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Abstract
Whether animal personality studies provide insights of broader evolutionary and ecological relevance to the field of behavioural ecology is frequently questioned. One of the sources of controversy is the vast, but often vague terminology present in the field. From a statistical perspective, animal personality is defined as (statistically significant) among-individual variance in behaviour. However, numerous conceptual definitions of animal personality are available in the literature. Here, we performed 1) a self-report questionnaire and 2) a systematic literature review to quantify how researchers interpreted conceptual and statistical definitions commonly used in animal personality research. We also compared whether data obtained from the questionnaire matched with data from the literature review. Among the 430 self-reported researchers that participated in our questionnaire, we observed discrepancies in key questions such as the conceptual definition of animal personality or the interpretation of repeatability. Furthermore, our literature review generally confirmed the global patterns revealed by the questionnaire. Overall, we identified common disagreements within the field of animal personality and discussed potential solutions. We advocate for adopting a terminology that avoids ambiguous interpretations and helps to make more explicit the widespread connotations implicit in the label “animal personality”.

1. Introduction
Labile traits such as behaviour and physiology are phenotypic traits whose expression can change as the environment changes (Scheiner, 1993). Labile traits can vary at multiple hierarchical levels: i) individuals can differ in their average trait expression (called among-individual variation) while at the same time, ii) individuals can change their trait expression from one instance to another (called within-individual variation, phenotypic flexibility or reversible plasticity; Forsman, 2015). Together, these two levels contribute to iii) variation in phenotypic expression - also called total phenotypic variation - of a labile trait. Studying among-individual variation in the expression of labile traits has become increasingly popular during the last two decades, particularly in the field of behavioural ecology (e.g., Dall et al., 2004; Dingemanse et al., 2010; Dingemanse and Réale, 2005; Réale et al., 2007; Schuett et al., 2010). The existence of repeatable among-individual variation in behaviour (i.e., termed “animal personality”) has been hypothesized and, subsequently, shown to have important consequences in ecology (population dynamics, survival, predator-prey interactions; e.g., Duckworth and Badyaev, 2007; Moiron et al., 2020), and evolution (social evolution, speciation, constraints on adaptive evolution; e.g., Dingemanse and Araya-Ajoy, 2015; Wolf and Weissing, 2012).
The ecological and evolutionary causes and consequences of among-individual variation in behaviour are relatively well investigated from a theoretical perspective (e.g., Dall et al., 2004; Dingemanse and Wolf, 2010; Rands et al., 2003; Sih et al., 2015). However, despite the important theoretical advances in the field and a series of highly-cited statistical articles providing guidelines for empiricists on how to test and interpret among- and within-individual variation in behaviour (e.g., Dingemanse and Dochtermann, 2013; Nakagawa and Schielzeth, 2010; van de Pol and Wright, 2009), animal personality researchers often do not empirically and statistically test those theories at the among-individual level, which is the level of variation of interest in animal personality research (Moiron et al., 2020; Niemelä and Dingemanse, 2018a, 2018b; Royauté et al., 2018). The current mismatch between theory, collected data and used statistical approaches may have arisen from different reasons. Empiricists might make the (informed or uninformed) decision of not collecting and/or using repeated behavioural measurements (the optimal sampling design for animal personality studies) and statistical methods (e.g., univariate and multivariate mixed-effects models) to answer questions related to among-individual differences. In such cases, empiricists are (knowingly or unknowingly) applying the “individual gambit”, i.e., assuming that the total phenotypic expression of a trait can be used as a proxy for among-individual variation in trait expression (Brommer, 2013; Dingemanse et al., 2012; Niemelä and Dingemanse, 2018b). Another potential reason for the mismatch between theory and its empirical testing might be that empiricists choose among a plurality of different conceptual definitions of animal personality from the literature, which might be then hard to connect to the statistical definition of animal personality. For example, the statistical definition of animal personality refers to the existence of statistically significant among-individual variance or variance-standardized among-individual variance in behaviour, i.e., individual repeatability (Dingemanse and Dochtermann, 2013); however, conceptual definitions of animal personality often include terminology that refers to both among- and within-individual variance in behaviour (e.g., among-individual differences and limited plasticity in behavioural expression; Table 1 and S1). 
