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Fig. 1. Diversity of soil types (top) and vegetation communities (bottom), World Heritage San 
Francisco Rock Paintings polygon. The dots on the maps are the locations of the ranches in the 
survey. The bottom map also displays the nucleus zone of restricted human activities (east of the 
Rock painting polygon) which only partly overlaps the polygon and so its area is not accounted for 
in Table 1.  
 



 
 
Table 1. Extent of soil types and vegetation communities within the World Heritage San 
Francisco Rock Paintings polygon 

Soil types km2 Vegetation communities km2 

Eutric fluvisol 31.9 Sarcocaule shrub 1746.9 
Lithosol 1233.9 Sarco-crasicaule shrub 202.6 
Calcaric regosol 71.1 Microphillic desert shrub      8.0 
Eutric regosol  463.6 Mesquital (mesquite patch)   23.6 
Chromic vertisol 46.6 Oak patch   19.7 
Calcic yermosol  1.2 Riparian vegetation 67.2 
Haplic yermosol  219.6   

  

 

 

 

 

Fig. 2. Timber share of house building materials (left) and distribution of wood fuel weekly consumption in kg per 
household (right). Stonework and adobe were uncommon, despite very wide availability. Industrial materials for roofs 
(steel sheets) and walls (‘block’, a large cement brick) are becoming a trend: these are now 46% of the total materials. 
There were an average 2.3 houses per ranch, with 2.3 rooms per house. All houses but one had a kitchen separate from 
the house. As to firewood consumption, it seemed to vary little as a function of household size or gas consumption; as 
expressed by several ranchers, wood seems to be the preferred fuel due to local availability and habit.  
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Fig. 3. Population pyramid of the Sierra ranches. Salient features were low proportions of children under 5, of 20-29 
years-old people (especially women), of 50-59 years-old people, and women of all ages. The pattern of dissimilarities 
with most human populations pointed to livelihood adaptations to isolation and lack of welfare (health, formal 
education) benefits in the Sierra. Median age was 31 years (33 in males and 22 in females), 7 years older than the 2005 
national average. The sex ratio was 135.8 males for 100 females, even more imbalanced than the 104.2 state value, a 
peculiarity compared to most human populations in which women outnumber men. The proportion of single males was 
fairly high for Mexico. The ratio of household heads to their wives was 127.8 and the sons:daughters ratio 231.3. Beyond 
the age of 50, the excess male population could be due to female out-migration, a large age difference between 
husband and wife, or excess female mortality. The sons:daughters ratio along with apparent childhood out-migration 
may indicate that new phenomena might develop in younger generations. 
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Table 2. Income from sales and services, per ranch (US dollars) 
Cow meat Goat meat Cheese Tourism Trade Handicrafts Ranch total 

0 160 2128 48 400 240 2976 

37780 0 1814.4 0 0 0 39594.4 

1280 0 1728 160 0 0 3168 

5200 0 0 0 0 400 5600 

0 528 1488 240 0 0 2256 

2560 0 1792 240 0 0 4592 

1200 3360 200 0 0 4760 

6240 288 320 0 0 6848 

0 416 0 960 0 0 1376 

1720 0 240 0 3200 5160 

3360 4480 120 160 0 8120 

0 0 2268 0 80 160 2508 

224 0 24 0 0 0 248 

0 504 23488 240 0 0 24232 

0 0 960 160 400 160 1680 

0 5610 5478 320 0 0 11408 

3656 3656 

0 0 0 320 0 0 320 

224 0 0 14.4 0 0 238.4 

5152 0 6720 0 0 0 11872 

0 960 3360 144 0 0 4464 

3600 0 1881.6 280 0 800 6561.6 

2016 0 0 0 0 2400 4416 
58036 8178 

61258 4006.4 1040 7360 156054.4 
78734 

Note: Selling prices were 11-15 pesos/kg (live animal) and 32 
pesos/kg (carcass). Cheese selling prices were 30-45 pesos/kg. 
Tourism incomes were 1000-5000 pesos/year but because they can 
be sporadic over the years, they should be considered lower. Those 
who sold goat hide handicrafts (especially tehua shoes and 
occasionally riding gear for shrubland) earned 2000-40000 
pesos/year. 

