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The number of animals bred, raised, and slaughtered each year is on the rise, resulting in increasing impacts to welfare. Farmed animals are also becoming more diverse, ranging from pigs to bees. The diversity and number of species farmed invite questions about how best to allocate currently limited resources towards safeguarding and improving welfare. This is of the utmost concern to animal welfare funders and effective altruism advocates, who are responsible for targeting the areas most likely to cause harm. For example, is tail docking worse for pigs than beak trimming is for chickens in terms of their pain, suffering, and general experience? Or are the welfare impacts equal? Answering these questions requires making an interspecies welfare comparison; a judgment about how good or bad different species fare relative to one another. Here, we outline and discuss an empirical methodology that aims to improve our ability to make interspecies welfare comparisons by investigating welfare range, which refers to how good or bad animals can fare. Beginning with a theory of welfare, we operationalize that theory by identifying metrics that are defensible proxies for measuring welfare, including cognitive, affective, behavioral, and neuro-biological measures. Differential weights are assigned to those proxies that reflect their evidential value for the determinants of welfare, such as the Delphi structured deliberation method with a panel of experts. The evidence should then be reviewed and its quality scored to ascertain whether particular taxa may possess the proxies in question to construct a taxon-level welfare range profile. Finally, using a Monte Carlo simulation, an overall estimate of comparative welfare range relative to a hypothetical index species can be generated. Interspecies welfare comparisons will help facilitate empirically informed decision-making to streamline the allocation of resources and ultimately better prioritize and improve animal welfare.
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1 Introduction


1.1 A case for the need to make interspecies welfare comparisons

The number of animals bred, raised, and slaughtered each year for food and other purposes is on the rise (Béné et al., 2015). On an annual basis, over 70 billion terrestrial animals and nearly a trillion aquatic animals, across a wide variety of species, are raised or captured for food (FAO, 2021; Franks et al., 2021). This trend has led to an increase in intensive production practices that significantly impact the welfare (see Table 1 for key definitions) of the various species involved and may lead to increased pain, suffering, and other negative experiences (e.g., Lundmark et al., 2014; Broom, 2019; Keeling et al., 2019; Xu et al., 2019). One major challenge for animal welfare science is the difficulty of making meaningful comparisons between the welfare impacts of certain practices on different species (Bracke, 2006; Cohen, 2009; Wong, 2016; Budolfson & Spears, 2019; Browning, 2020). That is, it is difficult to assess whether some species are made worse off by such practices than others.


Table 1 | Key definitions.



There are many examples of how intensive production can impact welfare. Globally, for instance, most intensive pork production systems dock piglets’ tails in their first week of life (Sutherland et al., 2008). This involves using clippers that are heated so that they both cut the tail and cauterize the wound at the same time. The procedure is done without anesthesia and can cause acute pain that disrupts normal behavior in the short run (2011; Sutherland et al., 2008). In the long run, tail docking can result in the growth of neuromas (i.e., nerve tumors) that are permanently sensitive (Sutherland et al., 2008). Production system managers argue that tail docking is necessary to reduce injury from other piglets, who often bite at tails if they are left long (Sutherland et al., 2008). In most intensive egg production facilities worldwide, beak trimming (i.e., the partial removal of the upper portion of a hen’s beak) is a standard procedure performed on young hens (Bessei, 2018). It involves removing roughly a third of the upper beak, or sometimes both the upper and lower beak (Lonsdale et al., 1957), with a hot blade that both cuts and cauterizes (Henderson et al., 2009). Like tail docking, beak trimming can cause acute pain that disrupts normal behavior (Duncan et al., 1989) and also result in the growth of neuromas that are permanently sensitive (Kuenzel, 2007). Production system managers argue that beak trimming is necessary to reduce feed waste and avoid pecking-related injuries that can lead to cannibalism and increase chicken mortality (Allen and Perry, 1975).

Mass marking of salmon by fin clipping (i.e., the partial or full removal of a fish’s fins) is a procedure commonly used in intensive aquaculture and hatcheries to distinguish farmed or hatchery-reared salmon from wild salmon (Uglem et al., 2020). Similarly, to tail docking and beak trimming, fin clipping may cause pain and injury in fish and alter swimming efficiency (Roques et al., 2010; Buckland-Nicks et al., 2021; Schroeder & Sneddon, 2017; Thomson et al., 2020; Uglem et al., 2020).  Production system managers argue that fin clipping is the easiest method to identify fish because it is inexpensive, quick, and requires minimal equipment and training (Hammer and Lee Blankenship, 2001).

