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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
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Mismatches between highly-standardized laboratory predatory assays and more realistic environmental conditions may lead to different outcomes. Understanding rodents’ natural responses to predator scents is important. Thus, field studies on the same and related species are essential to corroborate laboratory findings to better understand the contexts and motivational drives that affect laboratory responses to predator scents. However, there are too few field assays to enable researchers to study factors that influence these responses in genetically variable populations of wild rodents. Therefore, we placed laboratory-style chambers and remote-sensing devices near multiple colonies of two species of wild mice (Apodemus agrarius and Apodemus flavicollis) to test dual-motivational drives (appetitive and aversive) in a ‘familiar’, yet natural environment. A highly-palatable food reward was offered daily alongside scents from coyotes, lions, rabbits, and both wet and dry controls. In all but two instances (n = 264), animals entered chambers and remained inside for several minutes. Animals initiated flight twice, but they never froze. Rather, they visited chambers more often and stayed inside longer when predatory scents were deployed. The total time spent inside was highest for lion urine (380% longer than the dry control), followed by coyote scent (75% longer), dry control and lastly, herbivore scents (no difference). Once inside the chamber, animals spent more time physically interacting with predatory scents than the herbivore scent or controls. Our findings support the common assumption that rodents fail to respond as overtly to predatory scents in the field compared to what has been observed in the laboratory, possibly due to their varying motivational levels to obtain food. More time spent interacting with scents in the field was likely a function of ‘predator inspection’ (risk assessment) once subjects were in a presumed safe enclosure. We conclude this sort of chamber assay can be useful in understanding the contexts and motivational drives inherent to field studies, and may help interpret laboratory results. Our results also suggest more attention should be given to subtle behaviors such as scent inspection in order to better understand how, and when, environmental stimuli evoke fear in rodents.
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Introduction

The expression of fear is among the most ancestral and salient behaviors among animals (Blumstein, 2020). Fear can be defined as a putatively adaptive response to predatory threats that is expressed through a suite of ancestral physiological and behavioral responses that function to increase an individual’s likelihood of survival. A better understanding of factors that cause fear (Krishnan, 2014), its physiological effects (Vlaeyen and Linton, 2000; Thompson et al., 2012), and the mechanisms employed to mitigate its consequences (Clinchy et al., 2011; Fendt et al., 2020) are central to understanding anxieties in humans (Gorman, 2008; Kinsella and Monk, 2009), wildlife conservation and welfare (Berger, 2007; Gaynor et al., 2021), and wildlife management (Blumstein et al., 2002; Owen et al., 2017). Predator scents in the form of dander, urine or feces are among the most common olfactory cues used to elicit fearful responses in both laboratory and free-ranging animal assays (Apfelbach et al., 2005; Jones et al., 2016).

Animals may have either overt or covert responses to predatory scents, and these can be influenced by the context under which they experience the stimulus (Owen et al., 2017; Matusz et al., 2019). Such contexts may include: conflicting motivational drives (e.g., aversive and appetitive), variation in the intensity of the fear-evoking cue (Barnes et al., 2002; Hawkins et al., 2007; Sánchez-González et al., 2018), prey vulnerability (Parsons and Blumstein, 2010a; Bilodeau et al., 2013; Kuijper et al., 2013; Apfelbach et al., 2015), visual peripheral information (De Franceschi et al., 2016), climatic conditions (Orrock and Danielson, 2009), or as a function of environmental enrichment (Rampon et al., 2000). Yet our understanding of fear in rodents has been somewhat limited because the factors that cause fear in domesticated, laboratory animals are quite different to what naturally causes fear among wild animals (Bligh et al., 1990; Apfelbach et al., 2005; Yin et al., 2011; Cremona et al., 2015; Mobbs et al., 2018).

