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Abstract

Many factors may affect the diversity and abundance of arthropods in their natural
habitats including changes in temperature and humidity. Sometimes, large arthro-
pods remain undetected in unsuspected habitats such as bird nests. Here, we explore
the effects of an experiment modifying temperature and relative humidity inside the
nest of a troglodyte bird species, the blue tit, Cyanistes caeruleus (L.) (Passeriformes:
Paridae), on the abundance of dermestid beetles (Coleoptera: Dermestidae) inhabit-
ing the nests. Ten taxa were identified, six at the species level and four—based on
larval stages—at the genus level. Most of the dermestids found in the larval stage
were nidicolous dermestids of the genus Anthrenus. Specimens of necrobiont derm-
estids (those that feed on carcasses in both the larval and adult stages) were found in
lower numbers, and almost always in adult stages. The abundance of dermestid larvae
found in blue tit nests where the temperature or the humidity were experimentally
increased was significantly higher than in the control nests. In addition, adult necro-
biont dermestids of genus Dermestes appeared more frequently in those nests where
corpses of blue tit nestlings were found.

KEYWORDS
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The microclimate-generated inside nest cavities is an im-
portant factor in the determination of the arthropod spe-

Nests of cavity-nesting bird species represent a partic-
ularly suitable habitat for the development of several
arthropods (Masan & Kristofik, 1995; Merkl et al., 2004;
Szabd et al., 2002). Nesting cavities provide a partially iso-
lated space from the outside environment, offering con-
ditions of relatively constant temperature and humidity.

cies inhabiting the nest (Hanzelka et al., 2023; McComb &
Noble, 1981). For example, temperature and humidity are
two closely correlated parameters, which have a direct
effect on the development of ectoparasites in bird nests
(Cantarero, Lépez-Arrabé, Rodriguez-Garcia, et al., 2013;
Merino & Potti, 1996). It is known that the presence of
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FACTORS AFFECTING ABUNDANCE OF DERMESTIDS

fleas increases with relative humidity up to a certain
level in passerine nests (Heeb et al., 2000). Furthermore,
experimental increases in temperature in nests of blue
tit, Cyanistes caeruleus (L.) (Passeriformes: Paridae), have
significant detrimental effects on the development of
parasitic blowfly pupae, Protocalliphora azurea (Fallén),
and dermanyssid mites (Castafo-Vazquez et al., 2021). In
general, temperature affects most aspects of the biology
of insects including metabolic rates, the limits of phys-
iological function, developmental times, and behaviour
and population survival (Lee, 1991; Wilches et al., 2016).

Nesting sites for birds constitute micro-environments
very likely to be colonized by arthropod fauna, mainly
parasites, predators and commensals. Nest-dwelling para-
sites have been thoroughly studied due to their detrimen-
tal effects on birds (Cantarero, Lopez-Arrabé, Redondo,
et al, 2013; Loye & Zuk, 1991; Merino, 2010; Merino &
Potti, 1995). However, the importance of other nest-
dwelling arthropod fauna, which may represent a valu-
able component of biodiversity, is largely unknown (Burtt
et al.,, 1991; Mgller, 2008; R6zsa, 1992). In many cases, the
lack of information about the diversity of species in bird
nests and their interactions is the main impediment to un-
derstand the relevance of the ecological processes taking
place there (Mgller et al., 2013; Salido et al., 2021).

The composition of bird nests includes, among other
materials such as moss, leaves and twigs, nest detritus and
bird droppings. This unusual composition makes bird nests
specialized habitats and, as a consequence, attracts nidico-
lous arthropods (i.e., invertebrates that colonize bird nests
and complete all or part of their life cycle in these habitats).
As nests are patchy habitats, nidicolous fauna specialized
in exploiting these resources are prone to local extinction,
as nests are not self-sustaining habitats (Beaver, 1977).
Nidicolous fauna includes detritivorous species (feed-
ing on decaying organic matter), necrophagous species
(feeding on carcasses or carrion) and carnivorous species
(preying on other invertebrates such as dipteran larvae or
pupae) (Cosandey et al., 2021; Nordberg, 1936). Although
there are a few studies describing this nidicolous fauna
(Cosandey et al., 2021; Hanzelka et al., 2023; Hicks, 1953;
Jurik & Sustek, 1978; Kristofik et al., 2009; Lynch et al., 2020;
Woodroffe, 1953) information about the factors that de-
termine the distribution and diversity of these species is
extremely limited. Coleopteran species is one of the most
frequent groups of nidicolous fauna in bird nests. These
species keep the nest clean by feeding on carcasses and
decomposing remains, and also keep nest-dwelling para-
site populations under control (Cosandey et al., 2021).

