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Research Questions 

• Broader project: How have human cultural groups responded to, 
and been transformed by, climate hazards, particularly those with 
the potential to seriously destroy food supplies? 

• Our specific research question: How do hazards and other 
indicators of  resource stress affect subsistence diversity? 

• Overall method: We use cross-cultural methods to explore and 
test hypotheses on over 90 societies from the Standard Cross-
Cultural Sample 



What is subsistence diversity?  
• By subsistence diversity we mean the 
degree to which a society maximizes the 
number of different subsistence 
activities across both a range of activities 
and places. 
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Presentation Notes
Other phrases used include “a narrow-spectrum” versus a “broad-spectrum” economy (Flannery 1968b; referred to in Hardesty); or subsistence “evenness” (Odum 1971: 149) which refers more specifically to relying on different resources fairly equally



• Theory suggests that diversity is especially adaptive 
under conditions of environmental uncertainty 

• Ecological theory 
• Hutchinson 1957, Levins 1968, Hardesty 1975, Brown, 

1984 
• Environmental science 

• Thrupp 2000, Altieri and Merrick 1987, Zimmerer and 
de Haan 2017 

• Uncertainty is increasing with climate change;  
therefore it may be prudent to have more, rather than 
less, diversification 

Why does subsistence 
diversity matter? 
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Presentation Notes
At the species level, ecologists point out that wider niches “buffer” against failure of a particular set of resources in uncertain environments and are more likely to favor generalist species rather than specialist speciesHumans are the most generalist species on earth, but some societies live in more uncertain environments than others, and, if the ecological  theory is right, humans in more uncertain environments should have adapted to their environments by increasing their subsistence diversification.Today, it is widely agreed that the preservation of biodiversity is critical to food security and that genetic uniformity has led to serious crop failures, such as the Irish potato famine (Thrupp 2000). Indeed environmental scientists and development experts now advocate learning from indigenous populations who not only have the highest levels of agrobiodiversity, but also the most varied use of different ecosystems.  For example, with respect to the use of different ecosystems, traditional farmers in the Andes made use of vertical (altitudinal) variation resulting in not only large species diversity of plants and animals, but also self-sufficiency and resilience over long time periods (Brush 1976). Other scholars point out that diversity appears not only to provide protection against plant diseases and pest infestations, diversity may also protect against drought (Miguel Altieri 2004 CHECK). Many sustainability experts today also push for the continued cultivation of “landraces” and making more use of wild crops (Altieri and Merrick 1987; Zimmerer and de Haan 2017).Inasmuch as climate change entails more extreme events and more unpredictability, it is important to understand how societies in the recent past may have responded to environmental uncertainty.  Did societies facing more hazards and unpredictability have more diversification?  



• Murdock’s (1967) Ethnographic Atlas provides approximate measures 
of relative dependence on five subsistence categories: gathering, 
hunting, fishing, herding, and agriculture. 

• Subsistence diversity for each group was measured as closeness to 
perfectly equal dependence on each subsistence practice. Any society 
with equal dependence on all activities would get the highest score. 

Measure of Activity Diversity 

Presenter
Presentation Notes
The Ethnographic Atlas provides information on the approximate dependence of each of approximately 1200 societies on the importance of gathering, hunting, fishing, animal husbandry, and agriculture.  Most of our sample societies match the Ethnographic Atlas in time and place coverage.  For those that match, we use data from the EA to construct an activity diversity score. The Manus on the left get a score of 2; the Miskito a score of 14



Measure of Ecoregion Diversity 

• The International Vegetation Classification 
(IVC) provides an index of ecological 
formations, sorted hierarchically at different 
levels of specificity according to physiognomic, 
floristic, and ecological characteristics. (Faber-
Langendoen et al. 2016) 