Despite the myriad of factors that drive fear, standardized laboratory studies trade-off ecological validity for greater control of confounding variables (Bateson and Martin, 2021). Thus, these studies remove the natural contexts that may determine the direction (or valence) of the outcome. In contrast, wild animals live in environments that trigger conflicting motivational drives, and thus, might react more strongly to the drive that was strongest at the time of stimulus, For instance, a hungry animal in the wild may be less likely to avoid, or withdraw from, a predator scent, if the scent is near a potential food source. Similarly, a reproductively mature animal may be less likely to withdraw from a predator scent if a potential mate is nearby. Lastly, an animal in a risky environment such as under a full moon (which might increase the ability of predators to locate prey) in the absence of shelter, may respond more strongly to predatory cues (Orrock et al., 2004; Orrock and Danielson, 2009). The divergence of field and laboratory results is especially notable in research involving behavior and endocrinology, because such studies are particularly susceptible to environmental influences (Calisi and Bentley, 2009).

Laboratory and field studies may also differ in the type and duration of responses typically being quantified. Many field studies that use predator cues are applied studies, and thus, primarily seek to attract or deter wildlife (Greggor et al., 2020). Researchers in these types of projects are not seeking answers to pathological questions requiring physiological data. Instead, they are examining responses such as: reduced foraging time or effort (Mills and Wajnberg, 2008), the amount of food left in a food patch (GUD; giving up density (Haapakoski et al., 2018)), or the amount of time spent in an agriculture area that is ‘guarded’ with a predator scent. Such responses might simply be due to repugnance, distaste, or aversion and have little relation to actual fear (Nolte et al., 1994; Kimball and Nolte, 2006). Therefore, applied response variables often include more overt responses such as flight (Parsons and Blumstein, 2010b), flight initiation distance (Cooper Jr. and Frederick, 2007), or retreats from a preferred food source (Parsons and Blumstein, 2010a). By contrast, laboratory research focused on pharmacology or pathology might be more likely to measure physiological parameters, or more sensitive measures that are not easily measured in the field such as grooming (van Erp et al., 1994), motor coordination (Deacon, 2013), or even eye-tracking (Payne and Raymond, 2017). Thus, field tests intended for laboratory research must be sensitive enough to consider subtle, as well as obvious, responses.

While the contexts under which adaptive responses to predatory threats may vary, the responses to a predator cue can also vary, and even change over time. In a recent study, wild urban brown (Rattus norvegicus) and black (Rattus rattus) rats, at first, displayed no obvious responses to cat fur, either behaviorally or physiologically (as measured by quantifying glucocorticoids). However, over a period of weeks, subtle changes in behavior were established (Fardell et al., 2021), suggesting risks are assessed over time with increased exposure and perceived severity of the threat. Yet even though behaviors changed, their physiology remained unchanged, and the authors suggested this change would have gone undetected in the laboratory (Fardell et al., 2021). The specific nature of risk assessment might be partly responsible for the misinterpretation of laboratory and especially field experiments. Prey will often approach scents to obtain more information about them, a behavior referred to as ‘predator inspection’ (FitzGibbon, 1994; Fishman, 1999), rather than forgoing foraging, mating or other resource-gathering opportunities when risks are not substantial (Krebs et al., 1983). To an applied researcher, when a prey approaches a predator scent it is usually considered as a failure of the scent to repel an animal, but it could just as likely reflect the animal’s motivation to better assess risks before giving up resources (Pitcher et al., 1986; Brown, 1999).

Though there are several factors in which laboratory studies and field studies differ, it appears that laboratory studies show more consistent responses as compared to the field (Apfelbach et al., 2005). In particular, rodent responses to predator cues, when studied under field conditions, are often more variable and less predictable (Stryjek et al., 2021). Clearly field studies, sometimes referred to as ‘real world’ studies (Matusz et al., 2019), demonstrate a range of contexts that are more consistent with conditions experienced by people expressing pathological conditions (Oppenheim, 2019). It has thus been argued that a better understanding of the actual contexts or motivational drives that alleviate fear is necessary to ensure future breakthroughs in psychology and medicine (Manjili, 2013; Drucker, 2016; Oppenheim, 2019; Fendt et al., 2020). Yet, the principal reason more field studies have not been used reflects the difficulties of studying wild animals in accessible field settings (Mobbs et al., 2018; Stryjek et al., 2021).

