The Evolution of Cultural Adaptations
Fijian taboos during pregnancy and lactation protect against marine toxins
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Abstract

The application of evolutionary theory to understanding the origins of our cognitive capacities for social learning has generated substantial insights into cultural evolution by focusing on (1) how human minds have evolved to adaptively extract ideas, beliefs and practices by imitating others and (2) how these social learning processes can, over generations, give rise to culturally-evolved adaptations. This study shows how Fijian food taboos for pregnant and lactating women, which appear to be adaptations to protect offspring from dangerous marine toxins, emerged culturally via the particular forms of selective social learning predicted by evolutionary theory.
In the last three decades the application of evolutionary theory to understanding the origins of our cognitive capacities for social learning has generated substantial insights into cultural evolution. By focusing on how human psychology has evolved to adaptively extract values, beliefs, and practices by observing and imitating others this approach explains how social learning can, over generations, give rise to culturally-evolved adaptations (1, 2). However, while substantial research has (a) documented the intricate and often subtle ways in which the culturally-transmitted beliefs and practices adapt people to their local environments and (b) demonstrated the predicted patterns of imitation in the laboratory (3), little work has connected the actual adaptive patterns observed in human societies directly to the predicted patterns of cultural transmission. Addressing this, we show how food taboos for pregnant and lactating women in Fiji, which likely protect offspring from dangerous marine toxins, are transmitted in the patterns predicted by an evolutionarily-driven cognitively-grounded approach to culture.

Substantial research shows that many of the practices found in human societies are functionally well-designed to addressed local environmental challenges, often in ingenious ways not recognized by the people using them. For example, Katz et. al. (4) showed how Native American agricultural populations incorporated an alkali, in the form of lye, ash, or lime, into their maize cooking procedures in a manner that balances the essential amino acids and frees the otherwise unavailable niacin. Without such procedures, populations dependent on maize would face widespread malnutrition. Similarly, foraging populations from California to Australian used elaborate processing techniques to detoxify acorns, cycads, and other plants (5-7). In modern societies, recent analyses of the use of spices across globe indicate an adaptive pattern aimed at reducing the dangers of bacterial contamination in foods (8, 9). 
While such adaptive practices are numerous in human societies, theoretical and empirical work is just beginning to illuminate how such practices emerge. Theoretical analyses suggest that natural selection will favor social learning abilities that cause individuals to selectively focus their attention on those individuals (models) most likely to possess adaptive information (that the learner can acquire via observation). Learners, by preferentially attending to those models possessing greater degrees of skill, knowledge, success, prestige, health and age, as well as to cues of similarity (like sex and ethnicity), can triangulate in on those most likely to possess fitness-enhancing practices, beliefs and values that will be suitable to the learner’s likely future social roles and community. However, accessing and learning from such preferred models (e.g., successful people) may often carry non-trivial costs, as the model may not live nearby or may demand compensation for this learning access. Under such conditions, learners should first acquire as much as they can from any available low-cost models (e.g., parents, older siblings, etc.), who are readily available and have incentives (e.g. kinship) to permit social learning. Then, with this foundation, learners can decide whether to update their beliefs and practices with cultural information acquired from their preferred models (3, 10).
Building on this psychological foundation, mathematical models of cultural evolution show how these individually-adaptive social learning processes give rise to population-level patterns of adaptation. If some members of every generation tend to learn preferentially from the more successful, skilled, and healthier members of the previous generation, the population-level distributions of beliefs and practice will evolve to equilibria that maximize the success, skill, and health of members—giving rise to cultural adaptations (1, 11). 

