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Abstract: Our research examined the nest-building characteristics of two mouse species native to
Hungary, the mound-building mouse (Mus spicilegus) and the house mouse (Mus musculus), under
laboratory housing conditions. In indoor housing, the nest-building material plays a very important
role in the welfare of the animals. The present study examined how wild mouse species choose from
natural nest material. In a three-way test, mice were able to choose whether to make their nest from
long blades of hay, nonfibrous cotton, or paper strips. In addition, the effect of nest composition on its
quality was also investigated. The test was run at the standard laboratory (21 ◦C) and lower (10 ◦C)
temperatures, assuming that temperature influences the choice. Based on the results of the three-way
selection tests, both species of wild mice chose hay nest material in the highest proportion, and it was
also found that the increasing the hay proportion coincided with better nest quality. Mice kept in
colder places used more hay nest material for their nests and built better quality nests. Our results
show that wild mouse species prefer natural nest-building materials that meet their ecological needs
even under laboratory conditions, resulting in a good quality nest. This finding is worth considering
in designing appropriate enclosures for wild rodent species.
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1. Introduction
1.1. Nest Building in Small Mammals

For rodents, the nest is important for heat retention and progeny care and as a refuge
from predators [1–3]. Because of their small size, mice are sensitive to heat loss. Both male
and female mice build nests [4], so nest building in mice is not limited to reproductive and
offspring care [5], as in wild rabbits. Nest building in mice increases lifetime reproductive
success [6,7].

1.2. Benefits of the Nest in Laboratory Mice

Nest-building behavior was also maintained in inbred laboratory mouse strains [8].
Both male and female mice build nests of similar size if the appropriate nest-building
material is provided [4,9]. In the laboratory environment, the nest allows animals to hide
from their companions as well as from humans and other external stimuli, such as light [10].
In most standard animal facilities, the ambient temperature is below the thermoneutral
temperature [11], so it is also very important for mice kept in the laboratory to be able
to build a nest for thermoregulation [12]. Appropriate nest material reduces heat loss
and feed intake [13]. Heat preference studies have shown that mice prefer temperatures
close to 30 ◦C [14–16]. However, research has shown that warmer temperatures increase
aggression [17], so increasing the laboratory temperature is not a viable option. Wild mice
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build a nest against extreme temperature conditions [3,18], making it an ideal solution to
the problem of cold stress even in laboratory conditions [14].

1.3. Nest Material as Environmental Enrichment

In laboratory animals, enrichment may improve animal welfare, test reliability, and
even the opinion of the general public on animal experiments [19–21]. Many researchers
favor biologically relevant environmental enrichment, which allows animals to adopt
natural behaviors, reducing chronic stress resulting from indoor confinement [20–23]. The
provision of nest-building material as an enriching element is paramount in reducing
stress levels in laboratory rodent housing. Mice strongly prefer a cage containing nest
material [24]. The choice mice make is more influenced by the nest material than the nesting
box, even if the nest material was located on a lattice floor and the nesting box was placed
on a solid floor or wood chip [5].

1.4. Evaluation of Nest-Building Performance

Because maternal and nonmaternal nesting performance has been studied and used as
a monitoring tool in many disciplines for decades, different protocols are available to evalu-
ate nesting. For example, the assessment can focus on the finished nest or the nest-building
behavior itself or on the nest-building materials. Nest quality is often determined by a
complexity score of 4–6 [25,26], from the absence of the nest to the entire nest sphere [27,28].
Studies on the quantity and quality of the nest material used are also typical [29,30], as the
quality of the nest is strongly influenced by the nest-building material used [2]. Currently,
mice kept in the laboratory are often given strips of paper as nest-building material [31].
When mice receive nest material, both sexes begin to assemble the nest material within
one hour [9,32]. Mice usually build and repair their nests before dawn [32–34], so the nest
quality or other properties should be evaluated after the dark phase [1].

Our model animals used for the study were two species belonging to the genus Mus
native to Hungary, the mound-building mouse (Mus spicilegus) and the house mouse (Mus
musculus). The house mouse is a species that lives with humans; it spends its vegetation
period in agricultural areas bordering human settlements and then moves into human
structures during the colder season. In contrast, the mound-building mouse occurs in
abandoned agricultural areas [35]; it avoids human settlements based on observations [36].
The mound-building mouse makes a huge pile of soil and plant material in the fall; its
function is to protect mice from moisture and eliminate temperature fluctuations [37]. The
material of these nests consists of long strands of homogeneous, monocotyledonous plant
species [37].

Currently, few studies deal with the ecological enrichment of laboratory animals.
However, as early as 2009, Carenzi and Verga [38] promoted the concept of animal welfare
as ensuring the natural lifestyle of animals. We must strive to meet the ecological and
ethological needs of animal species under natural conditions. Such studies and efforts are
characteristic of zoos and game parks, and this kind of approach has not yet appeared in
laboratory animal husbandry.

