APPROACHES TO
PEST MANAGEMENT IN MUSEUMS (1998)

by

Keith Story, M.A., F.R.S.H.#*

PREFACE

The following text is the edited transcript of the presentation at the Museum
Support Center of the Smithsonian Institution on July 24th, 1998. This presentation
formed the core of a one day course (Preservation Fundamentals lll: Pests #C98-17)
aimed at conservators, collection managers, pest control operators and others involved in
protection of museum collections and libraries against pests. The object of this presen-
tation was to provide a verbal update of the book "Approaches to Pest Management in
Museums" published by the Smithsonian Institution in 1985. That book pioneered the
concept of integrated pest management (IPM) for museums, advocating the use of
combinations of chemical and non-chemical methods in programs customized for the
particular situation,

This presentation reviews the latest information on the biology and damage
potential of key museum pests and for each pest outlines possible control measures. The
scope of the original book is extended by including warehouse beetles, odd beetles and
spider beetles. The various chemical and non-chemical measures are reviewed, with
particular emphasis on new technologies, including the successful use of atmospheric gas
fumigations and the more problematic role of pheromone traps.

The integrated pest management approach is considered in detail from its
agricultural origins to its successful adaptation for urban pest management. The
continuing pest problems in some museums are attributed not to any intrinsic flaws in
the IPM approach, nor to lack of overall funding, but to unsatisfactory communication
between departments and failure to use existing manpower resources. Pest management
in museums and libraries should be seen as part of overall preventive conservation
efforts involving all departments working in multi-disciplinary teams against pests and
conditions which favor pests.

The author acknowledges the information provided by suppliers of pest manage-
ment products and services and the dedication and candor of many conservators who
were consulted when preparing this presentation.

Keith Story, 1998.

* President of Winchester Consultants, "Freelands”, 30 St. Cross Road, Winchester,
S023 9PR, England.
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PRESERVATION FUNDAMENTALS III: PESTS #C98-17

APPROACHES TO
PEST MANAGEMENT IN MUSEUMS (1998)

INTRODUCTION

It gives me great pleasure to be back here at the Museum
Support Center and to be part of a program of disseminating
information to help protect collections in America and around
the world. It is more than 12 years since I first lectured
here at the MSC. 1In those days there were not many of us
advocating preventive conservation through programs of
integrated pest management. Instead, there was a preoccupa-
tion with seeking more effective or safer ways of killing
pests after they had arrived. 1In particular, there was a
search for better fumigants to replace ethylene oxide or
dichlorvos (DDVP) and, following the Montreal Protocol, a
search for alternatives to methyl bromide.

The search for better products to kill pests is ongoing,
but most of these products are aimed at dealing with crises

when they arise, and crisis management is not the best way

forward. The best way forward is crisis avoidance and this

involves integrated pest management or IPM.

I have been encouraged that, as a result of our efforts
and the efforts of other individuals and organisations, the
past 12 years have seen a massive growth in awareness of
integrated pest management (IPM) in museums, libraries and
private collections around the world. Wherever I go, I
encounter people involved in conservation who not only have
heard of IPM but have attended courses in America, Europe and
Australia focusing on IPM in museums.

Today I am going to talk at length about common museum
pests and about integrated pest management. I assume you are
here because you want to learn more about this subject. Let

me say at the outset that I may not tell you everything you



want to know. But you will have opportunities to ask
questions, and if I don't know the answer I have little doubt
there is enough expertise among you for someone else to
suggest an answer. We are all here to learn.

While I may not tell you everything you want to know, I
may well tell you things you don't want to know, but need to
know. I am an independent consultant and, while this meeting
is sponsored by the Smithsonian Institution, I am under no
constraints about what I can say. I will of course try to be
polite! I will use some case histories to illustrate certain
points but, as a general rule, unless the information is in
the public domain, I will not mention the names of any parti-
cular collection. While sharing information is wvital in our
field, we should respect confidentiality, and if any of you
recognise any situations I mention, I would be grateful if
you don't reveal the location.

Many of you don't know me, so I'll say something of my
background! I have travelled in four continents and I have
experienced a lot of pest problems first hand. I have been
stung by African bees in Africa; I provided consultation at a
well-known nightclub in Paris where cockroaches emerged when
they dimmed the lights for the floorshow; and in Czecho-
slovakia the bugs in my hotel room were electronic! I have
learned a lot from my travels - for instance I now know I am
illiterate in at least 12 languages! Despite language
problems, there is one thing which unites the people of all
countries - a respect and love for art, literature and
cultural items, and for natural history collections. My
motivation is the desire to protect these collections, not
merely for my own pleasure but for future generations, and I
want to help you do your work more effectively.

I collect art and antiques myself, and one of my great-
est pleasures is viewing the great public and private collec-
tions around the world. But when I visit museums and stately
homes as a member of the public (not for a consultation), my
pleasure is diminished because I can't help noticing some of
the weaknesses in their defenses against pests. Over the
years I have learned to notice pests, and conditions which
favor pests. So when I approach a museum, my eyes stray to
the roofline, the ledges and eaves, looking for perching or
nesting birds. I then scan the building looking for open,
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unscreened windows. As I get closer, I look at the landsca-
ping and note foundation plantings that might encourage
pests. As I get closer still, I look for unscreened wall
vents or crevices around windows and doors. I also look at
the exterior lighting to see if it might attract pests to the
building. And as I enter the doors, I check the weather-
stripping, sweeps or gaskets which might have gaps permitting
pest entry.

