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Abstract – Environmental enrichment, particularly auditory enrichment, has recently gained attention as a potential 

method for reducing stress and encouraging a more diverse behavior repertoire in captive animals. However, the 

effects of auditory enrichment on behavior are inconclusive between different studies, and interpretation of behavior 

has proven difficult. In this commentary, we discuss different factors, such as small sample sizes and diversity of 

social groups, which might contribute to contradicting results. We then discuss the value of replication studies in 

animal behavior research and provide a framework and practical guidelines for developing independent replications 

prior to publication. 
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Reproducibility 

 

The replication of empirical research is widely acknowledged to be a cornerstone of the scientific 

process. Over the past decade, a number of controversies have spurred a plethora of articles and 

conversations on transparency, study design and questionable research practices, and the role of 

replication in psychological science and related fields (Aarts et al., 2015; Ioannidis, 2005; Wiggins & 

Chrisopherson, 2019). Usually, a primary study shows significant findings, and the expectation is that 

these can be replicated when tested with new data and in new laboratories. However, in reality, many 

findings have been replicated less often than expected, leading to questions regarding the validity of the 

original or replication study, and/or whether failure to replicate actually indicates that there is no true 

effect after all (Maxwell et al., 2015; Shrout & Rodgers, 2018). This ‘replication crisis’ led to a concerted 

effort by the Open Science Collaboration to replicate 100 psychology studies from three top-tier journals 

(Aarts et al., 2015). Each study was replicated once, and depending on the criterion used, only 36 to 47% 

of the original studies were successfully replicated. However, it should be noted that concerns have been 

raised regarding the validity of the results due to wide prediction intervals, error, bias, and differences 

between the original and new sample populations (Gilbert et al., 2016; Patil et al., 2016).  

In comparison, the ‘Many Labs’ project took this a step further; 36 independent laboratories 

attempted to replicate each of 16 original psychology studies and pooled their data (Klein et al., 2014). 

This project resulted in much more optimistic figures; 85% of the original studies were successfully 

replicated (Gilbert et al., 2016; Klein et al., 2014). A later study by the same group successfully replicated 

54% of 28 published findings (Klein et al., 2018). This indicates that ‘failures to replicate’ may not be 
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failures at all but may simply be the result of single replication studies ultimately having too low a 

statistical power to identify true effects (Maxwell et al., 2015). 

The replication crisis has forced other fields to reflect on the frequency and success with which 

they replicate previously published studies. Traditionally, the field of biology has a poor record regarding 

the publication of replication studies. A 2019 study reported that only 0.023% of studies in the general 

field of ecology and evolution were described by their authors as replications (Kelly, 2019), though this 

may be an artefact of promoting ‘novelty’ in publications. Similarly, researchers in the field of animal 

behavior or behavioral ecology seldom conduct replication studies; there is little culture of replications 

being encouraged or even expected (Kelly, 2006). Surprisingly, this includes the field of comparative 

cognition, a field closely related to psychology, where we would expect to see more replication studies 

(Farrar et al., 2020).  

Here, we discuss the difficulty of conducting replications in applied animal behavior studies, 

using auditory enrichment studies in zoos as primary examples, and how encouraging replicates in this 

area could dramatically improve scientific progress and generalizability in the field of applied animal 

behavior. See Figure 1 for a representation of the value of replication research.  

 
Figure 1  

 

A Useful Model for the Value of Replication Research 

 
 

Replication of Environmental Enrichment Studies 

 

Millions of animals are housed in captive facilities worldwide, including farms, laboratories, 

zoos, and animal shelters. Unfortunately, captive conditions contain a wide array of potential stressors. 

