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Abstract 
Introduction:  Research suggests that crop diversity protects food production in poor 
households.  If crop diversity contributes to human well-being, then researchers should 
try to identify its covariates.  Here we estimate the association between crop diversity and 
ethnobotanical knowledge. 
 
Methods: Research was conducted among the Tsimane’, a society of native Amazonians 
farmers and foragers in Bolivia.  We collected information from 215 male household 
heads.  We elicited information on individual ethnobotanical knowledge with a 
questionnaire on self-reported ability to craft items from plants.  To measure crop 
diversity, we asked about the total number of crops sown by a household during the 
agricultural year before the interview took place.  Data was analyzed using multivariate 
regressions.   
 
Results:  After controlling for the education, age, and income of the household head, and 
the size and number of plots of the household, we found a statistically significant and 
positive relation between the ethnobotanical knowledge of the informant and the number 
of crops sown by the household.  Doubling the stock of ethnobotanical knowledge was 
associated with a 10% increase (p=0.01) in the number of crops sown by a household.  
The association was stronger when lagging the explanatory variable one year than when 
using contemporaneous variables. 
 
Conclusion:  Higher levels of ethnobotanical knowledge are associated with a greater 
number of crops sown by the household.  The results are suggestive and open the 
possibility that the preservation of ethnobotanical knowledge might contribute to protect 
in-situ crop diversity.  However, we cannot conclude whether the estimated relation is 
causal or whether it reflects the role of omitted variables.   
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Ethnobotanical knowledge correlates with crop diversity.  Evidence from a native 

Amazonian society in Bolivia 

 

Introduction 

In relatively remote rural settings, households diversify agricultural production by 

planting several varieties of crops, scattering plots, staggering the season of planting, and 

intercropping {Altieri, 1989 109 /id} {MacDonald, 1998 1200 /id}.  Research suggests 

that diversification of agricultural production makes households less vulnerable because 

it protects food production against environmental {Bentley, 1987 1205 /id} {Zimmerer, 

1996 1202 /id} and economic {Perreault, 2005 1204 /id} shocks.  In this article we focus 

on an important agricultural diversification strategy: planting several crops in the same 

season (hereafter crop diversity) and study its covariates.  We first examine the 

association between crop diversity and the protection of household food consumption.  

We found some evidence that crop diversity helps smooth food consumption.  We then 

examine the association of ethnobotanical knowledge and crop diversity and found a 

positive association between the male household head’s ethnobotanical knowledge and 

the number of crops sown by a household.  For the empirical analysis we use data from 

the Tsimane’, a native Amazonian society of farmers and foragers in Bolivia. 

The study matters for at least two reasons.  First, the conservation of crop 

diversity matters to researchers, the public, and policy-makers {Vavilov, 1994 1212 /id} 

{Wood, 1997 848 /id}.  For example, the Consultative Group on International 

Agricultural Research (CGIAR) has put considerable effort in creating a network of 

centers with the primary goal of providing ex situ conservation for crop diversity 
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{Fowler, 1990 1207 /id}.  Crop scientists and human ecologists argue that the 

maintenance or the incorporation of local knowledge in agricultural practices should 

work in the same direction by enhancing in situ conservation of crop diversity {Altieri, 

1987 1203 /id} Jarvis and Hodgkin 1998; Cromwell 1999).  In spite of the claim, 

research relating the persistence of local crops in farmers’ fields and farmer’s local 

knowledge is scant.   

Second, an estimate of the potential contribution of ethnobotanical knowledge to 

crop diversity provides one with a first approximation to the social returns to 

ethnobotanical knowledge.  Researchers have lamented the lost of indigenous or local 

knowledge because it represents the irreversible lost of humanity’s heritage and diversity 

{Cox, 2000 512 /id} {Maffi, 2002 296 /id}.  If ethnobotanical knowledge is being lost 

and if there are benefits associated to it that the rest of the world enjoys – such as 

conservation of crop diversity- then the rest of the world might suffer from the loss of this 

form of knowledge.  

