Supplemental Online Materials
This document supplements the main text by supplying (1) additional ethnographic details about the study populations, (2) greater detail on our data collection methods, (3) results substantiating the presence and dangers of marine intoxification, (4) results showing the differences in reported cravings between pregnancy and breastfeeding, (5) taboo reports based on our free response methods, (6) data showing the contribution of tabooed species to the diet (of people not pregnant or breastfeeding) (7) additional findings on how taboo beliefs were acquired, (8) greater details on our analyses of prestigious yalewa vuku, (9) analyses of the lower-frequency reports of taboos on land-animal meat (lewe), octopi (sulua), porcupine fish (sokisoki), freshwater eels (duna) and spices (boro) and (10) analysis of reported reactions to hypothetical taboo violations.  

1. Ethnographic Background
The research presented here was performed in three villages on the eastern coast Yasawa Island, which lies in the northwest corner of the Fijian archipelago (177° 32'E 16°48'S). This slender island is roughly 20km long and 2km wide at its widest point. The island experiences a distinct wet-hot (Oct-March) and dry-mild seasons (April-Sept) and is probably the driest island in Fiji. There are 6 villages on the island, with between 100 and 250 people per village. Most of our data collection was done in the villages of Teci and Dalomo, at roughly the mid point of the island, and our main pregnancy and breastfeeding interviews were also performed in Bukama.

Politically, the villages of Teci and Dalomo comprise a single political unit, termed yavusa in Fijian, while the village of Bukama is its own yavusa. Yavusa are the largest kin-based political units in the Fijian system. Yavusa are typically composed of several mataqali, or clans. Yavusa are governed by a hereditary chief, senior male members of the Chief’s mataqali, and a council of elders, which typically includes the senior member (and leader) of each mataqali. For each village, an elected turaga ni koro is charged with handling relations with government ministries and external organizations (outside the traditional systems of chiefs, clans, etc.). This elected leader may have an important influence in political decisions within the villages; however, he is usually subservient the Chief and his council. Christian churches in these villages, and their pastors, often influence political decision-making, although in these particular villages at this time, churches play only a minor role in political decisions.   

Economically, households subsist principally on horticultural production, littoral gathering, fishing and some purchase foods (e.g., flour, sugar, tea). Male members of households maintain subsistence gardens that supply yams, cassava, bananas, coconuts and other fruits, which supply the bulk of the calories consumed. Men also fish, using hook-and-line, nets, and both surface and underwater spears. Underwater spear fishing is a prime source of male prestige. Fish supply the bulk of the protein. Women collect fire wood, prepare food, clean, fish with hook and line, and gather shellfish, mollusks, and the like on the littoral. In Teci and Dalomo most cooking is down on open fires, while some in Bukama use gas stoves.

The two yavusa are economically distinct because Bukama leases some of its land to an exclusive luxury hotel (the only one on the island at the time of the study), which employs many of its villagers. Teci and Dalomo, in contrast, supply only 3-6 workers to the hotel at any one time, and these jobs are ephemeral. In Teci and Dalomo, there is one phone (that works occasionally), no electricity, no vehicles, and no commerce (except for in-home “stores”). Most houses in Teci and Dalomo are made from traditional materials and there are only two small motorized boats. Bukama has mostly concrete block houses, and is serviced by a mini-bus from the hotel (to pick up employees). Hotel workers can access a small (expensive) store. Some houses in Bukama have limited electricity, which is generated by the hotel.

Social and economic life is largely organized by a complex kinship system that expands the nuclear family into an itokatoka (extended household) and governs more distant relationships with a cross-parallel distinction. Each clan, mataqali, is composed of several itokatoka. The system expands the nuclear family by extending parental and sibling relationships while creating linkages of various kinds to other itokatoka. One’s father’s older brother is “big father” (tata levu) and his younger brother is “small father” (tata sewasewa). The eldest brother is usually the decision maker of the itokatoka. The head of the mataqali is the senior male member of the leading itokatoka. All parallel cousins are referred to as siblings, as are first degree cross-cousins (this differs from elsewhere in Fiji). Parallel cousins are one’s mother’s sister’s children and father’s brother’s children. Opposite sex siblings are tabu (meaning no direct social interaction is permitted—a taboo), as are one’s same-sex siblings’ spouses (who are literally referred to as tabuqu, or “my taboo”). Second degree cross-cousins are tavale. Opposite sex tavale are preferred marriage partners, while same-sex tavale maintain easy-going joking relationships. 
2. Data Collection Methods
This work was conducted as part of an ongoing research project on Fijian life ways and cultural transmission. The project mixes in-depth ethnographic observation and participation with extensive detailed interviews and experiments. The project was initiated on Yasawa Island in 2003, and the research presented here was done in 2005-2006. Under the supervision of Joe and Natalie Henrich all the data used in this paper was collected by trained Fijian interviewers (fluent in Fijian), mostly recent graduates from the University of the South Pacific (Suva, Fiji). Since all villagers above about the age of 7 are fluent in both standard Fijian and the local village dialect (the vocabulary of these dialects do overlap substantially, but are not readily intelligible), we conducted these interviews primarily in standard Fijian but inserted local vocabulary wherever necessary (e.g., names of fish folkspecies vary substantially across Fiji so we used local terms). All interviews done with women on the topics of pregnancy and breastfeeding were done by female Fijian interviewers. The PI was only present during a series of training interviews. All interviews were prepared using the method of back-translation. Moreover, each interview was reviewed by the PI soon after completion, and interviewers were sent back if anything was incomplete or ambiguous. Fijian and English versions of our interviews are available from the first author.
3. The Adaptive Problem: Toxic Fish

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, usually found on dead coral, and accumulates up the food chain, achieving dangerous levels in large, often predatory, fish (1). Symptoms include both neurological (e.g., transient paralysis) and physical effects (e.g., diarrhea and vomiting), which can be severe and endure for months or even years (2). In rare cases, poisoning can be fatal, even in otherwise healthy adults. Research also indicates that ciguatera toxins can affect fetuses (3) and can pass to infants through breast milk (4). Finally, such toxic fish are undetectable without complex and costly laboratory tests (5), which are often unreliable. 

