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1. Overview
The supporting information (SI) covers more specific data about farm costs and income (2), a qualitative content analysis of the survey with 23 small ruminant farmers (3.1), the difference of key parameters between the average farmer derived from statistical data and survey data (3.2), the annual income of surveyed farmers (3.3), calculations of the average milk production per animal (4) and a description of GLEAM parameters used (5). All parameters and values used for GLEAM and values for Fig. S2–S6 are shown in the supplementary data file (SD) tables S1–S4 and Fig. S2–S6.
2. Costs and Income 
[bookmark: _GoBack]Costs and income were assessed in a survey with 23 small ruminant farmers for the year 2016. As shown in Table S1, relative standard deviation is small (<5%) for milk selling prices, medium (13-34%) for meat selling and feed purchasing prices and large (>50%) for transport and farm utility costs. Boxplots in Fig. S1 show the distribution of assessed values for meat selling prices, feed purchasing prices, transport and farm utility costs. 
Table S1. Selling prices for animal products, purchasing prices for animal feed, transport and farm utility costs for the year 2016, assessed in the survey with 23 small ruminant farmers on Samothraki. Right column shows relative standard deviation of assessed values.
	category
	unit
	value
	rel. std. dev.

	price for sheep milk
	€/kg
	0.76
	3.88 %

	price for goat milk
	€/kg
	0.45 
	3.43 %

	price for sheep meat
	€/kg
	3.93 
	30.71 %

	price for goat meat
	€/kg
	4.22 
	32.75 %

	transport costs
	€/farmer/yr
	6368.64
	52.12 %

	feed grain costs
	€/kg
	0.26 
	13.72 %

	feed hay costs
	€/kg
	0.21 
	33.59 %

	farm utility costs
	€/farmer/yr
	1515.05 
	66.97 %



	[image: ]
Figure S1. Boxplots showing the distribution of assessed variables for meat prices, feed, transport and utility costs.
3. Description of the Survey Sample of 23 Small Ruminant Farmers
A survey with 23 small ruminant farmers was conducted in two field seasons in 2017 and 2018. The survey included 106 questions regarding biophysical and monetary parameters about flock characteristics, livestock processing and production, grazing, supplementary feeds, farm income and costs. A content analysis was applied to evaluate additional qualitative information about the farm structure, land and herd management, livestock production, subsidies, cooperation and the future outlook. Results are provided below.
3.1. Method of Sample Selection
Farmers for the survey were randomly chosen from the list of local farmers extracted from the transparency database of the Common Agricultural Policy (CAP) (European Commission 2017). The list contains all people registered as farmers on the island of Samothraki who receive more than 1.500€ EU subsidies annually. In a first step all beneficiaries receiving solely other than agricultural subsidies were excluded. In a second step a local partner helped informally with the selection of livestock farmers, an information that is not provided by the European Commission. In a final step the beneficiaries were then divided according to 4 spatial regions on the island and a group of 30 farmers selected for interviews. The difficulties in reaching all selected farmers and often restrictions in their willingness to participate required utilization of a snowball system in which farmers were contacted by farmers we already interviewed. Finally, 10 interviews could be conducted with farmers from the random sample and 13 had to be included through the snowball system. A content analysis of qualitative information was conducted and used for a detailed description of the sample.
3.2. Results of Qualitative Content Analysis of Survey Sample
[bookmark: _Toc15053006]3.2.1. Farm Structure and Other Economic Activities
From the 23 interviewed farmers 4 were below 40 years of age, 9 between 40 and 50 years and 9 above 50 years. One farmer’s age is unknown. 18 farmers owned sheep and goats while 4 farmers own only sheep and only 1 farmer owns only goats. This indicates that most livestock farmers on the island utilize both small ruminant species for their livestock production. 8 farmers have less than 180 animals with an average flock size of 110 animals. 10 farmers own between 150 and 420 animals with an average flock size of 250 animals. 5 farmers own more than 420 and a maximum of 540 animals with an average flock size of 490 animals. Regarding number of animals and farmers on the island the overall average flock size per farmer would be 137 sheep and 143 goats or a total of 280 small ruminants for the year 2016. The sample has an average flock size of 160 sheep and 100 goats or a total of 260 animals per farmer. This shows that the sample has a bit of a distortion in the flock composition towards sheep but matches in the total flock size with statistical data and can therefore be considered as representative. Among the small size farms 3 out of 8 farmers are engaged in a side business as firefighters or tavern owner. Among the medium size farms one farmer owns a bakery and one farmer of a large size farm owns a trading business. 