 

Crop diversity  

 The protective role of crop diversity:  Research suggest that rural households 

protect themselves by using pre-emptive strategies to diversify production before adverse 

income shocks strike {Morduch, 1995 322 /id}{Dercon, 2002 386 /id} {Alderman, 1994 

1237 /id}.  One example of those pre-emptive strategies is income diversification, which 

includes crop diversity.  Crop diversity protects household food production against 

localized risks related to environmental and economic variability {Zimmerer, 1996 1202 

/id} Brush, 1992 81 /id;Mayer, 1992 271 /id}. 
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For example, {Thomas, 1976 441 /id} studies in nutritional anthropology showed 

how agricultural practices of the high Andes, including crop diversity, made possible 

human adaptation by providing humans enough endosomatic energy. {Humphries, 1993 

982 /id} studied the change among Yucatec Maya farmers from traditional shifting milpa 

agriculture to intensive horticultural production for the Mexican market.  He found that 

the high crop richness present in subsistence plots buffers the effects of environmental 

uncertainties.  Similarly, in a study in the Colombian Amazon {Hammond, 1995 701 /id} 

found that crop diversity provides a buffer against environmental risks, such as rainfall or 

crop pests.  In a series of studies in the Andean region of Paucartambo, Brush and 

colleagues have documented how peasants´s choice of crops it is shaped by their 

protective role, as the selection of crops influences production, self-consumption, and 

social organization forms {Brush, 1985 108 /id;Brush, 1992 80 /id}, {Brush, 1991 103 

/id;Brush, 1992 81 /id;Brush, 1999 93 /id}. Brush and colleagues characterized diversity 

of landraces in subsistence fields and found that consumption factors were particularly 

important in farmer’s conservation of crop diversity.  

 

 Covariates of crop diversity:  Because of the protective role of crop diversity in 

food security, researchers have tried to identify the covariates of crop diversity.  Research 

addressing the covariates of crop diversity has mainly focused on the effects of 

modernization and integration to the market economy on crop diversity.  Macro-scale 

analyses suggest that the main culprits for the loss of crop diversity are modern farming 

technologies and new labor opportunities {Fowler, 1990 1207 /id} {Yapa, 1993 1208 

/id}{Zimmerer, 1991 1239 /id}.  However, local-scale analyses in various tropical areas 
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of the world suggest that the relations between crop diversity and modernization are not 

unidirectional.  For example, while numerous studies have documented the erosional 

effects of market exposure on crop diversity in traditional shifting agricultural systems in 

tropical Latin America {Henrich, 1997 12 /id} {Humphries, 1993 982 /id} {Peroni, 2002 

631 /id} {Putsche, 2000 13 /id}, other studies –as we just saw- argue that crop diversity 

in traditional shifting agricultural systems is maintained as a strategy to ensure food 

security against variability of market conditions.   

In trying to explain the –apparently- contradictory relations between integration to 

the market economy and crop diversity, researchers have started to pay attention to the 

potential role of cultural factors as covariates of crop diversity.  For example, using data 

from a study among the Quecha of Peru, {Takasaki, 2000 1201 /id} and colleagues 

conclude that farmers within the same group might have different reasons to maintain 

crop diversity.  Poor farmers grow local landrace crops as a risk-aversion strategy, 

whereas wealthy farmers grow them to re-affirm their cultural identity.  Similarly, in a 

study among a lowland Kichwa community in the Ecuadorian Amazon, {Perreault, 2005 

1204 /id} found that crop diversity remained relatively high despite 30 years of market 

integration.  He attributed the maintenance of crop diversity not only to the material 

importance of the crop production on household food security, but also to its symbolic 

importance as a marker of Kichwa cultural identity.   

The role of cultural identity in explaining crop diversity has been also pointed out 

in other tropical regions of the world.  For example, in a recent empirical study, {Perales, 

2005 826 /id} investigate the link between ethnolinguistic diversity and maize crop 

diversity in the Maya highlands of central Chiapas in southern Mexico.  Their findings 
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logDhv is the logarithm of the number of crops sown by the household, where h is 

the household and v the village.  Lihv captures the ethnobotanical knowledge of the male 

household head.  Pihv is a vector of observed variables for the subject (e.g., age, 

schooling, and body-mass index) that directly affect crop diversity and ethnobotanical 

knowledge.  Hhv stands for household size and the total number of plots of the household.  

Cv is a set of village dummy variables to control for variables that could directly affect 

crop diversity and ethnobotanical knowledge; such variables could include plant diversity 

or proximity to markets.  εihv is a random error term that reflects stochastic shocks.  If the 

ethnobotanical knowledge of the male household head helps shape household crop 

diversity, then γ should be positive. 