Fish poisoning occurs among people who eat reef-dwelling fish throughout the Caribbean, Indian and Pacific oceans, including Fiji. However, since many and sometimes most members of potentially toxic fish species do not contain toxins, or carry only subclinical levels, and the presence of the toxins (or their precursors) vary both temporally and geographically, our first step was to establish whether fish poisoning is problem on Yasawa Island. Ecologically, since the village of Teci of sits in front of a substantial stretch of dead coral, which is thought to fuel the production of these toxins, there was reason to suspect that ciguatera might be a problem.
Fish Poisoning in Yasawa

Informal ethnographic observations and interviews indicated that “fish poisoning” (termed ika gaga) has some local prevalence. To explore this, our team conducted a random sample of 60 interviews among adults in the Yavusas Bouwaqa (n = 30) and Bukama (n =30). We added to this a non-randomly selected group of 10 males between the ages of 20 and 40 in an effort to explore the relationship between alcohol consumption and ciguatera poisoning.
 From the random sample, 60% (CI95%: 0.41-0.77) and 56.6% (CI95% 0.37-0.75) of the samples from Bouwaqa and Bukama, respectively, report having experienced at least once instance of ika gaga in their lives. Of those who have experienced at least one incident, the mean numbers of episodes is 2.4 (Bouwaqa) and 1.7 (Bukama). One person reported 9 episodes, and ten people reported four or five episodes. Our sample was 42% male, with a mean age of 37.  Regression analysis using age and sex to predict the number of reported life incidents of poisoning show that males have more incidents (1 more incident, on-average) than females. No village, age, or clan effects emerged.
Since these data are reports using the local term, ika gaga, we sought to examine whether ika gaga corresponds to the clinical manifestation of ciguatera poisoning. To accomplish this, we (1) asked the same sample to free list the symptoms they experienced during these episodes, and then (2) went through a checklist of symptoms drawn from the medical literature on ciguatera. Table 1 presents the mean proportions of the samples reported on both our Yasawan Freelisting task and our checklist data, as well as clinical data from health posts in French Polynesia and New Caledonia (2). The symptoms in this table come exclusively from our checklist, which was composed on the symptoms commonly associated with ciguatera poisoning as described in the medical literature. Since it was not constructed specifically using the data from the French Polynesian-New Caledonia clinical evaluations, we matched up categories and included data from those sources wherever possible. While most of our categories matched one-to-one, two problems in symptom correspondence arose. First, our checklist separated the experience of numbness (in fingers, toes, etc.) from a tingling, crawling or burning sensation on the skin, while the other dataset grouped these under paresthesia. Moreover, these sources do not provide report paraesthesia in general, but only report by body part. This means we cannot extract the total percentage that experienced this overall. To deal with this, we have drawn the highest percentage reported for any particular body part from Bagnis et. al. (1979) and paired this with our symptom of tingling, crawling or burning sensation. This highest percentage for any particular body part sets the lower limit for the overall percentage of those who experienced the symptoms anywhere on their bodies.

These data indicate that ika gaga in Yasawa corresponds closely to the clinical diagnoses of ciguatera fish poisoning. First, note that since our checklist itself was composed of symptoms associated with ciguatera poisoning, and gave particular emphasis to those symptoms know to be most diagnostic (#2 and #3 in bold), the high frequency of reports for these symptoms (96%) and generally high frequency of all symptoms (including sensations of loose teeth at 22%) indicate that ika gaga corresponds to clinical ciguatera poisoning. Second, comparing this to the distribution of symptoms based on clinically diagnosed cases of ciguatera, there is a high degree of correspondence (r = 0.65), especially given the differences in data collection methods and populations. Most importantly, there is high agreement on the most diagnostic symptoms. Finally, as a methodological check, the free listed symptoms, which were elicited before the checklist, show several of the high frequency symptoms, including the diagnostic sensation of tingling, crawling or burning of the skin. And, save for a couple of idiosyncratic mentions, all the freelisted symptoms were all found in the checklist, so our checklist was not missing any key symptoms that might indicate an alternative diagnosis. 

	Table I

Ciguatera Symptoms Checklist
	Yasawa

Freelist

(n = 70)
	Yasawa

Checklist Symptoms

(n = 70)
	Clinical Fr. Polynesia

(n = 3009)

	Pain in your joints
	60
	100

(96-100)
	85.7

	Tingling, crawling or burning sensation of the skin
	40
	96

(88-98)
	89.1

	Sensation of hot-cold reversal
	0
	96

(88-98)
	87.6

	Weakness
	60
	93

(86-98)
	60

	Numbness in fingers, toes, around lips, mouth or throat
	0
	89

(80-95)
	----

	Diarrhea
	36
	84

(75-92)
	70.6

	Nausea
	0
	84

(75-92)
	42.9

	Pain in the mouth area
	0
	80

(69-89)
	

	Vomiting
	44
	73

(62-83)
	37.5

	Pain in the legs or arms
	0
	69

(69-89)
	----

	Itchiness on skin
	0
	64

(52-74)
	44.9

	Stomach pain
	0
	56

(43-66)
	46.5

	Muscle cramps
	0
	38

(27-50)
	81.5

	Difficulty breathing
	0
	36

(25-47)
	16

	Sensation of loose teeth
	0
	22

(14-33)
	24.8


Our data show greater consensus for ciguatera symptoms than the larger dataset from French Polynesia and New Caledonia. There are three possible reasons for this. First, our population is culturally, environmentally and genetically more homogenous than the other populations. Second, our populations eat reef fish regularly—often daily—so many people probably maintain subclinical levels of ciguatera toxin in their bodies all the time. Perhaps this results in more intense episodes and more a regular appearances of symptoms. Third, since these are recall data, it’s possible that local cultural notions of what symptoms are usually associated with ika gaga have influenced the recalled symptoms, leading to a greater consensus on the most prevalent symptoms. This third point, however, would not detract from our primary claim that ika gaga appears to pick out ciguatera poisoning and that this intoxication is quite prevalent on Yasawa Island. In many, if not most cases, the third explanation seems unlikely as people described specific incidences of the symptoms, vivid sensations, and particular events. For example, in describing symptoms #2 and #3 people often described a specific memory of the burning sensation created by cool water touching their skin during bathing (no hot showers in these villages).  