Although an extensive amount of conceptual work on the field of behavioural ecology has aimed at clarifying the concepts and terminology used in animal personality research (Carter et al., 2013; David and Dall, 2016; Dingemanse and Wright, 2020; Kaiser and Müller, 2021; Niemelä and Dingemanse, 2018b; Roche et al., 2016; Sih et al., 2020; Stamps and Groothuis, 2010), no study has quantified the diversity and preference in the used conceptual terminology. Our work focuses on filling this knowledge gap, quantifying the diversity of definitions and interpretations of key terminology used in the field of animal personality, and exploring how conceptual definitions match with their associated statistical definitions. To do so, we combine a 1) systematic literature review and a 2) self-report questionnaire. Finally, without generating new terminology, we make suggestions on how to unify the already-in-use concepts. 
2. Methods
2.1. Literature review
We performed a systematic literature search across all years in Web of Science Core Collection (details in Figure S1) using the search string TS=("animal personalit*") on the 3rd of June 2019, and obtained 1,223 references. Our main interest was not to perform a comprehensive review of the entire field, but rather have a standardized subsample of the recent literature on this topic, i.e., “animal personality”, which is why we intentionally decided to avoid searching for related terms such as “behavioural syndrome” or “coping style” (e.g., Coppens et al., 2010; Dingemanse et al., 2012). The search was used to: (a) compile email addresses from a broad sample of animal personality researchers to whom forward the questionnaire to (full search used); (b) review the animal personality terminology of the most cited articles in the field (full search used); and (d) review the interpretation and use of “repeatability” (i.e., the most often used statistical metric to define the existence of “animal personality”) in the recent literature (records published since 2015; more below).
To review the interpretation and use of “repeatability” in the literature, we selected the ten most represented journals in our search (i.e., Animal Behaviour (149), Behavioral Ecology (94), Behavioral Ecology and Sociobiology (78), Ethology (53), Proceedings of the Royal Society B (53), PLoS ONE (50), Behaviour (41), Behavioural Processes (41), Applied Animal Behaviour Science (28), Current Zoology (26)) and downloaded all those 613 full records for subsequent screening. Titles and abstracts were screened using the software Rayyan (Ouzzani et al., 2016). The three authors performed the title-and-abstract screening using a decision tree (Figure S2) and 22% of the records (n = 135) were screened by two observers to increase the reproducibility and reliability of the process. Conflicting decisions were discussed and resolved collectively. We then randomly selected half of the studies published since 2015 that passed the title-and-abstract screening (n = 154 references), and extracted our variables of interest related to the interpretation and use of repeatability (see below). We did not attempt to extract data from all the studies that passed the title-and-abstract screening because our goal was not to perform a fully comprehensive review, but to explore the levels of agreement between the results of the self-report questionnaire and the literature review. We used 2015 as a reference year based on the publication of Cleasby et al. (2015), where the differences between repeatability, consistency and predictability were extensively described, but also to make the results of the literature review and the self-report questionnaire, which we consider to reflect researchers’ current opinions on the topic, more comparable regarding their time scale. Additionally, using 2015 as a reference year is in line with the publication of two other highly relevant studies in the field (Stamps, 2016; Westneat et al., 2015). The three authors performed data extraction, and data from 25% of the records (n = 39) were independently extracted by two observers to increase the reproducibility and reliability of the process. Conflicting decisions between observers were discussed and resolved collectively. Subsequently, each observer revised all decisions in their data subset, and a single observer (AST) performed a full database double-check to ensure overall data quality and consistency throughout (all corrections are detailed in the provided data file). After excluding those articles that did not estimate repeatability, our final database for the systematic literature review included a total of 88 articles (PRISMA diagram provided in Figure S3; Moher et al., 2009; O’Dea et al., 2021). Noticeably, our sample size of 88 included studies is above the mean number of studies included in systematic reviews and/or meta-analyses in our (and other) field(s) (e.g., 45 studies in ecology and evolution meta-analyses, Jennions and Møller, 2002; 63 studies in plant ecology meta-analyses, Koricheva and Gurevitch, 2014).