We use ordinary least squares with clustering of subjects by villages because 

people are nested in villages.  For the regression analysis, we transformed the dependent 

variable and the variable that measures ethnobotanical knowledge to logarithms to ease 

the interpretation of results.  When the outcome variable is in logarithms, we can read 

coefficients as a percent change in crop diversity from a marginal change in the 

explanatory variable. 

 
Methods 
 

We collected the information in a cross-sectional survey of 13 Tsimane’ villages 

conducted during May-October 2005.  Information is part of a long-term research in 

progress (Tsimane’ Amazonian Panel Study, http://people.brandeis.edu/~rgodoy/papers.htm; 

{Godoy, 2005 591 /id}).  We used formal interviews to get estimates of crop diversity, 

ethnobotanical knowledge, and control variables. We collected anthropometric 

information to get estimates of BMI.   
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Sample. Participants for the study included the male household heads of 13 

villages along the Maniqui River, department of Beni. We selected villages at different 

distances from the market town of San Borja (population 19,000) to capture cross-

sectional variance in participation in the market economy. We had 215 male household 

heads with complete information.  On average informants were 42.07 years old (std 

dev=17.2).  

Dependent variable: Crop diversity.  We asked the male household head to report 

all the crops sown in all the plots owned by the household during the previous planting 

season.  The survey included questions about nine crops commonly sown by the 

Tsimane’ (i.e. “Did any person in the household sow rice during the last planting 

season?”), and one open-ended question (i.e., “Which other crops did you planted the 

last planting season?”).  We only asked about crops planted in agricultural fields, not in 

fallow plots or home gardens.  

Explanatory variable: Ethnobotanical knowledge. To measure individual 

knowledge of plants we asked participants 12 true-false questions about uses of wild 

plants.  Previously, we had determined whether the use was culturally correct for the 

Tsimane’ by using cultural consensus analysis {Reyes Garcia, 2006 933 /id}. If 

participants knew the use of the plant, we coded the answer as one; otherwise, we coded 

the answer as zero.  We summed answers to the 12 questions to obtain a total score of 

ethnobotanical knowledge for each participant. 

Control variables:  Controls in the regression models were age, schooling, body-

max index (BMI), household size, and number of plots opened by the household.  The 

age variable might contain measurement errors because few adults have birth certificates. 
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To calculate BMI, we followed the protocol of Lohman et al. {Lohman, 1988 396 /id} 

and measured subjects in light clothing without shoes or hats. We recorded stature 

(standing height) to the nearest millimetre using a portable stadiometer. We measured 

body weight to the nearest 0.20 kg using a standing scale.  We measured household size 

as the male-adult equivalents in the household during the last three months before the 

interview. Based on the age and sex of participants, we computed a factor for each 

participant that captured their nutritional requirements expressed as a share of the 

nutritional requirements of an adult man {Byron, 2003 275 /id}.  Controls also included a 

set of village dummies (n=13-1=12).  

 

Results 
Descriptive statistics. Table 1 contains definitions and summary statistics for the 

variables used in the regressions.  

INSERT TABLE 1 ABOUT HERE 

Table 1.  Definition and summary statistics of variables used in regressions 

Variable 
Definition 

Mean 
Std. 
Dev. Min Max 

Male household head (n=215) 
Ethnobotanical 
knowledge 

Score on a true-false questionnaire 
on the use of 12 plants 5.40 2.37 1 12

Age Age of participant in years 42.07 17.20 17 85
Schooling Maximum school grade achieved 2.31 2.80 0 13
BMI Body mass-index: weight in 

kilograms/physical stature in meters2 23.73 2.39 15.84 36.88
Household  (n=215) 

Crop diversity Number of crops sown  6.02 1.96 1 11
Household cash Monetary value of sales, barter, and 

wage labor during the two weeks 
before the interview, in Bolivianos 342 431 0 3709

Household size  Male-adult equivalents during the 3 
months before the interview 4.26 1.93 0.57 10.14

Number of plots Number of plots opened  1.63 0.94 0 6
Area of old- Tareas of old-growth forest opened 4.78 6.1 0 35
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growth forest 
cleared  

during the last planting season (1 
ha=10 tareas) 

Area of fallow 
forest cleared  

Tareas of fallow forest opened 
during the last planting season  5.5 5.1 0 25

Farm 
consumption 

Monetary value of farm products 
consumed during the 7 days before 
the interview, in Bolivianos 503 267 0 1686

Total 
consumption 

Monetary value of all the products 
consumed during the 7 days before 
the interview, in Bolivianos 713 341 123 2268

 

The average household reported having sown 6.02 different crops on its plots (std 

dev=1.96).  All the households interviewed reported having sown at least one crop during 

the planting season before the interview took place, although six households (2.5%) 

reported not having opened any new agricultural plot.  The maximum number of different 

crops sow in agricultural plots reported by a household was 11.  The average household 

opened 1.63 plots (std dev=0.94). 

