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“Rodents are not test tubes with whiskers”

– author unknown

Introduction

Rodents, laboratory rats and mice, have been used as models in experimental research

for almost two centuries (Keeler, 1947; Bolles and Woods, 1964; Nishioka, 1995; Guénet

and Bonhomme, 2003). During this time, it has been assumed that rodent suffering was a

necessary part of the tremendous scientific advancement, and thus the means justified the

ends. After centuries of unregulated research, animal welfare committees were instituted

in Europe, America and Australasia to limit animal suffering (Steneck, 1997; Curzer et al.,

2016). While licenses to conduct research on animals are often burdensome to obtain

(Curzer et al., 2016), there has been strong variance across nations in expectations for the

license, the review process and compliance (Varga, 2013). Institutions in some nations,

for instance, are not financially-equipped to perform random onsite inspections, or hire

veterinarians to assess or enforce conditions of the license. Those critical of the process,

such as Rollin (2002) have invoked the idiom “the fox guarding the hen-house” to describe the

seemingly voluntary nature of compliance for researchers in these circumstances. Regardless,

some common assays that can cause needless or unjustified suffering are still used (Mason

et al., 2004; Carbone, 2019), and some licenses that are appropriately established are

not followed closely-enough (Jerusalem Post, 2023). Meanwhile, science is more broadly

communicated than ever, and the general public and media are becoming more aware of

this suffering, particularly as we learn more about the animals themselves. For instance,

rodents were historically viewed as vermin or pests. Yet it is now widely recognized that

rodents are sentient (Bartal et al., 2011, 2014;Mogil, 2012;Mason, 2021), and like any animal,

they deserve an expansion of our “compassion footprint” (Bekoff, 2010; Cochrane, 2013;

Dunayer, 2013).
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Amidst challenges to the current system (Varga, 2013)

mounting data on animal suffering (Buckland and Nattrass, 2020;

Webb et al., 2020), and calls from animal rights groups (McMahon

et al., 2012) recommending the replacement of laboratory animals

altogether (Gruber and Hartung, 2004; Langley et al., 2007;

Robinson et al., 2019), there is a clear need to take additional

steps to limit suffering. One such approach is to develop alternative

assays. Fortunately, there are available assays which promote

more positive affective states for rodents (Jirkof et al., 2019),

while minimizing the number of animals bred into captivity

and/or euthanized. Here we argue the value of one of many such

approaches, the free exploratory paradigm (FEP; Griebel et al.,

1993), which is a paradigm that allows animals to freely enter and

exit a test apparatus. We suggest that the FEP can improve rodent

welfare in both laboratory and field assays. We then discuss how

the FEP can be utilized to improve the quality of data from some of

these experiments.

As a team composed of field ecologists, ethologists,

physiologists and neuroscientists, we study rodents in the

field and laboratory. Our experiences with rodents do not align

with historical attitudes and opinions. Rodents have traditionally

had a reputation, particularly in some nations, as animals that

“deserved to die” (Buckland and Nattrass, 2020). This poor

perception of rodents was mostly worldwide, but it was epitomized

by a survey of 200 households in Cape Town, South Africa.

Almost one-fifth of participants answered they were “happy” for

rodents to suffer before death, and only one third cared whether

rodent control was humane (Buckland and Nattrass, 2020). In the

centuries that unregulated rodent research took place, attitudes

toward rodents used in scientific research could have reflected

social attitudes. Common tests that have historically been known to

cause suffering included moderate deprivation and reward studies,

forced swim tests and forced copulation assays. In the latter case,

sexually-receptive females are first paired with a male and later

substituted with non-receptive females. These non-consensual

copulatory assays were “justified” by the authors as a means

to better understand (human) male sexual violence. Despite

the unquestioned importance of laboratory animals to scientific

progress over 200 years, suffering has become institutionalized. Not

only is suffering bad for welfare, but stress within the laboratory

causes data- distortion and reduces the justification of such studies

(Bailey, 2018). Fortunately, we are now far enough along in

advancements and technology, that we can raise the standard of

justification for a few historic assays that have limited usefulness.

For instance, all members of our international team have

experience in field research. Several of our team members have

been approached by laboratory researchers who wish to expand

their studies to the field. The reasons for the transition are

varied, yet one experience stands out. When MHP inquired

about the forced swim test to a research team who recruited

him to help, they explained that the assays were used to train

future research students and for the benefit of any theoretical

knowledge that was gained by using it. The principal researcher,

who worked at a major research institution, had not considered

whether there were tangible outcomes to medicine or society.

However, some of these researchers-in-training would likely carry

the same assays forward when they train their own students. One

can see how this attitude, if embodied elsewhere, could become

a cyclical process that perpetrates suffering. This occurs when

students become desensitized to rodents’ suffering (Balcombe,

2000), develop “compassion fatigue” (LaFollette et al., 2020), or

falsely assume suffering is justifiable, because “vermin” are not

thought of as having “feelings, emotions and/or memories.”

