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Abstract: The Jama-Coaque Ecological Reserve in coastal Ecuador is managed according to 

permaculture design principles. In this case, roughly 97% of the 200 hectare (500 acre) reserve is 
designated as ―Zone 5‖ wildlands. Almost all food production is concentrated in the half-hectare 

Zone 1 that surrounds the Bamboo House research station, which we have been developing as a 
living laboratory of permaculture design and agroforestry. This document details the Zone 1 
agro-forestation project undertaken in the first two months of the rainy reason of 2010, in which 

31 different species of fruit and nut trees, 119 trees in total, have been planted. Our goal is 100% 
food self-sufficiency in 10 years. We also planted over 100 native hardwood trees, including 14 

different species in degraded patches throughout the reserve according to the methodology of 
assisted natural regeneration.   

Aerial photograph of the Bamboo House Reserach Station (Zone 1) 

taken mid-way through the Agro-Forestation planting (February 2010) 
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Introduction 
 

 

Sustainable Land Management According to Permaculture Zoning: 

Permaculture is the conscious design and maintenance of agriculturally productive systems that 

have the diversity, stability, and resilience of natural ecosystems. It offers a practical, creative 
approach to the problems of diminishing resources and threatened life support systems now 
facing the world.  Zoning in permaculture design refers to a method of ensuring that elements are 

correctly placed. Zones are numbered from 0 to 5, and can be thought of as a series of concentr ic 
rings moving out from a center point—where human activity and need for attention is most 

concentrated—to where there is no need for intervention at all. In practice, however, zones are 
arranged according to the dictates of the land, and need not be of a circular or any regular shape. 
The following is a summary of permaculture zones.  

 ZONE 0:  The house, or home center. Here permaculture principles are applied in terms 
of aiming to reduce energy and water needs, harnessing natural resources such as 
sunlight, and generally creating a harmonious, sustainable environment in which to live, 

work and relax. 
 ZONE 1:  The zone nearest to the house, the location for those elements in the system 

that require frequent attention, or that need to be visited on a daily basis, such as the 

vegetable and herb garden, smaller fruit trees, perhaps a propagation area, worm compost 
bin for kitchen waste, and so on.  

http://en.wikipedia.org/wiki/Permaculture
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Worm_compost
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 ZONE 2:  This area is used for perennial plants (such as fruit trees) that require less 
frequent maintenance, such as occasional weed control (through natural methods) or 

pruning, and it may be irrigated. This would also be a good place for beehives, larger 
scale home composting bins, and so on. This zone does not have to be visited on a daily 

basis, but is still probably visited several times per week.  
 ZONE 3:  This area is still a managed growing zone, but not as intensely managed. It 

may not be mulched and not visited on a regular basis, and is most likely not irrigated. 

This growing zone features your large fruit or nut trees. On farms it would include your 
main crop areas and the large pastures.  

 ZONE 4:  A semi-wild area. This is an area for gathering wild foods and for growing 
timber. 

 ZONE 5:  A wild area. There is no human intervention in zone 5 apart from the 

observation of natural eco-systems and cycles. Here is where the most important lessons 
of permaculture (i.e., how to design human environments that mimic nature) are learned. 

 

Permaculture Zoning in the Jama-Coaque Ecological Reserve: 

Due to particular circumstances (namely, the fact that this is an ecological reserve, with 
considerably more land than the average homestead), roughly 97% of land in the Jama-Coaque 

Reserve is designated as Zone 5 wildlands. Almost all production for human needs takes place in 
the relatively much smaller area around the Bamboo House research station.  

 ZONE 0: The Bamboo House research station, which was built by hand from native 

bamboo and designed to maximize air flow. This zone also includes the slow-sand water-

filtration system and the dry-compost toilet. 

 ZONE 1: The half-hectare area that surrounds the Bamboo House, enclosed by a fence. 

This zone features vegetable and herb gardens and fruit trees, and certain plants, trees and 

shrubs that provide other human needs, like luffa vines (for washing sponges) and 

jaboncillo trees (for soap). It also includes a seed propagation area and tree nursery, and 

additional compost piles. Due to the steep topography, we have chosen to make fruit trees 

the dominant feature of this zone; the larger fruit trees being planted downhill and along 

the perimeter, and smaller fruit trees planted more in the interior, with several small tree-

less patches for sun-dependent vegetable crops. This zone is the focus of the subsequent 

section of this document. 

 ZONE 2: A small area of larger fruit and nut trees immediately outside the fence that 

encloses Zone 1.  

 ZONE 3: For us, Zone 3 includes patches of semi-wild banana and, very importantly, 

native bamboo (Guadua angustifolia) which we harvest on a weekly or monthly basis. 

This area is a 5 minute walk from the Bamboo House.  

