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a  b  s  t  r  a  c  t

The  brown  carpet  beetle  Attagenus  smirnovi,  Zhantiev  1973  (Coleoptera:  Dermestidae)  is an  important
pest  of objects  of organic  origin  in museums  of  cultural  and  natural  history  in  Europe.  Future  climate
changes  are  expected  to lead  to increasing  temperatures,  which  will  affect  the  pest  status  of  this  species.
In the  present  study  a  laboratory  investigation  was  conducted  to  elucidate  the  effect  of  temperature  and
humidity  on  the  amounts  of organic  material  consumed  by larvae  of  A.  smirnovi.  In  the  case  of new  and
old  skin,  consumption  was  approximately  twice  as high  at 28 ◦C compared  to 20 ◦C. Wool  was  consumed
in  the  greatest  amounts:  169  mg  of  wool was  consumed  in  three  months  by  30  A.  smirnovi  larvae.  The
emperature
limate change
useum pests

expected  future  climate  changes  in  Scandinavia  are  assumed  to lead  to higher  temperatures  in museums
and stores  where  climate  is not  regulated.  Updated  data  on  the  present  distribution  of  A. smirnovi  in
Europe  show  that  it is  widespread  and  common,  also  in regions  with  a climate  that  does  not  support  its
survival  out  of  doors.  Thus,  dispersal  of  this  pest  probably  only  rarely  occurs  by  flight,  but  usually  with
human  activity.  Due  to the  widespread  distribution  of A.  smirnovi,  it  is likely  that  damages  in  museums
and  collections  in  Scandinavia  due  to  this  pest  will increase  as  climate  changes  come  into  effect.
. Research aims

Insects consume a wide range of materials found in muse-
ms  of cultural and natural history, i.e. organic materials such as
ool, woollen cloth, silk, feather, leather and paper. Temperature

s an important factor in insect biology; within certain limits their

ctivity and reproduction increase with increasing temperatures.
s climate changes are expected to lead to increasing tempera-

ures, this may  lead to an increase in the development of damages
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due to insect pests in museums. The present study focused on
the brown carpet beetle Attagenus smirnovi, an important pest of
organic materials in museums of cultural and natural history in
Northern Europe. New information was collected on its distribution
in Europe and an investigation was conducted to elucidate how the
consumption of organic materials by A. smirnovi is affected by dif-
ferent levels of temperature and humidity, and, as a consequence,
how the risk for damage in museums due to A. smirnovi will be
affected by expected future climate change.

2. Introduction

The brown carpet beetle A. smirnovi, Zhantiev 1973 (Coleoptera:
Dermestidae) and other dermestids are important insect pests of
objects of organic origin in museums of cultural and natural his-
tory in Europe [1,2]. Many aspects of insect biology are positively
correlated with temperature, e.g. development rate, reproduction,
and consumption. A. smirnovi is a species that consumes relatively

large amounts of its diet, maybe due to the poor nutritional value
of the materials. Small increases in temperature could therefore
lead to great increases in damage rates. Future climate changes in
the Nordic countries could provide better conditions for A. smirnovi
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nd increase the amount of damage caused by this pest to organic
ultural heritage objects.

As climate changes are expected to lead to increasing tempera-
ures [3],  the present study was carried out to investigate how this
ill affect the development of damage due to A. smirnovi. Models

f climate changes for Scandinavia were analysed in an attempt to
redict which consequences this will have on both the general cli-
ate and the indoor climate in museums and collections, starting
ith already known data from museums. These issues are discussed

n relation to the results of a laboratory investigation of the effect
f temperature on the consumption of different materials caused
y this pest. Finally, updated information was collected on the dis-
ribution of A. smirnovi in Europe, i.e. first reports and frequency
n different countries, which may  be used as baseline data on the
ispersal of A. smirnovi in European museums.