Research over the past 15 years, however, has shown laboratory

rodents experience a wide range of feelings, emotions, regret

and intelligence—being far more sentient than previously thought

(Webb et al., 2020; Crump, 2022;Webster, 2022).While all animals,

sentient or not, deserve our compassion (Bekoff, 2010), society

has historically given more rights to animals thought to express

memories, intelligence or sentience (Cochrane, 2013; Dunayer,

2013). For instance, we now know rats and mice show a high

degree of empathy (Crawley, 2004; Bartal et al., 2011, 2014; Cox

and Reichel, 2020) and remorse (Steiner and Redish, 2014). Rats are

smart (Davis, 1996), have exceptional memories and can assess time

(Kononowicz et al., 2022). Among rats driving robotic cars, those

living in enriched environments had more robust driving skills

(Crawford et al., 2020). All 17 rats of the latter study assayed had

a higher concentration of dehydroepiandrosterone while driving,

indicating they were experiencing the reward of learning a new skill

(Crawford et al., 2020). The media, so important in steering social

expectations, also widely-reported rats’ ability to play, be tickled,

and express joy through ultra-high frequency vocalizations (Mällo

et al., 2007; Hammond et al., 2019; Burke et al., 2022). In a highly-

cited, and attitude-shifting paper, these “chirps” were shown to be

analogous to laughter (Panksepp and Burgdorf, 2000). Finally, in a

finding that went “viral” on social media, researchers found that

rats move to the beat (“danced”) of an eclectic range of popular

music fromMozart toMichael Jackson (Ito et al., 2022). This public

knowledge is helping shift attitudes, which is in turn compel animal

rights advocates and researchers to explore alternatives. While a

common concern of researchers is that their research outcomes

could be compromised by welfare-friendly designs, we will argue

that, in some situations, the FEP may actually improve data quality

and research outcomes.

Ironically, the researchers who we referred to earlier, contacted

us, not to improve the welfare of the animals, but to increase

the value of their own research. The principal complaint was

that “laboratory animals were a product of indolence and lacked

genetic variability.” To eliminate variation, which might permit

smaller effects to be detected, laboratory studies often used

genetically-homogenous strains. Not only have laboratory animals

been deprived of heterozygosity, the processes of domestication

has modified the behavior and physiology of these animals.

Such studies make it difficult to have broad conclusions. To

eliminate further variation, laboratory studies also test animals in

standardized environmental conditions that often do not reflect

their natural environments in which they evolved. Thus, traditional

tests purposefully remove interfering contextual variables (Rader,

1997, 2004;Würbel, 2000;Wolff, 2003; Voelkl et al., 2020). Yet these

environmental variables intentionally removed from standardized

assays may be essential for understanding treatment of some

illnesses (Nesse, 1994; Mobbs and Kim, 2015; Oppenheim, 2019).

For instance, much neuroscience research focuses on fear or

anxiety. These are natural states (Blumstein, 2020) that are elicited
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FIGURE 1

Field FEP comprised of free ranging animals with continuous surveillance using passive microchip readers and video recorders in an urban

environment. (A) Mobile outdoor laboratory; (B) gas anesthesia system for RFID implantation; (C) antennas placed within “rat runways”; (D) natural

(non-modified) landscape within an urban warehouse setting.

by cues of threats and may be modified in the absence of shelter,

the presence of conspecifics, or when visibility changes (Orrock

and Danielson, 2009; Parsons and Blumstein, 2010). The lack of

these sorts of natural contexts in research assays, as well as a lack

of genetic variation, has led to a perceived crises in some sub-

disciplines when laboratory outcomes do not relate to practice

(Manjili, 2013; Drucker, 2016; Fendt et al., 2020; Stryjek et al.,

2021a). Furthermore, we understand that non-welfare-friendly

designs may create uninterpretable data. This occurs when data is

compromised after being collected from stressed animals (e.g., data

distortion; Bailey, 2018). Yet the FEP, as we describe below, could

improve research outcomes to address each of these crises.

The FEP can be a more welfare-friendly approach when used

in the laboratory (Stryjek et al., 2012; Kohl et al., 2018; Mei et al.,

2020; Kohler et al., 2022) or the field (Stryjek et al., 2018; Bedoya-

Pérez et al., 2021; Parsons et al., 2023). This type of assay is similar

in some respects to home cage testing (Grieco et al., 2021), where

animals are tested in the place they live in order to minimize the

stresses of transport and handling. It also allows animals to choose if

and when they visit an experimental test. They are neither deprived

nor punished beforehand, and they choose whether to remain or

leave a test arena. There are many examples of FEP and we will give

only generalized examples of how they might operate.

For instance, an FEP test may involve experimental chambers

whereby animals are attracted by food, shelter or conspecifics, and

assayed under video surveillance or direct observation (Bedoya-

Pérez et al., 2021; Parsons et al., 2023). In some circumstances,

even more realistic assays may be constructed using the natural

landscape such as common “rat runways” instead of chambers

(Figure 1; Parsons et al., 2019). While we recognize these

approaches are not sufficient for all research questions, we will

highlight the benefits, a few types of hypotheses that may be

addressed, and potential advantages over traditional tests.