When I get inside the building, my eyes stray from the
pictures to the picture frames, looking for tell-tale holes.
And from there I can't help checking the tops of dado rails
or baseboards for signs of wood dust. When I walk around the
museum I look at the lint in floor or wall registers. And I
check the windowsills for emigrating dermestid beetles. When
I look up I check the light diffusers for bodies of insects.
I also note the shop areas and food areas, often surprised
that there is no attempt to discourage pests from moving from
these areas into the galleries. Up until this point I have
just begun to arouse the interest of the gallery attendants
or guards. When I start peering closely at flower arrange-
ments to see if they are real flowers or silk flowers, the
attendant starts to pay even closer attention. And when I
kneel down and start looking at the floor of a display case,
that's when I hear a voice saying "Can I help you, sir?" At
which point I might ask if there is someone from the conser-
vation department I might speak with.

Up until this time I have been in the "front-of-house"
area accessible to the general public. When I go "backstage"
with a conservator, I often see far more conditions conducive
to pests, and I begin to wonder about the museum's commitment
to pest management.

Again and again I ask myself the question: "Why is it
that, despite high levels of knowledge about pest management
and a wider choice of pest control materials than ever
before, pest problems in museums are often at unnecessarily
high levels? Many conservators I know have read much of the
literature and attended pest management courses. But when I
visit their museums I still see avoidable conditions which
favor pests.

Should I conclude that the literature isn't providing
good enough guidance? I don't think so. As long ago as 1985
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my book (Approaches to Pest Management in Museums) summarized
12 pest management approaches, with a strong emphasis on IPM.
Now, as mentioned, we have several new pest control products,
better traps, more knowledge of using atmospheric gases, more
books on museum pest control and more awareness of IPM.

If it isn't the books or the products at fault, should I
conclude that the training courses on museum pest management
are not good enough? That's a harder question to answer.
Telling people about pest management measures is a waste of
time if people don't implement those measures when they
return to their museums and libraries. The most advanced new
technology will never be a substitute for good motivation and
good management.

The question of motivation is éomplex. Unless there is
an understanding of the value of a collection throughout the
organisation, and an understanding of the risks of pests,
people will not be fully motivated to prevent pest problems.
And unless management gives priority to "backstage" measures
as much as "front-of-house" activities, museums and libraries
will continue to experience an unnecessary level of losses
from pests.

I would not suggest that any of you lack motivation
regarding pest management. After all, you are here. But the
real proof will be what you do after today. Every one of you
can make a difference, and I would like each one of you
during the course of today to think about one thing you will
change or implement to reduce risks from pests at your loca-
tion. If we have time at the end of today, I may ask each of
you to tell us in one sentence what you are going to do first
as a result of this seminar. And if what you do is a result
of something you learned from a colleague in a coffee break,
rather than something you learned from me, that will make it
worthwhile being here. But we will all have failed if we
learn nothing from anybody or if we do nothing about what we
have learned.

In my discussions with museum personnel involved in pest
management, I frequently hear reasons for not doing more to
prevent pest problems. So far this year, senior conservators
at 6 important museums have said to me: "WE DON'T HAVE ENOUGH
MONEY." But is this the only obstacle, or even the main
obstacle? I don't think so.
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I often see opportunities for reducing pest problems
that have no cost implications, or which will actually save
money. Examples include:

Removing foundation plantings and substituting gravel. In
one example, I complimented the conservators on the gravel
strip around the base of the museum and they said: "It was
nothing to do with us, the landscaping department just did
it to save money!"

Eliminating displays of fresh flowers will save money.

Banning food and drink from sensitive areas costs nothing.

Rescheduling garbage collections, so that food is not
available to pests overnight, may cost nothing.

Closing windows costs nothing, but will help keep out flying
pests, such as carpet beetles. Put up notices to remind
people.

Other measures might incur short-term costs, but can
result in longer term savings. Such measures might include:
Fixing leaks to discourage moisture-loving pests.

Clearing gutters and drains to remove habitat favoring pests.
Sealing windows and installing shades or air-conditioning in
ancillary areas such as administrative areas. [Be bold.

If windows should be shut but are always being opened and
are not an emergency exit, buy some superglue and seal them

yourselves! ]

At this stage I want to start opening your minds to the
things you can do to reduce pest problems. And remember, you
don't need to have an active infestation in the collection
now to have a problem. If your collection is vulnerable to
pests, it is only a matter of time before it is attacked,
unless you take preventive action.

I accept that you may not be able to do everything you
want to do, or everything I recommend. In the 18 years I
have been an independent consultant I have only had one
museum director who said to me when he called me in for con-
sultation: "Money is no object." Mostly I find that there is
not enough money being spent on pest prevention, but this
does not mean there is an overall shortage of money. I could
argue that while there is any money for emergency pest eradi-
cation measures, there should be money for preventing the
emergency. The money spent on fumigation bubbles will pay
for a lot of pest prevention!
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I could also argue that while there is any budget for

acquisitions there is money for pest prevention. After all,

does it make sense to bring a new vulnerable item into an
environment where it may be at greater risk than if it stayed
where it was or went to another museum with better protec-
tion? As for benefactors, who in their right mind would
knowingly donate money to a museum or library to purchase
items they cannot protect? Likewise, who would knowingly
leave their collections (whether it be fine art or a case of
rare butterflies) to an organisation that cannot protect them
for future generations to enjoy and study?

Resources may be limited, but it is a question of
priorities. If there is a real commitment to protecting the
collection, the resources can be found - indeed, they may
already be there in terms of financial and human resources.
If you proclaim the need to protect collections and your
commitment and skill in doing this, so that you can give
assurances that collections are safe in your hands, benefac-
tors will beat a path to your door.

I will return later to this question of commitment and
resources, but it is important to know that commitment is
more important than resources. If you have both that is the
ideal. This man, General Norman Schwarzkopf, had both the
commitment and the resources to (and I quote): "Kick Saddam
Hussein's butt out of Kuwait." He succeeded. The Allies
convincingly won the Gulf War.

Now think of another war, the Vietnam War where an
alliance with superior technology and massive resources
fought against an enemy with fewer resources, low technology
but high commitment. The side with the high level of commit-
ment won!

