to faster insect development and also to 
fungi growth. Courses in Sri Lanka, Hong Kong, 
Oman and Iran are compared with workshops in 
Germany and Austria. To prepare for the courses 
traps were sent a few months before to be able to 
identify and discuss findings during the course.

FIGURE 1. Pest identification in an IPM course in Sri Lanka 2013. 
Photo: Pascal Querner.

FIGURE 2. First CO2 treatment for museum and library objects 
in Sri Lanka carried out during the IPM Course in 2013. 
Photo: Pascal Querner.
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IPM courses in Hong Kong

In 2015 and 2016, similar three-day courses to the 
one in Sri Lanka, were held at the Hong Kong 
University and the University Art Museum and 
Gallery, a museum closely connected with the 
university. The training courses were organized by 
two expats living in Hong Kong and participants 
were mainly Chinese working for university col-
lections, museums and libraries. In Hong Kong 
it is not possible to study conservation and also 
very few conservators live in the country. Objects 
are transported to the UK for conservation work 
most of the time (Beenk, 2015). With a semi trop-
ical climate, Hong Kong has similar challenges to 
Sri Lanka: Termites are found from time to time 
inside the museum building and an active infes-
tation was discovered during the course. Cock-
roaches were also abundant pests, found on the 
traps placed prior to the course; this is typical for 
all tropical climates where these pests are very 
abundant throughout the cities. In all tropical 
countries contact insecticides with pyrethroids are 
sprayed on a very regular basis in homes, offices 
and museums, but their effect on museum pests is 
questionable (they are mainly used against cock-
roaches and mosquitoes).

In Hong Kong, as in many of the other places 
described, insect pest identification literature con-
cerning the most important pests is not available. 
Therefore, before the courses began, some time 
was spent on searching for identification literature 
(publications and web-based databases) in order 
to present the most common pest species during 
the course (Figure 4). Funding for traps and treat-
ment is not a restriction in Hong Kong but at the 

course attendants and therefore very unrealistic. 
Freezing could be an option for treating objects, 
but even this investment is a challenge. Monitor-
ing was introduced in some collections as part of 
a PhD and showed some very interesting results: 
pests like the Ptinidae insect (Gastrallus indicus), 
the Indian bookworm beetle), was first discovered 
in Sri Lanka and termites were widespread inside 
the building wooden structures.

IPM course in Oman 2014

Outside Muscat in the National Archive, a three-
day IPM course was organised mainly for the staff 
of the archive responsible for treating and cleaning 
books and paper materials from all over the coun-
try. The laboratories were very well equipped and 
the level of knowledge of the staff was high, the 
majority being trained chemists. In Oman, uni-
versity level education in conservation is not avail-
able. Unexpectedly fungi are also an important 
issue in Oman, as it is a very mountainous coun-
try with considerable seasonal rainfall. Traps were 
sent ahead of the course and animals like scorpions 
or cockroaches were trapped, but the number of 
pests was very low (few firebrats Thermobia dome-
stica and some Anthrenus larvae). Anoxia treatment 
with oxygen absorbers is a simple method that can 
be easily demonstrated at a course (Figure 3) and 
shows an alternative method to traditional pesti-
cides. In general a low level of pests were found in 
the archive, showing that the focus of the course 
was more on preventing future infestation and get-
ting up to date information. Funding for traps and 
treatment is not a restriction in Oman.

FIGURE 3. Anoxia treatment of a historic book with oxygen 
absorbers during an IPM course in Oman 2014. 
Photo: Pascal Querner.

FIGURE 4. Pest identification in an IPM course by the author in 
Hong Kong 2015. Photo: Pascal Querner.
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IPM Courses in Germany and Austria

One to three-day courses are held every year in 
Austria or Germany by the author, other experts 
and sometimes together, either in a museum or, 
as in recent years, also in archives and libraries. 
It facilitates teaching if more than one expert is 
involved, where each one has his own lectures and 
his special fields.

Certain questions are asked at every course (for 
example: Do we attract pests and a new infesta-
tion, when we use pheromones?). Other topics and 
interests change or increase, such as the infesta-
tion and spread of the grey silverfish Ctenolepisma 
longicaudata. Therefore, archives in particular 
have organised more IPM courses in the last three 
years, which are well attended and provoke inter-
esting discussions. 