. Biology, an updated review

A. smirnovi is a dermestid beetle with origins in tropical Africa
4]. It is spreading as an indoor insect in Europe [5]. In the
rst reports from Europe in the 1960s it was identified as
. alfieri, A. longicornis, etc., but after 1974, it has been identified as
. smirnovi [6–8]. Several species of dermestids cause serious dam-
ge to objects in museums made of organic materials such as wool,
oollen cloth, silk, feather, leather and paper [1].  A. smirnovi is the
est species most commonly found in exhibits and stores of the
ational Museum of Denmark.

A. smirnovi has one to two generations per year in indoor
remises. Adult beetles are described as good flyers and are
ttracted to lights. They are often found in numbers in light fit-
ings [9] and have been observed flying during the months of April
o August [10,11].  Under optimal conditions (24◦C and relative
umidity [RH] 70–80%), the adult lives about 20 days. Each female
roduces 30 to 70 eggs; the incubation time for eggs is 10–14 days
12].

The upper temperature limit for survival of the larvae is 34◦C,
egardless of humidity. Below 55% RH, temperature seems to be
he most important factor for survival. At 20◦C and 65% a bimodal
istribution is seen in the length of the larval period: some pupate
fter 4–5 months and others after 9–12 months [13]. The duration
f development is partly dependent on the time of year. The pupal
tage lasts 8–13 days [12].

The diet of A. smirnovi larvae includes materials containing both
nimal protein and starch such as those found in organic debris in
oids in constructions. Once established here they can be very dif-
cult to eradicate [14]. Control of this pest in museum artefacts

s often obtained by freeze disinfection. A recent study showed
hat 100% mortality of the larvae was obtained after exposure to
14.4 ◦C for 24 hours, and 98% mortality was obtained at −11.8 ◦C

or 24 hours [15].

. Consumption in relation to temperature and relative
umidity

A study was carried out to describe the effect of temperature
nd humidity on the amounts of four different materials consumed
y A. smirnovi larvae.

.1. Materials and methods
The investigation was conducted at combinations of three tem-
eratures (20, 24 and 28 ◦C) and two levels of relative humidity (50
nd 75% RH).

The materials used in the study were :
ltural Heritage 13 (2012) 22–27 23

1. new skin: seal, less than 1 year old, de-haired, without the outer
layer of the skin (epidermis) (Kittat, Nuuk, Greenland),

2. old skin: seal, more than 60 years old, de-haired, with epidermis
(material collection, Dept. of Conservation, National Museum of
Denmark),

3. woollen material: white sheep, washed once, untreated; sample
analysed prior to use revealed no pesticide residues (Historicum,
Haderslev, Denmark),

4. feathers: white, from gull (Larus sp.) (Natural History Museum
of Denmark).

The materials were acclimated for minimum three days at the
specific climatic conditions under which they were to be used. Suit-
able amounts of one of the materials were weighed (precision:
1 mg)  and placed in plastic containers (6 × 4 × 2 cm with a hole cov-
ered with fine wire mesh in the lid). Test specimens of A. smirnovi
were collected from a colony that had been reared on at diet of
crushed dog biscuits with 5% dry yeast, 1% glycerine and 1% tap
water, in a controlled climate chamber (25 ◦C, 65% RH) at Aarhus
University, Dept. of Agroecology for less than 5 years. Thirty lar-
vae of A. smirnovi were transferred to each of the containers by the
means of a soft brush. The average weight of the larvae was 5–6 mg,
i.e. medium size, chosen to ensure that they would remain in the
larval stage during the three months of the trial. Three replicates
of each material at each combination of temperature and RH were
used, a total of 72 units. For each climate combination three units
with the materials alone were used to check changes in weight.
The units were incubated under the experimental climate condi-
tions for 3 months (92 days). The weight of the materials and the
number of surviving larvae were then registered.

The weight loss of the material in each unit was calculated and
corrected for changes in weight registered in the materials in units
without larvae, i.e. changes resulting from possible fluctuations in
humidity. A test for variance homogeneity revealed no significant
differences. All data were then tested by means of ANOVA, and
significant differences between the consumption of different mate-
rials as well as the survival of the larvae in relation to temperature
and RH were identified by the means of Tukey’s Studentized Range
Test (p = 0.05) [16].