For instance, the presence and noise from staff and visitors (Quadros et al., 2014) and/or social group size 

and species composition (in multi-species housing) may cause psychological stress (Price & Stoinski, 
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2007), spatial limits can restrict free movement and behavior (Polverino et al., 2015), and a lack of 

structural complexity, novelty, and/or repetitive diets may not provide sufficient mental or physical 

stimulation (Carlstead & Shepherdson, 2000; Morgan & Tromborg, 2007). As a result, animals may 

display stereotypy- fixed, repetitive behaviors that lack any obvious adaptive purpose (Powell et al., 2000; 

Singer, 2011). Fortunately, stereotypy can be prevented or reversed with appropriate environmental 

modification (Meehan et al., 2004). For example, forage-based enrichment, such as hiding or scattering 

food, can reduce or eliminate stereotypical behavior and promote behavioral diversity in a range of taxa 

(e.g., felids: Bashaw et al., 2003; Burgener et al., 2008; bears: Carlstead et al., 1991; pinnipeds: 

Fernandez & Timberlake, 2019; Hocking et al., 2015; primates: Baker, 1997; Bayne et al., 1991; 

mustelids: Malmkvist et al., 2013; aves: Meehan et al., 2003), and is now commonly used in captive 

facilities. 

In recent years, auditory enrichment has been gaining attention as an additional form of 

environmental enrichment. Loud ambient noise, such as that found in animal facilities, has been shown to 

negatively impact a range of species (e.g., seahorses: Anderson et al., 2011, fish: Purser & Radford, 2011; 

Smith et al., 2004; Voellmy et al., 2014, birds: Blickley et al., 2012; Chloupek et al., 2009; Potvin & 

MacDougall‐Shackleton, 2015, dogs: Gue et al., 1987, rats: Khasar et al., 2005, among others reviewed 

by Kight & Swaddle, 2011). As the value of music for the psychological well-being of humans is 

relatively well documented (e.g., MacDonald et al., 2012; McDermott et al., 2014; Whipple & Glynn, 

1992), this has influenced the implementation of auditory enrichment for animals. A quarter of surveyed 

zoos provide auditory enrichment, such as animal vocalizations and music, for captive mammals at least 

once a week (Hoy et al., 2010) and radios are frequently played in animal facilities (Krohn et al., 2011). 

Auditory provisioning may mask stressful sounds and improve animal welfare and behavioral 

diversity (Ogden et al., 1994). However, in animal facilities, there seems no clear consensus and standard 

practice regarding auditory enrichment protocols (e.g., stimuli vary considerably from ecologically 

relevant sounds to presentation of music or radio), all of which display varying sound statistics. Findings 

from auditory enrichment studies have been contradictory- likely due to a combination of small sample 

sizes and broad range of auditory stimuli. For example, auditory enrichment (rainforest sounds) resulted 

in reduced behavioral diversity in Senegal bush babies (Galago senegalensis) and two‐toed sloths 

(Choloepus didactylus), while nine‐banded armadillos (Dasypus novemcinctus) in the same study showed 

no behavioral changes (Clark & Melfi, 2012). Conflicting results occur even within species. For example, 

captive lowland gorillas (Gorilla gorilla) provided with ecologically relevant sounds have demonstrated 

reduced stereotypic stress‐related behavior (Robbins & Margulis, 2014), no change in activity or anxiety-

based behavior (Brooker, 2016), and increased locomotory behavior suggestive of agitation (Ogden et al., 

1994) as well as a brief (<15 min) fear response when first presented with rainforest sounds (Wells et al., 

2006). However, the same study later found that western lowland gorillas tended to engage in more 

relaxed behaviors and less stress‐related behavior under the rainforest sound condition (Wells et al., 

2006). 

This variation in results of course raises the question, why do so many studies apparently 

contradict each other?  First, sounds used in each of these studies differ in ‘ecological relevance’, and thus 

the sound statistics (and thus appeal) of the soundtracks would also vary. Further, many of these studies 

are characterized by small sample sizes with animals kept in different types of social groups. When we 

consider the lowland gorilla example discussed previously, each social group was completely different; a. 

four captive‐born western lowland gorillas (two adult females, one adult male silverback, and one female 

infant, Robbins & Margulis, 2014), b. six lowland gorillas (one silverback, three adult females, one 

blackback male, one adolescent female. An infant male was also present, though was not behaviorally 

assessed in this study, Brooker, 2016), c. four lowland gorillas (adult male, adult female, and two infants, 

Ogden et al., 1994) and d. six (three males, three females; two wild-born, four captive-born) lowland 

gorillas aged between 8 and 41 years, Wells et al., 2006). There is little that can be done about this. Group 

sizes of certain species, for example, endangered species with long life cycles requiring high standards of 

housing, cannot simply be increased; thus, sample sizes are often out of control of individual researchers. 