• In this presentation we use the count of the 
number of ecoregions utilized for subsistence 
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Our measure,  which we are calling “ecoregions utilized” captures the range of distinct ecological regions—land units—across which subsistence activities take place. To standardize across societies we used the International Vegetation Classification (IVC). In this scale, the ecoregions are distinguished by physiognomic, floristic, and ecological characteristics at various levels of coarseness (Faber-Langendoen et al. 2016). Using ethnographic information on the environment and subsistence practices, coders recorded availability of ecoregions in the environment and which ecoregion formations were used for subsistence. The count of the number of ecoregions is used here.Wherever possible, coders used HRAF’s Outline of Cultural Materials (Murdock, et al. 2008) subject categories in the Advanced Search function in eHRAF World Cultures (HRAF n.d.) to find relevant information about environment and subsistence. Coders adhered to the same time and place focus for all coded variables. 
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Our measure of “ecoregion utilized” counts the number of Level 3 formations used for subsistence.



Measurement of Resource Stress 
Three measures of resource stress were used that had 
previously been coded for the Ember and Ember (1992) study 
of warfare—they were all coded for 25 years (-15/ plus 10) 
around the ethnographic present (EP) specified in the 
Standard Cross-Cultural Sample 
 
• Number of natural hazards that seriously destroyed food supplies 

(hazards, for brevity) during the time period—ordinal scale goes 
from none, “threat of,” one, and two or more. 

• Number of famines during the time period (same scale as hazards) 
• Chronic scarcity (“hungry months” or persistent hunger 

throughout the year 
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Our aim was to have both emic and etic measures of conditions of resource stress.  The emic measures are based on ethnographer’s reports of what people on the ground say about the existence of unpredictable resource stress events (such as drought, flood, and insect pest invasions) as well as more predictable resource shortages (such as annual hungry months or persistent shortage of food throughout the year).  We consider the natural hazards and famine measures to be tapping unpredictable resource stress (indeed most societies rarely had more than 2 events in 25 years) and chronic scarcity to be predictable resource stress. The chronic scale goes from none, annual hungry months only, some people usually don’t have enough to eat, to most people usually don’t have enough to eat



Environmental Uncertainty 
• We also used more general measures of the environment 

constructed by Botero et al. (2014). These factor scores reflect: 
• Climate Stability—we expected to find more subsistence 

diversity with less stability (or more unpredictability) 
Resource Abundance—we did not predict the direction in 
advance. It could be argued that more abundance decreases the 
need for diversification or, it could be argued that it makes 
diversification easier.  
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The etic measures are based on weather and environmental records from interpolated gridded dataStability--the variables that load strongly on the stability factor are temperature predictability, precipitation predictability, annual temperature variance (negatively), and annual mean temperature.Abundance--the variables that load strongly on the abundance factor are net primary productivity, vascular plant richness, amphibian richness, bird richness, and annual temperature variance (negatively). 



Relationships between dominant subsistence 
patterns and subsistence diversity 

ecoregion 
activity 
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Our two measures of subsistence diversity (activity and ecoregion) are positively and moderately correlated with each other (r = 0.48, p < .0001). The mean number of ecoregions utilized was 3.93 (SD = 1.70) and the mean activity diversity score was 6.62 (SD = 2.34). Both of these average scores are consistent with Colson’s (1979) observation that societies rarely specialize.How does subsistence diversity relate to dominant subsistence pattern?  Note that both the activity and ecoregion measures show the same pattern—pastoralists have by far the lowest diversity; this is consistent with the view that pastoralists would not have been able to survive without trade with neighboring agricultural groups. Note that societies largely, but not entirely, dependent on hunting and gathering are the most diverse.



Do natural hazards predict more diversity? 

a. All cases 
b. Pastoralists or Agro-Pastoralists 
  
rho = -.444 (18), which is marginally 
significant, two tails (not in the predicted 
direction) 

c. Hunter-Gatherers or Primarily Hunter-
Gatherers 
  
rho = .306 (23) which is marginally 
significant, one tail, in the predicted 
(positive) direction. 
  