These practices raise questions that need to be addressed to inform future directions in welfare in intensive production. For example, are the welfare impacts of tail-docking pigs worse than beak trimming chickens? Are the welfare impacts of beak trimming chickens worse than fin clipping salmon? Or are the welfare impacts equal? What empirical evidence exists that could be used to make this assessment? Considering whether one practice has greater welfare impacts than the other is a primary concern for animal advocates (see Table 1 for key definitions) who have to make choices about how to allocate limited resources. Many of these advocates, including effective altruists (see Table 1 for key definitions),want to allocate funding in a way that maximizes returns on welfare investments (i.e., produces the largest welfare improvement per dollar spent). Likewise, many members of the general public wish to make informed decisions around their food and purchasing choices. Individuals may, for instance, choose to become pescatarians, vegetarians, or vegans, or simply avoid one kind of animal product while eating others (e.g., those who abstain from eating veal or foie gras). These decisions are largely based around their perceptions and understanding of the impacts of farming on different animals. However, without relevant empirical data, such decisions, for stakeholders (see Table 1 for key definitions) of all types, are invariably ad-hoc or subjective, and thus unlikely to achieve their intended aims. Interspecies welfare comparisons can provide a pathway to make informed decisions about which areas and which taxa to prioritize for various purposes.

Making interspecies welfare comparisons can have other implications, particularly in relation to identifying bias in discussions of animal welfare. Animal welfare concerns have primarily been directed at terrestrial vertebrates used in agriculture, laboratory research, and as companion animals (e.g., Russell & Burch, 1959; Lundmark et al., 2014; Cardoso et al., 2017; Franks et al., 2021; Gaffney and Lavery, 2022). However, many species used in intensive production systems, such as fish, shrimp, and silkworms, have received little attention and consequently, their welfare is often regarded with less concern (e.g., Elder & Fischer, 2017). Furthermore, the production numbers of these latter species tend to amount to considerably more overall in comparison to the more ‘traditional’ ones (Franks et al., 2021). Such attitudes may be based on arbitrary distinctions, with humans tending to care more about species that are evolutionarily closer and often more familiar, like mammals, than those that are more distant and different, like insects. Or, there may be legitimate reasons to be less concerned about the welfare of some species compared to others. Nevertheless, without tools to compare welfare across species, it is difficult to answer these questions.

Interspecies welfare comparisons can also improve welfare guidelines for scientific research. Such comparisons become particularly important when implementing the imperative to “reduce, refine, and replace” (the 3Rs; Fenwick et al., 2009). For example, when possible, researchers are required to replace animal models with non-animal models (Burden et al., 2015). However, in situations where replacement is not possible (given research objectives), some scientists defer to using animals, which are thought to be “cognitively less-sophisticated” animals. For example, zebrafish are often used as a substitute for ostensibly “cognitively more-sophisticated” animals, like mice (Hamilton et al., 2016; 2018). These decisions are based on the assumption that members of one species would be harmed less by the research than members of another (Schaeck et al., 2013; Message & Greenhough, 2019; Sloman et al., 2019; Almstedt et al., 2022). Inevitably, without interspecies welfare comparisons, such subjective judgements could introduce unjustified bias towards certain species over others.

Our goal is to outline a theoretical approach to improving interspecies welfare comparisons using an empirical methodology (see Table 1 for definition and details). We propose investigating welfare ranges (see Table 1 for key definitions), which refer to the differences between how well or poorly various animals can fare at a time. This theoretical construct allows us to compare the severity of harms and benefits across species.



1.2 Conceptual issues associated with interspecies welfare comparisons

We need to consider several conceptual issues before turning to our method for making interspecies welfare comparisons.

First, we should acknowledge that there are many theories of welfare. For example, here are four that have had some influence in agriculture, conservation biology, animal welfare science, and philosophy:

	1. Welfare as bodily health: animals have positive welfare insofar as their bodies are functioning properly (Dawkins, 2021).

	2.Welfare as engaging in or expressing natural behavior: animals have positive welfare insofar as they exhibit (or can exhibit) natural behavior (Bruckner, 2020).

	3.Welfare as subjective experiences: animals have positive welfare insofar as they are experiencing sufficiently many positive affective states (see Table 1 for definition and details) relative to negative affective states (Robbins et al., 2018).

	4.Welfare as hedonism/desire satisfaction: animals have positive welfare insofar as they “get what they want” (Dawkins, 2021).



Theories of welfare differ over the determinants of welfare. Nevertheless, these theories are sometimes combined: the classic triadic theory discussed by Fraser (2008), for instance, proposes that welfare is jointly determined by bodily health, natural behavior, and subjective experiences. Similarly, the Five Freedoms (Webster, 1994) has had considerable influence as a framework for animal welfare assessment in policy-making spaces and incorporates elements of subjective experience, bodily health, and natural behavior into its conceptualization of welfare. Balancing the overall valence of lifetime subjective experiences and incorporating aspects of hedonism, the concept of a “life worth living” (FAWC, 2009; Yeates, 2011) has been used to determine minimum standards for the treatment of farm animals in some policies and guidelines. Many of these theories have received criticism (e.g., Korte et al., 2007; McCulloch, 2013; Duncan, 2016), but are generally unified by some degree of concern about an animal’s subjective experiences.