Finally, another military example to illustrate the
importance of commitment. The year, 1836. The event, the
battle at San Jacinto for Texas independence from Mexico.
The Texan force of poorly armed, mostly raw recruits led by
Sam Houston were outnumbered by more than 2 to 1 by better
armed, veteran Mexican soldiers, led by General Santa Anna.
To underline his commitment Sam Houston ordered to be
destroyed the bridge over Vince's Creek preventing escape
from the battlefield for either the Mexican army or his own
men. That's what I call real commitment! And then General
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Houston ordered his men to attack. Never before had raw
militia attacked a professional army of greater number who
were positioned in a fortified camp. The battle was won by
the Texans in only 15 minutes. 1In that time 630 Mexicans
were killed, 208 were wounded and 730 captured. The Texans
lost only 6 men killed and 25 wounded!

That's why I say commitment is more important than
resources. But you need to know your enemy and you need to
know how to kill them or discourage them. I am now going to
talk about pests, their biology, damage potential and outline
control measures. I will later talk in more detail about the
various pest management measures, with ardetailed discussion
of IPM. We will then consider museum pest management for the
next millenium, going beyond IPM to an even more comprehen-
sive approach involving total museum management. This will
relate to the teamwork approach to preventive conservation
that has been trialled in Europe. Finally, we will consider
further aspects of commitment to protecting collections, and
why your work is so important to future generations.

At intervals through the day we will pause for questions
and hopefully I, or others here, will have answers. When
preparing for today's seminar, two quotations by famous
people kept coming into my mind. The first was by Davy
Crockett whose guiding philosophy was: "Make sure you are
right, then go ahead." The second quotation was by the
British playwright, Oscar Wilde, who said: "It is always a
silly thing to give advice, but to give good advice is
absolutely fatal."

Well, since I'm in America I'm going to ignore Oscar
Wilde and take ol' Davy Crockett's advice and "go ahead".



BIOLOGY, DAMAGE POTENTIAL AND OUTLINE CONTROL MEASURES FOR
KEY INSECT PESTS OF MUSEUMS

OVERVIEW & DEFINITION OF MUSEUM PESTS

It is important to recognise that there are no unique
museum pests. Any creature capable of entering a museum from
the outdoor environment, or introduced on materials brought
from other buildings, is capable of becoming a pest.

Even people can be pests, and sometimes they are the
most dangerous pests. At the caves of Lascaux in France,
Ajanta in the Western Ghats of India, and in various Egyptian
tombs, human visitors have so raised the humidity by their
breathing that the wall paintings have suffered irreparable
damage. As a result, access to visitors has had to be denied
or severely restricted in the interests of conservation.

In England, two of the most serious cases of damage to
historic buildings and their contents were caused by people.
This private house at Uppark was totally gutted by a fire in
1989, caused by a careless roofer repairing lead flashing on
the roof. When he had finished he didn't know he had left a
roof timber smouldering, but in the night a fire burst out in
the roof and spread to the whole house. It cost $65 million
to restore the house.

Uppark was one of the most beautiful houses in England,
whereas this home in Windsor is one of the largest in
England. Once again a human visitor caused a fire by moving
a lamp too close to draperies. About 100 rooms were
destroyed and the cost of restoration was $60 million.

On a smaller scale, throughout the world, visitors cause
damage to collections. Some of the worst offenders are par-
ticipants in functions held at museums and libraries. Despite
notices to the contrary, they smoke and drop ash on valuable
oriental carpets, and they put their drinks glasses on
precious furniture in galleries. Most conservators I speak
with don't even know about this damage and even deny it
happens. But when I speak with people who are present at
these functions, they say it happens, and I have seen it
happen, even here in Washington. When I challenge gallery
attendants and ask why they don't stop such practices, they
say it's very hard to tell someone such as a benefactor or a
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minister from a foreign government to stop smoking or to keep
their glasses off the Chippendale cabinet!

In some cases the damage is deliberate, such as at this
building where the occupant decided to dye a valuable red and
gold colored Persian carpet bright green in order to provide
a visual link with the grass outside. In my opinion it would
have been better to install Astroturf in this room and give
the Persian carpet to a museum that would care for it!

Today I am going to present information about insect
pests of museums, but I will take questions on other pests
such as rodents. Hundreds of different insects may become
pests, many of which may not normally be thought of as
serious museum pests, but which may directly or indirectly
threaten some collections. :

The most obvious direct threats are from feeding, and
almost any pest with biting mouthparts is capable of harming
some items in museums. Of particular importance, because of
their feeding activities in museums, are clothes moths,
carpet beetles and other dermestid beetles (such as hide
beetles, Trogoderma beetles or odd beetles), cockroaches,
crickets, furniture beetles, powder post beetles, silverfish
and booklice.

In addition to feeding damage, direct damage can also be
caused by excretions or secretions from these pests, as well
as from other pests such as flies or spiders, which don't
chew exhibits but may leave fecal spots on them. Even when
they die, the decomposing insect body may exude acidic
liquids which damage some surfaces.

Indirect threats from insects can be just as serious as
feeding damage or staining. For instance, I was called in to
develop an IPM program in a building where a cockroach had
caused an electrical short circuit which resulted in a
million dollar fire. Incidentally, the insurance company
refused to pay out on the claim, on the grounds that the cus-
tomer had contributed to the fire risk by failing to have an
adequate program of pest control.

Another indirect threat can arise when otherwise harm-
less insects die and their bodies then provide sustenance to
major pests such as carpet beetles. For instance, accumula-
tions of dead insects such as cluster flies in hidden roof or
wall voids can become reservoirs of scavenging carpet beetles
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ensuring constant reinvasion of collections unless measures
are taken against these reservoirs. Similar problems arise
when rodenticides are used to kill rodents. The rodents may
die in inaccessible voids and become a feeding site for
insect pests which then spread to the collection. That's why
it is preferable to use traps for rodent control, because you
will always be able to dispose of the body before it becomes
a feeding and breeding site for insects.