To further assess the nature of ika gaga, we asked those who reported at least one poisoning what kind of fish was responsible for their most recent incident. Figure 1 summarizes the reports from forty three people who recalled the fish implicated in the poisoning. All of the reported fish are, to some degree, associated with ciguatera.
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Figure 1. Types of fish associated with reports of ika gaga in Teci and Dalomo
To assess the impact of these poisoning episodes, we asked people how long they were sick. People had trouble estimating this, but 33 people felt confident in recalling how long the worst of the symptoms lasted. These estimates yield a mean of 6.67 days (1 week). Fourteen people reported that some symptoms remained for a mean of 28.2 days (1 month), and sometimes recurred in milder manifestations.

While the above data show that ciguatera is an endemic health threat, and does have an impact village life, people do not generally avoid potentially ciguatera fish. Most individuals in these species do not cause acute health problems, and all are regularly eaten. 
4. Craving and the Drop in Reported Taboos

Results presented in the main text show that the frequency of taboo reports for sharks and sea turtles dropped from 87% to 52% and from 90% to 30% (respectively) as we move from pregnancy to breastfeeding. We speculate that these drops in taboo rates result from the combined facts that (1) sharks and sea turtles are the least toxic (or the least likely to be toxic) so their relative effects on health and success is the least and (2) nursing substantially increases women’s caloric demands; thus, women are really hungry and crave a wide variety of foods (including fish) compared to pregnant women. This means that cultural evolution, driven selective model-based learning, will first drop the taboos on the least toxic species as caloric demands increase and outweigh the negative impact of potential poisoning. It is also possible that breastfeeding infants are less susceptible to ciguatera toxins than fetuses.

Evidence for the increased demands of lactation come from (1) medical research showing the increased caloric demands of breastfeeding women (6, 7), and (2) our data comparing cravings reported during pregnancy vs. breastfeeding. Figure 2 illustrates this, showing that reported cravings increased in every category of food we studied. 
However, since the Fijian translation of “crave” (garova in Standard Fijian or garovia in Yasawan) indicates in this context something one desires, and would eat if given the chance, the tabooed fish (those in the consensus grouping) were reported extremely rarely or not at all—only people who did not report them as tabooed. Ninety-seven percent of women reported craving ika, in general, and would have reported the normally prized catches, like the moray eel, had it not been for the taboo.  
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Figure 2. Comparison of cravings during pregnancy and breastfeeding
Consistent with the effects of increased demands for calories and nutrients, the reports of taboos for octopi, porcupine fish, and freshwater eel all dropped substantially, although only the octopus’ drop was significant at conventional levels. Octopi fell from 37% to 13%. The porcupine fish and freshwater eel fell from 20% to 7% and from 19% to 5%, respectively. As all three remain significantly above zero, we suspect that these drops result from two cognitive effects that bias these kinds above zero pitted against the increased nutritional demands of breastfeeding. These cognitive effects are detailed below.  

5. Free Response Data

The advantage of the checklist approach is that it minimizes the impact of individual differences in recall and reporting effort during the interview. The problem is that it may miss important foods. To address this, we asked our participants—prior to the checklist task—to list all foods they avoid during pregnancy. Figure 3 displays the overall response frequencies from both the free listing and the checklist. Here the first two paired bars (“Any/B-P Fish”) presents the checklist data for the item (“Any fish”) and the free listing bar gives the frequency of respondents who gave the ad-hoc categories of (1) poison fish (ika gaga) or (2) big fish or sliced fish (ika lelevu or ika tavatava, ika tava)—more on this below.
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Figure 3: Comparison of free-response taboos and checklist during pregnancy
The free response reveals the same general pattern observed in the checklist data
: High response rates for known-to-be-toxic fish (from the medical/scientific literature) and lower rates for all other foods. Those items in the consensus grouping from the checklist (those with reported frequencies exceeding 87%) were freelisted by between 56% and 74% of the sample. Only one other fish that was not on our checklist was reported in this range: red snapper (damu). This fish is well known to be one of the most toxic (8). At lower frequencies in the free lists, two other folk species emerged, kelia (humphead parrotfish) and votosiga (malabar grouper). Both of these species are occasionally associated with ciguatera poisoning in the literature, although they appear substantially less than those in the consensus grouping. Except for spices (boro, see main text), none of the other foods emerged as taboos in the freelisting.

As noted above, the freelisting of food taboos also revealed the existence of two ad-hoc cultural categories, whose members are folkbiological generic species. In 80% of our freelists women referred to either (1) “big fish” (ika lelevu or ika yalevu) or “sliced fish” (ika tavatava) or (2) poison fish (ika gaga), with many women listing both categories. We translate tavatava (or tava) as “sliced”, but it this context it refers to fish that are sufficiently large that they must be cut with the long bush knives that villagers routinely use in agriculture. This category generally includes sharks and sea turtles, and some also assign kalia (green humphead parrotfish), tavaga (humphead wrasse) and rays (vai). Ika gaga principally includes moray eel (dabea), red snapper (damu), great barracuda (silasila), and rock cod (batisai), and sometimes blubberlip snapper (mesa), bluestripe herring (daniva), and potato grouper (delabulewa). 

