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Abstract

Dermestids can not only cause damage to museum insect specimens but if left unchecked
can ruin museum collections. This study aimed to determine whether larger insect spec-
imens are more likely to show evidence of apparent feeding damage by dermestids than
smaller specimens. We examined 366 specimens of various taxa in the Kenelm W. Philip
collection, currently housed in the University of Alaska Museum Insect Collection. We
measured the size of each specimen and examined each specimen for evidence of der-
mestid feeding under magnification. The median specimen sizes of the damaged and
undamaged groups were compared using a Mann-Whitney U-test. We could not reject
the null hypothesis (p = 0.0878) that all sizes of specimens are equally likely to show
apparent feeding damage.

Introduction

Many different fields of research regularly use museums
specimens for a variety of topics from ecology to phylo-
genetics (Suarez and Tsutsui, 2004; Andersen and Mills,
2012). Because of this, it is important to ensure the long-
term preservation and protection of these specimens. Der-
mestidae are a family of beetles (Coleoptera) that feed on
protein-rich, dry animal and plant material. In nature,
dermestids provide a key ecosystem function as decom-
posers, but they are commonly considered pests in mu-
seums because they feed on specimens and can be diffi-
cult to control (Burges, 1959; Gilberg and Brokerhof, 1991).
Many studies have looked at effective ways to protect speci-
mens from this damage (Zaitseva, 1987; Su and Scheffrahn,
1990). But much remains to learned about the behavior
of dermestids that feed on museum specimens. The pur-
pose of this study was to determine if dermestids show a
size preference in their choice of specimens. However, be-

cause live dermestids were not used and we had to assume
dermestids were the causitive agents of the observed dam-
age, we tested the null hypothesis that the median sizes
of apparent feeding-damaged and undamaged specimens
would not be significantly different (with no specification
of the causitive agent of the damage).

Methods

One drawer of specimens in the Kenelm W. Philip collec-
tion, currently held at the University of Alaska Museum
Insect Collection, that had obvious signs of dermestid dam-
aged specimens was used (Figure 1). This drawer had exu-
via of dermestid larvae, feeding detritus, and obvious holes
chewed in specimens, and contained 366 dried, pinned in-
sect specimens of various sizes and insect taxa (misc. or-
ders, specimens thought to have been collected by W. C.
Frohne or at least part of Frohne’s collection). Size mea-
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surements of each were taken from the front of the head
(not including mandibles, palps, or antennae) to the end
of the abdomen (not including cerci, ovipositor, etc.) using
digital calipers in millimeters to the nearest one-tenth of
a millimeter for specimens over 3 mm and using an ocu-
lar micrometer to the nearest tenth of a millimeter using a
Leica M165C stereomicroscope for specimens under 3 mm.
Specimens were examined under magnification using this
Leica microscope for direct evidence of chew marks or
holes left by dermestids (e.g., Figure 2).

If a specimen was missing its head or abdomen the size
measurement was estimated to account for the lost body
part. Specimens with broken body parts but no evidence
of dermestid feeding were considered not feeding dam-
aged (specimens can become broken from a variety of non-

dermestid causes). Each measurement was assigned to one
of two groups: specimen feeding damaged or specimen not
feeding damaged. The smallest specimens might get eaten
entirely, leaving very little evidence, and thus be unavail-
able for measuring—possibly biasing the results towards
an overabundance of specimens too large to eat entirely.
The drawer had 12 pins with labels but missing specimens,
ten of which were pointed specimens. To account for these
potentially feeding damaged and small, but missing spec-
imens, we added 12 randomly generated size values be-
tween 1 mm and 5 mm to the damaged data (generated us-
ing the R (R Core Team, 2017) command runif(12, min=1,

max=5)). These added values constitute the last 12 values
of damaged specimens in the data. The data are archived
at FigShare doi: doi:10.6084/m9.figshare.5930686.

Figure 1: One drawer of the Kenelm W. Philip collection of miscellaneous taxa from various regions including the Philip-
pines, California, Missouri, Ethiopia, and Alaska.
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Figure 2: A small parasitoid wasp specimen with a hole
presumably chewed by dermestids (arrow). The numbers
on the scale bar mark half mm increments.

Results

There were 182 undamaged specimens and 184 feeding
damaged specimens. The mean size of the undamaged
specimens was 11.83 mm (9.22 mm SD) and the median
was 10.47 mm (Figure 3). The mean size of the feeding
damaged specimens was 13.97 mm (9.28 mm SD) and the
median was 11.32 mm. The Mann-Whitney U-test showed

these medians to be significantly different (W = 14160,
p = 0.0107). However, when this test was re-run with the
12 added damaged values to account for small specimens
presumably eaten entirely the medians were not signifi-
cantly different (W = 16024, p = 0.0878).

Discussion

It was a long-held assumption of DSS that larger insect
specimens are more likely to show feeding damage by der-
mestids. These results demonstrate this impression is most
likely due to feeding damage being easier to see on larger
specimens. Supporting this view are the results of a prior
analysis of this question in which feeding damage was
assessed without magnification. Those data strongly re-
jected the null hypothesis and indicated larger specimens
were more likely to show feeding damage (W = 4543.5,
p < 0.00001). However, when magnification was used to
assess damage it was possible to see damage on the smaller
specimens (eg., Figure 3) that had been previously missed
without magnification. These results support a random-
encounter model of dermestid feeding with no apparent
choice or preference based on specimen size.
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Figure 3: Density plots of not feeding damaged (n = 182) and feeding damaged (n = 184) specimens.
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Introduction

Members of the Rabdophaga rosaria group form conspicu-
ous rosette galls on a variety of willow (Salix spp.) hosts
(Collet, 2002; Amendt, 2003) and have a holarctic distri-
bution. Gall formation halts elongation of willow stems
and alters the morphology and chemical makeup of host
tissues (Gailite et al., 2005; Samsone et al., 2011). Eco-
logically, these flies are a keystone species for a commu-
nity of insects associated with rose galls including mul-
tiple parasitoid, hyperparasitoid, and commensal species
(Van Hezewijk and Roland, 2003; Collet, 2006; Skuhravá
and Thuróczy, 2007). The larvae serve as food for chick-
adees and tits, which pick them out of galls in winter
(Van Hezewijk and Roland, 2003; Nyman et al., 2011, Fig-
ure 1). The galls themselves are avoided by moose (Kenai
National Wildlife Refuge staff, 1981; Ford et al., 1995; Rea,
2012) and snowshoe hares (Ford et al., 1995).

Figure 1: A black-capped chickadee dismantling a gall in-
duced by Rabdophaga strobiloides in central Michigan, De-
cember 30, 2017 (https://flic.kr/p/232e1Yn). Image ©
J. D. Sommer. Used with permission.
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