4.2. Results

The results are shown in Tables 1 and 2 and Fig. 1.

4.2.1. Survival
The survival of A. smirnovi larvae was significantly lower on

wool than on skin in all cases, and in some cases lower on feath-
ers (Table 1). The survival on wool was  as low as 58% after three
months (28 ◦C/50% RH and 24 ◦C/75% RH). On both types of skin
and on feathers the survival of the larvae was  generally above 93%.

4.2.2. Consumption
No differences were found in the consumption of the different

materials in relation to relative humidity, except in one case (feath-
ers) where significantly more was consumed at 75% RH (p < 0.05).

The consumption of wool and new skin increased with increas-
ing temperature at both humidity regimes and old skin at high
RH (Table 2). On these materials, the consumption was signifi-
cantly higher at 28 ◦C than at 20 ◦C and increased with more than
60%. In the case of both new and old skin, the consumption was
approximately twice as high at high temperature compared to low

temperature (the results for old skin at 20 ◦C/50% RH are ignored
due to an extreme standard deviation). The greatest amount con-
sumed by the initial 30 larvae was 169 mg  of wool over the test
period of three months and the smallest amount was 30 mg  of old
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Table 1
Survival of 30 Attagenus smirnovi larvae (± SD) after 3 months on different materials.

Live larvae 50% RH 75% RH

20 ◦C 24 ◦C 28 ◦C 20 ◦C 24 ◦C 28 ◦C

New skin 29.3 ± 0.6a 29.0 ± 1.0a 28.0 ± 2.6a 28.7 ± 1.5a 26.3 ± 5.6a 29.7 ± 0.6a

Old skin 29. 7 ± 0.8a 29.0 ± 1.0a 28.0 ± 1.7a 28.0 ± 1.7a 30.3 ± 0.6a,c 28.0 ± 1.7a

Wool 25.0 ± 2.0b 23.7 ± 2.5b 17.3 ± 6.1b 23.3 ± 2.5b 17.3 ± 2.5b 19.3 ± 3.2b

Feathers 28.3 ± 0.6a 27.3 ± 1.5a,b 26.0 ± 3.0a,b 28.0 ± 1.0a 28.0 ± 1.0a 27.0 ± 2.6a

a,bAverages within the same columns followed by the same letters are not significantly different.
c Thirty-one larvae added initially.

Table 2
Amounts consumed (mg, ± SD) of different materials by 30 larvae of Attagenus smirnovi over 3 months at different combinations of temperature and RH.

mg 50% RH 75% RH

Temp. (◦C) New skin Old skin Wool Feathers New skin Old skin Wool Feathers

20 57.3 ± 16.0a 82.7 ± 63.1a 103.3 ± 11.0a 71.7 ± 5.5a 52.3 ± 6.8a 30.3 ± 3.8a 103.0 ± 15.4a 73.3 ± 7.6a

24 89.7 ± 16.3a,b 46.7 ± 15.3a 150.0 ± 20.0a,b 89.3 ± 13.5a 77.3 ± 24.7a,b 59.0 ± 17.6a,b 123.3 ± 15.3a 75.7 ± 6.7a
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28 94.0 ± 5.0b 92.3 ± 16.2a 164.3 ± 35.2b 56.0

,bAverages within the same columns followed by the same letters are not significa

kin. No differences could be determined in the consumption of
eathers at both RH due to large variation among replicates.

A comparison of the amounts consumed of the different mate-
ials is shown in Fig. 1. No differences were found between the
aterials consumed at 20 ◦C/50% RH, but at all other conditions

ignificantly more wool was consumed when compared with skin
nd feathers. The consumption of old skin was lowest in all cases
xcept one, but differences were not always significant.