From each of the articles included in our final database, we extracted information about the interpretation of repeatability estimates. Specifically, we noted: (i) whether repeatability was interpreted at the among- and/or within-individual level; (ii) whether repeatability was interpreted as individual consistency and/or predictability in behaviour; (iii) whether repeatability estimates between different groups (i.e., different treatments or groups of animals) within the same study were compared to each other, and if so, (iv) whether that comparison was interpreted at the among- and/or within-individual level; and (v) whether unstandardized variances were reported within the focal study. For the purpose of our review, we defined among-individual level interpretations as those referring to interpretations based on average behavioural differences among individuals, whereas within-individual level interpretations referred to interpretations based on behavioural flexibility (also known as reversible plasticity). We considered an interpretation as “both” whenever the repeatability interpretation referred to both among- and within-individual levels, including those articles interpreting repeatability as “consistent individual differences” (see all decisions in the provided data). We also ran a sensitivity test and showed that conclusions remained qualitatively similar when interpreting “consistent individual differences” as only among- rather than both within- and among-individual levels (Appendix S3). To extract the information of interest from each focal article, we focused on the sections: “Title”, “Abstract”, “Statistical analyses” (or alike), “Results” and “Discussion”. We did not extract data from the “Introduction” or any “Methods” sections except the “Statistical analyses” because we were specifically interested in the authors’ own interpretations of their results. The intraclass correlation coefficient (ICC) was considered as a synonym of repeatability, unless stated otherwise in the article (Cleasby et al., 2015; Nakagawa and Schielzeth, 2010; Wolak et al., 2012).
2.2. Self-report questionnaire
We used the 30 most cited articles - according to Web of Science - from the literature search described above to obtain a tentative list of conceptual definitions of “animal personality”, which we used in our questionnaire (Table 1). One author (AST) screened the titles and abstracts of those 30 articles and excluded all empirical studies. Articles that passed the title-and-abstract screening (n = 26) were subsequently read by two authors (AST, MM) to extract animal personality definitions. We compiled five definitions of animal personality that were deemed to represent the whole spectrum of conceptual definitions found in those 26 highly-cited articles, and presented them in the self-report questionnaire (full list available in https://github.com/ASanchez-Tojar/animal_personality_terminology).
The self-report questionnaire was anonymous, and consisted of three questions aimed at compiling personal information about the participant, and eight questions - and a “comments” section - aimed at understanding how participants interpreted and applied common terminology used in the field of animal personality (questionnaire available in Supplementary Information 2). We advertised the questionnaire on Twitter and ResearchGate on the 8th of January 2020, and shared the link with colleagues at multiple institutions. In addition, we compiled a list of 919 unique email addresses from the corresponding authors of all 1,223 references found by our search (see section ‘Literature review’), and sent them an email on the 16th of January 2020 to encourage their participation in our questionnaire (email template available in Appendix S1). Participation in the questionnaire was possible until the 8th of February 2020 (i.e., one month after we first advertised it).
Percentage estimates are provided with 95% confidence intervals calculated using the “agrestic-coull” method (Agresti and Coull, 1998) implemented in the function ‘binom.confint()’ from the R package ‘binom’ v.1.1-1 (Dorai-Raj, 2014) in R v.4.1.1 (R Core Team, 2021).
3. Results
3.1. Literature review
Our full-text screening of 154 papers identified 88 articles published in 9 journals (Animal Behaviour: 25, Behavioral Ecology: 15, Behavioral Ecology and Sociobiology: 10, Ethology: 9, Proceedings of the Royal Society B: 7, PLoS ONE: 1, Behaviour: 8, Behavioural Processes: 9, Current Zoology: 4) from 2015 to 2019 (2015: 14, 2016: 23, 2017: 25, 2018: 20, 2019: 6) that quantified repeatability for behavioural traits and were therefore considered in our analyses. 