As a first step toward merging laboratory and field approaches, the most parsimonious approach may be to simply move laboratory-style behavioral testing chambers into the field and incorporate additional species, contexts, or motivational drives (Stryjek et al., 2021). Chambers provide an enclosed area to isolate and monitor target animals that enter, while also reducing risk of direct predation, since animals are not exposed to an open field or moonlight (Orrock et al., 2004; Orrock and Danielson, 2009). The goals of this study were firstly to examine the ability of a chamber assay to elicit subtle and overt behavioral responses from the dual-motivation (appetitive and aversive) drives of two species of peri-urban, wild rodents. For the second goal of the study, we hypothesized that two species of wild rodents (Apodemus agrarius and Apodemus flavicollis), would spend less time inside a chamber ‘guarded’ by predator scents than a control chamber, and respond more overtly to scents from predators than scents from a herbivore or two types of control.



Materials and methods


Study site

This study was conducted on a private property in a suburban area of Warsaw, central Poland (52°20′20.00″N; 21°03′30.00″E, altitude: 80 m). The landscape was dominated by meadows surrounded by forests and was very sparsely built-up. On this property, two populations of wild striped field mice (A. agrarius) and yellow-necked mice (A. flavicollis) were identified near bushes in very close vicinity to meadows and forests.



Subjects

We selected two wild species of mice (A. agrarius and A. flavicollis) because they are closely-related to the most common laboratory animal, Mus musculus (Rubtsov et al., 2015; Knitlová and Horáček, 2017), and because they are abundant within our study area (Goszczyński, 1979; Matić et al., 2007). There has been minimal laboratory work done with these species (Wang et al., 2011). Though, as a forest-dwelling species, A. flavicollis are said to display a wide range of defensive responses to predator (Mustela nivalis) odor in the field (Borowski, 2000). Individuals were not marked, but based on the frequency of visits, body size, observable differences in coat patterns, and individual characteristics such as scars, or crooked tails, we positively identified 20 unique individuals (12 A. agrarius and 8 A. flavicollis). Based on previous trapping in the area (Stryjek, pers. comm), the population size was likely between 50 and 100 individuals of each species. All tested animals were identified as adults based on their body size. We were unable to identify the sex of tested animals because the video vantage was from above.



Chambers

Chambers have long-been used in laboratory research with rodents (Toubas et al., 1990; Maren, 2008; Qiu et al., 2014; La-Vu et al., 2020). In particular, several neuroscientists requested we help develop field-versions of captive chamber assays so as to provide more natural insights into the observed laboratory responses (Parsons, pers. comm). Of course, these neuroscientists recognize that chambers are artificial structures. Yet, animals adapted to urban environments, will obviously utilize human-made harborage. Because animals have an opportunity to habituate to chambers, and due to the provision of shelter from predators and the elements, chambers can be frequently utilized even without food attractants. Once animals are inside, a range of natural contexts can be recorded. Chambers are particularly good for testing olfactory scent discrimination because they enclose a scent within a sheltered environment that can be more easily contained and monitored than in an open field. Multiple chambers can be used so that there is always a control available so that we minimize the risk of animals not returning to the chambers. Controls can therefore be spatial (in alternate chambers) or temporal, according to the treatment schedule (Table 1). Therefore, we constructed two chambers (Figures 1A, C) made of 12 mm waterproof plywood which were painted with odorless acrylic paint (Luxens, Leroy Merlin, France). The internal floor dimensions were 35 × 40 cm with walls 70 cm high. Plastic sewer pipes (70 mm diameter and 50 cm long; Certus, Cieszyn, Poland) were attached to the entrance holes. The bottom of each chamber was covered with 1 cm of rinsed sand and replaced after every treatment. We pseudo-randomized treatments by using separate Latin Square Designs for each chamber, arranged so that only one predator scent would be present at any given time.



TABLE 1 Each block below was repeated three times.
[image: Table1]
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FIGURE 1
 Experimental design. (A) Two wooden chambers deployed in a garden bordered by forest and meadows; (B) A video frame showing a striped field mouse (Apodemus agrarius) feeding inside a chamber; (C) Top view of the experimental setup schematic; (D) A video still showing a yellow-necked mouse (Apodemus flavicollis) inside the chamber.