 



 

Fig. 4. Development expectations. 73% of the interviewees wished to further specialize in animal-depending activities 
(including tourism to the rock paintings). Plant growing was 13% and included stalling which implies procuring animal 
feed. 

 

 

 
Fig. 5. Willingness-to-collaborate index. Half the indexes amounted to one fifth of the ranch members. In the other half 
practically all members would collaborate. One ranch could recruit more people than its own members. 
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Fig. 6. Economic geology threats to the Sierra environment. The San Francisco Sierra comprises the Rock Paintings 
polygon. It is rich in various minerals which, like gold, are reaching their peak production and heretofore will become 
scarcer. This will put more pressure on mineral-rich protected areas. In the immediate vicinity of the Sierra, the 
Vizcaino plain has been extensively explored and hydrocarbon sources were found; with the oil peak approaching, 
exploitation may start in the area, competing with groundwater extraction. Mining for ores, hydrocarbons and water is 
likely to fundamentally alter the economy and expectations in the Biosphere Reserve. Mining, which is already carried 
out on a large scale (the world’s largest saltworks in the northwest and century-old multi-ore exploitation in the east) 
may engulf the economy of the Reserve. 
 

 

 
Fig. 7. Watersheds included in the Rock Paintings polygon and the restricted-activities nucleus zone. Ranching 
appropriates water and groundwater from the watersheds, regardless of the nucleus limits. There is therefore a need 
for management of El Triunfo and Santa Ana watersheds in collaboration between the ranchers and the Biosphere 
Reserve. Some ranches outside the polygon and encroaching on the south of the San Carlos Nuevo watershed also 
warrant collaboration. The Reserve has helped build dams to hold reserve water, based on needs expressed by the 
ranchers, not on a watershed-management basis. 



 
Table 3. Spatiotemporal variability of climate parameters a  
Meteorological 

station b 
Parameter 

(monthly average) Period 1 Period 2 Period 3 Climate change 
indication 

G. Diaz Ordaz 
(27.647oN, 
113.4431oW,  
80 masl) 

 1951-2010 1971-2000 1981-2010  
Precipitation, P, mm 105.8 119.5 111.6 +5.8 mm 
Evaporation, EV, mm 1970.9 1959.1 1983.0 +12.1 mm 
Max temp, Tmax 29.3 29.2 29.6 +0.3 oC 
Temperature, T, oC 20.3 20.4 20.5 +0.2 oC 
Min temp, Tmin 11.4 11.5 11.4  

San Francisco  
(27.5983oN, 

113.0319oW, 
1,080 masl) 

   2006-2010  
P   No consistent data  
EV   No data  
T   No consistent data  

Santa Marta 
(27.5486oN, 
112.975oW, 

700 masl)  

 1951-2010 1997-2010 2005-2010  
P 230.6 210.9 180.8 -49.8 mm 
Tmax 29.9 29.5 30.4 +0.5 oC 
T 21.0 20.7 21.6 +0.6 oC 
Tmin 12.1 11.9 12.9 +0.8 oC 

San Ignacio 
(27.2986oN, 
112.875oW, 
150 masl)  

 1938-2010 1951-2010 1981-2010  
P No consistent data 121.3 155.6 +34.3 mm 
EV 1762.5 2029.6 1939.2 +176.7 mm 
Tmax 30.5 31.1 31.3 +0.8 oC 
T 21.5 21.9 22.1 +0.6 oC 
Tmin 12.6 12.7 12.9 +0.3 oC 