Clearly it is important to be able to recognise insects
commonly found in museums and to know something of their life
cycles and feeding habits. This will help you know what
threats they pose to your collections and how to approach
controlling them. In general, pests should be discouraged by
focusing on aspects of the building's structure, maintenance,
management, and external and internal environment. Use of
pesticides should be focused on the building surroundings and
on interior structural surfaces, crevices and voids. Many
pesticides can stain or corrode museum objects, so direct

treatment should be avoided wherever possible.



CLOTHES MOTHS

There are 3 main species of clothes moth: the webbing
clothes moth, the casemaking clothes moth and the carpet (or
tapestry) moth.

(a) Appearance and Life Cycles
1. Webbing Clothes Moth (Tineola bisselliella (Hummel ))

The webbing clothes moth is a small moth with whitish

wings 6 to 8mm long and dark eyes and antennae. There
are no spots on the wings and it has a golden head and
body, with a mop of reddish golden hairs on its head.

The webbing clothes moth is capable of living outdoors,
the larvae scavenging in such places as nests of birds.
Buildings can be invéﬁed by crawling larvae or by running
or flying adults. The life cycle of the webbing clothes
moth indoors is as follows:

Eggs are oval, lmm long and are laid singly, or in groups of
two or more, among the threads of cloth, fastened by a
gelatinous material which prevents easy dislodgement. A
total of 30 to 160 eggs are laid, with an average of 40
to 50, in a period from one day to 3 weeks. Eggs are
laid as readily on cotton and silk as on wool. Eggs
hatch into larvae in 4 days to 3 weeks, averaging 4 to 10
days in warm conditions.

Larvae are white, active and feed almost immediately, often
spinning silk tubes or webbing, incorporating fragments
of the infested medium and feces as they move across the
material. They molt 5 to 45 times, depending on the
duration of the larval period, which ranges from 40 days
to over 2 years. They reach a final length of about
% inch/12mm and then spin a silk web in which they
pupate.

Pupae: the pupation period ranges from 8 to 44 days, being
shorter at higher temperatures.

Adults emerge throughout the year in heated buildings.

Males are attracted to females by a pheromone released
from the female's abdomen. They have non-functional
mouthparts and therefore do not feed. They live up to 4
weeks, but are often not noticed because they avoid
bright light. If you see moths flying around lights they
are not clothes moths.
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2. Casemaking Clothes Moth (Tinea pellionella)

The casemaking clothes moth is slightly smaller and
darker than the webbing clothes moth, and it has spots on
its wings. It has a similar life history to the webbing
clothes moth except for the following:

* larvae spin a case of silk and interweave in it some
of the fibers on which it is feeding. When the larva
moves it drags its case with it, and it dies if
removed from the case. It is this case that gives
this species its name.

*# unlike the webbing clothes moth, the casemaking
clothes moth rarely spins a web on the material it is
eating.

* when the larva is }eady to pupate, it often leaves its
food source and seeks crevices on walls or ceilings.
In seeking a place to pupate the infestation may
spread to previously uninfested areas. Pupation takes
place within the larval case.

3. Carpet or Tapestry Moth (Trichophaga tapetzella(L))

The carpet moth is slightly larger than the other two
species. It has a white head and the first third of the
forewing is black, the remainder being mottled white. It
has a similar life history to the webbing clothes moth.
It does not make a case but forms tunnels in the infested
material, which it lines with silk and in which it may
feed throughout the winter.

(b) Feeding Habits and Damage Potential

The webbing clothes moth is the most common moth causing
damage to textiles, but the casemaking clothes moth and even
rarer carpet moth also cause damage. Damage is done by the
larvae as they feed with their chewing mouthparts.

Larvae (at least of the webbing clothes moth) cannot
complete their development on clean woolen fabrics and this
may explain their preference for stained areas, perhaps
because of their need for Vitamin B or salts which are found
in sweat and urine.

Clothes moths have been reported to feed on furs,
uncleaned skeletons, mammal and bird carcasses and skins,
insect specimens, raw wool, beef meal, fish meal, casein,
milk products, fingernail clippings, animal bristle brushes,
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(c)

carpets, woolen clothes, blankets, upholstery, stored yarn,
piano felts, felts in display cases, hair filling of chairs
and accumulations of lint.

Clothes moths and other tineid moths do not appear to
feed on silk because they lack the enzymes required to hydro-
lyse the proteins found in silk (viz. fibroin and sericin).

Clothes moth larvae do not digest plant products, but as
a result of exploratory feeding, or when plant fibers are
coated with sizing or other attractants, they can damage
cotton, linen and even paper. In these cases, as with animal
fiber products, holes are eaten in the material. In fabrics
made of mixtures of wool and synthetics, the synthetic fibers
are also chewed, including nylon, Dynel, Dacron, Orlon,
rayon, etc. These synthe%ics pass unchanged through the
larval gut.

In severe infestations, dead moths and larvae can be an
important food source. Sand-like particles on or below the
larval feeding site are one of the tell-tale signs of a
clothes moth infestation.

Possible Control Measures

Possible control measures include numerous non-chemical
and chemical measures. There are 15 non-chemical measures:

1. Thorough vacuum cleaning to remove lint and some of the
pests from floor crevices, air ducts and other harbor-
ages.

2. Dry cleaning fabrics to remove nutritious stains and to
kill larvae and eggs.

3. Removal of rodent and bird nests.

Brushing or combing fabrics and furs.
Using lighting to repel adult moths from vulnerable
items.

6. Cooling items to about 48°F/9°C to prevent feeding and
breeding.

7. Freezing items to kill all stages of these insects
(e.g. -4°F/-20°C for 72 hours; in U.K. -30°C for 72
hours is standard).