Scent probes

We selected scents from non-native canids and felids because we were interested in innate responses (e.g., this allowed us to standardize animal experience with predators across the population). We assumed that prey animals this small should have potentially fearful responses to a variety of predators (Preisser and Orrock, 2012; Apfelbach et al., 2015), particularly given the mechanism underlying such responses (Ferrero et al., 2011). Thus, we expected a strong response to scents from both canids and felids. Samples of coyote urine (Canis latrans) were purchased from PredatorPee Inc. (Bangor, ME, United States). Urine was collected at the Warsaw Zoo from male and female African lions (Panthera leo) that had been fed meat from rabbit and beef. Urine was collected via a purpose-built sewer system that enabled urine collection from a slanted concrete floor. The urine was bottled and kept in a refrigerator at + 3°C until use. Rabbit urine was collected directly from a cage of an uncastrated adult male rabbit (Oryctolagus cuniculus) and used as a treatment directly after collection.



Procedure

The experiment took place between 23 January and 9 April 2021 during the winter and spring season. Temperatures ranged from –17 to 20°C. Prior to the actual tests, animals had been lured and habituated to the bait and the chambers for ca. 3 months. Animals were baited to the chambers in the evenings (just after dusk), because this time period reflects the usual peak of nocturnal rodent activity (Stryjek et al., 2013). We used 5 g of chocolate-nut cream (Nuss Milk Krem; i.e., Nutella™ (Weihong and Veitch, 1999; Jackson et al., 2016; Stryjek et al., 2019). To allow for visual assessment of food intake, the food spread was applied via syringe evenly on the surface of 70 mm Petri dishes. The vials were cleaned with a scentless soap and fresh portion of the cream was provided daily. To eliminate possible scent markings and any possible treatment odors, the entrance pipes were thoroughly cleaned with a scentless soap and a 1-cm-thick sand layer was replaced before each trial.



Behaviors recorded

We recorded the total duration (seconds) and the number of occurrences of the following behaviors. Visits-the number of times animals were captured on video entering the chamber. Time spent inside chamber-total time in seconds that animals spent inside the chamber. Flight-the number of times an animal obviously retreated quickly, usually by backing away from the cue, often while vigilant. Freeze-a sudden immobility of the whole body, usually lasting less than 1 s. Withdrawal-the number of times the animal slowly or methodically backed away from the cue, whether obviously vigilant or not. Foraging effort-the amount of time spent consuming or interacting with the food bowl. Scent inspection-the number and time spent (s) interacting (e.g., non-incidental touching or sniffing) with the scent probe.

On treatment days, 1 ml of coyote, lion or herbivore control (rabbit) urine was applied to scent probes made from 10 cm-long × 12 mm thick birch twigs that were placed 4 cm from vials (Figures 1B–D). In the second chamber, 1 ml of tap water was applied as a first type of ‘wet’ control. We also used a dry control (a dry scent probe that otherwise had no scent applied to it) because water can be an attractant, or even enhance scents. All scents, except the dry scent probe, were alternated through the two chambers randomly such that there was always one ‘safe’ chamber and one chamber with a predatory scent (i.e., all subjects had two choices, food + scent, or food + control; Table 1). Each scent and the wet probe were presented three times (in three blocks) with each exposure lasting 2 days. The dry scent probe was then presented for up to 4 days between each of the three blocks. We presented the dry probe for this length of time because having a scent present in either chamber might lead to a negative valence throughout the area (sometimes called an area effect) and cause animals to avoid both chambers, and thus prematurely end the study as occurred in (Parsons and Blumstein, 2010b). For remote monitoring, we connected a series of three infrared cameras with motion detection (Easycam EC-116-SCH; Naples, FL, United States) to a single digital video recorder (Easycam EC-7804 T; Naples, FL, United States). This equipment allowed detection and subsequent recording at all hours for the duration of the study.



Statistics

We used Poisson regression to assess whether each behavior significantly differed by treatment, using the GENMOD procedure using log link and each mouse species as repeated subjects. For each outcome of interest, we re-fitted the Poisson model and altered the treatment reference category in order to identify significantly different pairs of treatments (e.g., pairwise comparisons). To assess whether there were significant differences in responses between the two species, we used Poisson regression with an interaction term between species and treatment. We report our results as Incident Rate Ratios (IRR) where a rate of 1.0 implies the outcome occurs at the same rate between treatments. We used a t-test to determine whether there were differences between chambers. Analyses were performed using SAS/STAT (Cary, NC, United States, Version 9.4).