A total of 1813 species of dermestids from 71 genera
have been described (Hava, 2023), being one of the best
studied nidicolous arthropods that play an important role
in the decomposition of carrion and remains located in
host nests. They are small beetles (ranging in size from 1
to 12mm) considered xerophilic scavengers due to their
ability to feed on animal matter with low water content
(15%-10%). They are very cosmopolitan animals and may be

found in hymenopteran and bird nests, carcasses or stored
products and textiles. All the larvae of this group are necro-
phagous except for the subfamily Orphilinae, although they
are not all equally voracious and do not feed on the same
type of carcasses. Dermestids in the adult stage may be
necrophagous (i.e., necrobionts) or antophagous (i.e., nid-
icolous; although adults feed on flowers) (Zhantiev, 2009).
Some species, such as those from the Anthrenini tribe
(Megatominae: Anthrenini) and the Attageninae subfamily
are some of the few animals able to feed on keratin. All of
these characteristics make dermestids an ideal group to
exploit harsh terrestrial environments, including bird nests
(Kiselyova & Mchugh, 2006; Motyka et al., 2022; Rebolledo
et al., 1994).

Studies on this group of beetles focus on their phylog-
eny and taxonomy (Zeng et al., 2021; Zhou et al., 2022), on
their role as important domestic and storage pests (Arthur
et al., 2018; Athanassiou et al., 2019) and on their forensic
importance (Magni et al., 2015; Martin-Vega et al., 2017).
Studies carried out on captive-bred specimens of the
genus Dermestes (Zanetti et al., 2016) have revealed that
the life cycle of dermestids is highly variable. For example,
depending on the species and factors such as tempera-
ture, food, and stress, larvae undergo between three and
30 instars (Esperk et al., 2007). However, to our knowledge,
there are no previous studies on the diversity and drivers of
the distribution of these beetles in bird nests.

In the current scenario of climate change, it is interest-
ing to know how alterations in temperature and humid-
ity affect the abundance of various arthropods (Jaworski
& Hilszczanski, 2013; Pureswaran et al., 2018; Robinet &
Roques, 2010). Thus, the goal of this study was to deter-
mine which dermestid species inhabit blue tit nests and
explore the factors that influence their local abundance.
We do so by taking an experimental approach to artificially
manipulate blue tit nest temperature and humidity.

MATERIALS AND METHODS
Study area

The study area is located in a Pyrenean oak (Quercus pyr-
enaica Willd) deciduous forest in Valsain (Segovia, central
Spain; 40°53' N, 4°01" W, 1200ma.s.l.). This geographi-
cal area is characterized by a sub-Mediterranean climate
(warm temperate), with a hot and dry summer climate
(mean July temperature: 18.3°C), whereas winter clima-
tology is cool (mean January temperature: 1.2°C) (Pardos
etal., 2017). The average temperature during the study pe-
riod (13 April to 15 June 2021) was 14.3°C, and total precipi-
tation was 99.6 mm (AEMET, 2021).

Blue tit is a small passerine bird species readily accept-
ing nest-boxes to breed. Nest-boxes in our study area are
made of pinewood and measure 17.5 cm high, 11.7 cm wide
and 12.5cm deep (about 2500 cm? inside). Blue tits build
their nests mainly from moss. The boxes were hung from
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branches between 3 and 5m high and were periodically
checked to determine specific reproductive parameters
of the birds such as laying date, clutch and brood size and
hatching date (Merino et al., 2000). The height at which
each nest-box was located was measured with a laser
meter (Laser Distance Meter DT50; DTAPE, Guangdong,
China) from the ground to the base of the nest box.