Still, research on these species is very important, not only to ensure welfare of individuals in captivity, but 
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also to gain general knowledge about the behavior of species, which for several reasons, is often difficult 

to study in the wild.  

Individual responses are also likely to be context dependent. Differences in behavior between 

different studies may be a result of different housing conditions, and thus, differently enriched 

environments. For instance, solo-housed birds showed more stereotypy than group housed birds (Robbins 

& Margulis, 2016; Williams et al., 2017). This affects the opportunities for enrichment itself (e.g., 

whether a facility has the space or finances available required to provide highly enriched environments), 

as well as individual responses to enrichment as behavioral responses are influenced by early life history 

and general life experience. For example, early exposure to complex environments affects later 

development in deer mice (Peromyscus maniculatus: Hadley et al., 2006), in utero exposure to music in 

rats improves maze learning later in life (Rauscher et al., 1998), and environmental enrichment during 

rearing reduces fear levels and risk of injury in adult chickens (Reed et al., 1993). Rearing methods also 

play a crucial role; for instance, hand-reared birds show more stereotypic behaviors and interact less with 

enrichment than parent-reared birds (Williams et al., 2017), further emphasizing the need for considering 

context dependencies. 

Furthermore, other studies test a very small sample of multiple species (often only one or two 

individuals per species) and describe substantial behavioral differences between species, which cannot 

necessarily be explained by socio-ecological factors (Robbins & Margulis, 2016; Williams et al., 2017).  

For example, Williams and colleagues (2017) presented ten zoo-housed psittacines of different species to 

six conditions of auditory stimulation (classical music, pop music, natural rainforest sounds, parrot 

sounds and a talking radio); unsurprisingly, behavioral responses were inconsistent. Similarly, the 

behavioral responses of three different African bird species to natural sounds, classical music, and rock 

music varied, with vocalizations and frequency of flying differing with music genre between species 

(Robbins & Margulis, 2016). Unfortunately, the small sample size here makes it difficult to interpret 

whether these forms of auditory enrichment impacted animal welfare. All of the behavioral effects 

described in these studies could be equally interpreted as signs of decreased welfare due to increased 

levels of stress (though it should be noted that none of the birds showed abnormal or negative 

stereotypies) or increased welfare by promoting more varied behavior. 

This has resulted in a number of small-scale studies that attempt to gauge preference for different 

types of stimuli, most of which find high individual variation in preference. A classic study tested Java 

sparrows (Lonchura oryzivora; n=4) to determine whether they could distinguish between classical 

composers, and if they preferred the compositions by either J.S. Bach or A. Schoenberg (Watanabe & 

Nemoto, 1998). Two of the four showed a clear preference for Bach over Schoenberg, including when 

tested with novel pieces of music from the same composers. In comparison, the other two birds showed 

no preference. Unsurprisingly, other preference studies have also found considerable variation in 

preference across subjects (Fay & Miller, 2015; Fernandez et al., 2004; Mehrkam & Dorey, 2014), 

highlighting the need for additional research. 

Within the field of applied animal behavior, and more specifically zoo-based studies, faithful 

replication of earlier studies is typically difficult because we study a diverse array of species in what can 

be highly variable settings. In comparison to other biological parameters, such as fecundity or longevity, 

behavior is naturally more difficult to quantify in an objective way. Indeed, when considering a study 

population in a zoo or research facility, given the small sample sizes, and variety of methods used for 

housing animals, as well as the potential impacts of developmental life experiences, it is impossible to 

reproduce exactly what other animal behaviorists have found. Such difficulties, however, do not diminish 

the importance of reproducibility. It is because of the specificity of these studies, i.e. this is what an x-year 

old male gorilla raised in y conditions does in response to z, that we need to carry out as many replications 

as possible in order to generalize behavior- particularly under captive conditions.  