Field

In addition to being welfare-friendly, FEP in the field

offers other advantages. Free-living rodents are assumed to be

genetically variable and possess their full faculties. This is in

contrast to lab animals, which are inbred, have smaller brains,

adrenal glands, and different sized brain structures including the

basolateral complex of the amygdala, main olfactory bulb, and

accessory olfactory bulb (Koizumi et al., 2018), among others. The

differences are exacerbated by albinism which is frequent among

laboratory rodents and causes impairment in various senses (e.g.,

Lockard, 1968; Sachs, 1996; Prusky et al., 2002). Additionally, such

studies require limited (or no) handing, an unnatural stressor

(Sensini et al., 2020) that can influence outcomes. This could

be especially relevant to researchers that prefer to pre-identify

subjects prior to testing. Additionally, studying animals in their

natural environment allows more accurate study of environmental

contexts that are missing in standardized laboratory trials. Context

is essential because decision rules are often context-specific (e.g.,

Pinho et al., 2019; Heissenberger et al., 2020). Contexts, such as

the availability of conspecifics, competitors, shelter and predators

are expected to modify a variety of behaviors of interest. This can

be especially important in fear and anxiety studies (Orrock et al.,

2004; Orrock and Danielson, 2009; Parsons et al., 2018). Indeed,

laboratory and field trial outcomes in olfactory-based research

often differ (Apfelbach et al., 2005), and many of these differences

can be explained by variable contexts (Parsons et al., 2018;

Fendt et al., 2020; Stryjek et al., 2021b). The most parsimonious

approach to improve welfare outcomes and increase experimental

contexts may be to move laboratory-style chambers into the

field (Figure 2; Modlinska and Stryjek, 2016; Stryjek et al., 2018;

Bedoya-Pérez et al., 2021; Parsons et al., 2023). A wide range of

possible experimental topics are discussed in Stryjek et al. (2021a)
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FIGURE 2

Field FEP in natural conditions demonstrating an assay that eliminates all animal handling. Laboratory-style boxes used for a study on free-ranging

rodents (Apodemus mice; A. agrarius and A. flavicollis). (A, B) Two wooden chambers deployed near mice’s habitat. (C) The inside of the experimental

chamber with floor covered with sand layer and chocolate cream as a bait. (D) Video-still showing yellow-necked mice (A. flavicollis) during social

interaction inside one of the chambers. (E) Video still showing yellow-necked mice during social interaction near the entrance pipes.

and these include studies of novelty, cognition, problem-solving,

sensory acuity, behavioral responses to stress (stress resilience), and

social behavior.

Millions of rodents are bred and sold to research laboratories

each year. By testing wild animals in the wild, fewer rodents

have to be bred and there is no need to kill free-living animals.

Testing animals in their natural environment may help address the

“crisis” of translational medicine as reported by Oppenheim (2019),

where he argued that findings from the laboratory are not reliable

predictors of clinical outcomes. Finally, studying animals in the

wild may be a pathway to identify promising new model system

that could be brought back into the laboratory, where they could be

more systematically studied using a FEP.

Laboratory

FEP assays when conducted in the laboratory are also welfare-

friendly, while the advantages for improving research outcomes

are not as straight forward as those in the field. Wild animal

studies can be important model systems and by bringing them

into laboratory trials they can increase genetic variability and help
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FIGURE 3

(A) Homecage (left), sorter system (middle), and touchscreen box (right). (B) Touchscreen box with pictures of a compound discrimination task on

the screen (part of the attentional set shifting task measuring cognitive flexibility).

FIGURE 4

Infographic relating a few generalized types of hypotheses that can be addressed in a range of FEP assays in either the laboratory or the field. As

more people work within this paradigm, more types of research questions will be addressed.

us better understand natural behavioral variation (Stryjek et al.,

2013; Dolivo and Taborsky, 2015; Kiyokawa et al., 2017; Koizumi

et al., 2018; Schneeberger et al., 2020). However, animals are still

captive. Additionally, animals in traditional paradigms are forced to

explore/take part in the study, which elevates stress and distorts the

result and can even eliminate behaviors under study. Yet, research

in recent decades explored how the FEP could be applied in the

lab. Laboratory FEP setups usually consist of a home cage and

a testing device, e.g., operant walls (Kiryk et al., 2020), a touch

screen box (Rivalan et al., 2017) or mazes such as the radial arm

maze (Mei et al., 2020; Kohler et al., 2022). Figure 3 shows an

example where the two are connected by a so-called sorter that

recognizes the RFID-chipped mouse, ensures that only one animal

enters the test device alone, and then starts individual tests in the

test device via a connected computer. Mice or rats explore such a

setup without food deprivation once they have access to it, quickly
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become accustomed to the set up, and learn within a few days that

they are rewarded (e.g., with sucrose solution or pellets) for solving

tasks in the test device. Such a FEP setup can theoretically run

24/7, and the animals visit the test device during both their active

and passive phases, making more visits during the active period

but surprisingly performing very similar in both phases. Compared

to the classical procedure, where animals are manually placed in

the boxes for training, the complete training procedure in such an

application is several times faster. These studies show that the FEP

is useful in field and laboratory conditions.