.3. Consumption, discussion

Temperature greatly affected the consumption rate, in some

ases with increases of 230% if temperature changed from 20 to
8 ◦C. Wool was consumed in the greatest amounts. In the situation
ith the highest consumption, 0.06 mg  of wool was consumed per

arva per day. Over one year, it can amount to 22 mg  wool per larva
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ig. 1. Comparison of the consumption of different materials, mean of 30 larvae (mg  ± S
n  groups of four marked with the same letter are not significantly different (p = 0.05).
.2a 101.3 ± 6.4b 70.7 ± 17.5b 169.0 ± 17.3b 89.7 ± 9.3a

ifferent.

or a hole of approximately 1 cm2 in light woollen fabric. Survival
was poor on wool, with only 57% surviving after three months. This
means that the surviving larvae each must have consumed more
than the average of 0.06 mg.

A few other studies have found an effect of temperature on food
consumption rates, mostly using plant pests [17,18], but with much
smaller differences between low and high temperatures than the
ones found in the present investigations. The effects of an increase
in the ambient temperature are thus greater in A. smirnovi than it
is with plant pests. This difference can be attributed to the poor
nutritional value of wool and skin compared with plants.
5. Indoor climate conditions that support A. smirnovi

Data from the pest database at the National Museum of Den-
mark, Copenhagen, were used to describe the climate conditions

20  ̊̊ 75%RH  24   ̊̊ 75%RH  28   ̊̊ 75%R H 
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2011–2040, rising to an increase of 2 to 4 C at the end of the
century (Fig. 3). The climate modelling predicts more sun hours
during this century in southern Scandinavia in the late summer,
July–September, but a decrease in the number of sun hours for the

7

ig. 2. Indoor climate conditions that support Attagenus smirnovi in the National
useum of Denmark. Monthly averages of temperature and relative humidity (over

 minimum of 12 months) in 22 locations in which A. smirnovi has been observed.

hat support A. smirnovi. Observations of A. smirnovi in the museum
remises from the database from 2001 to 2009 were combined with

ndoor climate data from the same locations to describe the climate
here A. smirnovi was observed and compared with the climate in

ocations where A. smirnovi had not been observed.

.1. Methods

Insects are monitored using sticky traps or by inspection of
remises. Reports in the database with species names are entered
y the museum’s inspection staff. Regular inspection rounds are
onducted twice yearly. If insects are encountered at other times
he finding is also entered into the database. Findings are regularly
ent to entomologists at Aarhus University, Dept. of Agroecology,
or confirmation of the identification. All observations are com-
ined with date, location and stage of insect. Observations were
elated to a location or climate zone defined as one or several uni-
orm rooms, e.g. adjacent rooms that are supplied by the same
entilation system. Climate data were collected by permanently
nstalled sensors (building management system monitoring of tem-
erature and relative humidity) or by data loggers (Preservation
nvironmental MonitorTM for temperature and RH, IPI Rochester,
SA). Recordings were made at 30 or 60 min  intervals.

.2. Results

During the eight years’ study period 22% of all insects observed
n the National Museum were A. smirnovi. Specimens of A. smirnovi

ere reported 153 times in 22 locations, where one report may
over the occurrence of one or several individual A. smirnovi at the
ime of observation.

The indoor climate from the 22 locations where A. smirnovi was
bserved is shown in Fig. 2 as monthly averages of temperature
nd RH. The mean climate for all sites (± SD) was  21.2 ± 3.7 ◦C and
3 ± 8.8% RH. Climate extremes with minimum and maximum tem-
eratures of 4.5 and 41.7 ◦C, and minimum and maximum RH of 10
nd 80%, respectively, were recorded at single locations for short
eriods of time (few hours), but these extremes were not included

n the analysis. The climate conditions shown in Fig. 2 represent
t least one year of continuous climate measurements from each
ocation, and for nine locations from two years data or more. In

ach instance, the chosen climate data are from the year of obser-
ation(s). In total, Fig. 2 is constructed from 350 single monthly
verages of temperature and relative humidity measured in 22
ndoor locations. The majority of data points (between the 5th and
ltural Heritage 13 (2012) 22–27 25

