Supplementary material 
S1. Community-level changes
Pueblo Libre
The recent history of Pueblo Libre is closely linked to oil palm. In 1992, the UNODC programme created COCEPU, the central committee of Ucayali palm growers, a cooperative of 270 farmers, to replace coca cultivation with oil palm. At the time, the 50 households in the community were growing subsistence crops such as banana and rice: they cut down forest to reach the 5 ha required to enter the UN project, welcoming a crop that could be transformed into an industrial product with higher value. In the beginning, villagers organised mingas (traditional communal work groups) to manage homemade crude oil production collectively. The construction of the Oleaginosas Amazónicas (OLAMSA) extraction plant in 1996, owned by COCEPU, with a capacity to handle 6 tons/fresh fruit bunches/hour  (Banco Central de Reserva del Perú, 2012), motivated many to join the association. The high profits made by OLAMSA allowed the company to invest in new extraction plants. In 2015, COCEPU counted about 800 members, managing an area of 6,154 ha of oil palm (Ministerio de Agricultura y Riego, 2016). Associated producers benefit from favourable lending conditions in banks and rural financial institutions. Those who do not belong to an association supply the product to the extraction plant individually. 
Currently, oil palm fruit yields in Pueblo Libre are about 12 ton/ha. Their production cost is about US$70/ha. Farmers see that higher yields can be obtained in recently cut down? cleared? felled? forests, and also that less fertilizer is required. Kudzu (Pueraria phaseoloides), is often used as a cover crop, and seeds are sold to new producers. Selling prices are declining but farmers wish to continue growing oil palm because it guarantees a certain income. In August 2014, the price was about US$157/ton. The highest price was reached in 2004 (US$220/ton), but also dropped to US$120/ton, which is considered to be the minimum price to maintain? justify? cultivation. Price fluctuations are the farmers’ main concern although they believe that production will increase driven by the demand for biodiesel. Survey participants talked about potential issues linked to intensive water use, especially during the dry season. They perceive that off-season cold waves are increasing and that seasonality is irregular. Some farmers moved to Curimana to plant oil palm, due to availability of intact forests. They consider that deforestation of intact forests depends on three factors: forest concessions by the state to exploit wood; a state policy to provide land titles only to land that is being managed (Ley del Registro de Predios Rurales); and government incentives to cultivate oil palm and cacao. The perceived effects of the reduction of forest areas are fewer animals to hunt but also fewer fish, due to less water in creeks, and increasing heatwaves.
According to the survey participants, the use of medicinal plants and hunting in Pueblo Libre has mostly been mostly abandoned. Diets are richer in carbohydrates and protein and perceived food security is higher because of consumption stability. Today they buy what they formerly cultivated because it is cheaper than growing it themselves, although this view is not shared by all farmers. Those who cultivate oil palm are considered to be better off, but oil palm also benefits others as they can work in the fields. 
La Unión
The land use history of La Unión is more closely linked to cattle grazing. When settlers arrived from San Martin, many focused on pasturelands, coca production and wood marketing? selling timber?. The local government assigned forest areas for wood marketing? timber?, and encouraged the planting of Boilana (Guazuma crinita) and Capirona (Calycophyllum spruceanum). A first attempt to convert pastures to oil palm began in 2000 with DEVIDA incentives, the national programme for drug eradication, and while some farmers distrusted the crop, others started cultivating it. Furthermore, 25 fish farms exist in the community, promoted by the local government, and farmers wish to expand this activity. Production committees exist for oil palm, cacao, cattle breeding and fish farms. A committee for forest fires was formed in 2014 due to the high incidence of forest fires related to slash and burn activities. 