Empirically, a substantial amount of laboratory research demonstrates that learners do use cues of skill, success, prestige, sex, and age in the manner predicted by the above theory. Field data suggest that these findings are likely relevant outside the laboratory (3, 12). No work, however, has yet connected all of the dots by showing that adaptive cultural patterns at the population-level result from the predict patterns of transmission at the individual level.
To connect these dots, we studied food taboos during pregnancy and lactation in three villages on one of the outer islands in Fiji. After introducing the study population, we will show that (1) marine toxins pose an important local adaptive challenge, (2) food taboos during pregnancy and lactation differentially target toxic species thereby protecting fetuses and nursing infants, and (3) food taboos are culturally transmitted in patterns consistent with the above predictions, and in a manner that can explain their emergence and stability.
The findings presented here were collected as part of an ongoing in-depth study of life on Yasawa Island, which lies in the northwestern most corner of the Fijian archipelago. Economically, villagers rely primarily on horticulture, fishing, and littoral gathering. Yams and cassava provide the caloric staples, while fish are the primary source of protein. Political units are composed of interrelated clans, governed by a council of elders and a hereditary chief. Social life is organized by a complex web of kinship relation and obligations. There are no local markets, televisions, automobiles, or public utilities in these villages. Village populations vary from around 100 to 250 individuals each (see supplemental online text).
Given this population’s substantial reliance on marine resources, we suspected that ciguatera fish poisoning might be a significant health threat. Ciguatera poisoning is the most common form of fish poisoning and afflicts populations dependent on marine resources throughout the tropics. Ciguatera toxins are produced by a marine dinoflagellate associated with macroalgae and accumulate up the food chain, achieving dangerous levels in large, often predatory, fish (13). Symptoms include both neurological (e.g., paraesthesia) and physical effects (e.g., diarrhea and vomiting), which can be severe and endure for months (14). Occasionally poisoning can be fatal. Research also indicates that ciguatera toxins can affect fetuses (15) and can pass to infants through breast milk (16).
To assess the extent of fish poisoning, we gathered data from a random sample of 60 adults across our three villages, asking about illnesses that occurred after consuming foods from the sea. Reported symptoms correspond remarkably well with clinical diagnoses reported in the medical literature for Oceania, and firmly establish that ciguatera poisoning is a prevalent local problem. Overall, 58% (CI95: 45-71%) of adults reported at least one episode of poisoning. On-average, acute symptoms lasted a week and chronic symptoms endured for about a month. For those who had at least one episode, the average number of episodes was 2.1 (see supplemental online text). 
To study food taboos during pregnancy and breastfeeding, our team conducted an extensive three part interview series with all women who had had at least one child across our three study villages. As part of this, we used a checklist of 18 food items that was designed to include both marine species that varied from highly toxic to non-toxic (based on the existing scientific literature) as well as a full range of other foods (17). Ranging from (roughly) the most toxic species to the least, we asked about moray eels, barracuda, and squaretail coral groupers, followed by sharks and sea turtles (18). We also included porcupine fish (19), freshwater eels, and octopi, to examine the potential impact of certain cognitive biases. It is important to realize that most members of a toxic category carry only subclinical levels of the poison, and all of the items on our checklist are regularly consumed by most villagers. In fact, both turtles and moray eels are prized foods and considered local delicacies.
Figure 1 displays the frequencies of taboo reports for our food categories (20), for both pregnancy and breastfeeding. For pregnancy, only the toxic species are reported by the vast majority of women (over 87%), forming a ‘consensus grouping.’ An ‘intermediate grouping’ of food avoidances also emerges, with reporting frequencies ranging from about 13% to 37%. This grouping includes octopi, porcupine fish, freshwater eels, meat (from land mammals), and spices. We will return to this grouping below. The ‘no-avoidance grouping’ includes 7 items that were reported by less than 5% of women.
For breastfeeding, the taboo patterns are similar to pregnancy save for two differences. First, the frequencies of reported taboos drops across twelve food categories, including dramatic drops for sharks and sea turtle, with sharks but not sea turtles tabooed by a slim majority. We believe that the general drop in taboo reports results from the increased caloric demands created by lactation (vis-à-vis pregnancy). This change can be observed in the substantial increases in reports of cravings during lactation vs. pregnancy across all food categories, see the supplemental online materials. This increased caloric demand likely reduces the strength of the model-based selective learning biases (describe above) such that the least toxic foods (sharks and turtles) drop out of the consensus grouping (21). Second, reports of taboos on spices increased substantially for breastfeeding. This is consistent with Western medical recommendations, which suggest that spices may pass through breast milk and cause gastrointestinal discomfort in infants. Some Fijian women reported this discomfort as a reason for tabooing spices, and some also reported that they avoid spices during pregnancy in preparation for breastfeeding.
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Figure 1. Taboos reported by women for 17 types of food during pregnancy (n = 70) and breastfeeding (n = 61). The error bars are 95% exact confidence intervals.
To avoid missing any food categories, we also had women free list any tabooed foods (before doing the checklist). These data confirm the above patterns for toxic species and show that red snapper, a known-to-be highly toxic species, is also tabooed by the vast majority of women. A few other rarely-encountered large groupers may also be important here. However, these lists make clear the vast majority of fish species are not tabooed during pregnancy and lactation. 
Overall, these findings indicate that widely shared taboos during pregnancy and lactation differentially target toxic marine species. When caloric demands rise during breastfeeding, the least toxic species drop from the consensus taboo grouping. 