95th percentiles) are expected to represent an indoor climate in
which A. smirnovi has been identified numerous times. Although
the majority of the pest observations were of larvae alone (61% lar-
vae only, 24% adults only, 15% larvae and adults in the same trap),
A. smirnovi was found both as larvae and adults in all locations.
Temperatures ranged from 13.1 to 25.6 ◦C and the relative humid-
ity from 31 to 59%. A. smirnovi may  live well outside the climate
encased by this data set; however, we do not have any observations
to support this. Data points outside the 5th and 95th percentiles
were removed from the results, in order to avoid the inclusion of
possible outlying short term climate extremes, e.g. due to a defect
heating system. It should be noted, however, that observations are
not evenly distributed; the main weight of the observations lie
towards the higher temperatures (about 18–25 ◦C) regardless of
RH.

In another four locations, in which A. smirnovi was never
observed, the mean temperature was 14.9 ◦C and the mean rela-
tive humidity 58%. However, although the climate in these four
locations appears to be cooler and more humid than the climate
zone of Fig. 2, the two  groups of observations (locations with or
without A. smirnovi) cannot be claimed to be significantly different.
There may  be other reasons for the absence of A. smirnovi in the
four locations, i.e. that A. smirnovi was simply never introduced to
the sites.

6. Changes in climate factors affecting insects

Future climate changes with higher outdoor temperature and
humidity will lead to increases in indoor locations where the cli-
mate more or less follows the outdoor climate, and this will most
probably affect the consumption and reproduction rates of indoor
pests such as A. smirnovi. The ability of A. smirnovi to disperse by
flying outdoors may  also be affected by these factors and possi-
bly the number of sun shine hours (shown for other insect species
[19]). An analysis of the future development of temperature and
sun shine hours in Scandinavia due to expected climate changes
was conducted in order to elucidate how this will affect A. smirnovi.

6.1. Methods

The analysis was based on data available from climate modelling
performed by the Rossby Centre7 [20]. Variation in available pre-
dictions is partly due to different models and scenarios used (IPCC
A2 and B2 [21]). The climate during the period 1961–1990 was used
as a reference.

6.2. Results

Modelling results for changes in monthly mean temperature and
monthly mean number of sun hours are shown in Figs. 3 and 4.

The temperature modelling generally predicts increasing aver-
age temperatures over the next 100 years. The largest changes in
the period 2071–2100 are expected in the winter months and in
the north (+6–7 ◦C). Average summer temperatures are predicted
to increase by 1 to 2 ◦C in southern Scandinavia for the period

◦

The available modelling results were obtained with the Rosby Centre regional
Atmosphere model, RCA3 and Rosby Centre regional Atmosphere and Ocean model,
RCAO, and ERA 40 observational data for the period 1961-1990 as driver for the
ECHAM4 and HADAM3H models and using the IPCC A2 and B2 scenarios (IPCC,
2000) for future periods.
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above ground during two  future periods. The IPCC A2 scenario was  used.

r
r

i
s
a
a
b
a
m
N
e
s
w
d
t
s
i

7

l
t
fi
i
r

F
p

Fig. 3. Predicted changes in monthly mean temperatures (◦C) 2 m 

est of the year in southern Scandinavia and for all the year for the
est of Scandinavia (Fig. 4).

Over the next 100 years the annual number of days with a max-
mum temperature above 20 ◦C is predicted to increase in the most
outhern parts of Scandinavia with up to 35–50 days, compared to
bout 30 days today, with gradually less change towards the north
nd west from a lower start level (< 10 days). The annual num-
er of degree-days above 20 ◦C (sum of the daily average degrees
bove 20 ◦C) is predicted to increase with 0–30% in this century for
ost of the Nordic area, and with 30–120% in the south eastern
ordic area; eastern Denmark, south eastern Sweden and south-
rn Finland, when the RCAO model (Rosby Centre) is applied. A
imilar pattern is seen for the annual increase in “tropical nights”
ith minimum temperatures higher than 20 ◦C. The maximum pre-
icted increase is between 30–60 days, with the largest increase for
he eastern Danish islands, the Götaland-Värmland area in central
outhern Sweden (local hot spot) and somewhat less pronounced
n southeastern Finland.