We found high variation on the true-false questionnaire on the uses of plants.  On 

a range from 0 to 12, the average participant scored 5.40 points in the test of knowledge 

of plant uses (std dev=2.37).  The result contrasts with previous tests of theoretical 

knowledge of plants among the same population, where we found a higher average 

theoretical knowledge {Reyes Garcia, 2006 483 /id}.  Tsimane’ have low levels of 

schooling. The average male household head had completed 2.31 years of schooling (std 

dev= 2.80).  Tsimane’ adults fall in the normal or health range of BMI for adults 

(between 18.5 and 24.9) {Shetty, 1994 1173 /id}. The average participant had a body-

mass index of 23.73 (std dev=2.39).   

Crop diversity and food consumption.  We first explore the association between 

crop diversity and household food consumption.  The results of Table 2 suggest a high, 
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positive, and statistically significant association between the number of crops sown by a 

household and the value of household farm consumption.  After controlling for covariates 

of household farm consumption, we found that doubling the number of different crops 

sown by a household is associated with an increase of 20.7% in the value of farm 

consumption (p<0.05).  The association is even stronger if we consider the total value of 

food consumed in the household (i.e., including goods bought in the market), not only the 

consumption of farm products.  Doubling the number of crops sown by a household is 

associated with an increase of 29.7% in the total value of household food consumption 

(p<0.001).  

INSERT TABLE 2 ABOUT HERE 

Table 2: Relation between crop diversity and food consumption among Tsimane’ 

households 

 [a] [b] [c] 
 Farm consumption Total consumption BMI 
Crop diversity (log) .207 (.094)** .296 (.113)** .038 (.018)*   
Household cash -.0001 (.0001)* <.0001 (.000) <.0001 (.000)***
Household size .114 (.023)*** .079 (.019)*** .005 (.004) 
Area of fallow forest 
cleared by household .002 (.006) .002 (.006) .001 (.001) 
Area of  old-growth 
forest cleared by 
household -.002 (.005) -.0005 (.003) .0006 (.001) 
Schooling ^ ^ .008 (.004)* 
Age ^ ^ -.0003 (.0004) 
Male ^ ^ .001 (.011) 

Obs 231 232 215 
R2 0.44 0.44 0.23 

Notes: OLS regression with robust standard errors (in parenthesis) and clustering by 
villages. Regressions results include dummy variables for villages (n=13-1=12) and a 
constant (not shown).  For definition of variables see Table 1. *, **, and *** significant 
at the 10%, 5%, and 1% level. Dependent variables [a] value of household consumption 
of farm products (in logs), [b] total value of household consumption of all foods (in logs), 
[c] BMI  of male household heads (in logs). ^ Variable intentionally left out of the 
regression because the regression was at the household level. 
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The results of Table 2 also suggest a positive and statistically significant relation 

between the number of crops sown by the household and the BMI of the male household 

head (column [c]).   The magnitude of the association was small. Doubling the number of 

different crops sown by a household was associated with a 3.8% increase in the BMI of 

the male household head (p=0.06). 

To explore further the role of crop diversity on Tsimane’ well-being, we did other 

analysis (not shown).  We ran the regression presented in Table 2 column [a] using three 

different proxies of agricultural production: amount of rice and maize harvested by the 

household, and surface sown with manioc.  Rice is the main cash crop for the Tsimane’.  

Maize is used both for household consumption and sale.  Manioc, a hardy root crop that 

can last for up to 2-3 years in the ground, is sown for consumption.  We found that crop 

diversity was not associated with the amount of rice harvested (coefficient=2.80, p=0.71), 

was weakly associated with the amount of maize harvested (coefficient=25.89, p=0.13), 

and was strongly associated with the surface sown with manioc (coefficient=4.39, 

p<0.001).  The results suggest that crop diversity is associated with household 

consumption but not with household’s agricultural production for the market. 