 ZONE 4: Includes a few distant patches of semi-wild citrus trees and cacao trees in the 

upland moist forest. As these patches are about a 45 minute hike up the mountain, we 

only rarely harvest it, and only minimally manage it. This zone also includes a few 

http://en.wikipedia.org/wiki/Beehive_%28beekeeping%29
http://en.wikipedia.org/wiki/Home_composting
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degraded patches scattered throughout the forest where we have planted native hardwood 

trees – not for eventual harvest, but to accelerate the regeneration of primary-growth 

forest. 

 ZONE 5: Roughly 194 out of the 200 hectares (485 out of the 500 acres) of the reserve 

are designated as wildlands, and are only visited for reasons of monitoring and 

observation and, in the best of cases, contemplation.  

 

 

 

Zone 1 Agro-Forestation 

 
 

Map of Zone 1: 
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Notes in Reference to the Map: 

 The square enclosure seen in the map is a fence, each side of which measures roughly 70 

meters; the area is thus approximately half of a hectare. Zone 1 is roughly defined by this 
fence enclosure. 

 As seen on this map, the land generally slopes downward to the Camarones River at the 
bottom of the map (W/NW aspect). Countless gradations and minor slopes are also at 

play but not pictured here. Another feature that is pictured but bears clarification is a very 
small spring-fed stream that drops straight down the lower left-hand side of the map and 
into the Camarones River (around which bananas are planted).  

 Trees labeled in black were planted this year, as seedlings. Trees labeled in green are pre-
existing, and in some cases are mature. 

 There are about 30-40 pre-existing trees within the fence enclosure that are not labeled 
and that currently measure 3-15 meters tall. The dominant species among them include 

the pioneer hardwood species known as ―laurel‖ (Cordia alliodora) and ―guazmo‖ 
(Guazuma ulmifolia), the nitrogen-fixing and mulch-producing Inga edulis, and the 

famous tagua palm (Phytelephas aequatorialis), with lesser numbers of Cecropia sp. 
―Chilca‖ (Vernonanthura patens) was also present in high numbers but has mostly been 
culled. 

 
 

Site Analysis and Considerations: 

Location: Zero degrees and 6 minutes south of the equator, 10 km inland from the Pacific, in the 
Cantón of Jama in the Province of Manabí, Ecuador.  

Elevation: The elevation of the Reserve as a whole ranges from 250 to 698 meters above sea 
level (820 to 2,290 feet). Zone 1 elevation ranges from 300 to 330 meters above sea level (980 

feet to 1080 feet). 
Aspect and Slope: Zone 1 sits on a W/NW-facing slope with almost no truly level ground. The 
strategy has been to plant trees on all convex slopes and also on many concave slopes. Some 

concave slopes are terraced and used for vegetable production. This topography is reflective of 
the Reserve as a whole, which can be described as a series of ridges and streams carved into the 

side of the coastal mountain range, all cascading downward to the Camarones River.  
Climate: The annual temperature range is 19-30º C. The mean daily temperature is 25º C in the 
rainy season and 23 º during the dry season. This temperature difference reflects the influence of 

the ocean currents (the annual tug-of-war between the cold Humboldt current and the tropical El 
Nino current).  

Precipitation: As of two and three generations ago, the rainy season lasted 8-9 months and the 
―dry‖ season still received rain. Probably as a result of massive regional deforestation (and, 
therefore, significantly less evapo-transpiration from trees into the atmosphere), the rainy season 

now only lasts 4 months (January – April), and the dry season receives very little precipitation. 
Annual precipitation, now, is estimated at 150-200 cm³, whereas 50 years ago it was most surely 

well in excess of 200 cm³, extrapolating from verbal accounts by the grandfathers and 
grandmothers of the region. Although we are currently measuring daily precipitation with a rain 
meter, annual calculations are complicated by the fact that a significant percentage of 
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precipitation in this particular ecosystem is generated from fog and fog drip. Relative humidity in 
the rainy season averages over 80%; in the dry season varies between 65-85%. 

Soil: The prevailing soil type throughout the reserve, including Zone 1, is clay. We are working 
hard to amend this soil through compost and astute management of organic matter.  

 

 

Agro-Forestation Planting Methodology: 

 The land that was planted had been previously degraded (slashed and burned to grow 
corn by the previous owner) and was therefore in a state of early-successional growth, 

occupied with young pioneer trees and a thick understory of weeds. 1-4 weeks prior to 
planting, the weeds were slashed by machete and left to feed the soil. Most trees were le ft 

intact, particularly heirloom tagua palms and the nitrogen-fixing and mulch-producing 
Inga edulis, although almost all Chilca (Vernonanthura patens) were cut down (also by 
machete) and their trunks and branches were used to make mini terraces for seedlings that 

were planted on slopes. 