8. Irradiating infested items using microwaves is reported
to kill all pests but I have not seen proofs of safety
to museum objects.



9. Heating infested items for 4 hours at 106°F/41°C at
70% RH is reported to kill all stages of the webbing
clothes moth. The eggs are the most resistant stage and
some have survived 4 hours at 104°F/40°C.

10. Removing wool felts and substituting acrylic felts in
display cases.

11. Sealing items vulnerable to attack in insect-proof
containers. (Re-backing tapestries with a very tightly
woven cotton cloth can also deter moth attack.) It is
important to remember the newly emerged larvae are so
small they can enter anything with an opening greater
than 0.1lmm, so they are often found inside boxes used
for storage.

12. Caulking crevices to reduce lint accumulations for all
species, and to deny pupation sites for the wandering
casemaking clothes moth larvae.

13. Sealing or screening routes of insect entry from
outside.

14. Placing sticky traps baited with animal substances (e.g.
fish meal) in dark places to attract adults and larvae.

15. Using clothes moth pheromone traps to intercept male
moths for monitoring purposes and to disrupt breeding

(available from AgriSense and Insects Limited).

There are 6 chemical approaches to controlling clothes moths.
As already mentioned, as a general rule museum objects should
not be exposed to any chemical treatment unless it is known
to be safe to the object, or unless any adverse effects are
acceptable. It should be remembered that adverse effects may
result from the solvents and other so-called inert compo-
nents, not just from the active ingredient. Chemical
measures include:

1. Permanent mothproofers applied during wet cleaning. I
believe only two are registered in the U.S.A:

Mitin FF High Concentrate by Ciba Corporation and
Edolan ETS by Bayer Corporation (Edolan is a 12%
permethrin formulation).

2. Temporary mothproofers: aqueous formulations of permeth-
rin applied as an aerosol to wool samples have given
over 10 years protection against webbing clothes moth
(when kept out of UV light which degrades permethrin).
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Conventional fumigants: sulfuryl fluoride and methyl
bromide are registered against clothes moths but webbing
clothes moth eggs are very resistant to sulfuryl
fluoride.

Mild fumigants: paradichlorobenzene (PDB), napthalene
and DDVP strips are registered against clothes moths and
can be useful in closed storage containers.

Residual insecticides: various insecticides are
registered in the U.S.A. including pyrethroids, the
carbamate insecticide bendiocarb and the chlorinated
hydrocarbon methoxychlor. While some residual insecti-
cides are labeled for use on fabrics, it is often more
effective to use them to treat adjacent surfaces, as
well as crevices and voids where clothes moths may be
harboring. Two pyrethroid insecticides (cyfluthrin and
deltamethrin) and bendiocarb are formulated as dusts for
more effective treatment of voids. Inorganic dusts can
also be effective.

Where museum objects are already infested with clothes
moths, holding the object in an atmosphere free of
oxygen (in other words, a nitrogen or argon atmosphere)
is currently considered the safest means of pest

eradication.



ANTHRENUS CARPET BEETLES

There are numerous species of carpet beetles and first
I will deal with two species belonging to the family
Anthrenus, the varied carpet beetle and the furniture carpet
beetle. In England, another species of Anthrenus, the
Guernsey carpet beetle (Anthrenus sarnicus) has become the
dominant museum pest in London's South Kensington museums,
and if any are found in your museums they were probably
transferred from London! Carpet beetles and other dermestid
beetles are a particular problem in natural history and
ethnographic collections.

(a) Appearance and Life Cycles

1. Varied Carpet Beetle - Anthrenus verbasci (L.)

The varied carpet beetle is common outdoors where it is
found on flowers (e.g. Spiraea, Viburnum) and in the
nests of birds, rodents, bees and wasps. The adults
which are oval shaped, 2 to 3mm long with irregular
white, black and yellowish bands, are most numerous out-
doors in Washington, D.C. in late spring and summer. The
adults are attracted to blue and white colors. They fly
fairly high and enter buildings through windows and other
openings, especially in late summer and fall. There is
usually one generation a year, both indoors and outdoors,
but poor diet or low temperatures may extend the life
cycle to two years.

Eggs: females lay about 40 eggs in a lifetime and these hatch
in 10 to 20 days at room temperature. Eggs may be laid
on food or non-food items.

Larvae: the larvae are brownish with bands of hairs and tufts
of bristles, which has led to them being called "wooly
bears" in some countries. They feed almost immediately,
avoiding light, and passing throughy% to 16 larval stages
(average of 7) reaching a length of inch/5mm. The
larval stage usually lasts 200-300 days, but can be over
600 days. Outdoors, the larval stage is the overwinter-
ing stage.

Pupae: pupation takes place on the larval food, inside the
last larval skin, and lasts 10 to 13 days.
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(b)

Adults: adults remain quiescent for a few days before emerg-
ing and at first avoid light. But after laying most of
their eggs they become attracted to light. Window
ledges are a good place to check for the presence of
carpet beetles, but by the time they reach there they may
have already done their damage. Males live 13 to 28 days
and females 14 to 44 days.

2. Furniture Carpet Beetle - Anthrenus flavipes LeC.

[= vorax Waterh.]

The furniture carpet beetle is mostly found indoors, but
adults are also found outdoors on flowers. In heated
buildings all stages are found throughout the year, but
adults tend to be most common in summer. The length of
the life cycle ranges from about 20 weeks to 14 months.
This species looks similar to the varied carpet beetle,
but the adults have a more white underside.

Eggs: females lay 37 to 96 eggs in 1 to 3 batches. They are
laid on larval food such as the pile of carpets and
clothing. At room temperature they hatch in 9 to 21 days

Larvae: the larvae feed, grow and molt 6 to 12 times over a
period of 70 to more than 300 days before pupating in the
last larval skin.

Pupae: the pupal stage lasts from 14 to 19 days.