This distinction is important because it demonstrates that taboos are not merely coterminous with the category ika gaga, but includes other, less frequently caught, potentially toxic species. That is, while we included sharks (iko) and turtles (vonu) in our checklist because they are known to be responsible for poisoning, Yasawans do not recognize sharks or sea turtles as ika gaga, but nevertheless taboo these during pregnancy and breastfeeding. Moreover, as we’ll see, while they do not include sharks and turtles as ika gaga, women do report that a mother’s consumption of these during pregnancy or breastfeeding could damage the health of fetuses and infants. However, while there is consensus that the consumption of any of the tabooed food will damage the health of the fetus or infant, there is little agreement on precisely what form this will take. As expected, adaptive cultural transmission processes work to generate adaptive behavioral patterns, not on getting the symptomology or causal details correct.

The freelisting of food taboos during breastfeeding yield findings that parallel those for the checklist. Because the breastfeeding interview was a second interview involving extensive questioning about food avoidances, and we were concerned about boring our participants, we did not push them to keep listing items, after their initial list, as we did in the pregnancy interview. For example, if a woman said ika gaga initially, we did not press her to list all ika gaga she could think of, as we did in the pregnancy interview. However, despite this, the freelist results correspond to the patterns seen the checklist results. Ika gaga (poison fish) were mentioned initially by over 80% of respondents, with rock cod, great barracuda, and moray eel all spontaneously mentioned most. Red snapper was again among the most freelisted avoidances, showing the same frequency of reporting as moray eels. Consistent with breastfeeding checklist results, and different from the pregnancy findings, sharks, turtles and “big fish” were all mentioned infrequently.
6. Toxics species are important food sources

To establish the relative importance of the tabooed foods vis-à-vis other marine species, we draw data from our measurements of actual fish catches in the villages of Teci and Dalomo. Over the course of one year we recorded the folkspecies and size of the complete catches from all fishermen. In gathering these data we took advantage of the fact that on most Saturdays most of the fishermen in the villages go spear fishing (underwater) as a group. Once they are in the water, they separate and don’t see much of each other until they go ashore 2-3 hours later. These data come from measurements of 1082 fish (66 different folk generic kinds) caught by 26 fisherman on 12 different Saturdays between 7 July 2005 and 1 July 2006 (including measurements in the months of July, Aug, Nov, Dec, April, and May). Since these data are principally from underwater spear fishing, they do not represent an accurate picture of all the species consumed in these villages, as some species are only taken by hook and line or in nets. Specific to our interests, underwater spear fishermen—armed with only slender metal rods and thick rubber bands (not spear guns)—expressly avoid  both sharks and barracuda (which are taken by hook and line), so we don’t expect these to be represented. 
Based on these data, Table 2 shows the top 15 contributors to the overall catch, as measured in kilograms.
 We recorded these marine species using the local generic Fijian names, so columns 3 and 4 represent our efforts to match these with the common and scientific taxonomies.
 The letters in parentheses next to the scientific classification indicates at what level of the scientific taxonomy these generics match up. Columns 5 and 6 give the total weight for each and its contribution, as a percentage of the overall catch. These are the top 15 of the 65 different folkspecies that we recorded. These 15 contribute 81.3 percent of the total weight of all fish caught.
	Table 2. Top 15 contributors by weight to diet from spear fishing catches

	Rank
	Folk generic

name
	Common names
	Match with scientific classification
	Total Kg in sample
	Percent of total kg

	1
	dridri
	many surgeonfish and tangs
	Some Acanthuridae (f)
	61.66
	19.30

	2
	ulavi
	parrotfish
	Scarus (g)
	32.03
	10.02

	3
	vai
	rays
	Rajiformes (o)
	20.07
	6.28

	4
	ika yalewa
	unicorn fish
	Naso (g)
	17.61
	5.51

	5
	yaro
	lined surgeonfish
	Acanthurus lineatus (s)
	15.51
	4.85

	6
	kasala
	various groupers
	Epinephelus (g)
	13.72
	4.29

	7
	damudamu
	squirrelfish
	Sargocentron (g)
	13.69
	4.28

	8
	batisai
	rock cod
	Plectropomus lanceolatus (s)
	13.47
	4.21

	9
	sokisoki
	porcupine fish
	Diodontidae (f)
	13.18
	4.13

	10
	vonu
	sea turtle
	Chelonioidea (sf)
	12.70
	3.97

	11
	dabea
	moray eels
	Gymnothorax
	11.94
	3.73

	12
	damu
	red snapper
	Lutjanus bohar & argentimaculatus
	10.57
	3.31

	13
	qitawa rilau
	sweetlips
	Plectorhinchus lessonii & lineatus (2s)
	9.81
	3.07

	14
	donu
	coral groupers
	Plectropomus (g)
	7.29
	2.28

	15
	votosiga
	Malabar groupers
	Epinephelus malabaricus (s)
	6.63
	2.08


These data indicate that the fish tabooed during breastfeeding and pregnancies are normally important contributions to the local diet. All of the tabooed fish that are caught by spearfishing appear in the top 15 contributors. Cumulatively, summing all of the folkspecies in bold, these tabooed fish contribute 17.3% of the total catch, a non-trivial portion of the diet. Moreover, this measure does not include sharks and barracuda, which that are caught with hook and line, or the sea turtles caught in nets.
7. Fish avoidances are transmitted principally via cultural learning

Having argued that food taboos during pregnancy and nursing are a cultural adaptation that differentially targets toxic marine species, we now examine our hypotheses about (1) how these avoidances are learned (individually or culturally) and (2) who they are learned from. By showing that these avoidances are influence by selective attention to particularly knowledgeable or successful individuals (selective model-based cultural learning), we lay the necessary groundwork for the emergence and maintenance of a culturally evolved adaptation. 