Ethics statement

This observational study was a largely non-invasive experiment based on the surveillance of free-ranging animals that were free to enter or ignore experimental chambers with food and video cameras. Thus, it did not require permission of the local ethics committee for animal experimentation. The study was carried out on private land with permission of its owners, and all procedures were conducted in accordance with the Polish Animal Protection Act (August 21, 1997). The study was designed and carried out in compliance with the ARRIVE guidelines (Kilkenny et al., 2010).





Results


Visits and overt responses by wild animals

Nearly all instances that a palatable food reward was available in the chamber elicited ‘voluntary’ visitation into the test chambers by two species of wild rodents (264 visits from 266 baits). Overt changes rarely occurred in this study. Flight only occurred twice throughout the project and one instance happened during a control phase. Animals never demonstrated withdrawal nor froze.



Time spent in the chamber

When compared to the dry scent probe, mice spent a total of 75% more time (IRR = 1.74) when the coyote urine treatment was present (p < 0.0001; Figure 2). The total time spent in the chamber was 380% (IRR = 3.84) longer when the lion treatment was present (p < 0.0001). The herbivore treatment, rabbit, was not significantly different from the dry probe. The total time spent in the chamber was 65% (IRR = 1.65) longer when the wet scent probe control (water) was present (p < 0.0001). Both species spent sufficient time inside the chamber to enable monitoring of their full range of behaviors. Once inside the chamber, A. agrarius spent 84.5 s inside, while A. flavicollis spent an average of 106.5 s inside. Though, the total time in chamber was not significantly different between the two species (p > 0.1). There were several species × treatment interactions. Compared to A. flavicollis, when the lion treatment was present, the total time by A. agrarius in the chamber was four times longer than when the dry scent probe control was present (IRR = 4.03; p < 0.0001)). Compared to A. flavicollis, when the rabbit treatment was present, A. agrarius’ total time in the chamber was three times longer than when the dry scent probe control was present (IRR = 2.99; p < 0.05). Compared to A. flavicollis, when the water control was present, A. agrarius time in the chamber was four times longer than when the dry scent probe control was present (IRR = 4.03; p < 0.05). Animals did not show a preference for either chamber; animals spent an average of 278.6 s in chamber A and 279.9 s in chamber B (p > 0.9).

[image: Figure 2]

FIGURE 2
 Boxplot and jittered scatterplot of visits to the chamber by two species of wild rodent, striped (A. agrarius) and yellow-necked (A. flavicollis) mice. Pairwise comparisons in superscript are significant at the level of p < 0.005.




Scent inspection: Interactions with the scent probe

Compared to the dry scent probe, when the lion treatment was present there were nearly five times more interactions with the stick (IRR = 4.92; p < 0.001; Figure 3), there were 3.5 times more interactions (IRR = 3.49) when the coyote treatment was present (p < 0.0001). The animals interacted with the scent probe 3.4 times more often (IRR = 3.38) when rabbit scent was present (p < 0.0001). The number of interactions with the scent probe when the water treatment was present was not significantly different from the dry stick (p > 0.1). There was a species × treatment interaction. As compared to A. flavicollis, when the water control was present, A. agrarius interacted with the scent probe 4.5 times more often compared to the dry scent probe (IRR = 4.48; p < 0.05).

[image: Figure 3]

FIGURE 3
 Boxplot and jittered scatterplot of interactions with the scent probe by two species of wild rodent, striped (A. agrarius) and yellow-necked (A. flavicollis) mice. Pairwise comparisons in superscript are significant at the level of p < 0.005.




Foraging effort: Time spent at bowl

Compared to the dry scent probe, the total time spent interacting with the bowl was 78% longer (IRR = 1.78) when the coyote treatment was present (p < 0.001; Figure 4). The total time spent interacting with the bowl was 45% longer (IRR = 1.48) when the lion treatment was present (p < 0.001). The rabbit treatment was not statistically significant. The total time spent interacting with the bowl was 40% longer (IRR = 1.40) when the water control was present. There was a species × treatment interaction: A. flavicollis spent 12% more time interacting with the bowl as compared to A. agrarius (IRR = 1.12; p < 0.05).