Conclusions

There is increasing desire from researchers (Jirkof et al., 2019;

Buckland and Nattrass, 2020; d’Isa and Gerlai, 2023), animal

welfare advocates, and the public to shift our attitudes about

rodents used in experimental research. Indeed, a contingent of

researchers and advocates are calling for the replacement of

laboratory animals altogether (Gruber and Hartung, 2004; Langley

et al., 2007). This has all been happening while traditional rodent

research has been under scrutiny (Oppenheim, 2019; Voelkl et al.,

2020, 2021) because laboratory animals lack genetic diversity,

and because experimental laboratory situations are not similar

enough to the “real world” to justify suffering if studies produce

questionable results (Manjili, 2013; Drucker, 2016; Matusz et al.,

2019; Oppenheim, 2019; Fendt et al., 2020). We recognize however,

that laboratory animals are our only means for success in some

areas of biomedicine. So, our position is not so strong that we

recommend replacing animals altogether, and we recognize that

not all research questions can be adequately addressed by the FEP.

They do however offer, for some researchers, an intermediate,

transitional step, whereby study protocols are explicitly designed

to optimize animal welfare and to produce interpretable findings.

Ultimately, the FEP, whether the designs we have highlighted,

or new designs built to address new questions, can dramatically

improve the welfare of rodents, while, when used in the wild, can

reduce the number of animals bred and euthanized.

The most important misconception we have addressed relates

to a common concern about adapting new practices relates to

the false assumption that research outcomes will be compromised.

FEP in the field may improve research outcomes because they

incorporate genetic diversity, minimize animal handling, and take

place in a natural environment where many contexts can be

isolated or understood in concert with one another. This would

satisfy animal welfare concerns and at the same time, address

issues about translatability of findings (Drucker, 2016; Oppenheim,

2019). Laboratory FEP may be designed to improve outcomes and

welfare in three ways: (1) by increasing heterozygosity when wild

animals are brought into controlled settings and allowed to freely

enter the designed apparatus; (2) when naturalistic contexts such

as availability of conspecifics and shelter are incorporated into

laboratory FEP settings; and (3) by minimizing animal handling,

we decrease animal stress which is known to cause data distortion

(Bailey, 2018). In short, improved welfare also increases data

quality. While these types of assays have great potential to improve

welfare and for more translatable outcomes, we would be remiss

if we did not acknowledge potential shortfalls to be considered

during the design and implementation. First, when used in the field

where predators are nearby, we recommend deployment of video

cameras to look for potential negative impacts on the subjects. In

the laboratory, and when using wild-caught animals, care should

be taken while catching them and acclimating them; some species

may be unsuitable for captive living (Stryjek, 2010; Stryjek et al.,

2021b). We hope in the next 10 years, that many variations of the

FEP are created to continue addressing our most pressing research

questions (for an exhaustive list see Stryjek et al., 2021a, and also

Figure 4) in neuroscience, ethology and clinical medicine.

Author contributions

This invited opinion came about through extended discussions

between MP, RS, MF, YK, PB, and DB. MP, RS, MF, YK, PB, and

DB wrote and edited the draft. All authors contributed to the article

and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Apfelbach, R., Blanchard, C. D., Blanchard, R. J., Hayes, R. A., and McGregor,
I. S. (2005). The effects of predator odors in mammalian prey species: a
review of field and laboratory studies. Neurosci. Biobehav. Rev. 29, 1123–1144.
doi: 10.1016/j.neubiorev.2005.05.005

Bailey, J. (2018). Does the stress of laboratory life and experimentation on animals
adversely affect research data? A critical review. Altern. Lab. Anim. 46, 291–305.
doi: 10.1177/026119291804600501

Balcombe, J. (2000). The Use of Animals in Higher Education: Problems,Alternatives,
& Recommendations. Arkansas: Humane Society Press.

Bartal, I. B.-A., Decety, J., and Mason, P. (2011). Empathy and pro-social behavior
in rats. Science 334 1427–1430. doi: 10.1126/science.1210789

Bartal, I. B.-A., Rodgers, D. A., Sarria, M. S. B., Decety, J., and Mason, P.
(2014). Pro-social behavior in rats is modulated by social experience. Elife 3, e01385.
doi: 10.7554/eLife.01385

Frontiers in Behavioral Neuroscience 06 frontiersin.org

https://doi.org/10.3389/fnbeh.2023.1228478
https://doi.org/10.1016/j.neubiorev.2005.05.005
https://doi.org/10.1177/026119291804600501
https://doi.org/10.1126/science.1210789
https://doi.org/10.7554/eLife.01385
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Parsons et al. 10.3389/fnbeh.2023.1228478

Bedoya-Pérez, M. A., Le, A., McGregor, I. S., and Crowther, M. S. (2021).
Antipredator responses toward cat fur in wild brown rats tested in a semi-natural
environment. Behav. Ecol. 32, 835–844. doi: 10.1093/beheco/arab038

Bekoff, M. (2010). The Animal Manifesto: Six Reasons for Expanding Our
Compassion Footprint. California: NewWorld Library.

Blumstein, D. T. (2020). The Nature of Fear: Survival Lessons From the Wild.
Cambridge, MA: Harvard University Press.