After excluding those articles that did not interpret repeatability (n = 2) or for which the interpretation was ambiguous (n = 2), we found that 70.2% (95%CI = [59.7,79.0]) of the articles (n = 59) interpreted repeatability as reflecting both within- and among-individual level processes, whereas 25.0% (95%CI = [16.9,35.3]; n = 21) and 4.8% (95%CI = [1.5,12.0]; n = 4) interpreted repeatability only at the within-individual or only at the among-individual level, respectively (see also the sensitivity test in Appendix S3). Additionally, 48.8% (95%CI = [38.4,59.3]) of the articles (n = 41) interpreted repeatability as a proxy of individual consistency and/or predictability in behaviour. 
24 studies compared repeatability estimates between two or more treatments or groups of animals within the same study. After excluding those articles that did not interpret that comparison (n = 5) or for which the interpretation was ambiguous (n = 2), 52.9% (95%CI = [31.0,73.8]; n = 9) of the remaining studies interpreted repeatability differences between groups as being caused by changes in both within- and among-individual level, whereas 35.3% (95%CI = [17.2,58.8]; n = 6) and 11.8% (95%CI = [2.0,35.6]; n = 2) interpreted repeatability differences between groups as being caused by changes only at the within-individual or only at the among-individual level, respectively. Finally, our literature review showed that only 30.7% (95%CI = [22.0,41.0]; n = 27 out of 88) of articles calculating repeatability and 47.1% (95%CI = [26.2,69.0]; n = 8 out of 17) of articles unambiguously interpreting the repeatability estimates between groups reported the unstandardized estimates for both within- and among-individual variances. 
3.2. Self-report questionnaire
A total of 440 participants took part in our self-report questionnaire. Among them, 6.1% (n = 27) identified themselves as Master students, 28.6% (n = 126) as PhD researchers, 24.1% (n = 106) as early-career researchers (defined as having completed their doctorate degree within the past 5 years), 38.9% (n = 171) as senior researchers (defined as having completed their doctorate degree more than 5 years ago), and 0.02% (n = 10) did not identify as researchers and were therefore excluded from all subsequent analyses. From the remaining 430 participants, 57.9% (n = 249) reported to have been the leading, corresponding and/or senior author in at least one publication related to animal personality, whereas 14.7% (n = 63) reported to have been co-authors in such publications, and 25.8 % (n = 111) and 0.02 % (n = 7), respectively, reported to have not published on questions related to animal personality or being unsure about it. Here, we present the results of the self-reported questionnaire based on all 430 participants who self-identified as researchers, but see Appendix S2 for the results based on only those researchers who reported to have (co)authored at least one publication related to animal personality (n = 312). Our questionnaire reached a wide geographic distribution in terms of self-reported country of affiliation (n = 38 countries, Figure S4), with USA (n = 73), Germany (n = 64), United Kingdom (n = 53), and Spain (n = 46) together accounting for 54.9% of all participations (Figure S5). 
3.2.1. Personality definition and interpretation
Our questionnaire showed that the preferred definition of animal personality from the selection of definitions available in our questionnaire was “Consistent between-individual differences in behaviour across time and/or contexts” (43.5%, 95%CI = [38.9,48.2]; n = 187) with the other four available definitions being selected between 4.9% (95%CI = [3.2,7.4]) and 17.7% (95%CI = [14.3,21.6]) of the times (Table 1). Furthermore, the preferred interpretation of what animal personality represents biologically was “Individual differences in average behavioural expression in a sample of individuals” (46.7%, 95%CI = [42.1,51.5]; n = 201), closely followed by a combination of this interpretation and “limited phenotypic plasticity in behavioural expression in a sample of individuals” (38.6%, 95%CI = [34.1,43.3]; n = 166; Table 2).