We started handing out the German IPM text-
book (Pinniger et al., 2017) as part of the course 
fee, and also a German IPM pest poster (Figure 
7). Further in recent years preparing an insect ref-
erence collection has become part of the courses, 
using specimens that are reared in the lab and ani-
mals from sticky blunder traps (Figure 8). Thus, 
students have very good tools for future pest iden-
tification and comparison. Also other literature 
for identification is discussed (identification keys 
and online keys) but comparing pictures is still the 
method of choice for most conservators and those 
not trained as entomologists. Participant num-
bers are normally limited to 17 persons to keep the 
quality as high as possible. 

moment no company can provide anoxia or nitro-
gen treatment there.

IPM course in Iran

In Teheran a five-day IPM course was carried out 
in 2017 with conservators and museum staff from 
different cities across the country (Figure 5 and 
6). Most of them had good university training in 
conservation, but little experience with IPM. They 
were very interested in the topic, even though the 
majority had no previous experience with pests. 
Excursions, for example to the Carpet Museum of 
Iran and the National Museum, were an impor-
tant part of the course to show onsite and hands-on 
how to place traps, search for dead insect remains 
and discuss treatment methods. During the course 
anoxia treatment was demonstrated and also the 
equipment for basic nitrogen treatment was pre-
sented. As English was not easily understood by 
all participants, the presentations were translated 
by a conservation PhD student who was very inter-
ested in IPM. She could combine local knowledge 
and information on IPM with the course lectures, 
and was of considerable assistance. Also in Iran, 
pesticides are widely used in homes and buildings 
and the concept of IPM was still quite new. Solv-
ing termite problems in some areas of the country 
like the city of Yazd, a historic city entirely built 
of mud, straw and wood houses, is a very diffi-
cult challenge. Large subterranean termite colo-
nies live below the buildings and infest different 
areas from time to time. They are hard to monitor 
and even harder to treat. However, in Yazd two 
biologists coordinate monitoring and treatments 
for termite and wood boring beetle control.

FIGURE 5. Pest identification in an IPM course by the author in 
Iran 2017. Photo: Pascal Querner.

FIGURE 6. Pest management training in an IPM course by the 
author in Iran 2017, translated by the conservation PhD stu-
dent Maryam Delgosha Abdolmaleki. Photo: Pascal Querner.
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both have a fee and come from USA based insti-
tutions). They are a good option if no courses are 
available in the country but there is a disadvantage 
in the lack of practical work.

Challenges in the courses can be for example 
the different backgrounds of students: They may 
be trained chemists, biologists, archivists, librar-
ians or conservators, but there are also technical 
staff for storage or building maintenance who par-
ticipate in the courses. 

In some countries it is also difficult to overcome 
basic problems in the application of IPM after 
the course: for example, funding for sticky blun-
der traps (as in Sri Lanka) or the use of alternative 
treatment methods to chemicals can be a big chal-
lenge (in Iran for example). Often in low-income 
countries with a tropical climate, insect pests can 
cause severe infestations and problems. Termites 
are present and much harder to treat and moni-
tor, compared with insect pests in Central Europe. 
Higher temperatures and humidity lead to faster 
insect development and to fungi growth.

Discussion

Teaching in workshops is an essential way to 
spread knowledge about IPM and to help museum 
staff working in different institutions like muse-
ums, archives, libraries and historic buildings. The 
workshops are all similar in content, focusing on 
prevention of attacks, monitoring, identification of 
insect pest species, collection of data and interpre-
tation of results. Treatment methods are also dis-
cussed and demonstrated to some extent. As IPM 
is a hands-on activity, most courses spend at least 
50 percent of the time on practical exercises such 
as insect pest identification, anoxia treatment, 
placing new traps or evaluating a building. This is 
essential in order to give the participants tools to 
start an IPM program in their home institutions.

Courses are usually organised by one museum 
or institution. Sometimes they are free for the par-
ticipants; sometimes a fee is needed to finance the 
course. Online courses provide another possibility 
for basic IPM training, helping to find resources 
(online and literature) and a forum for questions 
(see Annex I for two examples of online courses; 

FIGURE 7. Pest poster developed during a university course at the University of Applied Arts Vienna, Austria in 2014.
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TABLE 1. Species list of insect pests provided for identification 
exercises in IPM workshops in Austria and Germany, also used 
as a reference collection for each participant.

It may also be a challenge for the participants 
to start for the first time with insect identification 
to species level. During the courses pest posters 
and illustrations from books are used to identify 
the most common pests. This works well for many 
of the common pest species and saves considera-
ble time, but in the real world of monitoring and 
trapping, many more species and types of arthro-
pods and insects are found on the traps. In the lat-
est courses a collection of dry insect pest species 
was also provided (see species list in Table 1). This 
is very good additional information for the future 
together with the pest poster and IPM book. 
Course participants build up their own reference 
collections during the course (Figure 8); some 
insects are pinned, others glued and all need to be 
identified by the participant (during the course the 
experts check the ID of each species).