Second, aside from aligning with a theory of welfare, we must also consider the different types of interspecies welfare comparisons. List (2003) distinguishes between two types of comparisons. The first type is the more basic: it concerns the valences of experiences (see Table 1 for key definitions)—i.e., whether they are positive, negative, or neutral. Imagine, for instance, a sow who is physically restricted (e.g., in a farrowing crate) and cannot reach her piglets and a healthy chicken who is pecking at some corn in a safe environment. It seems likely that the sow’s experience is negatively valenced whereas the chicken’s is positively valenced. So, we can plausibly conclude that, at least with respect to their experiential states, the chicken is faring better than the sow.

The second type of interspecies welfare comparisons are level comparisons, that is, differences within a given valence, which introduces additional complexity. Imagine a recently tail-docked pig and a hen which has not eaten for eight hours. Both animals are likely to be having negatively valenced experiences (acute pain and some degree of hunger, respectively). However, while it may seem plausible that the docked pig is worse off than the hungry chicken, it is difficult to provide a detailed justification for this judgment. We may inherently think about how we, as humans, may feel in a comparable situation, reflecting on our own experiences. However, without knowing the extent to which other animals experience pain or hunger comparably to us (or to one another), we cannot accurately make such a distinction. At present, there is no agreed-upon method for making such interspecies welfare level comparisons.

Finally, it is important to recognize that our assessment of a given animal’s welfare is based on objective measures of the animal’s subjective state (Sandøe & Jensen, 2011). However, subjective states are not directly measurable, and we cannot ask animals directly how they feel. Thus, we are left measuring “indicators” or “proxies” of welfare (see Table 1 for key definitions), rather than the momentary state itself. Validation of such proxies of welfare is therefore of particular importance and is especially pressing in cases where we have a limited understanding of animals’ physiology and behavior (e.g., the pain debate in fishes and insects; see Vettese et al., 2020 and Gibbons et al., 2022). Further, it is unclear how to theoretically aggregate proxies into a measure of overall welfare, even within a species (e.g., see Botreau et al., 2007 for a review).

Our proposed solution avoids these problems for now, by investigating animals’ welfare ranges with the aim of creating a tool that could inform interspecies welfare comparisons. An animal’s welfare refers to how well or poorly an individual is faring (Broom, 1986); so, an animal’s welfare range refers to the difference between how well or poorly an animal can fare at a time. The contrast here is between the actual state of an animal (welfare) and possible states of that animal (welfare range). Animals with relatively large welfare ranges can be harmed to greater degrees than animals with relatively small welfare ranges. Notice that welfare range profiles can be created for animals at the individual-level, but our methods have been designed to create welfare range profiles at the species-level.

As the definition of welfare ranges suggests, talk of “larger” and “smaller” welfare range is a simplification, overlooking potential dissociations between the various dimensions and multiple theories of animal welfare (see review by Bruckner, 2020). According to a pluralistic theory of welfare, there are multiple determinants of welfare. Dawkins (2021) has such a theory, which states that animal welfare is determined by two factors: namely, animals being healthy and getting what they want. By contrast, a monistic theory of welfare suggests there is a single determinant of welfare, such as hedonism (see Table 1 for key definitions) This theory states that animal welfare is determined by the quality of their subjective experiences (Robbins et al., 2018), where all and only positive experiences are good for animals, whilst all and only negative experiences are bad for them.

While it is possible to investigate differences in welfare ranges assuming any theory of welfare, it is impossible to do that in a single paper. So, for simplicity, we assume hedonism. This theory of welfare is compatible with the view that it matters whether animals are healthy and whether they can express species-typical behaviors (Robbins et al., 2018). Following hedonism, we will assume that welfare at a time is determined by the qualities of experiential states, i.e., the strength of how good or bad an animal’s overall experience is. So, if there could be variation among species in terms of the potential intensity of their experience, then there could be differences in their welfare ranges.

Animals differ with respect to their evolutionary history, neurophysiology, and neurobiology. This seems to have led to variation in their cognitive, affective, and sensory capabilities. It seems plausible, then, that there would be considerable differences in their experiential lives. Indeed, Birch et al. (2020) argue that there are five dimensions of variation: Perceptual Richness, Evaluative Richness, Integration at a Time, Integration across Time and Self-Consciousness. They argue that traditional one-dimensional scales of consciousness neglect these important dimensions of variation across taxa. Using a multi-dimensional approach by investigating taxa against each proposed dimension would create “consciousness profiles” that capture variation and highlight where a taxon is likely to fit in the space of possible forms of experience.

