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INTRODUCTION

Inequality in material possessions, or wealth, occurs widely in human societies.

Researchers have documented it in contemporary as well as historical societies, and in large-as well as small-scale groups [START_REF] Flannery | The Creation of Inequality[END_REF][START_REF] Piketty | Capital in the twenty-first century[END_REF][START_REF] Mulder | Intergenerational wealth transmission and the dynamics of inequality in small-scale societies[END_REF][START_REF] Kohler | Greater post-Neolithic wealth disparities in Eurasia than in North America and Mesoamerica[END_REF]. However, there is little systematic information about the distribution of material possessions in nonhuman animals, even though things such as nests, dens, shelters, and territories are important to survival and fitness [START_REF] Strassmann | Privatization and property in biology[END_REF]. Here, we present, as far as we know, the first description of "wealth" inequality in an animal population: the statistical distribution of empty gastropod (snail) shells occupied by individuals of the hermit crab Pagurus longicarpus (but see [START_REF] Scheffer | Inequality in nature and society[END_REF] for a comparison of human wealth inequality and species abundance).We compare the distribution we find in the crabs with that in various human groups.

It might seem surprising to compare inequality in humans and hermit crabs since, in most respects, they are very different as species. Their evolutionary lines split over 550 million years ago, and hermit crabs are completely without culture and social institutions. However, human resources and snail shells as used by hermit crabs do share a number of abstract qualities.

Resources in both species are often scarce, discrete, owned by identifiable individuals, and quantifiable in size or value. In addition, in many cases, both shells in hermit crabs and resources in humans are distributed through the process known as vacancy chains (defined below). Virtually all of the approximately 1100 species of hermit crabs have soft abdomens (Figure 1) and live in and carry around the shells of dead gastropods (snails) as portable shelters for protection against predators and desiccation [START_REF] Reese | The behavioral mechanisms underlying shell selection by hermit crabs[END_REF][START_REF] Vance | The role of shell adequacy in behavioral interactions involving hermit crabs[END_REF]. Because hermit crabs grow throughout their lives, they must frequently find new and larger shells. However, most hermit crabs cannot kill snails. Instead, new shells enter a population of crabs when predators, disease, or environmental conditions kill gastropods [START_REF] Wilber | Rate of new shell acquisition by hermit crabs in a salt marsh habitat[END_REF][START_REF] Wilber | Predaceous gastropods regulate new-shell supply to salt marsh hermit crabs[END_REF]. Consequently, new shells are often in short supply, especially those needed by larger individuals [START_REF] Vance | Competition and mechanism of coexistence in three sympatric species of intertidal hermit crabs[END_REF][START_REF] Bach | Effect of interspecific competition on fitness of the hermit crab Clibanarius tricolor[END_REF][START_REF] Kellogg | Gastropod shells: a potentially limiting resource for hermit crabs[END_REF].

How could the distribution of wealth in humans compare to the distribution of shells in hermit crabs? One possibility is that the two distributions should be very different. It seems reasonable that human wealth distribution should reflect complex mechanisms based upon culture and social institutions, while the shell size distribution should be driven simply by biological forces such as survival and growth in either the crabs or the gastropods whose shells the crabs occupy. That is, if biological forces determined shell distribution it should reflect either (1) the size distribution of surviving crabs (assuming the proper shell sizes were available from dead snails) or (2) the size distribution of shells from dying gastropods. In other words, according to these two hypotheses, either the biological factors of crab growth or snail deaths should determine the distribution of shell sizes occupied by the crabs.

We have adapted the three classic survivorship patterns from ecology [START_REF] Demetrius | Adaptive value, entropy, and survivorship curves[END_REF] to predict what the shell distributions should be according to these hypotheses. If the first hypothesis were correct, that the shell distribution was determined by crab growth and survival, the distribution could fit any one of the three classic patterns: Type I if all size classes of crabs had a high probability of survival until senescence (Figure 2a), Type II if the crabs had a constant rate of mortality (Figure 2b), or Type III if most of the crabs died at small sizes (Figure 2c).

In the second hypothesis were correct, that the shell distribution was determined by the survival patterns in the snails, research indicates that the distribution should resemble a Type III pattern. Gosselin and Qian [START_REF] Gosselin | Juvenile mortality in benthic marine invertebrates[END_REF] report, for example, that most gastropod species studied have a Type III survivorship pattern (Figure 2c). Due to the very high rate of death in very small snails, the great majority of crabs should be in very small shells with much smaller percentages in shells just a bit larger.

A third hypothesis is that the crab shell distribution takes a form like those commonly reported for humans (Figure 2d). These latter wealth distributions are typically unimodal, rightskewed, and fat-tailed. Perhaps, in contrast to the first two hypotheses, there are some fundamental forces that create similar inequality distributions across species, even in the absence of culture. 