Adults: the adult passes through a quiescent stage (lasting
from 6 to 71 days at room temperature), during which it
rests in the last larval skin, and an active stage
(lasting about 60 days). The adult is the overwintering
stage under cold conditions.

Feeding Habits and Damage Potential

While adults of Anthrenus carpet beetles feed with chew-
ing mouthparts, it is larval feeding which takes place over a
longer period and is most destructive in museums.

The varied carpet beetle is one of the most common
carpet beetles in the U.S.A. and has been recorded feeding on
a great variety of animal and plant products indoors, includ-
ing carpets, woolen garments, skins, furs, stuffed animals,
leather book bindings, feathers, horns, whalebone, hair,
silk, fish manure, dried silkworm pupae, cereals and insect
collections. Outdoors, the larvae often live as scavengers
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(c)

in nests of birds, rodents, bees, wasps and spiders. The
adults have often been reported on flowers feeding on pollen.

The furniture carpet beetle is found throughout the
U.S.A. and is also primarily destructive of animal products.
It has been recorded feeding on wool, hair, fur, feathers,
horn, leather, tortoise shell and silk. When cellulose
materials such as linen, cotton, paper, rayon, jute and even
softwood are stained with animal matter or when they enclose
animal products, larvae will chew through them. They are
also known to skeletonize dead mice, eat dead insects, dried
cheese, o0ld grain, casein, dried blood and the glue of book
bindings.

In nature, carpet beetles and other dermestids are
particularly important for clearing the landscape and recycl-
ing the billions of vertebrates and invertebrates that die

each year.

Possible Control Measures

As with clothes moths there are numerous non-chemical
and chemical control measures for Anthrenus carpet beetles.
These include 15 non-chemical measures:

1. Dry cleaning or washing infested textiles.

2. Physically removing carpet beetles from infested items
and adjacent surfaces by vacuuming or brushing.

3. Vacuuming lint from crevices, edgesof rugs, air
registers, etc. (if the vacuum cleaners have bags, these
should be changed quickly and safely).

4. Removing accumulations of dead insects from window
sills, catch trays of light traps, light diffusers and
any other accessible location.

5. Removing bird or rodent nests and remains of vertebrate
pests from the building and immediate surrounds.

6. Removing nests of wasps and bees, and spider webs in or
near the building.

7. Prohibiting cut flowers and flowering pot plants in the
building.

8. Keeping flowering plants and shrubs well away from the
building and maintaining a clear strip (e.g. gravel)
around the foundation.

9. Removing wool felts and replacing with acrylic felts.
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10.

11

12.
13.

14.

15.

Sealing or screening routes of beetle entry from out-
side.

Sealing vulnerable items in beetle-resistant cases and
containers.

Cooling items to about 50°F/10°C to prevent feeding.
"Freezing" items to kill beetles. The eggs are the most
resistant stage. Freezing regimes for carpet beetles
range from 1 day at -4°F/-20°C to 3 days at -22°F/-30°C.
Heating items to kill beetles. Dermestid beetles are
much more tolerant of heat than clothes moths and the
temperatures necessary (131°F/55°C) may be unacceptable
for many museum objects.

Using sticky traps for monitoring in areas vulnerable to
beetle activity.

Chemical measures include:

1.

Mothproofing confers protection against dermestid
beetles as well as clothes moths.

Fumigating with the conventional fumigants sulfuryl
fluoride (Vikane) and methyl bromide is effective.
Methyl bromide is effective against all stages but can
damage some objects. Sulfuryl fluoride is safer but
less effective, requiring high doses and a second fumi-
gation after egg hatch.

Fumigating with the mild fumigants paradichlorobenzene
(PDB), napthalene and DDVP can be effective in enclosed
storage containers, either killing or preventing feeding
(beware corrosion of insect pins by DDVP).

Various residual insecticides are registered against
carpet beetles and are best used on adjacent surfaces
and in crevices and voids. These include organophos-
phates (chlorpyrifos), carbamates (bendiocarb) and
pyrethroids (permethrin, tralomethrin/Saga, deltamethrin
/Suspend and resmethrin). Dust formulations are most
effective for treating building voids, particularly
bendiocarb or pyrethroid dusts. Dessicant dusts, such
as silica gel, are less effective against dermestid
larvae, perhaps because their hairs and bristles reduce
contact.



By Atmospheric gases have been successfully used against
carpet beetles: viz. 60% carbon dioxide for 20 days at

25°C; or anoxic conditions (argon or nitrogen) for 2 to
4 weeks.

Future research: antifeedants are being considered for

incorporation in packing materials to deter entry by

dermestid larvae. Pheromone traps for Anthrenus beetles
have not been effective indoors.
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BLACK CARPET BEETLES, WAREHOUSE BEETLES
AND ODD BEETLES

(a) Black Carpet Beetle - Attagenus megatoma (F.)

1. Appearance and Life Cycle

Although the varied carpet beetle, furniture carpet
beetle and other Anthrenus species are important pests,
the black carpet beetle is the most widespread and dest-
ructive carpet beetle in the U.S.A. It is found outdoors
on flowers and scavenging in birds' nests and on the
remains of dead mammals and birds. Black carpet beetles
are thought to mostly enter buidings by flying, but are
also brought indoors on flowers.

The life cycle lasts from 1 to 2 years depending on
temperature. The adults are larger than other common
carpet beetles (3 to 5mm long) and are dark brown to
black, not mottled or banded. They lay from 40 to over
100 fragile, pearly white eggs in hidden locations such
as in lint along baseboards, air ducts and under furni-
ture. The eggs hatch in 5 to 16 days.

The larvae feed and roam widely, molting 5-11 times
over a period of 258-639 days at room temperature. They
avoid light and pupate in the last larval skin.

The pupal stage lasts 6 to 24 days and in Washington,
D.C. mostly occurs from April to June. The adults may
remain in the pupal skin from 2 to 20 days before emerg-
ing and then may live another 30 days. The adults do not
avoid light, at least not all their life and are some-
times found on window sills.