To explore the acquisition of food taboos for pregnancy we asked our sample, “How did you learn about what foods to avoid while pregnant?” Note, we did not ask, “From whom did you learn about which foods to avoid?” People could have answered our question by referring to direct personal experiences, but they mostly did not. We recorded whatever women said, and coded them straightforwardly into nine categories. Figure 4 summarizes our finding for the two yavusa studied. The main text presented only the Bouwaqa findings for reasons explained below.
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Figure 4. Answers to the question "How did you learn about these taboos?" for Bouwaqa and Bukama
The results presented in Figure 4 are consistent with our theoretical expectations in three principle ways. First, only 4% of participants even mentioned acquiring food taboos from direct experience or individual learning, and no one mentioned only direct experience. Other parts of our interview show that while 68% of mothers can name a case or two in which violating a food taboo did harm a fetus or baby, these represent a handful of isolated incidences. Many informants reported the same incidence (often with different details) and it was often unclear if informants actually saw events first hand, or were reporting second hand (that is, culturally transmitted) information. Finally, if someone had observed, or otherwise knew about, all the reports we recorded, they would not have avoided rock cod, sharks, or red snappers.   

Second, Figure 4 indicates that most learners took advantage of the low-cost (easily available) models who share a kin-based incentive that the future pregnant woman should acquire the best eating practices. Overall, 77% of women said they learn from mom (tinaqu or nene), 61% from their grandmother (tai), and 37% from their mother-in-law (vugoqu).
For those interested in explaining the origins of a long post-reproductive life in human females, we observe that grandmothers are an important source of fitness-enhancing culturally-transmitted information for their granddaughters. This supports is the Information Grandmother Hypothesis. 

Learning from mother-in-laws is not surprising, especially in this case. Since newly married women often move into their husband’s parents extended household (itokatoka), first-time expectant mothers will find themselves around their mother-in-law when they become most interested in pregnancy related food taboos. Moreover, while women are not genetically related to their mother-in-laws, mother-in-laws nevertheless the have kin-based incentive in their daughter-in-law learning appropriate eating behavior—the fetus is related to both and partially aligns their interests. Across all three villages, 40% of adult female grew up in a different village from where they live now. This percentage is remarkably close to the percentage of women who reported learning from their mothers-in-law.
Third, central to cultural transmission’s ability to generate and sustain adaptive behavioral repertoires are the effects of model-based biases, such as prestige, success, knowledge, and age. Once a cultural system has reached a stable equilibrium in a certain domain, most individuals will only learn from the available low-cost models, and will not need to update from preferred (prestigious) models. Theoretically, this occurs as learners compare their acquired cultural representations (acquired from low-cost models) with those of preferred models. If these representations appear similar and the differences in success and prestige aren’t too large, learners will stick with what they learned in the family and never update. Thus, since the distribution of food avoidances during pregnancy appear near to optimal response with regard to marine toxins, we expect a small but non-trivial degree of transmission from models deemed highly successful.

In Bouwaqa, a non-trivial fraction of women report learning from senior and/or prestigious women, not including their mom, grandmother or mother-in-law. Figure 4 shows 23% and 31% of women in Bouwaqa report having learned about food taboos from “wise women” (yalewa vuku) and “elders” (qase), respectively. Both qase (elders) and yalewa vuku suggests learning from senior women other than their immediate family members, and yalewa vuku carves out a select group of senior women known for their knowledge, particularly about medicinal plants, birthing, and traditional remedies. 

In Bukama, no one mentioned yalewa vuku and only 8% mentioned elders (qase). We lack the data at this point to say precisely why we do not see this same pattern in Bukama, given the similarity between Bukama and Bouwaqa on their other responses in Figure 4. However, our approach to cultural learning provides a hypothesis. In 1992 an exclusive resort was started on Bukama’s territory and about 75% of the adults in this village work in the hotel. It may be that the substantial social and economic impact of the hotel, on both people’s income and their ability to allocate time to traditional pursuits, has shifted the domains of prestige from those that include traditional knowledge to one’s based around income generation, business, and commercial advancement. In Bouwaqa, our work has already shown that excelling in traditional domains (e.g., fishing, house construction, medical plant knowledge, etc.) remains the principle means for acquiring respect within the community, although business acumen is making some inroads. Ongoing research will comparatively explore the differences in prestige domains between these communities. If this hypothesis is correct and the villagers of Bukama have shifted from the traditional domains of prestige, we should expect the consensus response of prophylactic taboos in Bukama to drift away from the current adaptive consensus over the next few generations.
Finally, we note the responses reported in Figure 4 do not look like those one gets when an adaptive response has been evoked by environmental circumstances (as opposed to being culturally transmitted). As part of this same investigation we also examined two non-cultural evolutionary hypotheses about the nature of pregnancy sickness and found that most women were disgusted by the same local foods (and not the tabooed foods) during their first trimester in a manner consistent with an evoked response to environmental conditions. When we asked how they learned to be disgusted by these foods, they looked at us like we were crazy, and seemed baffled by the question. In contrast, when we asked about the tabooed foods, women readily answered the question, without confusion. This is, of course, merely a hint, but it does indicate that our participants did not merely feel inclined to give an answer to a wacky question. 
8. Pathways of cultural transmission and yalewa vuku
We hypothesized that the distribution of fish taboos in these populations, and in particular the cultural consensus of those avoidances, is a cultural adaptation driven by model-based selective cultural learning. This is supported in part by the tendency of women to report having learned their avoidance from a yalewa vuku (wise women). To further examine this specific proposal while at the same time testing some of the more general hypotheses about model-based selective cultural learning, we present two analyses. First, we examine who villagers believe are the current yalewa vuku in Bouwaqa and assess the degree of agreement about who these women actually are. If the above hypotheses are correct, and yalewa vuku represent knowledgeable and prestigious transmitters in this domain of culture, the social network created by of yalewa vuku nominations will be highly centralized: people will agree on who the yalewa vuku are. (it’s might have been, for example, that women said that they learned from an yalewa vuku, but no one agreed on who those women were, or everyone believed their mother is a yalewa vuku). Second, using a measure of each woman’s prestige (in Bouwaqa) as a yalewa vuku based on social network data (with most having zero prestige in this domain), we regressed this on measures of age, knowledge of medicinal plants, education, and clan membership. If the evolutionary hypotheses laid out above are correct both age and expert knowledge or skill in a related domain should predict being selected as an yalewa vuku, thus making one more likely to influence the transmission and distribution of food taboos.