A similar pattern is shown for famine and 
chronic scarcity, but these latter results 
are significant.  
  
  

Problem—relationship in different directions 
in different types of societies; similar 
patterns with famine 
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When we first looked at the relationship between natural hazards and the ecoregion diversity measure, the relationship looked curvilinear. Upon exploration, it appears that the curvilinearity is an artifact of two opposite patterns for societies more dependent on pastoralism versus hunting, gathering, and fishing.  Accordingly, in a later regression analysis (to be shown shortly), we added interaction terms to reflect these different slopes.



Do environmental measures predict more 
subsistence diversity? 

• These bivariate results are clearer. 
• More uncertainty (that is, low stability) predicts 

more subsistence diversity as hypothesized 
• marginally significant for the activity measure 
• significant for the ecoregion measure 

• Greater abundance predicts more diversity 
• significant for both measures 



Control for Societal Complexity 
Societal complexity is one of the main predictors of variation in cultural 
traits 
• Murdock and Provost (1973) have 10 measures of societal complexity, 

including traits such as density, political integration, and writing and 
records.   

• Since we wanted to see if some aspects of complexity might have more 
effects than others, we chose to factor analyze the 10 measures. A 
principal components analysis (with varimax rotation) yielded two 
factors which we label 

• “Technological Specialization”—the high loading variables are writing and records, 
land transport, and technological specialization 

• Bivariately, more specialization signficantly predicts less subsistence diversity 
• “Density”—has high loadings on density, fixity of residence, and agriculture.  

• Bivariately, marginally predicts more diversification for the ecoregion measure. 
 
 



Evaluating the different predictors 
  (1) Ecoregion 

Diversity 
(2) Column 1, 
dropping two 
least sign 
vars 

Herding Imp.  .155   
HGF Imp.  .518†  .444†a 
Herd, x Hazards  .068   
HGF x Hazards  .513*  .498* 
Hazards -.530* -.533** 
Chronic Scarcity  .178  .200 
Stability  -.320† -.311* 
Abundance  .183  .181 
Technological 
Specialization 

-.154   

Density  .482†  .410† 
      
R2  .500*  .491* 
N    35     35 

Takeaways: 
• Stability of climate predicts 

significantly less diversity as 
hypothesized 

• Natural hazards only 
significantly predicts diversity 
with high dependence on HGF 

• Otherwise, more hazards 
predicts less diversity 

• Marginal findings that might be 
worth pursuing are between 
HGF and more diversity and 
Density and more diversity 

†p < .10; *p < .05; **p < .01; 
***p < .001 (two tails unless 
noted; superscript “a”  indicates 
one-tail) 



Possible Interpretations: 
• Our prediction that natural hazard frequency would be 

positively associated with subsistence diversity was not 
supported except amongst hunter-gatherers.  

• But a less stable environment does predict more diversity 
• Why the differences?  

• Why are hunter-gatherers apparently more responsive to natural 
hazards?  

• Why is the stability factor score more predictive than hazards? 
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Perhaps subsistence strategies, unlike other culture traits, are hard to change quickly and take a longer time frame; after all, we only measured resource stressors like natural hazards in a 25-year time period. Not that many societies have two or more eventsWhy are hunter-gatherers apparently more responsive to natural hazards? Possibly because their greater mobility and usually greater territorial scope makes adaptation easier to accomplish. Agriculturalists, having less mobility, can mostly respond with crop diversification or market production (which we did not measure), rather than subsistence diversification.The broader environmental variables reflect longer time frames and subtle shifts may be more possibleIt is also possible that the causality is reversed for food producers—namely that fewer ecoregions exploited lead to worse outcomes in the face of hazards



Next Steps 
• Account for hazards occurring within a broader 

timeframe. 
• Examine other methods of diversifying livelihoods 

(e.g., craft production, wage labor, etc.) 
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