3.2.2. Repeatability definition and interpretation
Most participants interpreted estimates of repeatability as the “(Relative) amount of individual differences in average trait expression in a sample of individuals” (43.3%, 95%CI = [38.7,48.0]; n = 186; Table 3). However, 38.1% (95%CI = [33.7,42.8]; n = 164) of participants also considered the “(Relative) amount of phenotypic plasticity in trait expression in a sample of individuals” either as the single interpretation of behavioural repeatability (16.5%, 95%CI = [13.3,20.3]; n = 71) or in combination with the former interpretation (21.6%, 95%CI = [18.0,25.8]; n = 93; Table 3). Additionally, 69.1% (95%CI = [64.5,73.3]) of the participants (n = 297) reported that repeatability provides an estimate of individual consistency and/or predictability in behaviour, while 19.5% (95%CI = [16.1,23.6]; n = 84) considered that it does not; and 11.4% (95%CI = [8.7,14.8]; n = 49) reported not to know the answer to this question. 
Table 1. List of animal personality definitions available and selected in a self-report questionnaire about animal personality terminology. 
[image: C:\Users\localadmin\Dropbox\NC3\side_projects\personality_and_repeatability_interpretations\tables\table1.png]
Table 2. List of biological interpretations of animal personality available and selected in a self-report questionnaire about animal personality terminology. 
[image: C:\Users\localadmin\Dropbox\NC3\side_projects\personality_and_repeatability_interpretations\tables\table2.png]
Furthermore, when asked about the biological interpretation of one group of individuals (Group A) expressing higher repeatability than other group of individuals (Group B), all suggested choices obtained a rather similar share of preference (range = 17.7% (95%CI = [14.3,21.6]) to 33.3% (95%CI = [29.0,37.8]), with 5.8% (95%CI = [3.9,8.5]) reporting not to know the answer; Table 4). The preferred choice was nevertheless that no interpretation can be drawn about whether the two groups differ in relative plasticity or in the relative amount of individual differences in average trait expression (33.3% (95%CI = [29.0,37.8]), n = 143; Table 4).
Table 3. List of repeatability interpretations available and selected in a self-report questionnaire about animal personality terminology. 
[image: C:\Users\localadmin\Dropbox\NC3\side_projects\personality_and_repeatability_interpretations\tables\table3.png]
[bookmark: _GoBack]Table 4. List of interpretations available and selected for a comparison of repeatability estimates between two groups in a self-report questionnaire about animal personality terminology. Specifically, the question from the questionnaire was: “What biological interpretation can one make when one only knows that a group of individuals “A” expresses higher repeatability than a group of individuals “B”?”
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Figure 1. Comparison between the results of a literature review and a self-report questionnaire aimed at understanding how repeatability was interpreted by researchers. Panel a) shows the percentage of participants and articles that interpreted repeatability at each of the three levels of variation. Panel b) shows the percentage of participants and articles that interpreted (or not) repeatability as individual consistency and/or predictability in behaviour. Panel c) shows the percentage of participants and articles that interpreted differences in repeatability estimates between groups at each of the three levels of variation. Labels “Among” and “Within” refer to the among- and within-individual levels of variation, respectively. Contrary to how results were presented in the tables above, the percentages in this figure were calculated after having excluded NA’s and the questionnaire’s categories “Others” and “I do not know the answer” to facilitate the comparison between the results of the literature review and the questionnaire. Errors bars represent 95% confidence intervals. 

4. Discussion
From a statistical point of view, animal personality is captured by a statistically significant among-individual variance component in a repeated measured data sampling design (Dingemanse and Dochtermann, 2013). However, the use of the statistical definition of animal personality is not ubiquitous among researchers, and numerous conceptual definitions of the biological meaning of animal personality are available in the literature. By combining a literature review and a self-report questionnaire, we observed discrepancies among researchers in how concepts commonly used in the field of animal personality are defined and interpreted. Particularly, our study showed that statistical and conceptual definitions did not always agree, which suggest that conceptual definitions are sometimes not in accordance with research objectives, data sampling design and/or the applied statistical approach. 