Ethnobotanical knowledge and crop diversity.  Table 3 contains the results of 

regressions to estimate the parameters of expression [2].  The regression in column [1] 

consists of ordinary least square regressions with the logarithm of the number of crops 

sown by a household as an outcome variable and the ethnobotanical knowledge of the 

male household head as main explanatory variable.  The results of column [1] suggest 

that the ethnobotanical knowledge of the male household head is positively related to 

crop diversity.  After controlling for the education, age, and income of the male 
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household head and the size and number of plots of the household, we found that 

doubling the stock of ethnobotanical knowledge of the male household head was 

associated with a 9.7% increase (p=0.08) in the number of crops sown by the household. 

INSERT TABLE 3 ABOUT HERE 

Table 3: Association between households head ethnobotanical knowledge and household 

crop diversity.  

 [1] [2] [3] 

  OLS Lagged values 
Instrumental 

variables 
Ethnobotanical 
knowledge (log)  .097 (.052)* .191 (.087)** .763(1.11) 
Schooling -.015(.010)* -.008 (.031) .005(.043) 
Age .005(.001)*** -.00003(.003) .0008(.006) 
BMI .018 (.007)** .036 (.024) .017 (.017) 
Household size .028(.011)** .030(.019) .032(.021) 
Household number 
of  plots .070 (.023)** .177(.092)* -.010 (.142) 

Obs 215 136 215 
R2 0.34 0.44 0.42 

Year of measurement of variables: 
Dependent: 2005 2004 2005 

Explanatory 2005 2003 2005 
Notes: Regressions are OLS with robust standard errors in parenthesis. Dependent 
variable= Log crop diversity.  See notes to Table 2.  Instrumental variable for 
ethnobotanical knowledge: subject’s perceived parental ethnobotanical knowledge. 
 

In column [2] we explore the direction of causality between household crop 

diversity and the ethnobotanical knowledge of the male head of the household.  To do so, 

we used information from the same sample, but for the years 2003 and 2004.  In this 

model, we regressed household crop diversity during the 2004 (outcome variable) against 

explanatory variables lagged by one year (2003).  Lagging explanatory variables by a 

year we can partially abate biases from possible reverse causality.  Additionally, we used 

a different proxy for ethnobotanical knowledge, i.e. skills in crafting objects from wild 
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plants {Reyes Garcia, 2006 439 /id}.  When lagging the explanatory variable a year, we 

found a stronger association between household crop diversity and the ethnobotanical 

knowledge of the male head of the household.  Doubling the practical ethnobotanical 

knowledge of the male head of the household was associated with a 19.1% increase in the 

number of crops sown by the household (p=0.04).   

In column [3], we use instrumental variables for data collected in 2005.  

Instrumental variables would allow us to determine whether there is a causal relation 

between the explanatory and the outcome variables.  We used subject’s perceived 

mother´s ethnobotanical knowledge as an instrumental variable for an individual’s 

ethnobotanical knowledge.  In a OLS regression with perceived mother´s ethnobotanical 

knowledge as explanatory variable, we found a positive and statistically significant 

relation between the subjects own ethnobotanical knowledge and his mother´s 

ethnobotanical knowledge (coefficient=0.07; p=0.08).  We therefore assumed that 

perceived mother´s ethnobotanical knowledge is a valid instrument for own knowledge.  

Once we instrument ethnobotanical knowledge, the association between household crop 

diversity and the ethnobotanical knowledge of the household head losses its statistical 

significance. Doubling the stock of practical ethnobotanical knowledge of the male head 

of the household was associated with a 76.3% increase in crop diversity (p=0.50).  

Extension:  We ran some additional models.  First, we re-estimate equation [2] 

(Table 2, column [1]) for female household heads (not shown).  The results suggest that 

the ethnobotanical knowledge of the male head of the household had a stronger 

association with crop diversity (coefficient=0.097; p=0.08) than the ethnobotanical 

knowledge of the female head of the household (coefficient=0.048; p=0.11).  
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Second, to assess whether crop diversity protects household consumption, we 

tested for a variety of interaction effects.  Since crop diversity should protect household 

food consumption, we extend the model by including interaction terms of our main 

explanatory variable –ethnobotanical knowledge- and 1) household economic self-

sufficiency and 2) individual social capital.  If crop diversity protects household 

consumption, then we should see that self-sufficient households will have higher crop 

diversity and higher ethnobotanical knowledge than households with greater exposure to 

the market.  We proxied economic self-sufficiency with the total outstanding debts owed 

to the rest of the world by the male head of the household. We find that the interaction 

effect was not significant.  After adding a variable for the interaction of ethnobotanical 

knowledge and the level of household’s autarky, the direct effect of ethnobotanical 

knowledge on crop diversity remains essentially unchanged in relation to the core model 

(coefficient=0.09; p=0.06 for outstanding debts owed by the informant). 