To examine our cultural learning hypothesis, we asked a sample of women how they acquired their food taboos (note, we did not ask “who” they learned them from). Participants responses were categorized as shown in Figure 2 (some participants gave two responses). The results indicate two important features of these taboos. First, our results suggest that these taboos are principally culturally transmitted, and not acquired by direct experience nor evoked by environmental circumstances. Less than 5% of women mentioned learning anything from direct experience or observation, and those people who mentioned direct experience all also mentioned learning from other people. The supplemental online text details this.
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This illustrates the distribution of reports about how women learned their food taboos during pregnancy. Error bars are 95% exact confidence intervals. Along the horizontal axis several of the bars are labeled with both the English translations and the Yasawan word(s) actually used (22). 
Second, the reported patterns of transmission are consistent with the model-based learning mechanisms described above, when the evolving system is at or near equilibrium. When the system is at or near equilibrium, adaptive cultural learners will learn from family members at low cost, and will not need to update from preferred models (e.g., particularly prestigious or knowledgeable individuals) because most everyone in the community will believe and do the same things as one’s family members (this is not true away from equilibrium). However, a small fraction will update by learning from preferred models, and this is what keeps the population near the adaptive equilibria. 
Consistent with this, Figure 2 shows that most women learned from their mothers, grandmothers, and mother-in-laws, as these models are generally low-cost, accessible, and share fitness incentives with the learner (23). However, almost a quarter of women reported learning from yalewa vuku (wise women) and almost a third reported learning from qase (elders, generally referring to senior non-relatives in the community). Yalewa vuku are women who are well-respected and considered knowledgeable about traditional medicine, birthing, and child care, as well as other skills traditionally considered to be the province of women. By selectively learning such preferred models, learners can improve on cultural variants acquired from their family members. Over generations this tendency will stabilize a population near an adaptive equilibrium. 
Limited ethnographic evidence indicates that these taboos may be old, stable, and widespread. In the early 1930’s at the opposite end of the Fijian archipelago, Thompson reports (24), using virtually the identical Fijian words we now hear in Yasawa, pregnancy taboos on ika tava (fish that must be sliced) and specifically cites sea turtles and morays eels. Currently, in Yasawa, the phrase ika tava would add sharks and the aforementioned large grouper species to list of Lauan taboos. The correspondence is amazing, given the separation in time and space, and the fact that Thompson was not focused on such taboos (see supplemental materials)
While broadly consistent with the evolutionary predictions discussed above, these learning patterns are not consistent with typical null models that assume (a) all individual learning, (b) all parental or familial transmission (25), or (c) some combination of parental transmission and individual learning—guided variation (1).

To further assess the transmission pathways from yalewa vuku (wise women) to other community members, we asked every person over age 7 in two villages (which are quite close to one another and under the same chief) who they consider to be yalewa vuku. Each person spontaneously named between zero and five people. 
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Figure 3. The nodes represent villagers, with the circles indicating females and the squares males. Each arrow points from the person interviewed to one of the individuals named. In the color of the nodes distinguish the two villages, with blue indicating Dalomo and red Teci. The size of the node is proportional to its indegree centrality, which is the total of individuals who selected the node as a yalewa vuku.