[bookmark: _Toc15053007]3.2.2. Land and Herd Management
8 out of 10 farmers who need to rent land for fodder production do that in exchange for livestock products, olive oil or labor. This indicates a functioning informal local network for trade of land, labor and goods among farmers. All except one farmer cultivate their own animal feed consisting mainly of vetch, wheat and barley. Few farmers also cultivate oats, maize, clover and alfalfa. 10 farmers purchase vetch, barley, wheat or clover from local farmers. All except 2 farmers with a small flock size purchase imported feed consisting mainly of maize and barley and in some cases wheat, sorghum, clover and grain husk. Farmers tend to feed more in winter but most of them feed all year. Regarding grazing management only 7 farmers stated that their animals graze only in fenced areas and 10 farmers let their animals graze freely in the mountainous areas or the olive grows. There is a tendency that mostly goats graze freely while sheep are preferably held in enclosures. Farmers let the animals graze for 9 months per year and most of them keep them in stables in winter. It is fairly common that animals graze the harvest residues on the fields and some fields are sown with clover only for grazing. In regard to overgrazing on the island 2 farmers mentioned that on the one side goats are the problem as they are browsers and feed on all kinds of natural vegetation. If farmers would have sheep alone, there would be no problem with overgrazing as they are grazers and feed mainly on grass. The other farmer claimed the lack of the cadaster to be the central problem as the mountainous land is not clearly associated with anybody and so people argue about ownership and often do as they like. Some farmers explained that they tend to overfeed their animals due to meat taste and milk production. This requires large amounts of additional feed which brings them in difficult financial situations. The problem but is that free roaming animals don’t find enough feed why additional supply is necessary. Depending on the farmer’s financial situation and prices he receives for his products, animals are either well fed or fairly underfed. One farmer said that there is only a small number of approximately 2000 animals that are well fed on the island. The rest suffers from malnutrition which is a limiting factor to production. 
[bookmark: _Toc15053008]3.2.3. Livestock Production
Goats are mainly kept for meat production and out of the 9 farmers who use the milk of their goats only 2 sell it locally while the rest is only for private consumption and informal trade. Out of the 19 farmers who use sheep milk only 6 sell it locally while the others use it also only for private consumption and informal trade. Many farmers mentioned that the demand from the only dairy on the island is too low to be able to sell their milk and none of the interviewed farmers exports their milk. Under given circumstances this is also not possible as there is no proper distribution network for milk on the island which includes the lack of cooling and automatized milking facilities. Most milking is done by hand and the milking season stretches from May to August/September for sheep and to October for goats. 11 farmers mentioned that they produce dairy products for private consumption only as market sales are restricted by law. This recently changed as since 2018 farmers in Greece are allowed to produce dairy products directly on the farm again (Quote). The problems and restrictions farmers face on the island regarding production are mainly related to the low market price for milk and milk products. Subsequently the only dairy on the island can only purchase a fairly small share of the potential milk production. Some farmers were worried that the dairy stops taking milk earlier in the season each year and forces them to dump the rest of their milk. 