If different species encounter differences in their experiential lives, then it is plausible that there are characteristic differences in the determinants of the qualities of experiential states. Differences in intensity are perhaps the most familiar to us, such as pain perception, which is variable in humans (Hu & Iannetti, 2019). However, there is a difference between variations in the strength of the stimulus to produce a given response and variation in maximum response capacity. Given apparent differences among humans, who broadly share social, affective, intellectual, behavioral, and neurobiological characteristics, it is not hard to imagine more profound differences among nonhuman animals, a possibility that is explicitly raised in the literature (e.g., Yeates, 2012).



1.3 Why could differences in welfare ranges be relevant to interspecies welfare comparisons?

In brief, we can use standard welfare assessments, interpreted with welfare ranges, can be used to estimate the relative badness of harms or the goodness of benefits. This is because, from a philosophical perspective, when we assess animals’ welfare, we it is assessed it relative to a species-typical neutral point. Given that neutral point, we assess both valence and strength of valence is assessed. For example, we can say that a particular state is positive or negative and that it is more positive or negative than some other state (e.g., Mendl et al., 2010). So, while we use measures with cardinal utility are used (see Table 1 for key definitions) to assess welfare, such as the duration of protective behavior, cortisol levels, time to return to normal feeding behavior, and changes in time spent resting vs. active, we aggregate them to produce an ordinal ranking of welfare states (Botreau et al., 2007). When it comes to intraspecies welfare comparisons, what matters is not, for instance, the duration of protective behavior per se, but one of two comparisons:

	1. The duration of protective behavior that one individual displays in response to a given stimulus compared to the duration of protective behavior that the individual displays in response to a different stimulus, i.e., an individual-level focus, for example, using individual-based measures of welfare (see Blokhuis et al., 2010), or

	2. The duration of protective behavior that one individual displays compared to the typical duration of protective behavior that individuals of that species display in response to a range of stimuli and / or stimuli of that kind, i.e. a species-level focus, for example, using group-level measures of welfare (see Main et al., 2003).



We typically, validate measures of welfare are validated by making either individual-level or species-level comparisons; we assess the impacts of particular stimuli in terms of how they affect animals by comparing their response relative to another individual or species. These relative rankings are essential, as we cannot ask animals directly how they are faring. This implies, however, that when we make interspecies welfare comparisons are made, we are starting out with species-relative data. As such, it is safe to assume that apparently equivalent harms reduce the welfare of members of each species by an approximately equivalent percentage of their respective welfare ranges. To see this, consider Figure 1.




Figure 1 | Theoretical figure to explain Welfare Range vs. Species-Relativized Welfare Impacts. Species (A) has a smaller welfare range than Species B, as represented by Species A having fewer total “welfare units” than Species B (i.e., the total number of cells per row). An ordinary welfare assessment method would compare the two welfare states (as indicated by the colored cells) within each species, concluding that State #1 is worse than State #2 for Species A and that State #3 is worse than State #4 for Species (B) Notably, though, such methods deliver proportional results: Welfare State #1 will seem about as bad for Species A as State #3 seems for Species B (20% of the welfare range), since those welfare states are just being compared to the best and worst state for each species. The outcome is that apparently equivalent welfare states are already scaled to welfare ranges, which means that if Species B has a greater welfare range than Species A, the members of species B are actually worse off in welfare states that appear equivalent. In other words, we can assume an apparently equivalent harm scale with welfare ranges, which makes welfare ranges a useful tool for interspecies welfare comparisons.



Figure 1’s conceptualization of “welfare units” and welfare ranges provides a tentative way to quantify the relative welfare impacts of different harms and benefits. While obviously imprecise, it may still be the case that they are useful for many practical purposes. That being said, the usefulness of welfare ranges depends entirely on our ability to empirically assess and quantify it. If there is no way to do that, then we cannot use welfare ranges to tackle the problem of interspecies welfare comparisons.




2 Proposed methodology

Our aim in this section is to propose a basic methodology for assessing welfare ranges. This is summarized in Figure 2.




Figure 2 | A summary of the proposed methodology for determining a welfare range estimate for taxa of interest to enable interspecies welfare comparisons.



The first task is to specify features that are intrinsic, rather than extrinsic, determinants of welfare, and so of welfare ranges. This part requires selecting a theory of welfare; (see section 1.2).

Importantly, we do not suggest that the theories of welfare outlined in section 1.2 are equally plausible or that the options we mentioned represent the only possibilities available. Our goal here is to set out the methodology, not to defend particular choices within it. If, for instance, we conclude that welfare is determined by bodily health, we would then turn to the task of operationalizing bodily health in ways that lend it to empirical investigation.