[image: Figure 4]

FIGURE 4
 Boxplot and jittered scatterplot of foraging effort by two species of wild rodent, striped (A. agrarius) and yellow-necked (A. flavicollis) mice. Pairwise comparisons in superscript are significant at the level of p < 0.005.





Discussion

Wild rodents differ from laboratory animals in that they are typically more genetically variable, they are less likely to be satiated, and they are influenced by a suite of natural conditions. All of these facets are experimentally controlled in laboratory situations. By placing well-known laboratory-style chambers (Toubas et al., 1990; Maren, 2008; La-Vu et al., 2020) in close proximity to known wild rodent populations, we were able to successfully attract and study overt and subtle responses shown by two species of free-ranging rodents. Both species are closely-related to the most common laboratory rodents, Mus musculus (Knitlová and Horáček, 2017). Unlike most traditional tests where captive animals are forced to interact with a cue, animals that are attracted to an assay, ‘choose’ to interact.

Several factors led us to believe that this bioassay could be potentially promising. As in many field studies, we were able to directly compare the influence of dual-motivational drives (food vs. predator scents) on wild rodents. This assay is unique to the field however, in that it mimics a laboratory assay, whereby experimental areas are divided into zones, compartments and entry pipes that can be alternated between treatments and controls. Unlike traditional field tests, the high walls and enclosure of the chamber assay may help rodents feel ‘safe’. Some rodents prefer enclosed spaces, in particular wall surfaces (e.g., thigmotaxis; Harris et al., 2009; Stryjek and Modlińska, 2013) because they perceived reduced predation risk in these areas. Indeed, virtually all individuals that entered the chamber eventually foraged in the experimental chamber. We limited our remote sensing to three bottom-facing, infrared, motion-detecting cameras, and from this information we were able to detect individuals. However, one could also capture animals directly in the chambers and microchip animals to improve confidence of individual identity. Because we assume that animals in the wild are not satiated as laboratory animals are, we suggest this could be a potentially promising assay to understand dual-motivational drives.

To address our second goal of the experiment, we were able to determine how both species differed in their responses to multiple predator scents and two types of controls. We have also learned that wild rodents responded in both overt and subtle ways to predator scents as compared to an herbivore scent. While we were aware that animals often approach a predator scent, we were surprised at the magnitude of the response (e.g., a positive valence toward a risk scent is almost perceived as a type of ‘attraction’; Parsons et al., 2018). Indeed, our experimental assay, designed with multiple days of the dry scent probe being present in both chambers, was intended to discourage animals from not returning to forage because they perceived the chamber as particularly aversive or fearful. The increased visitation in proximity to lion feces is consistent with the mice obtaining additional information about a potential threat prior to responding (Dugatkin and Godin, 1992). This type of predator inspection is common among small vertebrates (Pitcher et al., 1986; Dugatkin and Godin, 1992; Brown, 1999; Brown and Paige, 2000; Parsons et al., 2018). Lastly, they employed subtle behaviors (such as scent inspection) that implies animals felt safe enough inside the enclosure to investigate a cue that could represent danger had it been provided under riskier contexts.

The conflicting drives of highly-palatable food and predator scents presented concurrently could have attenuated the overall strength of the response. For instance, it is possible that had no attractant been available, then rodents could have had a stronger aversive response when approaching the scents. This could partly explain the perception that predator scents in the laboratory have stronger or more consistent responses. Again, we can only assume that risk assessment by inspection allowed the animals to recognize a tolerable level of risk in these scents. It is likely that these approaches allowed the mice to attend to parameters such as the recentness or ‘freshness’ of the scents (Barnes et al., 2002; Hawkins et al., 2007) or intensity of the cue (Preisser and Orrock, 2012). Predators have been historically active year-round in this region, and thus we expect mice to remain sensitive to predator cues even in the coldest weather. It is possible, however, that mice might have to investigate scents more closely during cold temperatures because the volatile constituents might not disperse as well as during warmer weather (Muller-Schwarze, 2006). We also wonder whether the mice would have responded differently to native predators. While we assume that defenseless mammals should be fearful of any predator scent, known or unknown (Apfelbach et al., 2015), we wonder if previous experience with the predator would have resulted in a faster decision (Apfelbach et al., 2005). Regardless, a primary function of inspection may be to approach close enough to engage other modalities (Munoz and Blumstein, 2012; Lecker et al., 2015) and, by doing so, acquire more information about the true risk of predation.