In the present study, we examined the environmental enrichment of the species in
relation to the ecological needs of the species to determine whether the preference for nest
material of the wild house mouse and mound-building mouse bred in the laboratory for
25 generations reflects the ecological needs of the wild mouse species under laboratory
conditions. Furthermore, it was also evaluated how these materials affect nest quality and
how temperature affects nest material selection and nest quality.

2. Materials and Methods
2.1. Animals and Experimental Design

The study was performed in the Rodent House of the Kaposvár Campus of the
Hungarian University of Agricultural and Life Sciences. The rodent house has its own
population where individuals of known age, sex, and origin are found.
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The current herd consists of laboratory-born offspring of wild mice captured from
several parts of the country. All the animals were born in the lab, and the population has
been bred for 25 generations.

During the study, mice were individually housed in a T4 laboratory mouse box
(600 × 200 × 380 mm) with ad libitum feed (Ssniff S8106-SO11 Spezialdiäten GmbH, Soest,
Germany) and water supply (using nipple drinkers). The test lasted seven days, and it was
performed simultaneously at 10 and 21 ◦C in two separate test rooms with similar lighting.

In the present study, 104 mice were randomly selected, with the restriction that species
and sexes were represented in equal proportions. The age of the animals used in this study
ranged between 100 and 120 days. In both rooms, 52 animals were individually housed. In
the colder room (10 ◦C) and standard room (21 ◦C), 26–26 house mice and mound-building
mice were kept with an equal sex ratio (13 males and 13 females, respectively).

Mice could choose from 3 nest material types (paper: Enviro-Dri rodent bedding 20 kg,
cotton: MultiFit small rodent cotton bedding 30 L, and hay: Versele-laga mountain hay
50 L) placed in hay pockets attached to mouse boxes. On the first day of the study, between
100 and 150 g of nest material per type was measured to provide all substrates in the same
volume, and on the seventh day, the completed nests were evaluated. An examination of
the composition of nests was performed according to Szenczi et al., 2011 [37] and Bilko et al.,
2022 [30]. After evaluating the quality of the finished nests, they were placed on a tray,
and then every nest was homogenized, and subsequently 20 samples were taken blindly
using forceps.

Prior to the nest composition analysis, we determined the quality of the nests based
on the study of Gaskill et al., 2013 [13], where the completed nests received scores ranging
from 2 to 5 (Figure 1).
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2.2. Statistical Analyses

To determine whe ther the choice rates of different nesting materials were the same, a
Chi-square test was used, assuming equal contribution.

Afterwards, the effects of species, sexes, and temperature on the nest composition
were evaluated with Generalized Linear Mixed Model. In case of the latter analysis,
the distribution was multinomial, and the generalized logit link function was set. The
association between the nest composition (percentages of the paper, cotton, and hay) and
the nest quality was examined using polyserial correlation. The SAS 9.4 software (Cary, NC,
USA) was used for all types of analysis applying the PROC FREQ, the PROC GLIMMIX,
and the PROC CORR procedures, respectively.

3. Results

We found a significant difference in the choice of the three nest material types based
on the Chi-square test (p < 0.005).

The mice chose 76% hay from the three nest material types, 21% paper, and only 3%
cotton for nest building.

Based on the Generalized Linear Mixed Model, no significant difference was found
between the predicted probabilities of choosing different nest material types between the
two mouse species (p = 0.272). No significant difference was found in the choice of cotton
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nest material between the two species (p = 0.54) or in the choice of paper (p = 0.54) or hay
(p = 0.94).

Based on the estimated probabilities, both mound-building mice and house mice also
chose hay in the highest proportion (Table 1).

Table 1. The predicted probability of nest selection estimated by species.

Material Species Probability Standard Error

Cotton
mound-building mouse 0.030 0.005

house mouse 0.029 0.005

Paper mound-building mouse 0.185 0.012
house mouse 0.213 0.013

Hay mound-building mouse 0.784 0.013
house mouse 0.757 0.014

Overall, we did not find a significant difference (p = 0.051) in the choice of nest material
between the two sexes. However, there was a significant difference in the choice of cotton
between the two sexes (p = 0.01), but no difference was found between the choice of paper
(p = 0.54) and hay (p = 0.38). The males and females equally preferred the hay nest material
(Table 2).

Table 2. The predicted probability of nest selection estimated by sexes.

Material Sexes Probability Standard Error

Cotton
male 0.040 0.006

female 0.022 0.004

Paper male 0.189 0.012
female 0.208 0.013

Hay male 0.771 0.013
female 0.769 0.013

We found a significant difference between the predicted probabilities of nest material
choices (p = 0.001) in different temperatures. At the two different temperatures, we found a
significant difference in the choice of cotton nest material (p < 0.001), as well as in the case
of paper (p < 0.001) and hay (p < 0.001).

At 10 ◦C, the probability of choosing hay for nests increased and that of paper de-
creased, while the use of cotton also increased (Table 3, Figure 2).