Bolles, R. C., and Woods, P. J. (1964). The onotogeny of behavior in the albino rat.
Anim. Behav. 12, 427–441. doi: 10.1016/0003-3472(64)90062-4

Buckland, A., and Nattrass, N. (2020). Understanding preferences for humane and
cruel treatment of pest rodents in Site C, Khayelitsha, South Africa. J. Appl. Anim.Welf.
Sci. 23, 315–324. doi: 10.1080/10888705.2019.1666008

Burke, C., Pellis, S., and Achterberg, E. (2022). Who’s laughing? Play, tickling
and ultrasonic vocalizations in rats. Philos. Transact. R. Soc. B 377, 20210184.
doi: 10.1098/rstb.2021.0184

Carbone, L. (2019). Ethical and IACUC considerations regarding analgesia
and pain management in laboratory rodents. Comp. Med. 69, 443–450.
doi: 10.30802/AALAS-CM-18-000149

Cochrane, A. (2013). From human rights to sentient rights. Crit. Rev. Int. Soc. Polit.
Philos. 16, 655–675. doi: 10.1080/13698230.2012.691235

Cox, S. S., and Reichel, C. M. (2020). Rats display empathic behavior independent
of the opportunity for social interaction. Neuropsychopharmacology 45, 1097–1104.
doi: 10.1038/s41386-019-0572-8

Crawford, L., Knouse, L., Kent, M., Vavra, D., Harding, O., LeServe, D., et al. (2020).
Enriched environment exposure accelerates rodent driving skills. Behav. Brain Res. 378,
112–309. doi: 10.1016/j.bbr.2019.112309

Crawley, J. N. (2004). Designing mouse behavioral tasks relevant to autistic-like
behaviors.Ment. Retard. Dev. Disabil. Res. Rev. 10, 248–258. doi: 10.1002/mrdd.20039

Crump, A. (2022). Animal sentience science and policy. Anim. Sent. 6, 15.
doi: 10.51291/2377-7478.1748

Curzer, H. J., Perry, G., Wallace, M. C., and Perry, D. (2016). The three Rs of animal
research: what they mean for the institutional animal care and use committee and why.
Sci. Eng. Ethics 22, 549–565. doi: 10.1007/s11948-015-9659-8

Davis, H. (1996). Underestimating the rat’s intelligence.Cogn. Brain Res. 3, 291–298.
doi: 10.1016/0926-6410(96)00014-6

d’Isa, R., and Gerlai, R. (2023). Designing animal-friendly behavioral tests for
neuroscience research: the importance of an ethological approach. Front. Behav.
Neurosci. 16, 1090248. doi: 10.3389/fnbeh.2022.1090248

Dolivo, V., and Taborsky, M. (2015). Norway rats reciprocate help according to the
quality of help they received. Biol. Lett. 11, 20140959. doi: 10.1098/rsbl.2014.0959

Drucker, D. J. (2016). Never waste a good crisis: confronting reproducibility in
translational research. Cell Metab. 24, 348–360. doi: 10.1016/j.cmet.2016.08.006

Dunayer, J. (2013). “The rights of sentient beings: Moving beyond old and new
speciesism,” in The Politics of Species: Reshaping Our Relationships With Other Animals,
eds R. Corbey, and A. Lanjouw (Cambridge: Cambridge University Press), 27–39.

Fendt, M., Parsons, M. H., Apfelbach, R., Carthey, A. C. R., dickman, Endres,
T., Frank, A., et al. (2020). Context and trade-offs characterize real-world threat
detection systems: a review and comprehensive framework to improve research
practice and resolve the translational crisis. Neurosci. Biobehav. Rev. 115, 25–33.
doi: 10.1016/j.neubiorev.2020.05.002

Griebel, G., Belzungz, C., Misslin, R., and Vogel, E. (1993). The free-exploratory
paradigm: an effective method for measuring neophobic behaviour in mice. Behav.
Pharmacol. 4, 637–644. doi: 10.1097/00008877-199312000-00009

Grieco, F., Bernstein, B. J., Biemans, B., Bikovski, L., Burnett, C. J., Cushman,
J. D., et al. (2021). Measuring behavior in the home cage: study design,
applications, challenges, and perspectives. Front. Behav. Neurosci. 15, 735387.
doi: 10.3389/fnbeh.2021.735387

Gruber, F. P., and Hartung, T. (2004). Alternatives to animal experimentation in
basic research. Altern. Anim. Exp. 21, 3–31. doi: 10.14573/altex.2004.suppl.3

Guénet, J.-L., and Bonhomme, F. (2003). Wild mice: an ever-increasing
contribution to a popular mammalian model. Trends Genet. 19, 24–31.
doi: 10.1016/S0168-9525(02)00007-0

Hammond, T., Bombail, V., Nielsen, B. L., Meddle, S. L., Lawrence, A. B., and
Brown, S. M. (2019). Relationships between play and responses to tickling in male
juvenile rats. Appl. Anim. Behav. Sci. 221, 104879. doi: 10.1016/j.applanim.2019.104879

Heissenberger, S., de Pinho, G. M., Martin, J. G., and Blumstein, D. T. (2020).
Age and location influence the costs of compensatory and accelerated growth in a
hibernating mammal. Behav. Ecol. 31, 826–833. doi: 10.1093/beheco/araa013

Ito, Y., Shiramatsu, T. I., Ishida, N., Oshima, K., Magami, K., and Takahashi,
H. (2022). Spontaneous beat synchronization in rats: Neural dynamics and motor
entrainment. Sci. Adv. 8, eabo7019. doi: 10.1126/sciadv.abo7019

Jerusalem Post. (2023, May 23). Treatment of cocaine-addicted rats sparks ethics
investigation at US University. Jerusalem Post. Available online at: https://www.jpost.
com/omg/article-743917 (accessed July 25, 2023).