Those who diversified their income from cattle breeding by also growing oil palm consider they are better off today, thanks to income stability and employment for? because they can hire themselves out as? daily labourers, higher than for? which brings in more money than pastureland. On the other hand, those who continued cattle breeding as their main activity also consider they have a better incomes because they now have fewer competitors.  
Forest use in La Unión appears to be more intense than in Pueblo Libre. Participants pointed out that they collect wild plants for consumption and for medicinal purposes. Although these resources are available all year round, they usually collect them from fields and forests between June and September, when they harvest annual crops. They produce aguaje (Mauritia flexuosa L.f.) for sale, and practice small-scale logging to complement their income. Several villagers hunt all year round to sell wild animal products. However, they mentioned that increasing deforestation has reduced the attraction of the area for tourists and that traditional knowledge is being lost.  Although they have observed a decline in river fish, which they link to the use of poison for fishing and increasing pressure from population growth, they have more stable access to fish thanks to fish farms. 
Naranjal
The riverine community of Naranjal is located on the Aguaytía River three hours by boat from Pucallpa in the rainy season. About 30 years ago, when 20 families lived in the community, they were mostly cattle breeders who progressively switched to maize and plantain, and more recently to oil palm and cacao, the latter associated? intercropped? with plantain. Maize cultivation is alternated with purmas (successional forest) for three to five years. They grow Bolaina trees, which are felled and sold in the slash and burn season to make way for maize. Cacao cultivation started in 2008 as part of a DEVIDA coca substitution programme and a committee was established with support from Alianza Cacao. Cacao is the main source of income for many families, who plan to expand their land planted with cacao using government incentives. 
According to the farmers, forest use in the community has decreased due to conversion to cropland. Fewer medicinal plants, fruits and wild animals are available, and hunting time has increased steeply with forest loss, but families eat wild meat about once a month. Consumption of canned fish replaced that of river fish. Participants observed that the Aguaytía River has retreated about 1 km in width, and slightly changed course, in their view due to the large quantities of fallen trees that accumulate on the banks. The change opened new areas for cultivation, at the expense of a nearby community (Unión Progreso).
In 2014, the community signed an agreement with Plantaciones de Pucallpa of the Grupo Melka to convert 400 ha of forest to oil palm which the company would manage and sell. The community decided to distribute the forest area to be sold in equal parts, 10 ha per family. A committee with 37 members was set up to carry out this agreement. However in 2015, the company was penalised by the Ministry of Agriculture because it lacked environmental certification and for deforesting 6,824.39 ha classified as forest soils, the entire area acquired, contravening legislation (MINAGRI, 2015). In 2016, a new demand was issued for a halt to company operations (MINAGRI, 2016).  