The subtle changes we found, however, matter in an ecological context because they represent lost time feeding and changes to the energy budget from the trade-off in feeding effort (Lima and Dill, 1990; Lima, 1998; Lima and Bednekoff, 1999; Luttbeg and Sih, 2004; Luttbeg, 2017). Additionally, subtle responses illustrate the potential for variable responses to threats. In some circumstances, subtle responses can be strengthened by modifying the intensity (Preisser and Orrock, 2012), and/or the duration of the predator cue (Lecker et al., 2015; Parsons et al., 2018) or including other modalities (Munoz and Blumstein, 2012) to reinforce the cues in targeted applications (Lecker et al., 2015). The idea here is that a subtle cue can be amplified synergistically or additively by other cues. So for applied outcomes, even the most subtle of responses should not be ignored, because subtle consistent responses could be useful (Lecker et al., 2015). For laboratory support or validation, our findings show that other factors contributed to the direction of the response. Importantly, we think we have shown that context mattered as much as the type of cue being measured. We assessed interactions between species and treatment to rule out species differences in explaining overall responses. However, interactions between species were minimal with both species approaching predator scents.

We conclude that the assay was successful in recruiting rodents into laboratory chambers placed in the wild where a range of contexts may be assessed using genetically-variable animals. Our results also suggest the importance of feeding drive as a motivation for prey animals to engage in tests while taking risks to approach a predator scent. Chamber studies may be a relatively easy and convenient means to attract large populations of wild rodents, whom we assume will have relatively natural responses, while maintaining a high degree of control over their identification and behaviors over time. The contexts that were most important in the field, could be targeted for replication in the laboratory, while remaining contexts deemed as ‘noise’ could be removed for standardization.



Future directions

A key benefit of laboratory research is that the number of individuals can be specified with precision whereas in the field, we must rely on animals electing to participate in these experiments. And, in the field, there is the risk of inadvertent pseudo-replication (which may not be a huge problem depending upon individual differences (Oksanen, 2001)). If wild individuals were trapped before the study and given passive integrative transponder (PIT) tags, tracking free-living individual responses to treatments would be possible (Parsons et al., 2016, 2019). It is also possible that machine learning algorithms could be used to remotely identify individual rats from their dorsal pelage and/or behavior. Even with relatively small sample sizes, field results may highlight differences exhibited by captive animals and this may permit creating more realistic captive situations. For instance, while testing the effects of predator scents on two species of wild mice, Stryjek et al. (2021) discovered a unique (and previously unknown) behavior that occurred only in very low temperatures that would not have been possible to discover in a standard laboratory assay because the temperature was a variable that was precisely controlled. It is also likely that a range of variables traditionally used in the laboratory can be measured inside a field chamber. Such variables may include fecal glucocorticoids, temperature fluctuations (Stryjek et al., 2021), scales to record changing weights (Parsons et al., 2016), speed of movement, grooming (van Erp et al., 1994) and eye-tracking (Payne and Raymond, 2017) among other possibilities. We look forward to the insights gained from realistic field assays and to these insights being used to create more realistic laboratory assays to study fear.



Author’s note

Predator scents often elicit greater antipredator responses to prey species in the laboratory than in the field. More field assays are needed to support compelling laboratory findings. Two species of wild mice, Apodemus agrarius and Apodemus flavicollis, do not have detectable antipredator responses to predator scents in the field. Wild mice instead approach predator scents placed inside the test apparatus. These subtle, but meaningful responses, might reflect predator scent inspection, rather than escape. Field assays can help validate laboratory findings and provide a more realistic understanding of fear responses.
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