 All fruit trees were planted as seedlings – ideally at least 20 cm tall, in some cases almost 

half a meter tall, although some seedlings were smaller.  

 Some seedlings were raised from seed in our own nursery; other seedlings were acquired, 

free-of-charge, from one of the two municipal tree nurseries in the mid-sized town of 
Jama, 25 kilometers from the Reserve; lastly, some seedlings were purchased (anywhere 
from $1 to $6 per seedling) from a tree nursery in Santo Domingo and, to a lesser extent, 

from a tree nursery in Bahia de Caráquez. 

 All seedlings were planted during the months of January and February, which are the first 

two months of the rainy season and, therefore, the optimal planting period.  

 Furthermore, all seedlings were planted in accordance to the lunar agricultural calendar. 

The moon exerts a gravitational pull on the Earth by reason of its proximity.  It controls 
the tides and the movement of all water on Earth, including lakes, rivers, seas and 

groundwater, and likewise influences the movement of plant/tree sap, which in turn 
influences insect and microbial activity. Therefore, better results can be attained by 
synchronizing agricultural activity with the lunar cycle. As the gravitational pull is 

highest at full moon and new moon, the optimal time for transplanting seedlings is during 
the roughly 6 days following the first quarter (waxing gibbous) and the roughly 6 days 
following the last quarter (waning crescent). There are also certain factors (e.g. avoiding 

agricultural activity during the lunar perigee) which, if taken into account, will lead to 
better results on average.  

 Trees were spaced according to their mature (or pruned) size and that of their neighbor. 
In some cases, the trees are rather tightly spaced (5 meters apart), and in other cases more 

comfortably spaced (7-8 meters apart). In general, taller trees were planted downhill and 
along the periphery. Many trees will exist under a careful pruning regiment, as a means 
of managing height and sunlight access.  

 In the best of cases, holes were dug at least 8 days before planting, and/or sterilized with 
wood ash. However, in many cases, holes were dug either 1-2 days before planting or the 

day of planting. 

 Holes were generally dug 45 cm deep and 30 cm wide. When planting on slopes (which 

was the norm), mini terraces were constructed from fallen branches and chilca trunks, 
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and an embankment of dirt was built on the downhill side, in order to better catch and 
retain water. 

 For soil, high-grade compost from the dry compost toilet was mixed with saw dust and 
the generally clayish back-fill from the hole itself, in a ratio of 1:1:1 ratio.  

 In many cases, the seedlings were planted slightly lower than the level of the ground, 
which, combined with the downhill embankment, is a deliberate strategy to assist water 

retention during the dry season. In some cases, small swales were also dug immediately 
above the seedlings. 

 Species especially prone to attack by leaf-cutter ants (namely: orange, tangerine and 

avocado) were given the following protection: large ―quintal‖ sacks (100 lbs. rice sacks) 
were cut in half, such that the top and bottom were rendered open spaces but the sides 

(roughly 50 cm tall) were still intact (in other words, like a half-sack with the bottom cut 
out). These half-sacks were placed around the seedlings, like a protective wall, and 

secured in place by four 40 cm sticks stuck vertically into the ground at four corners. The 
bottom of the sides of the sack were slightly buried, to prevent easy passage of ants to the 
stem of the seedlings. Thus, sun can reach the leaves of the plant, and water can reach the 

soil, but the sides are protected by a cylindrical (or 4-sided) wall of rice sack. To attack 
the leaves, the leaf-cutter ants are forced to climb over the 40-50 cm wall—which they 

are certainly capable of but, because of the extra expense of energy required (i.e., the 
difficulty of access), they appear to chose not to do so. After two months, the results of 
this technique have been flawless. Whereas last year tangerine and orange seedlings 

would be entirely sheared of their leaves almost monthly (the ants would only allow the 
tree enough time to grow new leaves before they would entirely shear it again), and thus 

never have the chance to invest their growth vertically, so far this year the ―bagged‖ 
seedlings have not sustained a single attack. A back-up strategy, which now seems 
redundant and probably not necessary, is to grow a perimeter of garlic around the 

seedlings (as garlic repels leaf-cutter ants).  

 The area around the seedlings are de-weeded by hand every 2-4 weeks during the rainy 

season, and probably will have to be weeded only once a month during the dry season.  
 