All farmers produce meat or sell their animals for meat production. Sheep meat is mainly exported and only seldomly purchased locally while goat meat is sold on both markets. Most lambs are slaughtered during Easter while goats are slaughtered after Easter. Prices for meat are regarded as too low and traders have an easy game on the island as there is no local cooperative that could take over price negotiations for a larger group of farmers. Additionally, farmers reported that the traders agree on prices for meat beforehand and use their monopoly to push down prices even further. The slaughtering house plays a key role in these negotiations as it is too expensive for them to use it. If traders use it, they subtract the slaughtering fees from the price for meat. 
Sheering is done by hand with manual machines for which farmers mostly cooperate. There is no market and use for wool why all wool is being dumped. All interviewed farmers experience a lack of counselling regarding marketing and production and feel pretty much left alone by officials and experts. To the question what could be done to improve the situation farmers mentioned a second dairy and the breaking of the monopoly of the traders for meat. On the long run this can only be achieved through the formation of a cooperative.
[bookmark: _Toc15053009]3.2.4. Subsidies
Subsidies are a delicate issue on the island as they had a significant impact on the large livestock numbers on the island. Farmers were asked whether they know what they receive subsidies for and how they are being calculated. Most of the interviewed farmers know that they receive subsidies for animals and the land they cultivate. 6 out of 23 farmers are convinced that they receive subsidies for the amount of animals they own. 9 farmers know what they receive subsidies for and 11 farmers don’t know to what subsidies are connected. One even lost all his subsidies 3 years ago and doesn’t know why. 8 farmers feel not enough supported from official side in regard to subsidy schemes while the other farmers did not comment on it. 3 farmers mentioned that it would be important to connect subsidies to production so that farmers who don’t produce don’t receive any governmental money. 4 farmers said that they received more subsidies in the past and one farmer explained that in the past farm advisors recommended farmers to keep livestock in order to receive subsidies. These advisors profited from the number of animals on the island. This happened against the market logic and made the situation on the island much worse. According to this farmer it is a myth that prevails on the island until today even if most farmers struggle. 
[bookmark: _Toc15053010]3.2.5. Cooperation and Future Outlook
All farmers agreed that there is no cooperation on the island and that all of them would benefit from a cooperative. There is a mistrust among them which comes from corrupt cooperatives in the 1990s and makes any form of cooperation difficult. Sheering and the exchange of products, labor and land are the only form of cooperation that seems to be working on the island. Mistrust was the most frequent mentioned obstacle for the formation of a cooperative. All farmers except the owner of a tavern, see no future for farming on the island. They advise their children to leave the island, invest all they can in the education of their children so that none has to take up this burden. There is no difference in this perception regarding age or farm size. Many farmers said that if nothing changes soon, they will not be able to continue. Main reasons are the increase in prices for feed, high taxes, reduction of subsidies and the declining market prices for products. All interviewed farmers were positive about receiving more information from experts and also scientists and would be willing to attend frequent meetings for knowledge and information exchange.  
3.3. The Particularity of the Chosen Sample
Despite the randomized approach in choosing farmers for interviews a particularity of the chosen sample can be identified if compared with the average farmer derived from island wide statistical data. As some of the randomly chosen farmers denied an interview, we had to utilize a snowball system to reach an acceptable sample size. Figure S1 shows the differences of the interviewed to the average small ruminant farmer. The interviewed farmers are much more production oriented thus providing 118% and 129% more supplementary feed to the animals. They also produce 52% more milk per animal, 53% more milk per farm, 19% more meat per adult animal population and their animals have 43% and 55% higher slaughtering weight. 
[image: ]
Figure S2. Comparison of statistical and survey data in regard to the average farmer.
3.4. Annual Income of Interviewed Farmers
Figure S2 shows the annual profit or loss of the 23 interviewed farmers. HGA 4 was excluded due to the lack of data. HGA 19 and HGA 23 represent statistical outliers. In the case of HGA 19 the high amount of supplementary feed contributes to the unusually high loss of approximately 30.000€ in that year. In case of HGA 23 the high values for milk production per animal contribute to the high profit of 55.000€ in that year. Overall the sample results in an average profit of 270€ per farmer in that year (Fig. S5). 