2. Feeding Habits and Potential Damage

Black carpet beetle larvae are a minor pest of many
plant products (e.g. flour, seeds, grains and cereals),
but a major pest of animal products. They move around
extensively, eating here and there (particularly in dark
areas) unlike most fabric pests which stay close to their
original feeding site. They have been recorded feeding
on woolen rugs, blankets and clothes, silk, felts, furs,
skins, yarn, velvet, feathers, hair-filled mattresses and

- 21 -



upholstered furniture, wool and hair house insulation,
meat, insect meal, kid leather, milk powders, casein,
books, birds' nests and dead birds and mammals. The
adults feed mostly on pollen.

Apart from direct feeding damage, larval feeding may
breach containers and thereby make them wvulnerable to

insects that could not enter the unopened container.

3. Control Measures

Non-chemical and chemical control measures are the same
as for Anthrenus spp. except that:

* the eggs of black carpet beetles are very fragile and
more easily dislodged by brushing or vacuuming than
the eggs of other carpet beetles or clothes moths.

* A freezing regime of 6 days at 0°F/-18°C has been
reported to kill adults, larvae and eggs.

*# A pheromone has been marketed for use in monitoring
traps but has not been very effective because of the
short period the adults are active. Sticky traps are

useful year-round for monitoring larval activity.

(b) Warehouse Beetles - Trogoderma ornatum (Say) and

Trogoderma variabile Ballion

Warehouse beetles are also dermestid beetles, slightly
smaller, but otherwise similar in appearance and life cycle
to the black carpet beetle. The adults are oval, blackish
beetles {l'fé to % inch/1.6 to 4mm long) and the larvae are
very hairy but lighter colored than carpet beetle larvae.

Like most other Trogoderma beetles, warehouse beetles
occur naturally in deserted nests of birds, rodents, wasps,
bees and tent caterpillars, scavenging on dead insects and
other organic debris. They also live in hollow trees and
other sheltered areas where there are dead insects to eat.
From these outdoor sites they can invade buildings and are
particularly common in attics of homes.

In warm buildings there can be at least two generations
a year, but under adverse conditions, either cool conditions
or where there is little food, the larval stage may last over
3 years (one larva of T. ornatum survived 5 years without
food). The larvae do not move far if food is available where
they hatch.
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(c)

Warehouse beetles can be serious pests in museums and
are a particular problem in mounted collections of insects.
Larvae also eat wool, furs, feathers and leather, as well as
wheat, spices, tobacco and other plant products.

T. variabile is one of the main pests of food warehouses
throughout the world.

Control measures are similar to those for carpet beetles
In addition, a Trogoderma pheromone trap is available for
monitoring the presence of adult male warehouse beetles and
some other Trogoderma species. This trap is only effective
when it is warm (72°F/22°C) and the beetles fly.

The 0dd Beetle - Thylodrias contractus (Mots.)

The odd beetle is another dermestid, notable because the
adults do not look like other dermestids, and the males and
females are dissimilar. Both sexes are small beetles {%%to

%éinch long), yellowish brown and thinly covered in pale
hairs. The male has a long narrow body and long slender legs
and antennae. The female is larva-like, with a broader body
and shorter legs and antennae. The larvae resemble other
dermestid larvae. O0dd beetles have occurred as chronic, but
persistent, low level infestations in many American museums.
An odd beetle was recently reported from a London museum
(perhaps transferred from America!).

Their normal food is dry animal matter and they have
been known to feed on mummies, feathers and insect collec-
tions. They have also made holes in paper and garments.

Control of odd beetles should be easy because the
females have no wings and most infestations probably arise
because infested items are carried into premises from other
infested premises. However, the larvae roam widely seeking
food sources and can survive 3 or 4 years without food. This
makes it hard for sanitation measures alone to eliminate an
infestation. Fortunately adult male, females and larvae are
easily captured on floor level sticky traps and trap catch
data can be used to direct control measures to population
reservoirs.



(a)

LARDER BEETLE - Dermestes lardarius (L.)

The larder beetle, Dermestes lardarius, together with
the black larder beetle (D. ater) and the hide beetle
(D. maculatus) are among the larger species of dermestid
beetle. They are similar in size and shape, being oval and
%¥ inch/7mm to % inch/14mm long. All 3 species are dark brown
or black, but the larder beetle is distinguished by having a
cream colored band with 6 dark spots crossing the front of
the wing covers (elytra).

Larder beetles and hide beetles are cosmopolitan outdoor
scavengers which frequently enter buildings by flying through
windows or other openings or by being carried indoors on
foodstuffs, flowers or wooden pallets. Once indoors they may
be active throughout the year, but are usually most common in

spring and summer.

Life Cycle of Larder Beetle

Eggs are laid singly or in batches of 2 to 20 in food sources
or in nearby crevices. Over 200 eggs may be laid and
they hatch in 2 to 12 days.

Larvae are immediately active, feeding wvoraciously but avoid-
ing light. The larvae molt 5 or 6 times, reaching a
length of % inch/13mm in 30 days under warm conditions,
but over 200 days in cooler conditions. A key feature of
larder beetles and hide beetles is that prior to pupation
the full-grown larvae leave their food and seek a place
to pupate. Sometimes they wander over 30 feet in their
search, often boring into hard materials such as wood or
caulking to pupate.

Pupae: the pupal stage lasts 3 to 7 days.

Adults feed on the same materials as larvae. Within a few
days the adults are ready to mate and during this period
and during egg laying the adults avoid light. Later they
seek light and are commonly found at windows. There can

be 5 generations a year.