Jirkof, P., Rudeck, J., and Lewejohann, L. (2019). Assessing affective state in
laboratory rodents to promote animal welfare—what is the progress in applied
refinement research? Animals 9, 1026. doi: 10.3390/ani9121026

Keeler, C. E. (1947). Modification of brain and endocrine glands; as an explanation
of altered behavior trends, in coat-character mutant strains of the Norway rat. J.
Tennessee Acad. Sci. 22, 202.

Kiryk, A., Janusz, A., Zglinicki, B., Turkes, E., Knapska, E., Konopka, W., et al.
(2020). IntelliCage as a tool for measuring mouse behavior−20 years perspective.
Behav. Brain Res. 388, 112620. doi: 10.1016/j.bbr.2020.112620

Kiyokawa, Y., Tanaka, K. D., Ishii, A., Mikami, K., Katayama, M., Koizumi, R., et al.
(2017). Two strains of roof rats as effective models for assessing new-object reaction. J.
Vet. Med. Sci. 79, 702–708. doi: 10.1292/jvms.17-0002

Kohl, M. T., Stahler, D. R., Metz, M. C., Forester, J. D., Kauffman, M. J., Varley, N.,
et al. (2018). Diel predator activity drives a dynamic landscape of fear. Ecol. Monogr.
88, 638–652. doi: 10.1002/ecm.1313

Kohler, J., Mei, J., Banneke, S., Winter, Y., Endres, M., and Emmrich, J. V. (2022).
Assessing spatial learning and memory in mice: classic radial maze versus a new
animal-friendly automated radial maze allowing free access and not requiring food
deprivation. Front Behav Neurosci. 16, 1013624. doi: 10.3389/fnbeh.2022.1013624

Koizumi, R., Kiyokawa, Y., Mikami, K., Ishii, A., Tanaka, K. D., Tanikawa, T.,
et al. (2018). Structural differences in the brain between wild and laboratory rats
(Rattus norvegicus): potential contribution to wariness. J. Vet. Med. Sci. 80, 1054–1060.
doi: 10.1292/jvms.18-0052

Kononowicz, T. W., van Wassenhove, V., and Doyère, V. (2022). Rodents monitor
their error in self-generated duration on a single trial basis. Proc. Nat. Acad. Sci. U. S.
A. 119, e2108850119. doi: 10.1073/pnas.2108850119

LaFollette, M. R., Riley, M. C., Cloutier, S., Brady, C. M., O’Haire, M. E., and Gaskill,
B. N. (2020). Laboratory animal welfare meets human welfare: A cross-sectional study
of professional quality of life, including compassion fatigue in laboratory animal
personnel. Front. Vet. Sci. 114. doi: 10.3389/fvets.2020.00114

Langley, G., Evans, T., Holgate, S. T., and Jones, A. (2007). Replacing
animal experiments: choices, chances and challenges. Bioessays 29, 918–926.
doi: 10.1002/bies.20628

Lockard, R. B. (1968). The albino rat: a defensible choice or a bad habit?Am. Psychol.
23, 734. doi: 10.1037/h0026726

Mällo, T., Matrov, D., Herm, L., Kõiv, K., Eller, M., Rinken, A., et al. (2007).
Tickling-induced 50-kHz ultrasonic vocalization is individually stable and predicts
behaviour in tests of anxiety and depression in rats. Behav. Brain Res. 184, 57–71.
doi: 10.1016/j.bbr.2007.06.015

Manjili, M. (2013). Opinion: Translational Research in Crisis. The Scientist.com.
Available online at: https://www.the-scientist.com/opinion/opinion-translational-
research-in-crisis-38724 (accessed June 15, 2023).

Mason, G., Hawkins, P., Grant, G., Raymond, R., Hughes, G., Morton, D.,
et al. (2004). Reducing suffering through refinement of procedures: report of the
2003 RSPCA/UFAW Rodent Welfare Group meeting. Anim. Technol. Welfare. 3,
79–85. Available online at: https://atrium.lib.uoguelph.ca/server/api/core/bitstreams/
8d0a71e3-4a85-4359-8f2c-38afc8721cc3/content

Mason, P. (2021). Lessons from helping behavior in rats. Curr. Opin. Neurobiol. 68,
52–56. doi: 10.1016/j.conb.2021.01.001

Matusz, P. J., Dikker, S., Huth, A. G., and Perrodin, C. (2019). Are we ready for
real-world neuroscience? J. Cogn. Neurosci. 31, 327–338. doi: 10.1162/jocn_e_01276