 
Agro-Forestation Species List: 

We planted a total of 119 fruit and nut trees in Zone 1, including 31 different species (avg. 3 
individuals per species), during the first two months of 2010. We also transplanted over 30 
banana and plantain plants, 25 papaya trees, and 20 yucca bushes. In some cases, corn and beans 

are inter-cropped with the fruit trees, however vegetable production is not covered in this 
document. The list below does not include fruit-bearing vines and shrubs (such as passionfruit, 

badea, and coffee) that are currently growing in Zone 1, nor non-fruit bearing trees that were also 
planted during this period (such as insect-repelling species such as neem and extravagantly 
beautiful flower-bearing trees such as brugmansia and acacia and aromatic trees such as 

cananga) nor vegetables and medicinal herbs. The list is limited to fruit- and nut-producing trees 
planted this year. The species list is included on the following page: 
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Common Name Scientific Name Origen 

1 Almond Prunus dulcis Middle East 

2 Araza Eugenia stipitata Amazon 

3 Avocado Persea americana Tropical Americas 

4 Breadfruit Artocarpus altilis Pacific Asia 

5 Cacao Theobroma cacao Tropical Americas 

6 Chirimoya Anona cherimolia Native to the Region 

7 Coconut Cocos nucifera Unknown 

8 Grapefruit Citrus paradisi Asia 

9 Grosella Phyllanthus acidus Madagascar 

10 Guaba (Ice-cream Bean) Inga sp. Native to the Region 

11 Guanabana (Soursop) Annona muricata Native to the Region 

12 Guava Psidiium S. Native to the Region 

13 Hobo dulce Spondias monbín Native to the Region 

14 Jackfruit Artocarpus heterophyllus Southeast Asia 

15 Lime Citrus limón Asia 

16 Macadamia Macadamia integrifolia Australia 

17 Mamey Mamea americana Native to the Region 

18 Mamey Colorado Pouteria sapota Native to the Region 

19 Mango Manguifera indica India 

20 Mangosteen Garcinia mangostán Indonesia 

21 Maranon Anacardium excelsum Native to the Region 

22 Noni Morinda citrifolia Southeast Asia 

23 Orange Citrus sinensis Asia 

24 Papaya Carica papaya Native to the Region 

25 Pechiche Vitex gigantea Native to the Region 

26 Rambutan Nephelium lappaceum Southeast Asia 

27 Rose Pear  Syzygium jambos Southeast Asia 

28 Starfruit Averhoa carambola Indonesia 

29 Tangerine Citrus reticulata Asia 

30 Tropical Cherry Malpighia sp. Native to the Region 

31 Tropical Pear Syzygium malaccense Malyasia 

 

 

 

 

Native Hardwood Reforestation 
 

Also during the first two months of the 2010 rainy season, we planted over 100 native hardwood 
trees, including 14 different species, in 5 degraded patches throughout the Jama-Coaque Reserve. 
These trees are not for future timber harvest; rather, their purpose is watershed protection, 

rainfall generation, erosion control, and wildlife and biodiversity enhancement. Secondarily, this 
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small-scale reforestation project is an opportunity for us to experiment with methodology and 
species and monitor growth rates and survival rates, so that we will be better prepared to launch a 

larger-scale reforestation in degraded cattle pasture in the community of Camarones in 2011. In 
this case, however, the trees were planted according to the concept of Assisted Natural 

Regeneration with Enrichment Planting. Our intention is to accelerate the regeneration of these 
degraded patches into primary growth forest. All the species planted are native to the forest, and 
several are regionally endangered (namely, Platymiscium pinnatum and Tabebuia crysantha). 

The species list is below: 
 

 

Common Name Scientific Name Family 

1 Amarillo Centrolobium paraense Fabaceae 

2 Asta (Unknown) 

 3 Balsamo Myroxilum balsamun Fabaceae 

4 Caimetillo Pouteria Sp. Sapotaceae 

5 Caracolillo (Unknown) 

 6 Caoba Platymiscium pinnatum Fabaceae 

7 Cativo (Unknown) 

 8 Caucho (Rubber Tree) Castilla elastica Moraceae 

9 Guayacan Tabebuia crysantha Bignoniaceae  

10 Guachapelí Albizia guachapele Fabaceae 

11 Marañon Anacardium excelsum Anacardiaceae  

12 Moral Fino Clorophora tinctoria Moraceae 

13 Pechiche Vitex gigantea Verbanaceae 

14 Tangaré (or, Andiroba) Carapa guianensis Meliaceae  

 
 

Contact 
 
Third Millennium Alliance is a nonprofit public charity incorporated in the State of California 

and headquartered on-site in the Jama-Coaque Ecological Reserve in coastal Ecuador. For more 
information, feedback, or to learn about volunteer, internship, or research opportunities, please 
visit our website at www.3malliance.org, or you can contact us by email. 

 
Bryan Criswell 

Director of Research 
bryan@3malliance.org 
 

Isabel Dávila 
Director of Human Ecology 

isabel@3malliance.org 
 
Jerry Toth 

Director of the Jama-Coaque Ecological Reserve 
jerry@3malliance.org 

 

http://es.wikipedia.org/wiki/Bignoniaceae
http://es.wikipedia.org/wiki/Anacardiaceae
http://es.wikipedia.org/wiki/Meliaceae
http://www.3malliance.org/