S2. Annual change reduction in forest cover (%) in the three communities  

	Zone 
	Buffer distance (km)
	% Forest 2000 (Canopy>30%)
	No data cell
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	Accumulated
	Annual Rate (ha/year)
	Area Analysed (ha)

	La Unión
	5
	41
	19577
	290
	273
	228
	178
	596
	319
	160
	316
	488
	263
	240
	711
	417
	384
	470
	5 334
	356
	24 911

	Pueblo Libre
	5
	90
	9584
	403
	395
	519
	377
	727
	261
	367
	562
	686
	506
	278
	426
	588
	426
	486
	7 006
	467
	16 590

	Naranjal
	1
	62
	520
	2
	1
	2
	0
	10
	2
	1
	1
	5
	7
	6
	18
	11
	11
	13
	91
	6
	611




S3. Oil palm in Ucayali
The oldest oil palm plantation in the region dates back to 1964 and the origin of the trees is the Congo. At the end of the 1990s, a large-scale project with the Peruvian and Canadian governments funded by the United Nations Office on Drugs and Crime was set up, targeting 1,350 hectares (Fort and Borasino 2016) and building the first extraction plant (OLAMSA). Oil palm was considered a sustainable alternative to coca given its productive life of about 25 years. In 2001, the National Plan for the Promotion of Oil Palm in the Amazon was approved. In 2004, a second large plant, Oleaginosa Padre Abad (OLPASA), was built under the same associative model (Fort and Borasino 2016). Sales by the two plants in 2011 amounted to US$16 million and 6.5 million, respectively (Banco Central de Reserva del Perú 2012). In 2014, ten extraction plants were functioning in Ucayali, and a new one for biodiesel production was under construction (BCRP 2014). Currently, OLAMSA is the second largest oil palm extraction plant in Peru (Fort and Borasino 2016), with a capacity of 36/fresh fruit bunches/hour. Oil palm producers pay the transport costs to the extraction plants as a discount from the value of their product, varying between US$10 and US$15/ton of fresh fruit bunches (Gobierno Regional de Ucayali 2012). The area under oil palm increased from 2,200 to 13,509 ha in Ucayali between 1994 and 2012 (Fort and Borasino 2016). However, yields per ha are lower than the national average (13.9 tons/ha vs 15.3 tons/ha) (Banco Central de Reserva del Perú 2012). As a reference, yields reach 19.4 tons/ha in Colombia and 21.2 tons/ha in Malaysia (Pacheco 2012).
Land trafficking is a current controversy in the region (Sierra Praeli 2017). The Malaysian agribusiness Group Melka, is under investigation (Salazar and Rivadeneyra 2016) for deforesting 10,926 ha of primary forest in the district between October 2011 and November 2013, after allegedly invading 827 ha of land belonging to smallholders (Pautrat 2013). In 2017, the group withdrew its company, “Plantaciones de Pucallpa SAC”, from the Roundtable on Sustainable Palm Oil (Lopez Tarabochia 2016). The National Forest and Wildlife Service, created in 2014, estimated  the value of deforestation by the Melka Group in Ucayali at about US$68 million (Amancio 2016).
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S4. Households’ reasons for land use change made by each household over time*
 
	
	Forest
	Maize
	Fruits
	Pasture
	Oil palm
	Cacao

	Reasons of change by type of land use











Type of change (increase/decrease the area)
	To plant oil palm
	To introduce new crops
	“Plantaciones de Pucallpa” project
	To sell land
	Conflict with neighbour
	To plant oil palm
	For self-consumption
	To switch to pasture
	Availability of family labour
	Lack of resources
	Health issues
	For self-consumption
	Acquired new land
	Availability of family labour
	Income generation
	To plant oil palm
	Income generation
	Government incentive
	Availability of family labour
	Loan to plant oil palm
	Income generation
	Availability of family labour

	The household made one change, ultimately increasing the selected area (e.g. maize/forest/pasture) 
	
	
	
	
	
	
	1
	
	1
	
	
	1
	
	1
	3
	
	1
	1
	1
	
	
	

	The household made two changes: first they increased the selected area (e.g. by acquiring new forest), then decreased it (e.g. to convert it into cropland)
	1
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	

	The household increased the selected area twice 
	
	
	4
	
	
	
	1
	
	1
	
	
	2
	2
	
	2
	
	8
	6
	1
	2
	4
	1

	The households made three changes in the selected area: first to increase it, then to decrease it 
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1
	1
	
	
	
	

	The household made three changes in the selected area, ultimately increasing it
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	1
	2

	The household decreased the selected area once
	14
	6
	
	3
	2
	5
	1
	4
	2
	1
	2
	
	
	
	
	2
	
	
	
	
	
	

	The household made two changes, ultimately decreasing the selected area
	
	
	
	
	
	2
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	The household made three changes, ultimately decreasing the selected area
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	1
	
	
	
	
	
	

	Total
	15
	6
	4
	3
	2
	7
	7
	5
	4
	4
	2
	5
	2
	2
	5
	3
	12
	8
	2
	2
	5
	3

	* The numbers refer to the number of respondents







S5. Results of the hierarchical clustering analysis
a. Year: 2000
[image: D:\Sync\Sync\CIAT\ESS\ASSETS\IA STUDY\Pubs ASSETS\Diets\Clusters\RESULTADOS FINALES CLUSTER\BASE FINAL\2000\dendrogram k_4.jpeg]
b. b. Year: 2015
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S6. Descriptive statistics for clusters in 2000 and 2015
	Categorical variables

	Variables
	Small livestock owners
	Diversified mediumholders
	Diversified largeholders
	Young rice producers

	
	2000
	2015
	2000
	2015
	2000
	2015
	2000
	2015

	
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.
	Freq.
	Perc.