METHODS

2.1 Sampling. We studied the distribution of shell sizes in Pagurus longicarpus, a small hermit crab common on the eastern coast of the North America from the Gulf of Mexico to Nova Scotia, Canada. We gathered the crabs (N = 297) on several low tides in a pool approximately 140 m by 35 m at West Meadow Beach on Long Island, New York (40˚56'41"N, 73˚8'41"W). We collected the crabs at random locations within the pool using a 0.5 x 0.5 m quadrat and carefully sorted through the sandy substrate to make sure we did not miss crabs in small shells. Because we only sampled in one location, future studies should sample hermit crabs in various locations to assess the generality of our findings.

Removing

Crabs from Their Shells. We removed the hermit crabs from their shells by brief immersion in warm (35°C) fresh water. We then weighed each crab (damp weight ± 0.001 g) and measured its carapace length (digital calipers, ± 0.01 mm). The crabs ranged in weight from 0.003 g to 0.522 g and in carapace length from 1.3 mm to 7.66 mm. After measuring the crabs, we gave each a new shell and returned them to the beach approximately 400 m from where they were collected.

Measuring Shells.

We dried the shells taken from the crabs at 60°C for at least 24 hours and then weighed them, measured their length (maximum dimension along the coiling axis) and width (maximum dimension perpendicular to the coiling axis), and recorded the species and condition of each shell. Following many other studies on hermit crabs, we used shell weight as the best measure of resource size for our crabs [START_REF] Reese | The behavioral mechanisms underlying shell selection by hermit crabs[END_REF][START_REF] Bach | Effect of interspecific competition on fitness of the hermit crab Clibanarius tricolor[END_REF][START_REF] Chase | Vacancy chains[END_REF]. Nearly all of the crabs were in Tritia (Ilyanassa) trivittata and Tritia (Ilyanassa) obsoleta shells. Since these species have geometrically similar shells, we used shell weight as a measure of size for both species. The weights of the shells ranged from 0.022 g to 0.984 g. according to a power law, the resulting fat tail prohibits using usual moments of the distribution to estimate parameters. In this case it is preferable to use the Hill estimator to get an estimate of the power law exponent that drives the thickness of the tail [START_REF] Hill | A simple general approach to inference about the tail of a distribution[END_REF].

Gini

If the sample follows a Pareto law with exponent α, the proportion of data points above a given threshold  is proportional to  - . If one rearranges the sample (x [START_REF] Flannery | The Creation of Inequality[END_REF],…,x[n]) in decreasing order (assuming we are estimating the right hand side tail of the distribution), x [START_REF] Flannery | The Creation of Inequality[END_REF] is the largest element in the sample, x [START_REF] Piketty | Capital in the twenty-first century[END_REF] is the second largest, etc. Taking  = x[k] for a given value of k << n, the number k of samples of data points larger or equal to  should be  -α = x[k] - . Then by taking the logarithm, we get: Ln(k) = - Ln(x[k]) +  with  = Ln().

To use the Hill estimator of the power law exponent, one selects a portion  of the largest elements of the sample (x [START_REF] Flannery | The Creation of Inequality[END_REF],…,x[k]), with k = n (more precisely the integer part of n, typically  = 10% -15%, with 13% the value which is used in our calculations). One then performs a linear regression (with constant) of (y1,…,yk) with yi = Ln(i) against (1,…,k) with I = Ln(x[i]).

Because yi increases whereas I decreases, the slope is negative and the coefficient α, which is the negative of the slope, is positive. The intercept  is useful to determine the distribution quantiles.

RESULTS

The distribution of shell sizes that we found in a random sample of 297 crabs (Figure 3) does not resemble any of those distributions suggested by the first two hypotheses (Figure 2a-c).

In particular, the actual shell distribution is not like Figure 2c, which is based upon a Type III pattern that is common in many snails and other marine invertebrates [START_REF] Gosselin | Juvenile mortality in benthic marine invertebrates[END_REF]. Consequently, the shell distribution does not appear to be a simple reflection of the biological features of either crab or snail growth and survival.