(b)

(c)

Feeding Habits and Damage Potential

A key difference between larder or hide beetles and
carpet beetles is that adult larder and hide beetles cause
major feeding damage, as well as the larvae. However, most
damage is caused by the larvae. Larder beetles scavenge on
animal protein sources indoors and outdoors. They feed on
hide and skins but prefer smoked meat, cheese and other food-
stuffs. They can thrive on museum specimens including
stuffed animals and insect collections. They commonly feed
on accumulations of dead cluster flies or face flies in
attics and wall voids, and on dead flies in the catch trays
of light traps. While preferring animal proteins, they can
eat tobacco and other plant material.

The burrowing of full-grown larvae when seeking pupation
sites can be destructive. Wooden beams can be honeycombed by
successive generations of beetles. The larvae can also pene-
trate lead with ease, tin with some difficulty, but not zinc

or aluminum. They are also known to tunnel in upholstery.

Possible Control Measures

Both non-chemical and chemical control measures are
similar to those for other dermestid beetles. Because they
are common scavengers outdoors and are strong flyers, preven-
tive non-chemical measures will focus on removing outdoor
organic debris (e.g. nests) and sealing and screening
possible points of entry. Indoors, non-chemical measures
will focus on removing unnecessary food sources, such as lint
and dead insects from cracks, crevices and voids. Catch
trays of electric fly traps should be emptied at least weekly
Where an infestation exists, removal of unnecessary materials
preferred for pupation (e.g. wood, Styrofoam) from the
vicinity of wvulnerable items will make control easier.

Chemical control measures include treatment of cracks
and crevices with appropriately labeled residual insecticide
sprays (e.g. bendiocarb/FICAM, cyfluthrin/TEMPO, lambda-
cyhalothrin/DEMAND CS, deltamethrin/SUSPEND SC). Voids can
be injected with dust formulations of bendiocarb, cyfluthrin
and deltamethrin. Inorganic dessicant dusts, such as silica
aerogel and diatomaceous earth, have not been very effective.

Where museum objects are infested, options might include
cleaning, freezing or fumigation with atmospheric gases.
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(a)

(b)

NON-DERMESTID BEETLES

In addition to beetles belonging to the family
Dermestidae there are many non-dermestid beetles that can
attack the contents of museums and libraries. Some of these
other beetles are fairly general feeders, and these include
the drugstore beetle, the cigarette beetle and spider beetles
Other beetles specialise in feeding on wood and these include

the furniture beetle and powder post beetles.

DRUGSTORE BEETLE - Stegobium paniceum (L.)

Appearance and Life Cycle

The drugstore beetle is a brown, cylindrical beetle
about %6 inch/2.5mm long. This beetle is a common pest of
homes and storage facilities throughout the world. The adult
keeps its legs and antennae close to its body when at rest
and this makes it harder to see.

Females lay up to 75 eggs singly as they crawl on or
bore through food materials. The larvae feed, grow and molt
over a period of 2 to 5 months before pupating. The pupal
stage lasts 12 to 18 days. The emerging adults feed. There
may be 4 generations a year in warm buildings, but only 1 in
a cool area.

Feeding Habits and Damage Potential

The drugstore beetle has been described as eating
"anything except cast iron". It has been known to pierce tin
foil and lead sheet. It feeds readily on bread, flour, meal,
breakfast cereals and spices. It is also recorded eating
leather, wool, hair, manuscripts, books, drugs and mummies.
It can tunnel in wood (drugstore beetles and cigarette
beetles belong to the same family as furniture beetles, viz.
Ancbiidae); and it has been known to bore in a straight line
through a whole shelf of books!



(c) Possible Control Measures

Non-chemical preventive measures should focus on keeping
food items which may be infested away from collections. Vul-
nerable dried foods should be stored in sealed glass or metal
containers. Rodent baits can introduce or support drugstore
or cigarette beetles, and trapping is preferable for indoor
rodent control.

Where objects are infested, freezing or fumigation can
be used to eliminate the infestation. Nitrogen fumigation
for 7 days at 20°C has been effective against all stages of
drugstore beetles.

Appropriate formulations of residual insecticides can be
used to treat cracks, crevices and voids which may harbor
these beetles. This includes the insect growth regulator
hydroprene/Gentrol. In addition, surfaces adjacent to vul-
nerable items can be treated to intercept approaching beetles
Sticky traps can be used for monitoring these and other pests

and for informing the use of any insecticides.



(a)

(b)

(c)

CIGARETTE BEETLE - Lasioderma serricorne (F.)

Appearance and Life Cycle

The cigarette beetle is very similar in appearance to
the drugstore beetle but does not have rows of pits on the
wing covers.

While commonly infesting tobacco warehouses, cigarette
beetles occur in many storage facilities. The adults are
strong fliers and are active in subdued light at temperatures
above 65°F/18°C. In temperate climates they can fly from
infested buildings to nearby buildings in spring and summer,
usually in the late afternoon and on cloudy days. 1In the
U.S.A. there can be 3 or more generations a year in warm
areas, but only 1 generation in cooler areas.

Females lay about 30 eggs over a period of about 3 weeks
on tobacco or other food sources. The eggs hatch in 6 to 10
days and the emerging larvae avoid light and feed and
complete their development in 5-10 weeks. At about 60°F/16°C
the larvae become dormant and it is this stage which over-
winters. The pupal stage lasts 1-3 weeks and is spent in a

pupal "cell" in the food. In summer, adults live 1-6 weeks.

Feeding Habits and Damage Potential

In addition to eating tobacco, this beetle is a serious
pest of books, eating the binding and pages. It is the chief
pest in herbaria, chewing holes in dried plant specimens.
Other items eaten include spices, rice, raisins, dried fish,
silk and even pyrethrum powder strong enough to kill cock-
roaches. They can severely damage furniture stuffed with
flax tow or straw. Most damage is caused by the larvae.

Cigarette beetles were found in the tomb of Tutankhamen
and some think this pest originated in Egypt.

Possible Control Measures

Control measures for cigarette beetles are similar to
those for drugstore