The second task involves turning the determinants of welfare enumerated during the first stage into measurable proxies. Notice that, at the outset, there is a tremendous amount of empirical uncertainty about the extent to which different animals display different welfare-relevant proxies. But that does not negate the value of describing a theoretical methodology built on such proxies, as it can assist in prioritizing research efforts such that our empirical certainty increases, and the estimates produced by the methodology are refined. These proxies should ideally be valid and amenable to operationalization, comparable across taxa, and chosen with an understanding of their ecological relevance to the taxa being compared. Further, there are considerable theoretical and practical challenges involved in comparing morally relevant features across phylogenetically distant animals. For example, the presence of nociceptors provides some evidence of the capacity for negative subjective experiences, but it is not definitive, since there can be nociception without any subjective experience at all in humans (Dubin and Patapoutian, 2010). Moreover, these proxies may relate to cognition, affect, behavior and neuro-biology. We therefore suggest that the best way forward is to weigh the chosen proxies in terms of the quality of the evidence they provide for the factors that are taken to be determinants of welfare. One way to select and provide these precise proxy weights is to use the Delphi method (Linstone and Turoff, 1975). In brief, the Delphi method is a form of structured deliberation. It begins with the selection of a panel of experts. Then the experts answer questionnaires in at least two revisions. After each revision, the experts send their answers to a facilitator who returns an anonymized summary of the experts’ assessments to each member of the panel.

The third task involves assessing the evidence for these proxies in the relevant taxa. To begin, this task involves systematically reviewing the existing scientific literature. For more in depth knowledge about how this can be done, please refer to our pre-printed review about the relationship between cognition and welfare in 10 farmed animal taxa (Miller et al., 2022b pre-print). Notice that to apply our empirical methodology in full, we would likely need to conduct various relevant new studies that have not been completed for the taxa of interest. In primates, for instance, perspective-taking is associated with self-awareness, theory of mind, and empathy (Bulloch et al., 2008; de Waal, 2008; Towner, 2010). Specifically, perspective-taking involves reasoning about the mental states of others (e.g., their intentions, desires, and knowledge) and has been linked to possessing strong emotional capacities (Healey and Grossmann, 2018). Consequently, perspective-taking may be considered a suitable proxy for some cognitive capacities that are either determinants of welfare or are themselves associated with determinants of welfare. There is ample evidence of perspective-taking in pigs: they can learn to follow other pigs who they recognize to have information about the location of food (Held et al., 2000), they can adjust their own behavior to prevent other pigs from exploiting their knowledge in this way (Held et al., 2002a), they can detect whether humans are paying attention to them via head cues (Nawroth et al., 2013a), and they can follow human hand signals to find food (Nawroth et al., 2013b). However, there is very little evidence as to whether chickens engage in perspective-taking (Smith et al., 2011), suggesting that additional research would be valuable.

Before we can draw any conclusions about the value of additional research, it is critical to identify the quantity and quality of the evidence that has already been published. For each publication found in the review, it would be important to record the estimate of the credibility of that paper and either its conclusion regarding the presence, absence or magnitude of the proxy, depending on whether the proxy is discrete or continuous. The strength of evidence could be rated along a scale. For example, a recent review of sentience in invertebrates used a scaled rating method ranging from ‘lean no’ to ‘yes’ (Rethink Priorities, 2020; Table 2). Another review on the evidence of sentience in cephalopod molluscs and decapod crustaceans used a scaled rating method that graded evidence in terms of how many of criteria for sentience were satisfied (8 criteria in total) (Birch et al., 2021). Specifically, evidence was graded as ‘extremely strong’ if 7–8 criteria were satisfied, ‘strong’ if 5–6 criteria were satisfied, ‘substantial’ if 3–4 criteria were satisfied, ‘some’ if only 2 criteria were satisfied, and ‘unknown or unlikely’ if 0–1 criteria were satisfied. Using scaled rating methods can generate welfare range profiles per taxa that simultaneously highlights the quality and quantity of evidence and identifies gaps in the current literature. We note that all estimates of scalar proxies should be normalized to a hypothetical index species that possesses the maximum observed value for any proxy that might matter for that particular welfare comparison. Since it is essential to compare all the values in the table to some reference value possessed by the index species, the absence of a proxy in the index species entails that the welfare range of other species goes to infinity, or some other arbitrarily large number.


Table 2 | Examples of potential literature review output and rating scale for some example proxies and species, using the rating approach from Rethink Priorities (2020).



The fourth task involves turning the data into overall welfare range estimates using a Monte Carlo simulation. Although other methods may also be possible, Monte Carlo methods are the preferred choice for modeling phenomena with significant uncertainty in inputs (Kroese et al., 2014). They reduce the need for using human judgment, which is often unreliable when dealing with complex questions. They also allow a complex probability density function to be presented as an output, rather than just a point estimate or a simple range, which is especially important for this project because it makes it easier to appreciate the degree of uncertainty in particular welfare range estimates. One way to proceed is to survey experts, using a formal, pre-registered, structured way of aggregating the survey results into a useful bottom-line estimate that preserves all information about the range of judgments that the experts make. This process reduces the need to make decisions about how to aggregate information that could influence or bias the results.