We also tested for interaction effects with social capital.  If crop diversity protects 

household food consumption, then we should find that households with higher social 

capital would have less ethnobotanical knowledge and less crop diversity, because social 

capital could help households to self-insurance against adverse income shocks.  We 

proxied social capital with a variable that captured whether the household had rice seeds 

on the last planting season, or received them as a gift or loan (but not bought).  As with 

household level of self-sufficiency, we find that the interaction effect of the 

ethnobotanical knowledge of the male household head and social capital is not 

significant.  Furthermore, when including the variables that proxy for social capital in the 
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model, we found that the association between ethnobotanical knowledge and crop 

diversity is no longer significant. 

 

Discussion and conclusion 

We started the paper by asking whether crop diversity protects household food 

consumption among the Tsimane’.  We find that crop diversity is associated with higher 

economic values of household food consumption and with a small but statistically 

significant improvement in the BMI of the male household head.  We then moved to 

examine the association between crop diversity and a relatively unstudied but potentially 

important correlate of crop diversity: ethnobotanical knowledge.  We found that higher 

levels of ethnobotanical knowledge of the male household head were associated with 

more crops sown by a household.  The association is stronger when lagging the 

explanatory variable one year than when using contemporaneous variables.  The 

association is weaker once we control for the social capital of the household head, and is 

statistically insignificant once we use instrumental variables for the male household’s 

head ethnobotanical knowledge.   Several of those findings deserve further discussion. 

First, we found a significant association between ethnobotanical knowledge of 

wild plants and crop diversity.  Recall from the methods section that our measure of 

ethnobotanical knowledge relates to knowledge on how to use wild, not cultivated plants.  

Ethnobotanical knowledge of wild plants might be an imperfect proxy for the type of 

knowledge that would affect crop diversity.  Slash-and-burn agriculture is characterized 

by a high diversity of cultivated species and tries to mimic the natural forest with its 

many types of plant species {Altieri, 1987 1203 /id}(Altieri, 1999).  Ethnobotanical 
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knowledge of wild plants might help improve agricultural outcomes in complex 

agricultural systems because ethnobotanical knowledge of wild plants help people mimic 

intercropping patterns or other features observed in the wild, thus increasing the 

possibilities of success in the agricultural system.   

Second, once we include the individual’s social capital in the model, the 

association between ethnobotanical knowledge and crop diversity is weaker.  Cultural 

anthropologists have noted that despite widespread reciprocity and gift giving among 

foragers, reciprocity and gift giving do not protect well food consumption against 

covariant shocks {Colson 1979 5476 /id}.  Previous researchers have hypothesized that 

crop diversification is related to risk management:  people diversify crops because they 

think the world is risky.  If people can cope with risks with other mechanisms (e.g. 

borrowing), then they are less dependant on other mechanisms (ethnobotanical 

knowledge, in this case) to protect their consumption. 

Last, we have argued that higher ethnobotanical knowledge might enhance crop 

diversity, but the reverse could also be true.   Agricultural practices that include the 

management of high crop diversity might affect the stock of ethnobotanical knowledge 

accumulated by an individual. Higher diversity in agricultural systems provides the 

individual with more possibilities to observe the environment, the relationships between 

different types of plants and other natural organisms (soils, insects, seasons, and so on).  

This experience might raise the ethnobotanical knowledge of the individuals.  Again, we 

find contradictory results when trying to explain the direction of causality in the 

association between ethnobotanical knowledge and crop diversity.  On the one side, on a 

model lagging the explanatory variable one year, we found that the association was 
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stronger than when using variables that occurred over the same year.  This would suggest 

that the direction of causality goes from ethnobotanical knowledge to crop diversity.  On 

the other side, on a model with instrumental variables for the household’s head 

ethnobotanical knowledge, we found that the association is not statistically significant.  

Therefore, we cannot conclude whether the estimated relation is causal, or whether it 

reflects the role of omitted variables. 
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