FIGURE 8. Insect pest collection developed during a course in Austria together with Bill Landberger. Photo: Pascal Querner.

Stegobium paniceum

Lasioderma serricorne

Anobium punctatum

Anobium punctatum

frass sample

Hylotrupes bajulus

Hylotrupes bajulus

frass sample

Lyctus sp.

Lyctus sp.

frass sample

Dermestes lardarius

Attagenus smirnovi

Attagenus unicolor

Attagenus larvae

Anthrenus verbasci

Anthrenus scophularidae

Anthrenus larvae

Trogoderma angustum

Gibbium psylloides

Niptus hololeucus

Ptinus fur

Lepisma saccharina

Ctenolepisma longicaudata

Ctenolepisma calva

Ctenolepisma lienata

Tineola bisselliella

Tinea pellionella

Plodia interpuctella
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Advice for preparing IPM courses in countries 
with no established IPM trªining:

• Send sticky traps in advance to collect pests 
and animals for identification during the 
course.

• Bring a reference collection or make one  
during the course, which can stay in the  
country.

• Get in contact with local entomologists to find 
out the scientific names of the most common 
pests.

• Develop an insect and IPM pest poster in the 
local language.

• Contact local pest contractors to see what  
services they provide or can provide in the 
future for the museums.

• Offer PDFs of the most relevant IPM  
literature freely available for further training.

• Start an IPM working group in the country 
where participants can exchange experiences 
once per year.

• Encourage the students to start teaching IPM 
themselves to spread the information.
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An IPM course given by an external expert 
can lead to a better awareness of pests and to the 
option of non-chemical treatment methods with 
an encouraging rate of success. Positive results 
tend to promote collecting and monitoring data in 
competent institutions. I am in continuing contact 
with many of the participants and observe their 
interest in following up IPM and also in visiting 
international IPM conferences. Traditional treat-
ment methods with pesticides like Phosphine and 
Pyretroids are widely used in most of the countries 
described, mainly because of the lack of alterna-
tives provided by pest control companies. For the 
institutions it is often a big challenge to obtain 
equipment and to encourage further training: for 
example, in the use of nitrogen fumigation. In the 
future such courses could be combined with online 
courses, which are already available but need to be 
adapted to national needs. Follow up courses were 
not held but are planned in Sri Lanka in the near 
future. It would be very interesting to bring for-
mer participants together after some years to see 
their experiences with IPM. IPM is developing 
new methods (parasitoids for example), establish-
ing new regulations (EU biocide regulation) and 
standards.

Besides the IPM courses, further  activities to 
spread the awareness of IPM in a country are (1) 
regular presentations at national meetings and con-
ferences, (2) publication activities in the native 
language and (3) building a network of persons 
interested and working in IPM. Since 2013 a yearly 
meeting of a national IPM working group was 
started in Austria following the example of the 
UK IPM group (http://www.pestodyssey.org/) 
and the meeting of the US museumpests group 
(https://museumpests.net/). These meetings are 
very promising, not least for exchanging informa-
tion and mutual assistance. The development of 
such a national group to exchange experiences is 
suggested at every course, as it can be very helpful 
to stay up-to-date and share knowledge and expe-
riences.
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Annex I

Online courses:
“Integrated Pest Management in Museums, His-

torical Sites and Archives” by the Northern 
States Conservation Center (USA) taught by 
Christina Cain https://www.collectioncare.org/
integrated-pest-management-museums-librar-
ies-and-archives-line-course

“Introduction to Integrated Pest Management”, 
organised by http://www.museumstudy.com/
courses/course-list/introduction-to-integrat-
ed-pest-management/ and held by Gretchen 
Anderson. 
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List of posters

During the conference, 16 posters were presented. All but one can now be found as 
downloadable pdf files on the conference website www.raa.se/ipm2019. 



Threats by pests to cultural heritage are now more than ever on the agenda for muse-
ums, archives, libraries and historic houses. It is therefore important that professionals 
within the sector, such as collection managers, conservators, curators, archivists, libra-
rians, scientists and others, meet and discuss methods of dealing with the challenges 
posed by pests. The conference Integrated Pest Management (IPM) for Cultural Herita-
ge took place in Stockholm 21–23 May 2019. It was the 4th international conference 
on IPM and emphasized the following themes: Communicating IPM, IPM in the era of 
globalisation and IPM in a changing climate. The papers in this volume illustrate the 
challenges within these areas and the importance of cooperation and networking 
within the field of IPM.