[image: ]
Figure S3. Income of interviewed farmers.
4. Milk Output Per Animal
A crucial factor for the estimation of total feed demand per animal is the potential milk production per animal. If animals are better fed, they can produce more milk. Consequently, the animal requires more feed if a certain amount of milk should be achieved. The model uses daily milk production per animal to calculate the energy demand of the animal. This is the basis to calculate the total feed demand. The daily milk output of sheep and goats is derived from different sources (Figure S4). A veterinary from the region gave estimations for total annual milk production of sheep and goats (Sotiria). Most interviewed farmers gave numbers for daily milk production of their animals (sample HGA). DeRancourt (2006) gives values for total milk production and number of female goats and sheep for Greece. ELSTAT provides annual values for total milk production for goat and sheep milk for the island from 1993 to 2016. The annual milk demand for lambs/kids were added to DeRancourt and ELSTAT numbers in order to derive milk output numbers. The average of all 4 sources for sheep and goats was chosen as model input data.
[image: ]
Figure S4. Daily milk output for sheep and goats in regard to different data sources.
5. GLEAM Parameters and Values
For the dynamic assessment of the metabolism of the small ruminant herd, we utilized the herd and feed ratio modules of the GLEAM model (FAO 2018) with values derived from 23 interviews with local small ruminant farmers. The herd module operates with different cohorts of animals distinguished by gender, age and their utilization: adult females and males (AF/AM), replacement females and replacement males in the midst of the first year (RFA/RMA), replacement females and replacement males in the midst of the second year (RFB/RMB) and meat females and males in the midst of the first year (MF/MM). The herd module generates total annual numbers of animals in each cohort. The feed ratio module uses the daily energy requirements of each cohort in combination with the average digestibility and energy content of a certain feed category. GLEAM would allow for 13 feed categories which is but unrealistic for Samothraki, where only 5 feed categories for small ruminants (SR) could be confirmed: fresh grass (GRASSF), hay (GRASSH), crop residues (WSTRAW), olive leaves (LEAVES) and grains (GRAINS). Feed ratios for different cohorts are calculated and multiplied with the associated number of animals present in the herd throughout one year from 1993 to 2016. As feed ratios are calculated on a daily basis, the daily feed intake per cohort was multiplied with 365 days for all cohorts except MF and MM. These cohorts are not present in the herd for a whole year why their feed demand was multiplied with the associated amount of days, which were derived from the survey. As the energy requirements of AF changes in the lactation period, this category was assessed in two metabolic profiles regarding the animals’ lactation/non-lactation period (goats 182/183days and sheep 151/214 days). Feed demand of MF and MM was multiplied with 35,5 days for lambs (mostly slaughtered around Eastern) and 96,5 days for kids (mostly slaughtered around August). Actual small ruminant production of milk, cheese, meat and wool was derived from statistical data (ELSTAT 2017). Potential small ruminant milk production is calculated by multiplying the average daily milk production of AF with the number of lactation days minus 8 weeks for feeding the offspring and the number of animals milked. Potential small ruminant meat production is an internal model function that accounts for a certain share of a cohort that can be sold for meat production.
[image: ]
Figure S5. Schematic representation of the GLEAM model (FAO 2017).
[image: ]
Figure S6. Schematic representation of the herd module of GLEAM (FAO 2017).
[image: ]
Figure S7. Schematic representation of the feed ration module of GLEAM (FAO 2017).
6. Uncertainty of Model Input Parameters
Digestibility and gross energy content of feed ration has a high impact on total feed demand. Digestibility and energy content of the feed ration for grass, hay, crop residues, and grains were taken from the supplementary information of GLEAM (FAO 2017) and for olive leaves from literature (Sansoucy 1985). Values are provided in table S2. 
Table S2. Average digestibility and average gross energy content of feed rations for small ruminants and their sources.
	