Insights from the questionnaire and comparison with the literature review
While the self-report questionnaire showed that “Consistent between-individual differences in behaviour across time and/or contexts” was the preferred conceptual definition of animal personality, the questionnaire also identified a lack of consensus on the preferred biological interpretation of animal personality. About half of the participants (47%, 95%CI = [42,52]) interpreted animal personality as “Individual differences in average behavioural expression in a sample of individuals”, and an additional 39% (95%CI = [34,43]) considered that interpretation to be correct but only when also considering “Limited phenotypic plasticity in behavioural expression” (Table 2). These results evidenced that, although most participants interpreted animal personality at least partially at the among-individual level (85%, 95%CI = [82,88]), about half of them (45%, 95%CI = [40,50]) interpreted it also at the within-individual level (i.e., 45% interpreted animal personality also as phenotypic flexibility or reversible plasticity), highlighting a lack of general agreement among the questionnaire participants on what animal personality means biologically. 
Participants did not agree on the biological interpretation of repeatability either. The questionnaire showed that repeatability was most often interpreted at the among-individual level either by itself (43%, 95%CI = [39,48]) or in combination with the within-individual level (22%, 95%CI = [18,26]). In relative terms, these results are similar to those about the biological interpretation of animal personality, although repeatability was interpreted at the within-individual level relatively more often (17%, 95%CI = [13,20]) than for the definition of animal personality (6%, 95%CI = [4,9]; Tables 2 and 3). Interestingly, we also found discrepancies between the literature review and the questionnaire. While evidence from the literature review and the questionnaire showed similar percentages in terms of interpreting repeatability at the within-individual level, there were substantial differences at the other levels (i.e., at among-individual level and both levels combined; Figure 1). Hence, participants reported an interpretation of repeatability that was not reflected in the published literature. Filtering during the peer-reviewing process, whether from co-authors or other peers, may partially explain the disagreement between our literature review and the questionnaire. Finally, although we interpreted the discrepancy between the literature review and the questionnaire as true differences, we cannot discard the possibility that the observed differences were, in part, due to different subsets of researchers. While plausible, we deemed this option less likely because of the large coverage of our questionnaire and the high percentage of researchers that reported to have worked in animal personality (73%). 
[bookmark: _Hlk83297637]Another important insight from our questionnaire was that it showed differences among participants regarding how to interpret the comparison of repeatability estimates between groups (Table 4). Although the preferred answer was that no biologically-meaningful interpretation can be made about whether the two groups differ in amount of plasticity or in amount of individual differences in average trait expression (33%, 95%CI = [29,38]), the other options still obtained substantial support (range = 18% (95%CI = [14,22]) to 24% (95%CI = [20,28]); Table 4). These differences among researchers were similar to those observed in the published literature. Of the 24 studies that compared repeatability estimates between groups, 17 interpreted the difference in repeatability estimates, with 53% (95%CI = [31,74]) interpreting repeatability differences between groups as being caused by changes in both within- and among-individual variation, whereas 35% (95%CI = [17,59]) and 12% (95%CI = [2,36]) interpreted repeatability differences between groups as being caused by changes only at the within-individual or only at the among-individual variation, respectively. 