Yalewa vuku represent a social category of women respected by community members for their expertise in areas that women are supposed to know something about, including Fijian medicine (the use of medicinal plants), mat weaving, cooking, and reproduction (e.g., pregnancy, breastfeeding, and infant care). As part of our investigation, we asked every person over age 7 in Bouwaqa to name the yalewa vuku. Participants could name as many people as they wanted but everyone spontaneously listed between zero and 5 names. We also did not specify that the yalewa vuku had to be in Bouwaqa, but all people named were in Bouwaqa. Figures 5a and b graphically illustrate the network. 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 by that participant. The overall orientation of the network is arbitrary, although the distances between nodes is calculated by “spring embedding” algorithms the pull the nodes closer together that have more interconnections (arrows) between them. In the color of the nodes distinguish the two villages, with blue indicating Dalomo and red Teci. In Figure 5a, the size of the node is proportional to its indegree centrality (hereafter “indegree”). Indegree is merely the total number of individuals who selected the node (individual) as a yalewa vuku. In Figure 5b, the size of the node gives the in-eigenvector centrality. An individual’s eigenvector centrality is calculated by weighting each nomination (each incoming arrow) by the eigenvector centrality of the nominator (the originating node of the arrow). Individuals with the highest eigenvector centrality are those who tend to be most frequently nominated by those who themselves are frequently nominated. For our purposes here, eigenvector centrality (hereafter “centrality”) measures an individual’s potential importance and impact on cultural transmission and evolution. The mental representation held by those with high centrality will have a disproportionate impact on cultural evolutionary dynamics.
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Figure 5a and 5b. Social Networks of yalewa vuku. Arrows point toward person selected as yalewa vuku. Circles and squares represent males and females respectively. Red and blue indicate people from Teci and Dalomo, respectively. In Figure 5aA (top) the size of the node (circle or square) represents the indegree. In Figure 5b the size of the node represents the eigenvector centrality. 

Graphically, Figure 5 shows that there is substantial agreement on who are the yalewa vuku (the network is centralized) and that a handful of individuals likely have disproportionate impacts on cultural evolution. For indegree, only 61 individuals were nominated at all (so 111 individuals were never nominated). Of these people, 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. Our centrality measure narrows things even further: Of the 61 people who received any nominations, only 18 had centralities higher than zero (many people were only nominated by people who themselves were not nominated). However, at the top end, eigenvector centrality is much flatter then indegree. The person with by far the highest indegree (60) also has a high eigenvector, but no longer dominates (showing the third highest eigenvector centrality). There are five people with centrality scores between 0.60 and 0.85. Indegree and eigenvector centrality are correlated 0.73 (bootstrapped BCA 95% CI 0.57-0.84). 

Before analyzing the relationship between being selected as a yalewa vuku and the hypothesized predictors of age and knowledge/skill, we need to describe how these measures of perceived knowledge were obtained. We asked a randomly selected group of 121 Yavusa members (over age 10) to name the people who know the most about medicinal plants. These lists allowed us to calculate an aggregate measure for each person in the community, assigning anyone not named by these 121 people a measure of 0. 

	Table 2: 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

	Plant Knowledge
	0.49
	0.22-1.44
	5.11e-11


Building on the link established above between the cultural transmission of food avoidances and yalewa vuku, we tested our evolutionary hypothesis that learners will use cues of age and perceived expert knowledge (or skill), especially in related domains, to select whom to learn from by regressing the indegree for all women on their ages and an the aggregate measure of their perceived knowledge of medicinal plants (also an indegree measure). Because the raw indegree measures depend on the sample size these were normalized by dividing each by their respective maximum values—so both normalized measures vary from zero to 1. Table 2 summarizes the analysis. The ordinary least squares linear regression coefficients are both significant at conventional levels. Since the distribution of both aggregate plant knowledge and yalewa vuku indegree are highly non-normal, we bootstrapped 95% confidence intervals for each coefficient, but have also provided the standard asymptotic p-values based a normal approximation. An intercept was included, but is not distinguishable from zero. This regression explains 50% of the variance in yalewa vuku indegree (R2).
 

As a check for possible confounding influences, we added education (measured in years of formal schooling, something that varies from 0 to 12 with a mode at 8) and mataqali (clan) membership to the above regression and re-estimated it. These were included to verify that neither age nor plant knowledge was reflecting formal education (or some generalized intelligence). Clan was included to address the problem that people may be picking members of their own clan, and clans vary in size, so those from larger clans may be selected more frequently. The coefficients and significance for Age and Plant Knowledge do not change appreciably, and the coefficients on education and clan membership cannot be distinguished from zero. Using eigenvector centrality as the dependent variable yields parallel results.
Figure 6 graphically shows the relationship between age and the two measures of centrality. As a lone predictor variable, age appears to have a non-monotonic relationship with centrality or prestige as a yalewa vuku. However, we performed a series of segmented regression analysis using knots between ages of 50 and 62 and found that—when perceived knowledge is controlled for—age always have a positive (and significant) effect on one’s likelihood of being selected as an yalewa vuku. Thus, the drop observed in Figure 6 captures a drop in perceived knowledge.
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Figure 6. Plot of Age in Decade vs. Indegree for yalewa vuku and Centrality
9. Biases on meat, freshwater eels, octopi & porcupine fish 
So far we have sought to explain the prevalence of the taboos in the consensus groupings as the adaptive products of selective model-based cultural transmission. Here, we aim to explain the animal foods in the intermediate low-frequency taboo category. This is important because, if selective model-based forms of cultural transmission favor tabooing only toxic foods then some other processes or cognitive biases must be maintaining these taboos on these foods significantly above zero in all three villages. Here, we propose that a non-trivial tendency to taboo each of these taboos arises as a byproduct of an evolved aspect of human cognition.
Meat
In the checklist reports of pregnancy taboos, land-animal meat, freshwater eel, octopus and porcupine fish were all reported between 19% and 37% of the time. For breastfeeding, three of these four dropped in frequency (as did most items), but all remained significantly above zero. Notably, however, of these food categories only octopus appeared in the freelisting. An evolutionary approach to learning suggests that our cognitive machinery for culturally acquiring eating preferences and practices ought to be influenced by error management biases aimed at meat, and particularly at mammalian meat, given its tendency vis-à-vis other foods to carry parasites and pathogens dangerous to humans. Such a learning bias will favor the adoption of practices that help avoid pathogens and parasites. As a byproduct, such a bias will tend to maintain positive frequencies of meat avoidances, and occasionally spread such avoidances to consensus (9, 10). Given this, it is not surprising that—except for spices—our top 12 most avoided food in Fiji are all meats. Even shellfish maintained frequencies significantly different from zero during both pregnancy and breastfeeding. 