Each sample used as input for the Monte Carlo method is the judgment of one expert in the field, combined with the results of one paper that studies each proxy that the expert considers to be important. The result of this sample is plotted on a histogram and the process is repeated thousands of times. The resulting histogram represents the scale of possibilities for the welfare range typical for a given species, given different judgments and lines of evidence. This histogram can be used to produce averages, confidence intervals, and other ways of summarizing or reporting the data.

Given a specific theory of welfare and a set of welfare determinants, each repetition of the simulation will:

	1. Randomly choose one expert in the Delphi panel. Then, assign a weight to each proxy based on that expert’s estimates for the proxy weights.

	2. Randomly choose one paper for each proxy, based on the credibility assigned to that paper. Pull a sample of the numerical value of that proxy from its adjusted distribution.

	3. Calculate a weighted average of the capacity, using the values from Step 2 and the weights in Step 1.



The simulation should be run at least 10,000 times, producing a histogram of results. Again, this histogram will be the probability distribution of the species’ welfare range as a fraction of the hypothetical index species.

There are bound to be gaps in the available proxy-relevant research for some species and we have a choice about how to manage this. One option is not to intervene, simply ignoring unknown values. As a result, the weight of the other proxies (for which there is known information) would be increased proportionally when performing weighted average calculations. So, if a species has (average) values of 0.2, 0.3, 0.4, and unknown across four proxies, with equal weight on them all, the average would be 0.3. However, this has the effect of amplifying the significance of the other sources of variance.

A second option is to replace all unknown values with the corresponding values from the target comparison species. The hypothetical index species has the maximum observed value for each proxy across all actual species. So, entering values from the hypothetical index species would produce empirically implausible results, e.g., attributing cognitive capacities that we know a species lacks simply because its specific capacities have not been studied. For example, if pigs are compared to chickens, and there are lots of unknowns for chickens then we replace unknown values for chickens with the known values for pigs. This would have the effect of reducing the significance of the other sources of variance and would amount to a “curve” in favor of no variance. This would reflect the judgment that we should err on the side of welfare ranges being distributed more equally across the target taxa. Moreover, it may mean that we are unable to identify any differences in welfare ranges between some taxa, which will result in there being a narrower range of cases where we can draw on welfare range differences to make interspecies welfare comparisons. However, a narrower range of cases might still be a practically significant range of cases. Then finally, with our estimate in place, it is possible to make certain interspecies welfare comparisons.



3 Discussion

Our aim has been to propose a method for making interspecies welfare comparisons via estimates of comparative welfare ranges. We do not assume that this methodology will reveal differences (or similarities) in welfare ranges. Instead, we believe that if there are differences across taxa, ours is a promising method for discovering them. Furthermore, as our description suggests, this is a substantial research program that could only be completed over a significant period of time with extensive interdisciplinary collaboration. There are still some aspects of the method that deserve special attention, which we discuss below.

Depending on the theory of welfare used, the method could become more complex. If applying a pluralistic theory of welfare (such as Fraser, 2008’s triadic theory) or using multiple theories of welfare at once, a separate Delphi method for each theory or component of the theory (e.g., bodily health, natural behavior, and subjective experiences; Fraser, 2008) would need to be conducted. The method can become more complicated because it might be necessary to use a different panel of experts appropriate to that theory or component. Empirical research would then need to be focused on the proxies, if any, that are shared across components or theories and are found by consensus to be important for each theory.

Depending on the proxies that are chosen and the taxa that are compared, a lack of relevant literature reporting evidence of those proxies may represent a significant limitation. Gaps in the literature may also make choosing proxies difficult. For instance, neuron counts (Herculano-Houzel et al., 2015; Raji & Potter, 2021) are relatively easy to compare across species and there are already data for many taxa of interest. However, it is not clear how neuron counts are linked to the welfare of an animal. To properly compare neurons, we need to know where they are located and how they are connected to each other. So, insofar as neuron counts are worth investigating and comparing, they must be handled carefully as proxies for other characteristics of interest (Von Bartheld et al., 2016). It may be, for example, that neuron count is associated with affective sophistication, intensity of valenced experiences, or general intelligence, though extensive research would be required before such conclusions could be drawn (Dicke & Roth, 2016). Our approach helps to identify where these gaps in the literature exist and highlights which proxies should be prioritized for future research.

Beyond a lack of literature, comparing phylogenetically distant taxa may pose additional challenges. For instance, if it turns out that sentience (assuming it is a feature relevant to the theory of welfare in use) is the product of convergent evolution, with multiple independent origins (Brown, 2020), then we might never find proxies that work across those taxonomic gaps. Even if it turns out that sentience is not the product of convergent evolution, we will end up relying heavily on the field of comparative cognition. Fortunately, there has been a recent surge of interest in comparing species across metrics that may bear on questions about welfare ranges (MacLean et al., 2014; Cauchoix et al., 2018; Miller et al., 2022a). There has been a concomitant surge in theoretical discussions about how to compare features across species, as seen in Weiss et al. (2019), which outlines a quantitative measure of social complexity that works across species. Similarly, Anderson and Andolphs (2014) developed a framework for studying emotions across species. Such research provides reason for optimism about the potential of comparative cognition research.