	average digestibility
	source
	average gross energy
	source

	fresh grass (GRASS)
	66%
	GLEAM SI Table 3.22
	17,75 MJ/kgDM
	GLEAM SI Table 3.22

	hay (GRASSH)
	58%
	GLEAM SI Table 3.22
	17,75 MJ/kgDM
	GLEAM SI Table 3.22

	Crop residues (WSTRAW)
	45%
	GLEAM SI Table 3.22
	18,50 MJ/kgDM
	GLEAM SI Table 3.22

	Leaves (LEAVES)
	54%
	Sansoucy (1985)
	19.70 MJ/kgDM
	Sansoucy (1985)

	Grains (GRAINS, CORNS)
	85%
	GLEAM SI Table 3.22
	18,38 MJ/kgDM
	GLEAM SI Table 3.22


Suitable values for validation of results and therefore also input data is the daily feed demand of small ruminants. Daily feed demand depends directly on the average digestibility and average gross energy content of feed. Table S3 compares results for total biomass intake of sheep and goats with values from other studies. Fuchs (2015) calculated the feed demand for sheep and goats based on interviews with farmers on Samothraki and studies by Sauvant and Mohrand-Fehr (1992), Decandia (2008), Skapetas (2004) and came to a similar result for a good feeding status. Evalgon et al. (2010), Lemaire et al. (2011) and Krausmann et al. (2008) estimated 1,5 kgDM/head/day which is most likely owed to the higher average body weight of most sheep and goat breeds compared to the animals on Samothraki (34kg sheep and 26kg goats). 
Table S3. Average daily feed intake of small ruminants.
	Sources
	kgDM/head/day

	Fuchs (2015) 
	1.05 

	Evlagon et al. (2010)
	1.56 

	Lemaire et al. (2011)
	1.44 

	Krausmann et al. (2008)
	1.50 

	present study
	1.09 


Animal numbers affect potential meat and milk production, total feed demand, and profits. Annual numbers of sheep and goats are based on official statistical data from the Hellenic Statistical Authority (ELSTAT 2017). As farmers have to declare their animals each year in order to receive subsidies and must use earmarks, statistical data can be considered as relatively accurate. Especially as the official population dynamics correlate with environmental degradation observed on the island (Biel and Tan 2014; Löw 2016; Fischer-Kowalski et al. 2019). 
Prices for milk and meat affect income and profit, while transport costs, retail price for meat and milk, feed and land costs, farm utility and processing costs affect mostly profits. Transport costs and feed price has the highest impact on farm costs. Male to female ratio affects potential milk and meat production and total feed demand. Live weights of adults affect potential meat production and total feed demand. All these variables are based on survey data collected during 23 interviews with local farmers. Boxplots in Fig. S1 show the distribution of survey data except processing costs. These are calculated based on official data on animals processed in the slaughtering house and the current price of 7€ per animal. Due to the large variability of survey-based variables the monetary assessment of the small ruminant system must be treated with care. This data can only serve as a first approach towards an assessment of the monetary economy of the sector and the average farmer. High variability of local farms makes it impossible to generated accurate data on the farm level with the used sample size. 
Daily milk production is calculated as an average for daily milk output based on values provided by a regional veterinary, literature (DeRancourt 2006), official data (ELSTAT 2017) and survey data Fig. S4. Fertility rates and litter size affect mainly potential meat production and are calculated based on official sheep and goat population data (ELSTAT 2017). Feed imports affect mostly profits as they represent relative high costs to farmers. Values for feed imports are based on survey data collected by Expert 11 as this person could access data for imports from local traders from 1990 to today. For this data no deviation can be assessed, and a certain variability is given. GLEAM uses a standard value of 0,95 for the replacement rates of fertile females. As Samothraki sheep and goats have only one annual birth, lambing/kidding interval, which affects potential meat production, accounts for 365 days. 
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Figure 2.1 — Schematic representation of the herd dynamics for ruminants
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