[bookmark: _Hlk83373403]To determine the biological mechanism(s) underpinning differences in repeatability between groups, researchers would need to know both the within- and among-individual variance components from which the repeatability was calculated: repeatability estimates can differ due to changes in variance at the among-individual level, within-individual level or both (Dochtermann et al., 2015; Dochtermann and Royauté, 2019; Hansen et al., 2011; Houle, 1992; Niemelä and Dingemanse, 2018b; Royauté and Dochtermann, 2021; Wilson, 2018). There is, however, an exception to this interpretation. If researchers collect and analyse data with a binomial error structure, which requires to restrict the residual variance to a fixed value (i.e., π2/3 for a binomial model with logit link, and 1 for a binomial model with probit link: Nakagawa and Schielzeth 2010), then the differences in repeatability, by definition, represent differences at the among-individual level of variation. However, this is only true in the specific case that the model contains no other random effects than individual identity. Our literature search revealed that only 12.5% of the included articles modelled data with a binomial error structure and, at the same time, used a random effect structure that contained only individual identity. Nevertheless, comparing actual variance components across groups (instead of repeatabilities) is optimal mainly within studies. This is because researchers would need to measure the same trait(s) for each group in an equivalent manner, and have implemented the statistical models with exactly the same random and fixed effects structure, so that the comparison of variances are biologically meaningful. One solution to tackle this problem would be to apply a mean standardization (e.g., coefficient of variation) in addition to the variance standardization (e.g., repeatability) to variance components (Dochtermann and Royauté, 2019; Hill and Mulder, 2010; Holtmann et al., 2017; Houle, 1992). Mean-standardizing variance metrics such as the coefficient of variation report variance per unit of a trait value for each variance component (i.e., among and within-individual variance) separately, partially solving the abovementioned problem. As such, for a deeper understanding of differences between individual variances across, e.g., groups, treatments or populations, it would be beneficial to quantify both, variance- and mean-standardized metrics, as both metrics provide different but complementary insights. 
Finally, our questionnaire revealed that the vast majority of researchers (78%, 95%CI = [74,82]; Figure 1) considered repeatability to be a metric of individual consistency and/or predictability in behaviour, with statistically significant repeatability estimates being interpreted as evidence of individuals behaving similarly from one time to another. Although larger, this finding generally agreed with our literature review, which showed that repeatability was interpreted as individual consistency and/or predictability in behaviour in approximately half of the studies. If we combine these results with those of the biological meaning of repeatability from our questionnaire, it suggests that researchers often consider individual differences in the average behavioural expression (i.e., animal personality) as “consistency”. Consistency is a very widespread term in the field of animal personality and it is used to refer to several biological phenomena such as individual differences in average trait expression and within-individual plasticity within- and among-environments. Cleasby et al. (2015) considered consistency (and predictability) as a within-individual level metric, whose variability estimation requires more sophisticated statistical tools (i.e., double-hierarchical mixed effects models) compared to the simple repeatability estimate. Nevertheless, repeatability is the proportion of total phenotypic variance explained by the among-individual variance component, and as such, both among- and within-individual variances affect repeatability estimates. Thus, regardless of whether consistency is defined as among- or within-individual variation, it will affect the repeatability estimate. To avoid further confusion between terms and metrics, we encourage researchers to clearly define the terms consistency and predictability whenever they use them in their work. 
Potential reasons for the observed diversity of interpretations and further steps towards a more unified field
Historically, animal personality research has been broadly divided into researchers that apply a more “behavioural ecologist”-oriented framework (i.e., among-individual variation in a behavioural trait, Dingemanse et al., 2010; Dingemanse and Wright, 2020; Gosling, 2001; Réale et al., 2007; Sih et al., 2004) and researchers that adopt a more “personality psychologist”-oriented approach (i.e., characterization of the different behavioural axis of personality, e.g., by using correlations or principal component analysis, such as the ﬁve factor model of personality, John and Srivastava, 1999; Nettle and Penke, 2010), with a whole spectrum of researchers and research falling in-between the two frameworks. This somewhat stereotyped dichotomy has a large potential to generate basal differences in how the concept of animal personality is being studied and discussed, and what sampling designs and statistical tools are required and applied. Another historical reason for the existence of such a large diversity of terminology is that there is no consensus about the concept of animal personality among the most-cited conceptual articles (see extracted terminology in the provided data). Some of these conceptual articles, which were pioneers and became important cornerstones for the entire field, defined animal personality as high among-individual variation, while others defined animal personality as both high among-individual variation and low within-individual variation. Indeed, “limited plasticity” was often mentioned as a key component of animal personality (see extracted terminology in the provided data), even though intrinsically limited plasticity is not necessarily required for the existence of among-individual differences in average trait expression: Individuals might differ in their average trait expression even when all of them can express the whole spectrum of behavioural variation. Nevertheless, even in the case that the concept of animal personality would be collectively decided to be a biological phenomenon involving both among- and within-individual variation, this would not change the fact that researchers would still need to explicitly express which level of variation they are aiming at studying within each study, and to apply the necessary statistical frameworks specific for each level.