The distribution observed (Figure 3) does, however, resemble the one in Figure 2d -the common form of human wealth distributions. Like those distributions, it has a major mode and is skewed to the right with a fat tail. However, the observed distribution also has a secondary mode for shells in the 350 -399.9 mg. range. This mode is due to a deficit in the frequency of shells in the 300 to 349.9 mg. range. This deficit could have arisen through statistical randomness, or it could be due to causes that are not relevant for understanding the equilibrium distribution. In general the distribution of shells exhibits a level of inequality more like that in small-scale human groups rather than in large-scale, nation-based ones. First, the Gini coefficient for the crabs is 0.32 (0.02 standard deviation of the estimation of the Gini with two-sided , 5% confidence interval = 0.285 -0.35). This is greater than the estimates for some small-scale human groups but less than those for present nation states. For example, Kohler et al. [START_REF] Kohler | Greater post-Neolithic wealth disparities in Eurasia than in North America and Mesoamerica[END_REF] report median Ginis for samples of hunter-gatherers, horticulturalists, and agriculturalists as 0.17, 0.27, and 0.35, respectively, while Borgerhoff Muldler et al. [START_REF] Mulder | Intergenerational wealth transmission and the dynamics of inequality in small-scale societies[END_REF] give average Ginis for material wealth in samples for the same kind of groups at 0.36, 0.52, and 0.57. The Ginis for nation states run from about 0.55 for Japan to 0.80 for the United States [START_REF] Davies | The level and distribution of global household wealth[END_REF]. By coincidence, Piketty [START_REF] Demetrius | Adaptive value, entropy, and survivorship curves[END_REF] suggests that the Gini in an "ideal" human society would be 0.33.

Second, the extent of the right skew in the shell distribution for the crabs is not as extreme as that in large-scale human societies. In large-scale human societies, some people accrue enormous amounts of wealth compared to the median levels in their groups. This produces a more extreme right tail in the distributions for those societies. For example, in the contemporary United States the richest 1% of the population owns nearly 40% of the total wealth [START_REF] Bricker | Changes in US family finances from 2013 -2016: evidence from the survey of consumer finances[END_REF]. In our sample of hermit crabs, however, there are no Warren Buffets or Jeff Bezoses, and the top 1% of the crabs only owns about 3.2% of the total shell weight. However, our sample may somewhat underrepresent the skew of the shell distribution. Just as even a large sample would probably underrepresent the proportion of exceedingly rich people in a human population, our sample may have missed some crabs with very large shells. In fact, there are reports that P. longicarpus crabs are capable of occupying larger shells than the ones used by crabs in our sample [START_REF] Weissburg | Chains of opportunity: a Markov model for acquisition of reusable resources[END_REF].

Third, the power-law exponent for the shell distribution is considerably smaller than that for many large-scale human societies. Many researchers suggest that the tails of human wealth distributions can be modeled by a power-law or Pareto distribution [START_REF] Pareto | Cours d'économic politique[END_REF][START_REF] Drăgulescu | Exponential and power-law probability distributions of wealth and income in the United Kingdom and the United States[END_REF]. Power-law distributions are characterized by some quantity raised to a negative power, and the size of that exponent can provide a measure of the fatness of the tail of a wealth distribution. Smaller negative exponents indicate fatter tails and larger negative powers denote thinner tails. Typical estimates for the exponents in the power-law portions of wealth distributions in large-scale, market-based human groups are in the range of a little more than -1.0 to a little under -3.0. Our estimate of the power-law exponent for the shell distribution is -4.4 (Figure 4). Thus, the right tail of the shell distribution is clearly not as fat as those of large-scale human societies such as nations (but see [START_REF] Clauset | Power-law distributions in empirical data[END_REF] for the problems in estimating power-law exponents in wealth and other distributions). Fig. 4. Hill estimation of the power-law exponent for the shell distribution. The exponent is given by the slope of the log-log regression of the ranks of the shells versus their size. The regression is for the 39 largest shells in the sample. For a sample of n = 39, given the slight bias of this estimator for small samples, an unbiased estimate of the shape parameter is around -4.7, while its uncertainty (standard deviation of the error) is α√2 n ⁄ = 0.98.

DISCUSSION

Our results indicate that the distribution of shells occupied in P. longicarpus is generally similar in form to distributions of wealth in human societies, especially those in small-scale human groups. What could cause this similarity? One possibility is that the resemblance could be purely coincidental. Many different mechanisms can produce unimodal distributions skewed to the right with fat tails. Consequently, the two distributions could be generated by entirely different kinds of mechanisms. By the same token, it is also possible that the likeness of wealth distributions in different human groups is also coincidental and generated by different mechanisms, say, for example, in hunter-gatherers and developed nations.

A second possibility is that analogous factors in both hermit crabs and humans generate the similarity in their inequality distributions. If this were the case, those analogous factors would have to be of the most basic sort since, as noted above, hermit crabs are so different in most respects from human beings.