Experimental protocol

The nests used in this study were the same as previously
used for a study on the effects of experimental alteration of
temperature and humidity on nest-dwelling ectoparasites
and their bird hosts (Garcia-del Rio et al., 2024). Thus, the
experimental protocol and the results of the experimental
manipulation have been described elsewhere (Garcia-del
Rio et al., 2024). In brief, nest trios with a similar number of
nestlings (£ 1 nestling) and hatching date (+ 1 day) were se-
lected and assigned to different treatments: control nests
(hereafter, CTR), nests that were artificially heated (H) and
nests that were artificially humidified (HUM). A total of 48
nest-boxes (16 CTR, 16 H, and 16 HUM) were used. However,
one HUM-nest was lost due to predation during the experi-
ment. As a result, the overall sample size was reduced to
47 nests. On Day 3 of nestling age, each nest was supplied
with a temperature/humidity sensor that was placed inside
each box (Thermochron DS1923; 6 x 17 mm, temperature
range: —20 to +85°C; resolution 0.0625°C; humidity range:
0%-100% with a resolution of 0.04%; Maxim IC, USA). The
same day, H and HUM-nests were supplied with a heat mat
(7x7cm, 5V/3.5W; Thermo Flachenheizungs, Rohrbach,
Germany) placed on the floor of the nest-box and sepa-
rated from the nest material with a metal grid, connected
through a cord to 9-V power banks. We also placed a heat
mat on the HUM-nests to avoid the potential effect that
increased humidity can have by decreasing temperature,
because in previous studies, the experimental manipula-
tion of temperature showed an inverse relationship with
humidity (Castano-Vazquez et al., 2018, 2021, 2022). In
HUM treatments along with the heat mat, sponges mois-
tened with water and moisture-preserving gel (Aquaplant
Complet Gel—FLOWER, composed of water, microcellu-
lose and monopotassium phosphate) were placed. A metal
grid and a cord were also installed at CTR-nests, but heat
mats and power banks were not installed. During the fol-
lowing days of nestling age, HUM-nests were periodically
sprayed with water. On Day 17 of nestling age, batteries
were removed and nest-box entrance orientation, which
remained constant throughout the study period, was
measured with a digital compass. Average temperature
and relative humidity recorded between Days 4 and 16 of
nestling age were calculated to test the effect of treatment
on those variables. Lastly, once nestlings flew on Day 20
or 21 of nestling age, nests were collected in sealed plastic
bags conveniently identified. For more details, see Garcia-
del Rio et al. (2024).

Nests were stored in a freezer at —20°C for about
2months and then transported to a cold chamber (4°C) in
the facilities of the National Museum of Natural Sciences
(Madrid, Spain) until inspection. The dead dermestids con-
tained in the dry plant material of the nest were collected
individually using entomological forceps by dismantling
the nest gradually. Using a stereo microscope (SZX7;
Olympus, Tokyo, Japan), we identified the specimens mor-
phologically according to criteria from the specialized
literature (Beal, 1959, 1998; Hava, 2004; Peacock, 1993)
and subsequently confirmed by Jifi Hava (@ dermestid
taxonomic expert). The specimens were then classified
according to their stage of development (larva or adult)
and to their ecotrophic group (necrobionts or nidicolous)
(Zhantiev, 2009).

Statistical analysis

The effect of experimental treatment on temperature and
relative humidity inside nests was tested using a univariate
ANOVA. Tukey's honestly significant difference post hoc
tests with multiple comparisons based on the observed
means were performed to look for significant differences
between treatments (CTR, H and HUM). Before the analysis,
the total relative humidity was transformed to the inverse of
itself (1/relative humidity), to comply to normality assump-
tions in order to use parametric statistics. Temperature and
relative humidity data consisted of daily averages of tem-
perature and humidity for each nest (24 h). Averages from
Days 4 to 16 post-hatching of each nest were calculated and
used as values of temperature and total relative humidity
(Garcia-del Rio et al., 2024). Orientation of nest-boxes was
measured in sexagesimal degrees system. Orientation was
simplified to a categorical variable with eight levels (N, NE,
E, SE, S, SW, W and NW) to explore the orientation of the
nest-boxes studied. In addition, the height of each of the
47 nest-boxes were also calculated.