However, it should be noted that comparative cognition is a heterogeneous field with respect to the reliability and reproducibility of research findings. Some areas of comparative cognition research have been criticized for their low rates of reproducibility, largely owing to small sample sizes, inappropriate or noisy measurements, and implausible hypotheses (Forstmeier et al., 2017; Farrar et al., 2020). By contrast, other areas of comparative cognition research appear to be less affected by low reproducibility rates due to the use of robust designs that can easily be replicated; for instance, the use of within-subject designs where subjects experience many trials multiple times (Smith and Little, 2018). The field of comparative cognition also bears hallmarks of the publication bias towards positive results. Specifically, the field is biased towards confirming more exceptional cognitive abilities in animals, since academic journals appear to favor papers with surprising results over papers which merely confirm the expected (Mlinarić et al., 2017).

Nevertheless, the unexpected is not always favored equally across species since there are differences in how abilities are perceived among different taxa. For example, a study recently demonstrated that a tiny fish, the cleaner wrasse (Labroides dimidiatus) passed the mirror mark test (Kohda et al., 2019), joining an ‘elite’ handful of other species including chimpanzees (Gallup, 1970), dolphins (Reiss & Marino, 2001), Asian elephants (Plotnik et al., 2006) and Eurasian magpies (Prior et al., 2008). Other animals such as pigs and parrots might be suitable candidates for passing the mirror mark test, as they are able to use a mirror as visual information to find hidden items (Pepperberg et al., 1995; Broom et al., 2009). The mirror mark test involves placing a mark on an animal in a location that can only be seen in a mirror reflection. Passing the mirror mark test involves performing self-directed behaviors in the mirror (i.e., exploring areas of the body that cannot be observed without the mirror), showing interest in the mark on the body and ultimately attempting to remove the mark. The test is considered a benchmark for investigating mirror self-recognition and self-awareness. The study on cleaner wrasse was strongly criticized and triggered debate about whether researchers included robust and appropriate controls to rule-out alternative explanations for the observed behaviors (Frans de Waal, 2019; Gallup & Anderson, 2020; but see Kohda et al., 2022). Moreover, skeptics were not convinced that self-scraping behavior in fish could be considered equivalent to mark-directed self-exploration with hands or trunks in humans, apes, and elephants. Notice that the interpretation of results from mirror mark tests in other animals are also subject to wide debate, particularly about the certainty with which behavioral responses during the test can be used as evidence of self-awareness (1995; Heyes, 1994; Anderson and Gallup, 2015). While it is important that all scientific findings are met with healthy skepticism, the response to the cleaner wrasse study hints that sophisticated cognitive capacities ascribed to intuitively perceived “lower-order” species can be met with stronger skepticism.

Our method could also be prone to bias if proxies are chosen without an understanding of their ecological relevance to the taxa of interest. Suppose we conclude, for instance, that the capacity for emotional contagion is a good proxy for the presence of certain subjective experiences that we take to be relevant to welfare (Düpjan et al., 2020). This proxy might be suitable for species’ that live in social groups or form affiliative relationships with conspecifics because sharing social experiences is thought to facilitate emotional contagion (Herrando & Constantinides, 2021). By contrast, emotional contagion (Adriaense et al., 2019) might be practically useless for making interspecies welfare comparisons across relatively solitary species that do not form strong social bonds with other individuals (e.g., octopuses: Schnell and Clayton, 2019; silkworms: Zhu et al., 2021). As a result, including it would heavily bias against less social species, not because we have some positive reason to think that the relevant sorts of subjective experiences are absent, but because our method of assessment is skewed toward some species relative to others. However, this could be partially circumvented by building welfare range profiles at the class- or family-level rather than species-level. This becomes relevant when there is social variation within a taxonomic group of animals. For example, there are both solitary and eusocial species across the four main bee families. There are also both solitary (i.e., octopuses) and group living species (i.e., schooling squid) within the class Cephalopoda.

Other biases when choosing relevant proxies might arise because our human perspective may render the method prone to false negatives (e.g., Ioannidis, 2005). If this method does not uncover differences in welfare ranges between certain taxa, we caution against assuming that no differences exist. Regardless of the theory of welfare used, ultimately proxies will likely be chosen with some attention to what we perceive to be relevant determinants of welfare for humans. This anthropocentrism is present throughout animal welfare science. For example, many welfare indicators are validated using humans as a form of gold standard (e.g., Mendl et al., 2022). However, such decisions about which proxies to examine may introduce unconscious biases towards or against certain options and may indeed miss entire categories of proxies relevant for detecting differences in welfare ranges between taxa. A complete view of a given taxa’s welfare range is, at present, difficult, given the literature constraints and other challenges discussed in this section. As such, our method provides an approximation that should be interpreted with care.