Consistent with this, meat from the only mammals (pigs and cows) maintains a solid frequency of avoidance at about one-fifth of the sample during both pregnancy and breastfeeding. Our initial work on Fijian folkbiology indicates that these land mammals are considered more similar to humans than any other animal food typically eaten. Interestingly, however, every person recorded in this meat category noted that it applied only to pigs (vuaka). Only one person cited anything else, in addition to pigs (cows or bulmakau). Taboos on pigs re-emerge across many cultural contexts and some speculate that pigs are particularly targeted because they consume garbage, feces, etc. (while cows, e.g., eat grasses; 10).
 

Freshwater eels

While it may have some contributory effect, the impact of a meat-based learning bias is insufficient to explain the low frequency taboos on freshwater eels, octopi and porcupine fish, since these had avoidance frequencies similar to, and even higher then, land-animal meat. For these, we hypothesize that, in addition to the meat-based biases, two other cognitive forces were at work on cultural variation. For freshwater eels, we believe that reported avoidances were influenced by the effects of our folkbiological cognition (see main text). As a cognitive adaptation for thinking about living kinds, our folkbiological cognition allows us to inferentially extend properties of one kind of animal to other similar kinds using category-based induction. For freshwater eels, uncertain learners may have extended “known” properties from moray eels to freshwater eels. Moray eels are recognized by over 97% of people as tabooed. If the incoming cultural information on freshwater eels were uncertain, learners may automatically extend taboos (and toxicity) from morays to freshwater eels. To see this concretely, imagine a learner who gets strong cultural learning input that moray eels are taboo: everyone in the village says it, no pregnant women ever eat it, and prestigious women (yalewa vuku) are particularly vocal on the issue. However, this same learner gets mixed cultural information on freshwater eels. The learner’s mother (nene) and her older sister (nene levu) say freshwater eels are fine to eat, but the learner’s father’s sister (gwadi), who is mildly respected for her knowledge of medicinal plants, says freshwater eels are taboo and dangerous. Under such ambiguity in cultural information, the learners’ folkbiological category-based induction combined with error management on meat may overpower the ambiguous cultural information and cause the adoption of a taboo for freshwater eels. Thus, the low frequency of taboos on freshwater eels may be a combination of adaptive model-based selective biases (e.g. success, health) driving the taboo to zero and powerful folkbiological inferences (and cultural transmission of moray eel taboos) plus error management in the domain of meat.    

To examine this proposal we constructed a test with the following logic: learners who—due to their position in the networks of cultural transmission, their own cultural learning skill, or their life history—received weak (ambiguous) culturally transmitted information about freshwater eels (thus permitting a category-based induction to override) are also likely to have received ambiguous information on other items in the checklist. To analyze this, we compared the vectors of responses across all food categories with the consensus response (modal answers) for those reporting taboos on freshwater eels against those who did not (first, we removed freshwater eels and recalculated the matching correlations with the consensus response). If our proposal is correct, those who reported freshwater eel avoidances should have a lower mean agreement with the consensus response. The mean agreement for those citing freshwater eels as an taboo was 87% while those who did not showed a mean agreement of 93% (one-tailed t-test, p = 0.016). 

Octopi

For octopus, we hypothesize that the meat-avoidance bias combines with a salience possessed by organisms that are not readily identified as members of high-level category in the local folkbiological taxonomy (11, 12). In common parlance, these categorically ambiguous animals would seem weird or unusual, compared to other members. Cognitively, this salience may be adaptive: because our folkbiological cognition relies on taxonomic inheritance from higher level categories (like bird, fish, or mammal) to supply individuals with a wide range of information about generic animal kinds (like robin, see main text), animals that cannot be identified with a higher level category do not get the benefit of taxonomic inheritance. Knowing only that a robin is a kind of bird immediately tells one that robins likely breath, have blood, can be killed, lay eggs, and are probably edible. Lacking taxonomically inherited information, such animal kinds are mysteriously salient vis-à-vis other animal kinds. Combining this with the downside of eating something toxic, learners may be biased to taboo categorically ambiguous things. 
In an initial exploration, we sought to establish whether sulua (squid and octopi) is actually more categorically ambiguous then other folkspecies on our checklist. In one-on-one interviews we asked 140 adults in Teci, Dalomo and Bukama to state whether each of 17 folkspecies are a kind of (a) ika (glossed as fish), (b) manumanu (non-fish, non-shellfish animal
), (c) vivilli (roughly shellfish), and (d) vatu (stone). For each of these four higher-level categories we went through the entire list of folkspecies before moving to the next higher-level category, so answers were not forced to be mutually exclusive (people could have said, e.g., that sharks are an ika and a manumanu). Figure 7 shows that iko (sharks), batisia (rock cod), and dabea (moray eels) are unambiguously ika (fish), with over 90% citing them as ika and only ika (thus, taboos on these cannot be explained by categorical ambiguity). Vonu (sea turtle) shows some categorical ambiguity, with only 79% citing it as an ika, and the rest putting it as a manumanu.
 Sulua (squid and octopus), however, emerged as totally ambiguous, with 44% saying they are a kind ika (of which sharks and groupers are near perfect exemplars), 39% going for manumanu, and 1.6% saying vivili. Sulua are a categorically ambiguous animal food that cannot be readily identified with a life-form category. This may make the easy to taboo.
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Figure 7. Higher-level categorization for 8 folkspecies. Error bars are 95% exact confidence intervals (n = 140)
Porcupine fish

Apart from pregnancy and lactation some people normally avoid porcupine fish (sokisoki) because some species of these fish can be extremely poisonous, if not prepared properly.
 Unlike the toxicity described above (for ciguatera), these species are always toxic but can be rendered non-toxic if prepared properly. It seems likely that the low frequency of these taboos merely represents those who are normally averse to eating sokisoki.