Dermestids in blue tit nests followed a geometric dis-
tribution (a particular type of negative binomial distri-
bution). Thus, we used generalized linear models (GzLM)
with a negative binomial distribution and a logarithmic
link function to analyse the dermestid abundance data.
Dermestids were classified in four variables (necrobiont
larvae, nidicolous larvae, necrobiont adults and nidic-
olous adults). However, the abundance of necrobiont
larvae and nidicolous adults was insufficient to run the
models with these variables. Therefore, we decided to
run models with the following variables: nidicolous lar-
vae, necrobiont adults, total larvae and total adults. Each
of these four variables was used as dependent variable.
Temperature, relative humidity and their interaction were
introduced at each model as independent covariables as
well as the height and orientation of the nest-box. In ad-
dition, the presence of dead nestlings and experimental
treatment were included as factors. By including both
experimental treatment and the average temperature
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and relative humidity variables for each nest in the same
model, we explored whether the potential effect on der-
mestid abundance is due to the experimental treatment
or to the gradient in temperature or relative humidity
generated inside nest-boxes.

Each model was tested using an Omnibus test to as-
sess the significance of the overall model by calculating
whether the explained variance is significantly higher than
the unexplained variance. The Omnibus test used to com-
pare the current model against the null (in this case, inter-
cept) was a likelihood-ratio »* test. Only when this test was
significant, the effect of significant independent variables
was explored. In addition, Wald 4* test was used as a post
hoc test to compare differences among factor categories
with more than two levels. Pearson's post was used to com-
pare differences among factor categories with two levels.

All graphs and statistical analyses were performed
with Microsoft Excel for Microsoft 365 MSO (v.2211 build
16.0.15831.20098) 64-bit, STATISTICA v.7.0 (StatSoft 1984-
2004) and IBM-SPSS Statistics for Windows v.25.0 (IBM,
Armonk, NY, USA).

RESULTS

Experimental treatment—Modification of
microclimatic variables

As described elsewhere the treatment generated sig-
nificant differences between the experimental groups
(Garcia-del Rio et al., 2024). Artificially heated nests (H-
nest) had a significant higher average temperature than
control nests (1.86°C higher), whereas there were no
significant differences in temperature between H- and
HUM-nest or between HUM- and CTR-nests (Garcia-del
Rio et al., 2024). Relative humidity was significantly higher
in HUM-nest than in CTR- and H-nest (15.7% and 17.5%,
respectively), whereas there were no significant differ-
ences in humidity between H- and CTR-nests (Garcia-del
Rio et al., 2024).

Height and orientation

The nest-boxes studied showed seven levels of orienta-
tion (NE, E, SE, S, SW, W and NW). Surprisingly, no nest-
boxes had N orientation. The most frequent orientation
was SE and the mean (xSD) height of all nest-boxes was
3.85+0.50m (range: 2.89-5.36). The proportion of nest-
boxes and the average height for each orientation are
shown in Table 1.

Dermestid taxa and abundance

Dermestid larvae were found in 42 of 47 nests examined,
whereas adult dermestids were found in 15 of 47 nests.

TABLE 1 Proportion of blue tit nest boxes oriented at the various
directions and their estimated mean (+SD) height (m) during the study.