McMahon, C. R., Harcourt, R., Bateson, P., and Hindell, M. A. (2012). Animal
welfare and decision making in wildlife research. Biol. Conserv. 153, 254–256.
doi: 10.1016/j.biocon.2012.05.004

Mei, J., Kohler, J., Winter, Y., Spies, C., Endres, M., Banneke, S., et al.
(2020). Automated radial 8-arm maze: a voluntary and stress-free behavior test
to assess spatial learning and memory in mice. Behav. Brain Res. 381, 112352.
doi: 10.1016/j.bbr.2019.112352

Mobbs, D., and Kim, J. J. (2015). Neuroethological studies of fear, anxiety, and
risky decision-making in rodents and humans. Curr. Opin. Behav. Sci. 5, 8–15.
doi: 10.1016/j.cobeha.2015.06.005

Modlinska, K., and Stryjek, R. (2016). Food neophobia in wild rats (Rattus
norvegicus) inhabiting a changeable environment—a field study. PLoS ONE 11,
e0156741. doi: 10.1371/journal.pone.0156741

Mogil, J. S. (2012). The surprising empathic abilities of rodents. Trends Cogn. Sci.
16, 143–144. doi: 10.1016/j.tics.2011.12.012

Nesse, R. M. (1994). Fear and fitness: an evolutionary analysis of anxiety disorders.
Ethol. Sociobiol. 15, 247–261. doi: 10.1016/0162-3095(94)90002-7

Nishioka, Y. (1995). The origin of common laboratory mice. Genome 38, 1–7.
doi: 10.1139/g95-001

Frontiers in Behavioral Neuroscience 07 frontiersin.org

https://doi.org/10.3389/fnbeh.2023.1228478
https://doi.org/10.1093/beheco/arab038
https://doi.org/10.1016/0003-3472(64)90062-4
https://doi.org/10.1080/10888705.2019.1666008
https://doi.org/10.1098/rstb.2021.0184
https://doi.org/10.30802/AALAS-CM-18-000149
https://doi.org/10.1080/13698230.2012.691235
https://doi.org/10.1038/s41386-019-0572-8
https://doi.org/10.1016/j.bbr.2019.112309
https://doi.org/10.1002/mrdd.20039
https://doi.org/10.51291/2377-7478.1748
https://doi.org/10.1007/s11948-015-9659-8
https://doi.org/10.1016/0926-6410(96)00014-6
https://doi.org/10.3389/fnbeh.2022.1090248
https://doi.org/10.1098/rsbl.2014.0959
https://doi.org/10.1016/j.cmet.2016.08.006
https://doi.org/10.1016/j.neubiorev.2020.05.002
https://doi.org/10.1097/00008877-199312000-00009
https://doi.org/10.3389/fnbeh.2021.735387
https://doi.org/10.14573/altex.2004.suppl.3
https://doi.org/10.1016/S0168-9525(02)00007-0
https://doi.org/10.1016/j.applanim.2019.104879
https://doi.org/10.1093/beheco/araa013
https://doi.org/10.1126/sciadv.abo7019
https://www.jpost.com/omg/article-743917
https://www.jpost.com/omg/article-743917
https://doi.org/10.3390/ani9121026
https://doi.org/10.1016/j.bbr.2020.112620
https://doi.org/10.1292/jvms.17-0002
https://doi.org/10.1002/ecm.1313
https://doi.org/10.3389/fnbeh.2022.1013624
https://doi.org/10.1292/jvms.18-0052
https://doi.org/10.1073/pnas.2108850119
https://doi.org/10.3389/fvets.2020.00114
https://doi.org/10.1002/bies.20628
https://doi.org/10.1037/h0026726
https://doi.org/10.1016/j.bbr.2007.06.015
https://scientist.com/
https://www.the-scientist.com/opinion/opinion-translational-research-in-crisis-38724
https://www.the-scientist.com/opinion/opinion-translational-research-in-crisis-38724
https://atrium.lib.uoguelph.ca/server/api/core/bitstreams/8d0a71e3-4a85-4359-8f2c-38afc8721cc3/content
https://atrium.lib.uoguelph.ca/server/api/core/bitstreams/8d0a71e3-4a85-4359-8f2c-38afc8721cc3/content
https://doi.org/10.1016/j.conb.2021.01.001
https://doi.org/10.1162/jocn_e_01276
https://doi.org/10.1016/j.biocon.2012.05.004
https://doi.org/10.1016/j.bbr.2019.112352
https://doi.org/10.1016/j.cobeha.2015.06.005
https://doi.org/10.1371/journal.pone.0156741
https://doi.org/10.1016/j.tics.2011.12.012
https://doi.org/10.1016/0162-3095(94)90002-7
https://doi.org/10.1139/g95-001
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Parsons et al. 10.3389/fnbeh.2023.1228478

Oppenheim, R. W. (2019). Adult hippocampal neurogenesis in mammals (and
humans): the death of a central dogma in neuroscience and its replacement by a new
dogma. Dev. Neurobiol. 79, 268–280. doi: 10.1002/dneu.22674

Orrock, J. L., and Danielson, B. J. (2009). Temperature and cloud cover,
but not predator urine, affect winter foraging of mice. Ethology 115, 641–648.
doi: 10.1111/j.1439-0310.2009.01654.x