The network presentation (26) in Figure 3 illustrates that there is substantial agreement on who the yalewa vuku are (i.e., the network is centralized) and that a handful of individuals likely have a disproportionate impact on cultural evolution. Only 61 individuals were nominated at all (so 111 individuals were never nominated). Of these, only 25 people received more than five nominations and only three received more than 25 nominations. One person received 60 nominations, nearly twice as many as the number two ranked person (see supplemental online text). This consensus indicates substantial differences in prestige among women as yalewa vuku. 
	Table 1: Regression analysis using Age and Plant Knowledge to predict indegree of yalewa vuku

	Variable
	Coef
	Bootstrap 95% CI
	Asymptotic p-value

	Age
	0.0019
	0.07-0.17
	0.0027

	Knowledge
	0.49
	0.22-1.44
	5.11e-11


Building on the link established above between the cultural transmission of food taboo and yalewa vuku, we tested our evolutionary hypothesis that learners will use cues of age and of perceived expert knowledge (or skill) to select whom to learn from by regressing the indegree for all women on their ages and their knowledge of medicine plants (as perceived by other villagers). Indegree is merely the number of nominations each woman received. Table 1 summarizes the analysis. The ordinary least squares linear regression coefficients are both significant at conventional levels, supporting our predictions. Since the distributions of both plant knowledge and indegree are highly non-normal, we bootstrapped 95% confidence intervals for each coefficient, but have also provided the standard asymptotic p-value. This regression explains 50% of the variance in yalewa vuku indegree (R2). 
These data support the theory that (1) the consensus taboos (reported by greater than 87%) have evolved to protect women and their offspring from marine toxins, and (2) that these cultural processes are driven by cultural learning mechanisms, shaped by natural selection, that focus learners’ attention on those individuals most likely to possess fitness enhancing beliefs, practices, and values (in this case, prestigious, knowledgeable older women). We also note that items in the consensus taboo grouping are not those that Fijian women reported feeling disgusted by during their first trimester of pregnancy, so these cultural prohibitions do not represent an extension of experiences during pregnancy sickness.
An evolutionarily-grounded approach to culture also provides some insights into those food items that were reported by a significant minority of the population. Here we address the intermediate avoidances reported for freshwater eels and octopus, leaving porcupine fish and land-animal meat for the supplemental online materials. 

During at least the later portions of human evolutionary history our ancestors likely relied on vast bodies of culturally-transmitted knowledge about plants and animals and aspects of our evolved cognition reveal some specializations in this regard (27). Two aspects of this, our folkbiological cognition, are relevant here. This first aspect, category-based induction, permits inferences from knowledge about a single instance or category to be extended more broadly. For example, when one learns something about one particular lion (it climbed the tree) he can with decreasing degrees of confidence extend it to all members of a subspecies, to the species, and beyond. The second aspect, taxonomic inheritance, permits learners to infer a substantial number of characteristics about a generic species by learning which higher-level category it reside in. For example, merely be finding out that a robin is a type of bird one can infer that robins fly, lay eggs, build nests, etc.
With this as background, some of our sample—perhaps lacking decisive culturally-transmitted input regarding freshwater eels (which are not toxic)—may have projected from the strong taboos on moray eels to freshwater eels. Put another way, if two people you trust tell you opposite things regarding freshwater eels, you may be more inclined to accept that freshwater eels are taboo if you (1) already believe morays are taboo and (2) perceive morays and freshwater eels as similar (in a manner that facilitates a ready induction from one species to another).
Octopus taboos may be a byproduct of an tendency to be suspicious of living things that are categorically ambiguous (28, 29) because this circumvents our use taxonomic inheritance. In the supporting online materials we show that octopi are indeed categorically ambiguous for Fijians, so this taboo may possess a bias that sustains it significantly above zero.

Our research also confirmed that Yasawans perceive these taboos as moralized, and not merely food avoidances. Given a fictitious scenario in which a woman eats a tabooed food while pregnancy or nursing, over 80% of respondents said people would be angry with the violator and would verbally scold her (see supporting online text).
Most generally, this paper demonstrates how, by applying evolutionary theory to understanding our cognitive process for cultural learning and considering the population-level consequences of these evolved learning biases, we can explain both the adaptive and maladaptive patterns observed in culturally-evolved distributions of beliefs and practices. This approach effectively incorporates “cultural explanations” under the Darwinian umbrella without ignoring our species heavy reliance on sophisticated forms of social learning.
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