Orientation Number (%) Height (m)
NE 9(19.14) 3.488+0.155
E 1(2.12) 3.730+0.466
SE 16 (34.0) 4.032+0.117
S 3(6.40) 4.357+0.269
SW 9(19.14) 3.761+0.155
W 2(4.30) 4.155+0.330
NW 7 (14.9) 3.769+0.176
N 0 na

More specifically, nidicolous adults were found in four
nests and nidicolous larvae in 39 nests; necrobiont lar-
vae were found in only four nests and necrobiont adults
in 12 nests. Taxa considered as nidicolous were those of
genera Anthrenus, Attagenus and Trogoderma, as well as
the species Trinodes hirtus Fabricius. On the other hand,
necrobiont taxa were composed of specimens of the
genus Dermestes. Many of the larvae, given the impos-
sibility of morphological identification to species, were
identified at the genus level. The list of specimens found
in the nests is shown in Table 2. Some of the specimens
found are shown in Figure 1. For more information, see
Table S1.

Distribution of dermestid larvae and adults

A total of 404 dermestid larvae (91.6%) and 37 adults
(8.4%) were found in 42 of the 47 blue tit nests studied.
Nestling blue tits were found dead in six of the 47 nests
studied. Although all nestlings died in nests with altered
temperature and humidity (H and HUM), the presence
of dead nestlings does not differ between treatments
(Pearson ;(2=3.561, df=2, p=0.17) nor even compar-
ing control nest versus nests with altered temperature
and humidity (H and HUM nests vs. CTR nests: Pearson
;(2=3.550, df=1, p=0.060). Adult necrobiont dermestids
were found in four of those six nests, representing more
than 78% of adult necrobionts dermestids found in this
study (26 out of 33; i.e., 78.8%). There were no adult nidi-
colous or necrobiont larvae in those six nests; however,
nidicolous larvae were found in five of the six nests where
dead blue tit nestlings were found (Table S1). The abun-
dance and percentage represented by each taxon accord-
ing to their stage of development is shown in Table 2.
The experimental treatment was the only explanatory
variable in the model performed for total dermestid larvae
(F2’38=4.83,p=0.013;Tab|e 3). The abundance of total larvae
was higher in H- and HUM-nests than in CTR-nests (Wald
;(2=11.54 and 12.22, respectively, both df=1, p<0.001),
whereas there were no differences between H- and HUM-
nests (Wald ;(2=0.02, df=1, p=0.88). Experimental treat-
ment was also the only explanatory variable in the model
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TABLE 2 Number of dermestid species found in blue tit nests (abundance) and the percentage of the total number of individuals for each stage

(larval or adult). Specimens have been classified based on their ecotrophic group and their stage of development (larva or adult).

Stage Genus/species Ecotrophic group Abundance % (within stage)

Larval Anthrenus Nidicolous 392 97.02
Attagenus Nidicolous 4 0.99
Dermestes Necrobiont 5 1.24
Trinodes hirtus Fabricius Nidicolous 1 0.25
Trogoderma Nidicolous 2 0.5
Total 404 100

Adult Anthrenus angustefasciatus Ganglbauer Nidicolous 3 8.1
Anthrenus isabellinus Kuster Nidicolous 1 2.7
Dermestes frischii Kugelann Necrobiont 1 2.7
Dermestes peruvianus Castelnau Necrobiont 1 2.7
Dermestes undulatus Brahm Necrobiont 31 83.8
Total 37 100

C

TABLE 3 Tests of model effects (generalized linear model) for the
dependent variable ‘total dermestid larvae’. Experimental treatment
and dead nestlings were considered as independent factorial variables;
orientation and height of the nest-box, temperature, relative humidity,
and their interaction were introduced at each model as independent
covariables.

FIGURE 1 Some dermestids specimens
found in blue tit nest: (A) Dermestes
undulatus; (B) Dermestes frischii; (C) Anthrenus
angustefasciatus; (D) Anthrenus sp. larva;

(E) Trogoderma sp. (left) and Trinodes hirtus
(right) larvae; (F) Attagenus sp. larva (left) and
exuvia (right).