Orrock, J. L., Danielson, B. J., and Brinkerhoff, R. J. (2004). Rodent foraging is
affected by indirect, but not by direct, cues of predation risk. Behav. Ecol. 15, 433–437.
doi: 10.1093/beheco/arh031

Panksepp, J., and Burgdorf, J. (2000). 50-kHz chirping (laughter?) in
response to conditioned and unconditioned tickle-induced reward in rats:
effects of social housing and genetic variables. Behav. Brain Res. 115, 25–38.
doi: 10.1016/S0166-4328(00)00238-2

Parsons, M. H., Apfelbach, R., Banks, P. B., Cameron, E. Z., Dickman, C. R., Frank,
A. S., et al. (2018). Biologically meaningful scents: a framework for understanding
predator–prey research across disciplines. Biol. Rev. 93, 98–114. doi: 10.1111/brv.12334

Parsons, M. H., and Blumstein, D. T. (2010). Feeling vulnerable? Indirect risk cues
differently influence how two marsupials respond to novel dingo urine. Ethology 116,
972–980. doi: 10.1111/j.1439-0310.2010.01810.x

Parsons, M. H., Deutsch, M. A., Dumitriu, D., and Munshi-South, J. (2019).
Differential responses by city rats (Rattus norvegicus) toward male or female-
produced pheromones in sheltered and high-risk presentations. J. Urban Ecol.
doi: 10.1093/jue/juz009

Parsons, M. H., Stryjek, R., Bebas, P., Fendt, M., Blumstein, D. T., Kiyokawa, Y.,
et al. (2023). Why are predator cues in the field not more evocative? A ‘real world’assay
elicits subtle, but meaningful, responses by wild rodents to predator scents. Front. Ecol.
Evol. 10, 1259. doi: 10.3389/fevo.2022.1054568

Pinho, G.M., Ortiz-Ross, X., Reese, A. N., and Blumstein, D. T. (2019). Correlates of
maternal glucocorticoid levels in a socially flexible rodent. Horm. Behav. 116, 104577.
doi: 10.1016/j.yhbeh.2019.104577

Prusky, G. T., Harker, K. T., Douglas, R. M., andWhishaw, I. Q. (2002). Variation in
visual acuity within pigmented, and between pigmented and albino rat strains. Behav.
Brain Res. 136, 339–348. doi: 10.1016/S0166-4328(02)00126-2

Rader, K. (2004). Making Mice: Standardizing Animals for American Biomedical
Research, 1900-1955.New Jersey: Princeton University Press.

Rader, K. A. (1997). The origins of mouse genetics: beyond the bussey institution
I. cold spring harbor: the station for experimental evolution and the ‘mouse club of
america’.Mamm. Genome 8, 464–466. doi: 10.1007/s003359900477

Rivalan, M., Munawar, H., Fuchs, A., and Winter, Y. (2017). Correction: an
automated, experimenter-free method for the standardised, operant cognitive testing
of rats. PLoS ONE 12, e0176807. doi: 10.1371/journal.pone.0176807

Robinson, N. B., Krieger, K., Khan, F. M., Huffman, W., Chang, M., Naik, A., et al.
(2019). The current state of animal models in research: a review. Int. J. Surg. 72, 9–13.
doi: 10.1016/j.ijsu.2019.10.015

Rollin, B. E. (2002). Ethics, Animal Welfare, and ACUCs. Applied Ethics in Animal
Research: Philosophy, Regulation, and Laboratory Applications (West Lafayette, IN:
Purdue University Press), 113.

Sachs, B. D. (1996). Penile erection in response to remote cues from females:
albino rats severely impaired relative to pigmented strains. Physiol. Behav. 60, 803–808.
doi: 10.1016/0031-9384(96)00158-8

Schneeberger, K., Röder, G., and Taborsky, M. (2020). The smell of hunger: Norway
rats provision social partners based on odour cues of need. PLoS Biol. 18, e3000628.
doi: 10.1371/journal.pbio.3000628

Sensini, F., Inta, D., Palme, R., Brandwein, C., Pfeiffer, N., Riva, M. A.,
et al. (2020). The impact of handling technique and handling frequency on
laboratory mouse welfare is sex-specific. Sci. Rep. 10, 17281. doi: 10.1038/s41598-020-
74279-3

Steiner, A. P., and Redish, A. D. (2014). Behavioral and neurophysiological
correlates of regret in rat decision-making on a neuroeconomic task. Nat. Neurosci.
17, 995–1002. doi: 10.1038/nn.3740

Steneck, N. H. (1997). Role of the institutional animal care and use committee in
monitoring research. Ethics Behav. 7, 173–184. doi: 10.1207/s15327019eb0702_8

Stryjek, R. (2010). A transportation device for rats. Lab Anim. 39, 279.
doi: 10.1038/laban0910-279

Stryjek, R., Mioduszewska, B., Spaltabaka-Gedek, E., and Juszczak, G. R.
(2018). Wild Norway rats do not avoid predator scents when collecting food
in a familiar habitat: a field study. Sci. Rep. 8, 9475. doi: 10.1038/s41598-018-
27054-4
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