Table 3. The predicted probability of nest selection estimated by temperatures.

Material Temperature Probability Standard Error

Cotton
21 0.022 0.004
10 0.039 0.006

Paper 21 0.276 0.013
10 0.138 0.010

Hay 21 0.701 0.014
10 0.821 0.011

Regarding the relationship between the nest material composition of the finished
nests and the quality of the nest, we found that the amount of hay (p < 0.001) and paper
(p < 0.001) influences the quality of the nest, but not the cotton (p = 0.161). The higher
amount of hay improves the quality of the nest (r = 0.537), while the presence of paper
worsens it (r = −0.482). On the contrary, the increased proportion of paper in the nest
coincided with a lower nest quality (r = −0.482). At the two different temperatures, we
found a significant difference in the quality of the nests (p = 0.008); the quality of the nests
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increased minimally (r = −0.258). At the warmer temperature (21 ◦C), the quality of the
nests was on average 4 points, while at the colder temperature (10 ◦C), the finished nests
received an average of 4.5 points.
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4. Discussion

Under laboratory housing conditions, nest selection was examined for two species of
wild mice at different temperatures. Based on our results, we can state that the offspring of
wild mouse species kept in the laboratory for generations also choose hay for nest building,
which is the same as the nests of their wild-type conspecifics observed in nature [37]. Hay
is structurally better suited for nest building and is likely to be easier to form a suitable
nest shape. Research on laboratory mice has shown that when it comes to synthetic fiber
nest-building material and paper nest-building material, paper is preferred, which is a more
natural material than synthetic fiber nesting material [9]. Others compared the nesting
material of paper strips with the nesting material of cotton or cotton wool and found that
paper strips were preferred by mice over other nonfibrous nesting materials [39]. These
results are consistent with our results, as their animals also chose paper strips more than
cotton after the hay nest material. These studies also show that longer, fibrous materials
are more suitable for nesting.

Our studies have shown that wild mouse species have less preference for cotton
nesting material over hay, even though it is also a natural material. The limited use of
cotton was also supported by Estep et al. [8]. It was found that nesting between wild
and domestic mice did not differ significantly, except those wild mice used less cotton for
nesting than laboratory mice [8]. Van der Weerd et al. [40,41] offered different materials to
mice, which usually used a combination of two materials to build a nest, a trend that is well
observed in our work because we found few nests that were made of only one material,
and most commonly the finished nests consisted of a mixture of hay and paper.

Our results show that mice can build better quality nests using hay, probably due to
the long, fibrous structure of the material. Nest selection studies in rabbits also show that
rabbits prefer long dry grass fibers to short ones [30]. Our findings are consistent with
Hess’s [2] study, who found that the long, fibrous nest-building material allowed mice to
build better quality nests than other materials that did not have a fibrous structure. Nests
built with fabrics were of medium quality, and nests built with pressed cotton squares were
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of poor quality [2]. Similar results were obtained by Gedeon et al. [42], who found a dry
grass preference and favorable insulation properties in nests made by ground squirrels.

The present investigation performed at two different temperatures revealed that
mice built more complex, spherical, and better quality nests under the influence of colder
environments, with an increased use of hay nest-building material. Nest-building behavior
as a thermoregulatory adaptation may increase due to cold ambient temperature [43], and
more complex nests are created to avoid cold stress [7]. Our results are similar to those of
Wolfe [44] and Barnett [43], where wild and laboratory mice nesting and nest quality were
studied at different temperatures. In addition to good quality nesting material, wild and
laboratory mice also built good quality nests, which showed minimal improvement in nest
quality in colder environments. Further studies also show that rodents build better quality
nests at lower ambient temperatures using wool [45], paper [46], and hay [47].

Overall, M. musculus and M. spicilegus prefer nesting materials made of natural hay un-
der laboratory conditions, which can be used to build better quality nests and whose quality
improves with decreasing temperature, thereby also promoting heat retention. The provi-
sion of nest-building material as an enriching element is of paramount importance when
keeping rodents indoors. For animals kept in the laboratory, enrichment can significantly
improve animal welfare. [19]. Based on the studies of Bailoo et al. [48], we know that even
small-scale environmental enrichment can significantly reduce stress hormone levels [49],
mainly when nest-building material is used as environmental enrichment [22]. The nest
material allows the expression of species-specific nest-building behavior, thereby reducing
stress, and the nest also helps with thermoregulation and serves as a hiding place for the
animal [12,14,15,22]. Nest material is essential for thermoregulation, as rodents need a
higher temperature (about 30 ◦C) to rest, which is not the same as 20–25 ◦C in conventional
animal rooms, which causes cold heat stress in animals kept on litter only. [11].

The results of our research can promote the enclosure technology of wild rodent
species in terms of the provision of nest-building material, where the use of dry grasses or
hay that meet the natural, ecological needs of the species is strongly recommended.
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