Independent variables F df p
Experimental treatment 4.83 2,38 0.013
Dead nestlings 3.46 1,38 0.070
Orientation (degrees) 0.36 1,38 0.55
Height 0.005 1,38 0.95
Temperature 0.98 1,38 0.33
Relative humidity 0.49 1,38 0.50
Temperature x relative humidity 0.62 1,38 0.44

Note: Model Omnibus test: likelihood-ratio 5°=19.65, df=8, p=0.012.

for nidicolous larvae abundance (F2’38=5.18, p=0.010;
Table 4, Figure 2). The abundance of nidicolous larvae
was higher in H- and HUM-nests than in CTR-nests (Wald
;(2= 11.94 and 12.72, respectively, both df=1, p<0.001)
whereas there were no differences between H- and HUM-
nests (Wald ;(2 =0.03,df=1,p=0.87).

Only the presence of dead blue tit nestlings had a sig-
nificant effect on the abundance of total adult dermestids
(F1,38=7.49, p=0.009; Table 5) as well as on the abundance
of adult necrobiont dermestids (F1’38= 11.83, p=0.007;
Table 6). In both cases, the presence of adult dermestids
was higher in nests with dead blue tit nestlings. This result
is maintained even when an influential point (a nest with
17 specimens compared with a mean value of 4 for the
rest of nests) is excluded from the analyses (n=46) (Model
Omnibus test: likelihood-ratio ;(2=17.61, df=8, p=0.024;
dead nestlings: F1,37= 11.16, p=0.002).
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TABLE 4 Tests of model effects (generalized linear model) for

the dependent variable ‘nidicolous dermestid larvae’. Experimental
treatment and dead nestlings were considered as independent factorial
variables; orientation and height of the nest-box, temperature, relative
humidity, and their interaction were introduced at each model as
independent covariables.

TABLE 5 Tests of model effects (generalized linear model) for the
dependent variable ‘total adult dermestids’. Experimental treatment
and dead nestlings were considered as independent factorial variables;
orientation and height of the nest-box, temperature, relative humidity,
and their interaction were introduced at each model as independent
covariables.

Independent variables F df p Independent variables F df p
Experimental treatment 5.18 2,38 0.010 Experimental treatment 0.73 2,38 0.49
Dead nestlings 3.42 1,38 0.072 Dead nestlings 7.49 1,38 0.009
Orientation (degrees) 0.45 1,38 0.50 Orientation (degrees) 0.12 1,38 0.73
Height <0.001 1,38 0.99 Height 0.03 1,38 0.86
Temperature 0.89 1,38 0.35 Temperature 0.13 1,38 0.71
Relative humidity 0.41 1,38 0.52 Relative humidity 0.37 1,38 0.54
Temperature x relative humidity 0.56 1,38 0.46 Temperature X relative humidity 0.30 1,38 0.59

Note: Model Omnibus test: likelihood-ratio *=20.38, df=8, p=0.009.
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FIGURE 2 Mean (+SE) number of nidicolous dermestid larvae in
each experimental treatment. The dots indicate individual larvae. CTR,
control; H, heated; HUM, humidified.

DISCUSSION

In this study, we explore the effects of an experimental
manipulation of the microclimatic variables (temperature
and relative humidity) inside blue tit nest boxes on derm-
estid abundances. Our experiment generated a group of
nests with higher temperature than controls (H-nests), a
group of nests with higher humidity than the other groups
(HUM-nests) and a control group with lower temperature
than H-nests and lower relative humidity than HUM-nests
(Garcia-del Rio et al., 2024). Both, temperature and relative

Note: Model Omnibus test: likelihood-ratio 5*=28.30, df=8, p<0.001.

TABLE 6 Tests of model effects (generalized linear model) for

the dependent variable ‘adult necrobiont dermestids’. Experimental
treatment and dead nestlings were considered as independent factorial
variables; orientation and height of the nest-box, temperature, relative
humidity and their interaction were introduced at each model as
independent covariables.