However, we also need to consider the ethical implications of running replicates, particularly in 

light of the guiding principles of the 3Rs: reduction, refinement, and replacement. Results of studies with 

small sample and effect sizes should not be expected to consistently replicate, especially as a likely 

publication bias towards positive results needs to be taken into consideration (Farrar et al., 2020). 
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Recently behavioral biologists have suggested the STRANGE framework to avoid sampling biases in 

animal behavior research (Webster & Rutz, 2020). The authors urge researchers to consider the social 

background, trappability and self-selection, rearing history, acclimation and habituation, natural changes 

in responsiveness, and genetic makeup of their study animals, as well as evaluating animal’s life 

experiences when interpreting findings. Further, they argue that it is possible to mitigate STRANGE-

related biases in studies by taking them into account when designing a study, declaring them in 

publications and discussing potential limitations (Webster & Rutz, 2020). We suggest that careful 

consideration and incorporation of the STRANGE framework when designing studies and interpreting 

results, together with replication studies, can potentially increase generalizability of applied animal 

behavior studies. In line with the 3Rs, each study conducted should use the minimum number of animals 

necessary without the loss of scientific rigor. This could be achieved by power analyses of pilot or 

previously published data (Cohen, 2013), which should be standard procedure at the stage of institutional 

ethical approval. Most examples we highlighted here consisted of zoo-based studies with small sample 

sizes and conflicting findings, emphasizing the need for more systematic attempts to replicate findings at 

larger scales. This will not only help to increase scientific knowledge about zoo-housed species, but also 

the general welfare of captive individuals.  

 

Rethinking the Value of Replication Studies 

 

While it is in everyone's interest that replication projects are conducted and the results publicly 

reported, there is no clear consensus about how to encourage these practices. In an ideal world, senior 

academics, research institutions, funding bodies, and journals would all acknowledge the importance of 

replication studies. There would be more focus on better understanding the generalizability and 

applicability of previous results in new or additional ecological systems. There is some merit to 

objections about allocating resources towards replication studies, which may be costly in terms of both 

financial and time costs, and away from alternative research. Furthermore, although natural science 

journal editors generally endorse replication studies as necessary, they are more difficult to publish 

(Madden et al., 1995), and, if published, tend to be published in journals with lower impact than the 

original publication (Frank & Saxe, 2012).  As such, they are generally perceived as less valuable than 

original research, resulting in less recognition for the authors, and are less likely to be funded (Earp & 

Trafimow, 2015; Everett & Earp, 2015; Madden et al., 1995). This raises a conflict between self- and 

collective interest. Early career researchers (ECRs) are particularly affected by this social dilemma, as 

they are under strong selection pressure to publish high-impact work within the first couple of years of 

completing their Ph.D (Everett & Earp, 2015), which in the current academic environment is most likely 

achieved by publishing novel (ideally ‘ground-breaking’) studies. Failure to do so may result in failure to 

progress their careers and reduce the likelihood of future funding. Thus, ECRs that choose to invest time 

in replication studies are likely to reduce their employability in comparison to other ECRs that focus on 

novel experiments.  

Other authors have suggested that replication studies should begin with undergraduate students, 

by introducing them to the replication crisis early on in their studies (Chopik et al., 2018), as well as 

involving undergraduate students in carrying out replications of new research as part of their coursework 

(Frank & Saxe, 2012; Grahe et al., 2012). Given that 100% of undergraduate psychology degrees in North 

America (from the 382 universities examined) offer courses in research methods, and 90% offer 

independent undergraduate research projects (Stoloff et al., 2010), the potential for contributing the 

results of replications towards large databases is substantial. The faculty that supervise these replication 

projects could report the number of projects and where these were submitted, thereby providing evidence 

of teaching-related research activity for their own evaluations (Grahe et al., 2012). Recognition of the 

value of replication projects within the field could raise the profile of such work and thus its value in 

meeting tenure requirements (Grahe et al., 2012). 

Unfortunately, the type of replication studies that are suitable for undergraduate dissertation 

students will be, by necessity, those that are relatively simple and can be completed within a term. 
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Financially costly studies will be reproduced less often. Moreover, when considering the field of applied 

animal behavior, university and government-level restrictions, including the 3Rs, on working with 

animals will limit the type of studies that can be replicated. In comparison, Ph.D. students are more likely 

to have the skills (or be able to develop these with their supervisors) and additional time required to carry 

out high-quality and more complex replications (Everett & Earp, 2015). We believe that requiring Ph.D. 

students to carry out at least a single replication study in their field as part of their candidature would 

provide a multitude of benefits. Firstly, new Ph.D. students would be able to carry out and write up a 

research project early in their candidature; they would essentially be following an established 

methodology and (potentially also) statistical analysis, thereby increasing their confidence in conducting 

and critically evaluating research studies. As a result, students would gain in-depth knowledge of a study 

related to their upcoming original research. Indeed, their results may prove to be the foundation of their 

thesis and/or take their research in a new direction.  