. Geographical distribution of A. smirnovi in Europe

Information on findings of A. smirnovi in all of Europe was  col-
ected through literature studies, inquiries via discussion lists on
he Internet, and personal contacts. Six hundred and seventy-nine

ndings or observations from 16 countries were reported. The data

s shown in Fig. 5. No findings were reported from the Mediter-
anean area and only a few were from south of the Alps.

ig. 4. Predicted changes in monthly number of sun hours until the noted future
eriod for two months. The IPCC A2 scenario was used.

Fig. 5. Map  of Europe showing observations of Attagenus smirnovi, based on
[1,5,7,8,11,22–29] and personal communication with A. Barševskis, O. Biström,
J.  Busch, T. Clayhills, P. Christensson, J. Ferrer, B. Gustavsson, A. Hermann,
C.  Huber, K. Johnson, J. Jungerstam, M.  Lillig, J. Lønnve, A. Nilsson, A. Nivart,
P.  Ottesen, D. Pinniger, I. Süda, S. Roth, I. Rutanen, M.  Veseth, AU/Danish Pest
Infestation Laboratory database, www.fugleognatur.dk (accessed April 2009),
http://www.gbif.se/search/attagenus%20smirnovi/0/(accessed May  2009). Outdoor
findings were reported from Germany [29], Switzerland [11], Belgium [28] and

Estonia (Süda, pers. com.).
The colour of the country indicates the time of first observation.

8. Discussion and conclusion

A. smirnovi was first observed in Russia in 1961 and has since
then been observed in many European countries north of the Alps.
In the National Museum of Denmark A. smirnovi is the insect pest
most commonly found in the monitoring procedures. The described
indoor climate where it was  found is largely representative for
common indoor environments of museum exhibition and storage

areas. It is well known that temperature is an important factor
for the biology of insects, as was  shown, in this study, to be the
case for A. smirnovi. The investigation of the consumption rates for
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. smirnovi showed that the amount of organic materials (wool and
kin) consumed by the larvae greatly increased when the tempera-
ure changed from 20 to 28 ◦C; in the case of new and old skin about
wice as much was consumed at high temperature compared to the
mount consumed at low temperature.

Results from modelling of the future climate in the Nordic area
or the next 100 years show that the area with climate conditions
hat may  support development and possibly also dispersal of this
est will increase during the next 100 years. Increasing numbers
f sun hours and hot days in the summers and late summers in
outh/south eastern Scandinavia in the future may  make dispersal
f A. smirnovi by flying more likely. However, A. smirnovi has also
een observed in regions with a climate that does not support its
eproduction and development out of doors (e.g., northern Scandi-
avia). Thus, the dispersal of this pest does not seem to depend on
he outdoors climate alone. In these cases, the plausible explanation
or the presence of the pest is that it is spread by humans, maybe
ith artefacts that are exchanged among museums. The reproduc-

ion and consumption rates of A. smirnovi in indoor locations that
re affected by the outdoor climate are expected to increase all over
he Nordic countries due to higher temperatures during the com-
ng 100 years, but to the greatest degree in the northern areas of
candinavia, where winter temperatures may  increase with up to
◦C. The increasing summer temperatures in the southern parts of
candinavia are especially problematic as they may  lead to general
emperatures above 20 ◦C which result in increased consumption
ates and development of this pest, possibly also to an increase in
he number of insect generations per year. It is foreseen that energy
avings in museums and collections will lead to reductions in sum-
er  cooling, which will result in higher indoor temperatures and

hus improved conditions for A. smirnovi in museums. Thus, global
arming may  greatly increase the development of damages due to
. smirnovi, and most certainly also its reproduction and possibly

ts dispersal to new locations, thus enhancing the threat to our cul-
ural heritage. A. smirnovi is one of several insect species that might
ave an increasing impact as pests of cultural heritage due to cli-
ate changes in the Nordic countries and probably all over Europe.

his emphasizes the importance of having a well developed IPM
Integrated Pest Management) strategy [1] for all collections.
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