What could those comparable factors be? Researchers have suggested two possibilities for explaining the forms of human inequality distributions that we propose might also work for hermit crabs: individual differences and resource transfer. Approaches using individual differences to account for human inequality distributions, such as human capital theory and a variety of mathematical models, assume that people gain wealth in relation to their talents (such as training, education, and personality) plus, in some cases, random events [START_REF] Mincer | Investment in human capital and personal income distribution[END_REF][START_REF] Becker | Human capital[END_REF][START_REF] Cagetti | Wealth inequality: Data and models[END_REF][START_REF] Pluchino | Talent vs Luck: the role of randomness in success and failure[END_REF]. In contrast, the intergenerational property transfer approach assumes that the form of the wealth distribution is strongly influenced by bequests and gifts from one generation to another [START_REF] Mulder | Intergenerational wealth transmission and the dynamics of inequality in small-scale societies[END_REF][START_REF] Cagetti | Wealth inequality: Data and models[END_REF][START_REF] Becker | An equilibrium theory of the distribution of income and intergenerational mobility[END_REF][START_REF] Gale | Intergenerational transfers and the accumulation of wealth[END_REF][START_REF] Kotlikoff | The role of intergenerational transfers in aggregate capital accumulation[END_REF][START_REF] Arrow | Intergenerational resource transfers with random offspring numbers[END_REF]. A bequest is a property transfer made to one individual upon the death of another, and a gift is an allocation from one living individual to another.

Researchers attempt to evaluate these two approaches by building models based upon them and then comparing the wealth distributions thus generated with wealth distributions derived from empirical studies. Some of the liabilities of this reverse engineering, or attempt at inverse modelling, of social hierarchies are discussed in Chase and Lindquist [START_REF] Chase | The fragilty of individual-based explaqnations of social hierarchies: a test using animal pecking orders[END_REF]. However, we suggest that the core assumptions of these two approaches on the form of inequality distributions can be experimentally evaluated by using hermit crabs. This would allow us to directly observe the dynamics actually generating inequality systems.

In hermit crabs there is no deliberate intergenerational transfer of property. However, crabs do transfer gastropod shells to one another through vacancy chain processes [START_REF] Chase | Vacancy chains[END_REF], and experimenters can readily observe these processes under laboratory conditions. In a vacancy chain, a new resource unit coming into a population sets off a series of transfers among several individuals allowing them to obtain new and usually larger units. For example, in hermit crabs, when a snail dies, its shell may be taken by a first crab that leaves its old and usually smaller shell behind. A second crab will then occupy the abandoned shell left by the first crab and desert its previous, smaller shell, and so on. In humans, vacancy chains occur in the distribution of houses, jobs, and cars [START_REF] Lansing | New homes and poor people: a study of chains of moves[END_REF][START_REF] White | Chains of Opportunity: System Models of Mobility in Organizations[END_REF][START_REF] Pinfield | The Operation of Internal Labor Markets[END_REF][START_REF] Smith | The Marketing of Used Automobiles[END_REF].

A possible experiment to evaluate the importance of property transfers on inequality in the distribution of snail shells in hermit crabs is as follows: An experimenter assembles a large number of groups of hermit crabs all having the same-sized, small shells. The experimenter periodically gives each group of crabs new, empty snail shells of the same size on an identical schedule. However, the experimenter allows vacancy chains to proceed in half of the groups (the treatment groups), but not in the other half (the comparison groups). For the comparison groups, the experimenter removes the old shells left behind by the crabs obtaining new shells, prohibiting shell transfers from one crab to another. In the treatment groups, allowed to use vacancy chains, the experimenter does not remove the old shells abandoned by those crabs taking the initial shells, allowing shell transfers among crabs. Previous research has shown that about three crabs get new snail shells in a vacancy chain: one crab gets the initial shell and two get shells via transfers [START_REF] Chase | Vacancy chains[END_REF]. If property transfers are an important factor in generating the form of the shell inequality distribution we observed for the crabs we collected (Figure 3), we would expect that unimodal, right-skewed, and fat-tailed distributions would emerge over time in the group allowed to have vacancy chains, but not in the comparison groups.

CONCLUSIONS

The distribution of gastropod shell sizes occupied in P. longicarpus is similar in form to wealth distributions in many human societies. In particular, the characteristics of the shell distribution (Gini coefficient, extent of skew, and power-law exponent) are more in line with smaller-scale human populations such as those found in earlier human civilizations and groups such as hunter-gathers and horticulturalists. This finding suggests the possibility that some fundamental factors create similar inequality distributions across species. The crab shell distribution does not seem to represent simple differences in either hermit crab or gastropod growth and survival rates. Additionally, hermit crabs might be useful as an animal model to experimentally investigate the importance of various factors on the generation of inequality.

Investigations of this sort would allow us to harness the power of the experimental approach to provide greater understanding of how inequality systems work.

Finally, our results demonstrate that, in a manner of speaking, inequality is "natural".

That is, inequality can occur in groups in which individuals own material resources but are neither human nor subject to formal social practices or cultural traditions. As such, hermit crabs can provide a kind of reference point with which to compare inequality in both smaller-and larger-scale human societies.
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 1 Fig. 1. P. longicarpus hermit crab. (a) The crab in its snail shell. (b) The crab removed from its
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 3 Fig. 3. The observed distribution of shell sizes occupied in P. longicarpus. Shell size is indicated
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