Moreover, working in a multi-lab group to carry out these collaborative replications would 

encourage early network development, which is crucial for ECRs. This approach will need the full 

support of their supervisors, with a clear structure of which study will be replicated as soon as the student 

starts their candidature, to allow time for ethics approval and necessary permits and training. However, 

hitting the ground running would allow for early write-up of their replication study as a thesis chapter- 

which could result in a relatively quick publication- all while still allowing them to carry out original 

research later in their Ph.D. For example, some of the published auditory enrichment studies in zoo 

animals could easily be replicated in other zoos that host the same species. Asian elephants (Elephas 

maximus), for instance, are a relatively common zoo animal, so there would be potential to run replicates 

of auditory enrichment studies (e.g., Wells & Irwin, 2008) and extend this topic further. Furthermore, as 

the results from these replication studies build up, patterns in generalizability will become clearer. From 

there, it is much more likely that we, as researchers, can push for funding bodies to consider additional 

funding streams- whether that is a push for independent direct replications, or support for schemes similar 

to the ‘Many Labs’ project- to support replication studies.  

As a result, we feel that an integrated approach involving both undergraduate and postgraduate 

students would be most beneficial; this provides students with a rewarding learning environment that 

allows students to truly engage with research design and practice, while also providing large numbers of 

independent replication studies. If replications became a mainstream requirement of Ph.D. candidature, 

this minimizes the risk of some Ph.D. students being disadvantaged in comparison to others for 

conducting replications rather than focusing solely on original research (Everett & Earp, 2015). We 

acknowledge that this suggestion requires a cultural shift; journal editors, funding bodies, and academics 

will all need to come together to provide support for, and raise the value of, replication studies (Kelly, 

2006; Nakagawa & Parker, 2015; Palmer, 2000). 

 

Future Directions 

 

Animal behavior and cognition studies in general often describe large individual differences in 

responses. These individual differences can present ‘noise’, i.e. confounding variables (for example, 

environmental factors such as housing or individual characteristics such as age or sex), affecting behavior 

rather than the factors of interest, such as environmental enrichment. On the other hand, individual 

differences in behavior can also present a meaningful response to a stimulus. Hence, as a first important 

step, future applied animal behavior research should focus on separating signals from noise; firstly, by 

identifying the behaviors of interest, and providing interpretations for any changes in behavior. A clear 

framework of which type of behavior acoustic enrichment is expected to elicit, such as relaxation versus 

excitation in the focal individuals, and how those responses are behaviorally quantified is crucial for a 

more consistent interpretation of behavioral responses. Secondly, confounding variables should be 

standardized as far as possible, or should be accounted for in statistical analysis. As such, within-subject 

designs in which individual responses to stimuli, for example auditory enrichment, are tested multiple 

times, provide a promising approach to produce replicable results (Farrar et al., 2020). 
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Despite the importance of generalization for effective implementation of environmental 

enrichment, few experiments have determined whether preferences generalize beyond the specific 

stimulus used for testing to a wider range of similar stimuli (e.g., Java sparrows generalize preferences for 

Bach; Watanabe & Nemoto 1998). Whereas it may be reasonable to assume that observed results 

generalize across individuals, populations, and contexts when there is no evidence to the contrary, the 

subtleties and complexities of context-dependent relationships within even a single species complicates 

this (Kelly, 2006; Klein et al., 2014). Failing to identify moderators and boundary conditions of effects 

may result in overgeneralizations across individuals, or when considering different environments, 

ecological contexts, or life history stages. For instance, individuals within a given population may behave 

differently throughout the year due to temporal changes in ecological and/or environmental variables 

(Foster & Endler, 1999). Cross-sectional studies that test enrichment preferences of animals of different 

ages combined with studies that test for change in preferences after repeated enrichment exposure within 

an age group could help tease apart these influences.  