	
	17
	
	14
	
	11
	
	8
	
	14
	
	19
	
	5
	
	7
	

	Consumed food groups
	Cereals
	16
	94
	14
	100
	6
	55
	8
	100
	14
	100
	17
	89
	5
	100
	7
	100

	
	Eggs
	8
	47
	11
	79
	1
	9
	8
	100
	4
	29
	5
	26
	2
	40
	2
	29

	
	Fish and seafood
	4
	24
	1
	7
	5
	45
	0
	0
	10
	71
	14
	74
	2
	40
	4
	57

	
	Fruits
	12
	71
	8
	57
	9
	82
	3
	38
	14
	100
	17
	89
	5
	100
	7
	100

	
	Legumes
	11
	65
	7
	50
	0
	0
	5
	63
	4
	29
	6
	32
	4
	80
	1
	14

	
	Meats
	10
	59
	10
	71
	5
	45
	5
	63
	7
	50
	9
	47
	1
	20
	5
	71

	
	Milk
	6
	35
	5
	36
	0
	0
	5
	63
	4
	29
	5
	26
	0
	0
	0
	0

	
	Oils and fats
	17
	100
	13
	93
	5
	45
	7
	88
	12
	86
	16
	84
	5
	100
	7
	100

	
	Spices
	17
	100
	14
	100
	11
	100
	7
	88
	14
	100
	19
	100
	5
	100
	7
	100

	
	Sweets
	15
	88
	12
	86
	5
	45
	1
	13
	11
	79
	10
	53
	5
	100
	6
	86

	
	Tubers
	14
	82
	7
	50
	9
	82
	2
	25
	10
	71
	3
	16
	1
	20
	2
	29

	
	Vegetables
	16
	94
	14
	100
	10
	91
	7
	88
	14
	100
	16
	84
	4
	80
	5
	71

	Produced food groups
	Cereals
	17
	100
	6
	43
	11
	100
	4
	50
	14
	100
	1
	5
	5
	100
	2
	29

	
	Eggs
	5
	29
	3
	21
	0
	0
	0
	0
	2
	14
	1
	5
	2
	40
	0
	0

	
	Fish and seafood
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	11
	1
	20
	0
	0

	
	Fruits
	14
	82
	11
	79
	10
	91
	6
	75
	7
	50
	9
	47
	1
	20
	6
	86

	
	Legumes
	1
	6
	1
	7
	0
	0
	0
	0
	0
	0
	1
	5
	0
	0
	1
	14

	
	Meats
	17
	100
	14
	100
	11
	100
	8
	100
	14
	100
	19
	100
	5
	100
	7
	100

	
	Milk
	2
	12
	1
	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	Spices
	1
	6
	1
	7
	1
	9
	0
	0
	1
	7
	0
	0
	1
	20
	0
	0

	
	Tubers
	12
	71
	9
	64
	6
	55
	6
	75
	9
	64
	5
	26
	0
	0
	2
	29

	
	Vegetables
	3
	18
	9
	64
	2
	18
	5
	63
	4
	29
	14
	74
	1
	20
	2
	29

	Assets
	Radio
	16
	94
	9
	64
	3
	27
	6
	75
	14
	100
	17
	89
	1
	20
	5
	71

	
	Refrigerator
	0
	0
	7
	50
	0
	0
	2
	25
	2
	14
	10
	53
	0
	0
	0
	0

	
	Stove
	1
	6
	7
	50
	0
	0
	2
	25
	1
	7
	15
	79
	0
	0
	0
	0

	
	Television
	12
	71
	12
	86
	2
	18
	4
	50
	6
	43
	19
	100
	0
	0
	0
	0

	Off-farm activities
	Daily-paid workers
	1
	6
	2
	14
	4
	36
	3
	38
	1
	7
	6
	32
	0
	0
	2
	29