Independent variables F df p
Experimental treatment 1.32 2,38 0.28
Dead nestlings 11.83 1,38 0.001
Orientation (degrees) 0.17 1,38 0.68
Height 0.25 1,38 0.62
Temperature 1.10 1,38 0.30
Relative humidity 1.70 1,38 0.20
Temperature x relative humidity 1.42 1,38 0.24

Note: Model Omnibus test: likelihood-ratio y*=43.50, df=8, p<0.001.

humidity are two important variables for the survival of
any insect (Gilbert & Raworth, 1996; Lee, 1991) and derm-
estids are no exception. Wilches et al. (2016) reviewed the
optimal conditions for the development of different spe-
cies of nidicolous and necrobionts dermestids. In general,
optimal temperature values for larval development ranged
from 25 to 35°C. Temperature values below 25°C decelerate
the development of dermestids and modify the number of
larval stages as shown for several dermestids: Trogoderma
versicolor Creutzer (Hadaway, 1956), Trogoderma grana-
rium Everts (Burges, 1959) and Anthrenus coloratus Reitter
(Ansari, 2021). However, other nidicolous species, such as
Anthrenus verbasci L., show optimal development at tem-
peratures around 20°C (Blake, 1958).

The alteration of temperature and relative humidity
inside nest-boxes had significant effects on the abun-
dance of dermestids. Dermestid larvae, specifically nid-
icolous larvae, were the dominant group found in nests
representing almost 99% of all larvae found. CTR-nests,
where temperature and humidity were not altered, had
fewer larvae than the H- and HUM-nests where an in-
crease in temperature and humidity, respectively, was
achieved. These results could be due to the important
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role of temperature on larval development (Bjorge
et al., 2018; Buckley, 2022), but also imply a role of the
increased relative humidity with respect to control nests
on the development of dermestid larvae. In this re-
spect, considerable previous evidence did not support
that humidity was important in larval development,
whereas other variables such as temperature and food
availability were (Beal, 1998; Coombs, 1978; Rebolledo
et al., 1994; Wilches et al., 2016). Previous studies with
nidicolous dermestid species have shown that, under
controlled laboratory conditions of fluctuating tem-
perature and relative humidity, increasing temperature
reduces incubation time, increases egg viability and re-
duces larval and pupal development time (up to an aver-
age maximum temperature value of 35°C; Ali et al., 2011;
Ayappa et al., 1957; Burges & Cammell, 1964; Odeyemi &
Hassana, 1993).

On the other hand, the importance of humidity differs
considerably between the species studied. Many studies
did not find that variation in humidity conditions affected
larval development (Armes, 1990; Ayappa et al, 1957
Burges & Cammell, 1964). However, Trogoderma larvae
prefer to occupy drier areas when exposed to humidity
gradients (Yinon & Shulov, 1967). In larvae of necrobiont
species, such as Dermestes maculatus DeGeer, the develop-
ment period and number of larval stages increased when
moisture conditions of the substrate increased (Ezenwaji
& Obayi, 2004). However, for nidicolous larval species,
extremely low humidity conditions prevented larval de-
velopment (Blake, 1958); increasing relative humidity con-
ditions reduced development time and the number of
larval stages under laboratory conditions (Ali et al., 2011;
Odeyemi & Hassana, 1993). Relative humidity also showed
positive effects when adults of these species were studied,
as they lived longer under conditions of high relative hu-
midity (Ali et al., 2011; Burges & Cammell, 1964).

In addition, H- and HUM-nests differ significantly in hu-
midity but not in temperature or abundance of dermestid
larvae. Thus, we can conclude that both increase in humid-
ity and temperature have positive effects on dermestid lar-
vae abundance in comparison with conditions in CTR-nests
but higher humidity does not have an additional effect on
dermestid abundance in comparison with the effect of
higher temperature of H-nests.

Necrobiont dermestids of the genus Dermestes was the
largest group of adult Dermestidae in blue tit nests. Their
distribution in nests was closely associated with the pres-
ence of nestling carcasses, being more frequent in those
nests where a nestling died. Although the experimental
alteration of temperature and humidity could affect the
death of nestlings in the nests, the majority of dead nest-
lings had died later in the bird breeding period (nestlings
of >10days old) probably due to partial parental nest de-
sertion. Even when we analysed the abundance of adult
dermestids excluding an influential point, we found that
the presence of dead nestlings remained a positive effect
on adult dermestids. Anyway, the low numbers of adult

dermestids detected in bird nests could be due to dispersal
following their development.