a Climate periods as reported by the National Weather Service [40] and for shorter periods: longest 
uninterrupted periods with 12 complete months’ worth of data. Bold figures were considered to estimate 
change. 
b North and south of the Sierra are the Gustavo Diaz Ordaz and San Ignacio meteorological stations. In the 
Sierra are the San Francisco (operational since July 2006) and Santa Marta stations.  
Data source: SMN (2014): http://smn.cna.gob.mx/climatologia/normales5110/normal03073.txt, 
http://smn.cna.gob.mx/climatologia/normales7100/normal03073.txt, http://smn.cna.gob.mx/ 
climatologia/normales8110/normal03073.txt, http://smn.cna.gob.mx/climatologia/normales5110/ 
normal03185.txt, http://smn.cna.gob.mx/climatologia/normales8110/normal03052.txt, http:// 
smn.cna.gob.mx/climatologia/normales5110/normal03052.txt, http://smn.cna.gob.mx/climatologia/ 
normales7100/ normal03052.txt, http://smn.cna.gob.mx/climatologia/mensuales/bcs/00003052.txt, 
http://smn.cna.gob.mx/climatologia/mensuales/bcs/00003191.txt, http://smn.cna.gob.mx/climatologia/ 
mensuales/bcs/00003185.txt. 
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Table 4. Aiming at rainwater and stormwater harvesting to cope with high evaporation: Estimated 
anthropogenic water demand, rainfall supply, and catchment area required to supply biological 
requirement 

Demand (D) Required 
catchment 

area, 
m2 

Species N 

Biological 
requirement,  

L water per day 
per individual 

Demand per 
annum, 

m3 
Human 125 20 913 

71,890 

Cow 887 25 8094 
Goat 2505 5 4572 
Donkey 342 6.4 799 
Total anthropogenic  

  
14,378 

Supply (S) 

Precipitation, 
m per m2 

Ranch  
area,  

m2 

Total potential 
rainfall supply, 

m3 
S/D 

0.2 38,120,000 7,624,000 530.3 
Biological requirement data sources: [27,41,42]    
 
 

 
 

  



Table 5. A catalogue for participatory transition towards water appropriate technologies 
Water 

balance 
element 

Current situation Corrective/preventive actions 

Evaporation 
and 

Storage 

With such high evaporation levels, the 
existing shallow impoundments are ill-
advised, especially in the flat areas of the 
ranches where they are subjected to wind 

Deeper reservoirs, covered against sunlight 
and wind 

Runoff 
and 

storage 

Gullies and arrested flow in micro-
catchments speak against water 
developments in ravines susceptible to 
erosion 

Increase the vegetation close to the ranches 
to retain more moisture. Create channels 
lined with compost and then vegetated, to 
halt erosion  

Stormwater 
and 

storage 

Stormwater is totally under-stored and 
prompt fast erosion 

Stormwater should be captured and stored 
as close to the ranch as possible and 
protected from wildlife to avoid human-
wildlife conflicts 

Transpiration 
and 

storage 

Evaporative water loss through panting and 
sweating in dry spells takes a toll on plants 
and free water. Distance to free water 
increases water loss, dehydration, weight 
loss, predation and competition with wildlife 
for free-standing water and feed. 
Water salinity beyond roughly 1% (and less 
for horses and pigs) augments water loss or 
is unpalatable 

In-ranch storage reduces leakages and 
distances covered by livestock. This will give 
a respite to plants in the driest months 
(around June) and drought spells.  
In-ranch water salinity can be controlled for 
through desalination appropriate 
technologies (Islas-Espinoza et al 2014) 

Undergound 
flow 

Seasonally subterranean rivers explain 
yearlong flow at oases without any 
perennial river in the Sierra 

Catchment collective protection 

Fog 
collection 

Not an option as 2-4 days of fog occur each 
year Dew collection 

Irrigation  Current irrigation practice in oases is subject 
to evaporation 

Drainfield irrigation (buried piping 
distributing wastewater) 

Stormwater 
disinfection  Stormwater not stored at present Stored water may require disinfection to 

avoid gastrointestinal infections  
Animal 
wastes 

Manure is scattered by livestock on infertile 
soils and loses its water content  

Biomethane can be produced in anaerobic 
reactors to meet gas demand 

 