10. Are these really taboos?

We have been calling these food avoidances during pregnancy and breastfeeding “taboos” in part because we used the word tabu in asking about them in Fijian. The English word taboo comes from the Austronesian word tabu (Fijian dialects are part of the Austronesian language family). However, the anthropological concept of a taboo usually includes a moral connotation such that third party observers of a taboo violation would react negatively even if the violation does them no material harm. The word tabu in the Yasawan Island dialect (and elsewhere) also often carries a moral association, with connotations of a community sanction for violations. This is, in fact, is the first definition listed for tabu in the comprehensive dictionary for the Wayan islands, which lies in the southern part of the Yasawan archipelago (14). However, tabu can mean simply “be prohibited” in the sense of a conventional rule or personal restriction. 

To explore whether this food avoidances have been moralized into taboos, we asked two parallel questions during the pregnancy and breastfeeding interviews. First, we asked: Suppose a woman goes ahead and eats these tabooed foods during her pregnancy [or while she is breastfeeding], will people in the community (a) be happy with her, (b) feel ashamed of her, (c) be angry with her, (d) not care what she does, (e) be jealous of her, (f) think she is crazy, (g) none of the above.”
 The meaning of “tabooed food” in the context of the question referred directly back to either the freelisted food avoidances (in the breastfeeding interview) or to both the freelisted and checklist taboos. This question was followed immediately with: Will they do anything (regarding the woman who is eating the tabooed foods)? 
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Figure 8a and 8b. Top figure (8a) shows the responses for pregnancy (n = 70) and breastfeeding (n = 61) for our question about how people would feel about a hypothetical taboo violator. Error-bars are 95% confidence intervals.

Since no differences emerged between the Yavusas in these questions,
 Figures 8a and b display the aggregate responses from both. Figure 8 shows that most participants (all women) agree that people in the community would be angry with someone who violated a food taboo during pregnancy or lactation. There is a slight, non-significant, trend toward less severity for breastfeeding taboo violators (vs. pregnancy taboo violators). Figure 8b shows that most people believe that these negative feelings would turn into action. Consistently, people explained that community members would go to the taboo violator and “advise” (vakasalataki), “tell her straight” (tukuna vakadodonu) or “scold” (vosatakinia, cudruvia) her. Often, people would say they, or whoever was doing the advising, would explain to her that this behavior could hurt the baby (more on this below). No one suggested anything beyond a good talking to, however; everyone believed that this would bring any such taboo violator into line.
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� Since few villagers ever drink alcohol, we added individuals who we thought were mostly likely to have both experienced ciguatera poisoning and drank alcohol (i.e. thirty-something males) 





� As is typical, free listing yields lower frequencies than checklist formats. People probably tire after naming a few foods and forget others, unless motivated and cued by a direct question.





� These measures are raw kilograms and do not include adjustments for differences in the amount of edible material contained in different species.


� Figuring out how to match the local folk taxonomy up with the scientific taxonomy involved extensive interviews with local experts, and represents an ongoing process that is not yet complete.


� If the intercept is dropped from the regression equation, little changes except the R2 increase to 61%.


� Elsewhere, Gil-White and I (2001) have discussed how the prestige and influence of elderly individuals should decline in rapidly changing (out of equilibrium) circumstances. If the current circumstances are substantially different from that experienced by older individuals of their lives, learners should devalue them as models. Since we are arguing that, with regard to this cultural domain (not the society in general), things appear to have been stable, we won’t deal with this here.


� In the craving data reported above nearly everyone who reported craving meat, cited cow as their meat of choice. 





� Manumanu is used in several ways and its meaning depends on context. It can be use for all “animals” save humans (and various corals), and it can be coupled with adjectives, like qwaqwa (hard) or vuku (flying), to refer to large crustacean (or insects) and birds, respectively. But, in this context, people interpreted it as something we can gloss as non-fish, non-shellfish animals. Land animals are clearly the prototype in this category.


� The categorization of turtle as fish is common throughout Oceania � ADDIN EN.CITE <EndNote><Cite><Author>Pawley</Author><Year>2007</Year><RecNum>6053</RecNum><record><rec-number>6053</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Pawley, Andrew</author></authors></contributors><titles><title>Were turtles &apos;fish&apos; in Proto Oceanic? Notes on the comparative study of taxonomies in oceanic languages</title></titles><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>�(13)�.


� For the same reason, most people avoid eating puffer fish (vocivocia).


� It might seem odd to ask multiple choice questions like this. In earlier interviews we tried asking first, in an open ended format, about how people would feel if someone did something (usually violating a norm), and then asked what people would do (contrasting “feel” vs. “do”). We found that people usually answered the second question when they were asked the first question. That is, they said what people would “do” not how they’d “feel”. When we pushed a bit, many seemed hesitant or even unwilling to speculate about others feelings. However, while developing earlier interviews, we experimented with multiple choice questions when asking about “feelings”, and found that people readily responded to them. So, we asked the “feel” question in multiple choice format and the “do” question in an open-ended format (coding the answers).


� While there are no differences between the yavusas in their responses, there is a trend toward greater strictness in Bukama. This fits with our ethnographic observations: A stronger, richer and older Chief in Bukama seems to run a tighter ship.
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