In any theory in which valenced experiences are determinants of welfare, it is plausible that differences in the possible intensity of those experiences will matter. Unfortunately, assessing potential differences in the intensity range of valenced experiences is a difficult task. Specifically, it is notoriously difficult to establish a scale and measure the intensity of an internal state, and harder still to do so across species. For example, it might be true that, in general, members of a species show shorter latencies to move toward more desirable rewards (Davies et al., 2015). However, there may be variation within species in terms of willingness to work for a reward that does not track the intensity of internal states. Across species, any number of factors may make it difficult to use differences in latency as a proxy, including ecological role (i.e., predator or prey) and physical anatomy (i.e., appendages that facilitate swimming, walking, crawling, or flying). This is true even for some closely-related species, but it becomes more pronounced as phylogenetic distance increases (e.g., Dobromylskyj et al., 2000; Mogil, 2019; Browning, 2020; and Stasiak et al., 2003). In these cases, the use of careful controls in experimental design is critical, for instance, comparing a baseline latency with a test latency to construct a difference score per individual (Miller et al., 2022a). While there is little question about intensity of valenced experiences being a determinant of welfare, and intensity range being a factor that influences welfare range, it will be extremely difficult to make any progress on the problem of differences in intensity range. However, this is not necessarily a problem for the methodology. Experts can simply assign very low scores to any proxy for intensity, which means that while it will be included, its impact will be significantly attenuated. That is, even if there are large differences in the empirical assessments of that proxy across species, they will have only minor impacts on the overall welfare range estimate, with small or uncertain differences being almost irrelevant.

Finally, we foresee potential challenges in reaching consensus around which proxies are most relevant and how to weigh them. Using subjective, expert judgments in the Delphi method is an accepted, robust option as described in the previous section. However, in practice, such expert judgments may cause new tensions in already often politically-fraught conversations about animal welfare (e.g., the fish pain debate, Mason and Lavery, 2022; conversations about “wicked problems”, Bolton and Von Keyserlingk, 2021). To be clear, this is not a reason not to use this method; instead, it is a call to employ the results of the method with care for context, and with attention to how they may be received by diverse stakeholders.



4 Conclusion

From a theoretical perspective, the method we propose for assessing comparative welfare ranges is an attempt to answer fundamental questions about differences in the experiential lives of nonhuman animals. From a practical perspective, the method we propose is an attempt to improve daily judgments about how to allocate and prioritize resources to relieve animal suffering. We also acknowledge that there are risks and limitations to undertaking such a project. However, interspecies welfare comparisons are important and common: they are already being made on one basis or another, primarily without empirical evidence. Our methodological framework can facilitate comparisons which are based on a transparent and empirically informed process. Ultimately, interspecies welfare comparisons can help us direct our attention to issues that will be most important for improving estimates of comparative welfare ranges and allow us to conduct sensitivity analyses to determine where additional information has the highest value relative to that end. We hope that this methodology provides a starting point for developing empirical interspecies welfare comparisons, while highlighting priorities for future research and promoting interdisciplinary collaborations to achieve this.
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Affective states refer to the experience of feeling the underlying emotional state (Hogg et al., 2010).

Cardinal measurement of utility refers to the measurement (or expression) of utility in terms of units like 2, 4, 6 and 8. Cardinality means that utility can be
measured in numbers (Baumol, 1958).

Effective altruism is a research field and conceptual approach emerging from a social community, using data-driven reasoning, aiming to find the best ways to
help others, and put them into practice (Broad, 2018).

Empirical research is a type of research methodology that makes use of verifiable evidence in order to arrive at research outcomes, meaning it relies solely on
evidence obtained through scientific data collection.

The word ‘hedonism’ comes from the ancient Greek word for ‘pleasure’. If hedonism is true, then what matters is how an animal feels - its subjective
experiences (Weijers, 2011).

Proxies or indicators, are defined as measures relevant to cognition, behavior, welfare, and physiology (e.g., measures of brain power, working memory
capacity, self-awareness) (Fischer, 2022).

A person with an interest or concern in something, especially a business.

Valence, or hedonic tone, is the affective quality referring to the intrinsic attractiveness - goodness (positive valence) or averseness - badness (negative valence)
of an event, object, or situation. The term also characterizes and categorizes specific emotions (Lindquist et al., 2016; Bruckner, 2020)

The term “welfare” refers to the state of an individual in relation to its environment, and this can be measured (Broom, 1991; Broom, 1996; Bruckner, 2020).

An animal’s welfare range is the difference between how well and poorly that animal can fare at a time (Fischer, 2022).
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