As discussed earlier, it is often too difficult to directly replicate or duplicate animal behavior 

studies when working with non-traditional organisms, particularly zoo-based animals. Studies are 

conducted on a wide variety of distantly related taxa and broad research questions, and research is 

handicapped by small sample sizes. In an ideal world, we would simply increase sample sizes when 

designing animal behavior studies or investigating enrichment practices. While this is, perhaps, feasible in 

captive studies that use traditional animal models, where large sample sizes can simply be ordered from 

suppliers, researchers that work on non-domesticated species and less traditional models are constrained 

by the availability of study animals, suitable housing, and technical support. Where studies are repeated 

within the field of ecology and evolution, researchers tend to use a different species or study system, 

resulting in partial replication, i.e., ‘quasi-replication’ (Palmer, 2000), or a more general conceptual 

replication (Schmidt, 2009). Conceptual replications are designed to assess the generalizability of results, 

usually by using similar (rather than identical) interventions, alternate measures of the outcome, or by 

studying populations that differ spatially, ecologically, or temporally (Fabrigar & Wegener, 2016). 

However, results from conceptual replications must be interpreted cautiously; if previous results are not 

replicated, it is not clear whether the original finding was spurious, or if the effect simply does not extend 

beyond the original experimental conditions (Fabrigar & Wegener, 2016; Shrout & Rodgers, 2018). 

Future studies could be designed to aid future replications and improve generalizability.  

In other fields, e.g. psychology, biomedical sciences, where replication studies are more common, 

numerous laboratories and standardized conditions are available to replicate experiments under very 

similar conditions. For example, several studies confirm that the use of auditory enrichment increases 

neural plasticity in rats (Bose et al., 2010; Engineer et al., 2004; Kühlmann et al., 2018; Percaccio et al., 

2007).  Unfortunately, opportunities for such direct replications are often limited in behavior research that 

involves non-traditional model species. This issue could potentially be solved by collaborative efforts, as 

seen in other areas, such as the ManyPrimates projects, which was initiated to facilitate collaboration 

across study sites in primate cognition research (Altschul et al., 2019). Within initial ManyPrimates 

projects, researchers were able to include 176 individuals from 12 primate species housed at 11 sites 

across Africa, Asia, North America and Europe (Altschul et al., 2019). Similar ideas have been raised in 

other fields, where multiple labs have agreed to work together to test the reproducibility of their studies 

prior to publication (Schooler, 2014). Practical guidelines for such collaborative efforts already exist 

(Simons et al., 2014) and could be easily modified for environmental enrichment studies. In many areas 

of animal behavior and cognition, standardized experimental tests are already available, such as the detour 

task to assess motor-impulse control (Kabadayi et al., 2018), open field and novel object tests to assess 

animal personality (Carter et al., 2013; Perals et al., 2017), and string pulling to assess problem solving 

(Jacobs & Osvath, 2015). These test paradigms are applied in a comparable way in a wide variety of 

species and have been found to be repeatable in the same species.  

In a collaborative effort, standardized experimental protocols could be conducted in zoos, 

research facilities, animal shelters or sanctuaries, and/or farms. For example, zebra finches (Taeniopygia 

gutatta) are housed in zoos and laboratories worldwide, thus replicates could be run across countries (to 
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identify further across-population variation e.g., Griffith et al., 2017), or within regions, where variation 

in confounding factors are likely to be reduced, e.g., due to Directive 2010/63/EU of the European 

Parliament and of the Council of 22 September 2010 on the protection of animals used for scientific 

purposes.  This way, larger sample sizes are certainly possible and independent data from multiple 

institutions would provide replicates in themselves.  

 

Conclusions 

 

In our opinion piece we highlight challenges and importance of replication of behavioral studies 

conducted in zoos. We suggest that understanding the replication of studies be introduced to students at 

the undergraduate level, with Ph.D students encouraged to conduct replication studies related to their 

original research topics. We also suggest that labs work together to develop replication studies prior to 

publication and/or foster a work environment conducive to conducting replication studies and raising the 

value of replication studies beyond being simply confirmatory. We appreciate that this is a difficult task, 

particularly when studying non-traditional animals, but it is essential to ensure that current results in 

animal behavior are not simply artefacts of inadequate sample sizes and single study replications. 
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