Regarding the height and orientation of the nest boxes,
these variables were shown to have no significant effect on
dermestids abundance. Nest-boxes in our study area show
a large range of different orientations without an apparent
preference by the dermestids. The potential effect of cav-
ity orientation on the environmental conditions inside the
nest-boxes seems to be irrelevant for the colonization and
later development of dermestids in the nests. Nest-boxes
in our study are located at an average height of around 4m
but with relatively low variation among them and did not
affect the presence of dermestids.

In this study, we have also revealed the dermestids
diversity living inside nests of blue tits in a mountainous
population in central Spain. Blue tit nests appear to be
an important habitat for larvae of nidicolous dermestids,
although it is necessary to know more on their presence
in other bird nest species. In addition, they are also an oc-
casional habitat for adult necrobiont dermestids. In this
study, we noted dermestid species frequently found in
bird nests. Two species of the subgenus Anthrenus sensu
stricto were identified, Anthrenus isabellinus Kister and
Anthrenus angustefasciatus Ganglbauer, which are usually
found in bird nests (Foster & Holloway, 2015). Species of
this subgenus are known to spend the winter diapause
during the adult stage, awakening from lethargy in early
spring when adults mate and reproduce. Females lay
their eggs in bird nests and die soon after (Peacock, 1993;
Zhantiev, 2009). Thus, we may expect that the Anthrenus
larvae found, most of which certainly belong to A. isa-
bellinus and A. angustefasciatus, hatched in blue tit nests
from clutches laid at the beginning of the season by adult
dermestids that subsequently died. That is, the four adult
Anthrenus specimens collected could be adults that died
in the nests shortly after laying their eggs. Species of the
genera Attagenus and Trogoderma are also very common
in bird nests (Zhantiev, 2009), and there are reports of
Attagenus species feeding on Protocalliphora sp. blowfly
pupae (Mason, 1936), a dipteran whose larvae are common
hematophagous parasites of blue tit nestlings in our study
area (Tomas et al., 2007). It was surprising to find T. hirtus in
bird nests, because it is a species with a high level of spe-
cialization on inhabiting spider nests (Hava & Nardi, 2004).
It is also known that Dermestes undulatus Brahm visits bird
nests during the day in search of carcasses of small birds
to feed on them (Veer et al., 1996; Zhantiev, 2009). The
low occurrence of Dermestes frischii Kugelann in blue tit
nests could be due to their preference for large carcasses
(Martin-Vega et al., 2017). Finally, Dermestes peruvianus
Castelnau is a species rarely recorded in bird nests, and
only a few records mention its presence in these habitats
(Ramachandran et al., 1997).

In conclusion, nest-dwelling dermestid larvae were pos-
itively affected by increases in temperature and in relative
humidity, whereas the abundance of adult dermestids was
associated with the presence of dead blue tit nestlings. The
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FACTORS AFFECTING ABUNDANCE OF DERMESTIDS

optimum developmental range for the larval species of A.
isabellinus or A. angustefasciatus are unknown, as opposed
to other species such as A. verbasci, which has been the
model for in vitro studies of these nidicolous species for
a long time (Blake, 1958, 1959; Nisimura & Numata, 2003).
Based on those studies and our results, we may conclude
that the larvae of nidicolous dermestids benefit from
those nests where the average temperature throughout
the breeding season is higher than the average tempera-
ture in their environment (i.e., that inside CTR-nests). Also,
increased relative humidity inside nests in respect to un-
manipulated nests (CTR-nests) had a positive effect on the
abundance of dermestid larvae. Thus, the role of humid-
ity on this group of beetles should be explored in depth
in future studies. In addition, the study of the diversity
and abundance of dermestids in nests from different bird
species and populations will allow to obtain a better un-
derstanding of these specialized habitats for dermestid
species. Nest-boxes are probably an important substitute
for natural cavities providing a good habitat for dermestid
species, covering all the trophic requirements they need.
Therefore, small microclimatic changes inside nest-boxes
are decisive for dermestids distribution and abundance
(Pincebourde & Woods, 2020).
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Table S1. Data from the 47 nests used during the study
period.
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