	
	Hunting
	3
	18
	1
	7
	3
	27
	1
	13
	2
	14
	2
	11
	0
	0
	4
	57

	
	Wage labour
	4
	24
	8
	57
	3
	27
	2
	25
	4
	29
	6
	32
	0
	0
	0
	0

	Cash crops
	Cacao tree
	1
	6
	7
	50
	0
	0
	0
	0
	0
	0
	5
	26
	0
	0
	6
	86

	
	Oil palm
	0
	0
	4
	29
	0
	0
	7
	88
	13
	93
	16
	84
	1
	20
	0
	0

	Location
	La Uniόn
	17
	100
	11
	79
	3
	27
	1
	13
	0
	0
	7
	37
	0
	0
	0
	0

	
	Naranjal
	0
	0
	1
	7
	8
	73
	0
	0
	1
	7
	1
	5
	1
	20
	7
	100

	
	Pueblo Libre
	0
	0
	2
	14
	0
	0
	7
	88
	13
	93
	11
	58
	4
	80
	0
	0

	Continuous variables

	Variables
	Cattle ranchers
	Oil palm growers
	Specialised cash crop growers
	Diversified cacao growers

	
	2000
	2015
	2000
	2015
	2000
	2015
	2000
	2015

	
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.
	Mean
	Std. dev.

	Food access
	Household dietary diversity score
	8.6
	1.2
	7.3
	0.7
	6.0
	1.2
	6.4
	1.6
	8.4
	1.5
	6.2
	1.4
	7.8
	1.3
	6.6
	1.7

	Socioeconomic characteristics
	Age (household head)
	40.6
	11.5
	57.6
	9.7
	44.5
	10.2
	54.4
	6.1
	37.7
	13.2
	56.5
	8.2
	34.6
	7.7
	60.6
	12.4

	
	Years of education HHH
	6.1
	3.7
	3.9
	1.7
	5.2
	4.1
	4.9
	2.8
	4.8
	3.2
	5.0
	2.0
	8.6
	2.6
	6.0
	2.2

	
	Dependency ratio
	0.9
	0.6
	0.6
	0.5
	0.8
	0.6
	0.5
	0.4
	1.3
	0.6
	0.6
	0.6
	0.9
	0.8
	0.5
	0.4

	Agriculture
	Number of crops
	5.7
	3.7
	4.5
	3.1
	8.5
	3.1
	4.6
	2.7
	7.7
	3.4
	2.7
	2.0
	3.4
	4.0
	6.0
	3.6

	
	Cultivated area
	2.5
	1.7
	5.5
	5.9
	1.3
	1.0
	13.5
	6.9
	6.4
	4.1
	11.3
	6.5
	0.9
	0.7
	2.9
	1.2

	
	Area under mature forest
	0.5
	1.3
	4.3
	8.3
	2.9
	5.0
	19.4
	11.9
	15.9
	17.0
	9.5
	11.3
	9.2
	12.9
	5.3
	5.0

	
	Area under natural pastures
	23.6
	21.0
	20.4
	27.7
	4.3
	9.6
	1.9
	2.8
	0.4
	0.7
	3.8
	8.6
	0.0
	0.0
	0.0
	0.0

	
	Area under successional forest 
	8.3
	8.8
	10.9
	23.7
	5.7
	5.8
	6.1
	7.5
	7.0
	6.8
	4.3
	5.8
	13.7
	15.4
	6.7
	10.5

	Livestock
	Cattle
	1.3
	3.8
	24.6
	45.3
	4.0
	12.3
	3.3
	9.2
	0.4
	1.3
	9.5
	24.7
	0
	0
	0
	0

	
	Pigs
	29.8
	44.5
	4.2
	12.0
	3.0
	4.2
	0
	0
	5.0
	5.4
	0.7
	2.4
	0.6
	1.3
	0
	0

	
	Sheep
	7.9
	11.7
	0.4
	1.3
	1.2
	2.7
	0.1
	0.4
	0
	0
	0.1
	0.5
	0
	0
	0
	0
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