Overall, in this study, we do not aim to yet create another definition of animal personality, but to advocate for the usage of a common definition, which ultimately would help to unify and clarify the field. In the light of our findings, we encourage researchers to avoid the use of vague conceptual definitions that can be interpreted at multiple levels of biological organization. One possible solution, albeit not perfect if there is no collective agreement on the applied terms, would be to use a more statistically-oriented terminology that directly express which level of variation any given study focuses on: among- or within-individual level variation. We believe this approach would leave less room for misinterpretations of the used terminology.
Data requirements in animal personality research
Generally, our questionnaire evidenced that researchers were generally aware of the need of recording multiple observations (e.g., behavioural measurements) per individual to estimate among-individual variance in labile traits. However, there was still a relatively large proportion of researchers who did not agree with this requirement and/or who were not applying it. Indeed, 31% (95%CI = [26,37]) of researchers who self-reported having published in the field of animal personality also reported having used single measurements of behaviour(s) per individual (i.e., non-repeated measurements per individual). Furthermore, 27% (95%CI = [22,31]) of researchers answered that although repeated measurements per individual are necessary to study patterns at the among-individual level, single behavioural measurements per individual can be used as long as the focal behaviour is repeatable. However, this argument would only apply when the repeatability of the focal behaviour is 1; in such a case, the focal behaviour would be a fixed trait (instead of a labile trait) and would, by definition, vary at the among-individual level only (Niemelä and Dingemanse, 2018b). While there are exemptions for the use of single behavioural observations per individual such as in quantitative genetics studies including pedigreed individual data, most animal personality studies do not have data to provide estimates at the additive genetic level, and hence, would require the use of a repeated measures sampling design. Moreover, when using a quantitative genetics approach and a single measurement sampling design to study, for example, whether animal personality is associated with other traits, one makes the critical assumption that permanent environment effects are negligible or in the same direction as additive genetic effects (Sgrò and Hoffmann, 2004). The need for repeated measures per individual, e.g., when studying trait associations at the among-individual level of variation, has been extensively described in earlier work (Brommer, 2013; Dingemanse et al., 2012; Niemelä and Dingemanse, 2018b), including also research on pseudo-repeatability caused by the environment (Niemelä and Dingemanse, 2017) and the different approaches available for a researcher to carry out an animal personality study given the data collected (Dingemanse and Dochtermann, 2013; Niemelä et al., 2019). We hope this study encourages researchers to closely consider these data requirements for future studies of animal personality (more in Dingemanse and Dochtermann, 2013; Dingemanse and Wright, 2020; Niemelä and Dingemanse, 2018b).

Limitations of this study
A major perceived limitation of our study may be related to the set of choices given in the questionnaire. In the comments section of our questionnaire, 3.7% (16 out of 430) of the participants were critical about the wording of one or more questions (see provided data). While we believe this is a general concern in any self-report questionnaire, it might have been especially problematic in the context of our study since the field of animal personality uses multiple definitions, interpretations and approaches to address the same research questions, as pointed out in this work. With this issue in mind, we had designed the questions using a combination of statistical terms adapted to their biological meaning, and actual definitions existent in the published literature. Furthermore, prior to publishing the questionnaire, we asked several experts in the field of animal personality to provide suggestions on how to improve our questionnaire. However, and despite our efforts in designing the most accommodating questionnaire, we cannot disregard that some of the differences in answers among participants might have been in part generated by participants understanding our questions differently. 
Conclusions
If estimates at the total phenotypic level can be used to study among-individual differences in behaviour, then any animal behaviour study could be labelled as “animal personality” research. Most researchers working in animal personality, however, do aim to understand among-individual level processes (rather than total phenotypic level processes). We hope that our study will raise awareness about the extent of ambiguous terminology used in animal personality research, helping the entire field to move towards a more unified research framework.
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