Freshwater capture fisheries in the lower Mekong River basin (LMRB) contribute from 17% to 22% of the officially reported global inland capture fisheries catch. Several dams have been proposed on the Mekong River and its tributaries that will impact these fisheries. It has been estimated that the harvest from freshwater capture fisheries in the LMRB could decline by 880,000 metric tons in 2030 if all dam construction proceeds as planned.

To reflect the consequences of lost fisheries in the LMRB, we reviewed existing data and calculated the contribution freshwater fisheries make to human protein, nutrient, and mineral requirements. We further calculated how much additional land and water would be required to replace lost fish protein in the LMRB with four other animal protein sources: beef, chicken, pork, and milk.

Replacing fish with beef was found to be the most costly; to replace the fish harvest in the LMRB estimated to be lost due to dam construction with beef would require 3.6% of the total discharge of the Mekong River, which is equivalent to a 28% increase in water withdrawal compared to current levels.
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To replace all of the fish harvested in the LMRB with beef would require an additional 395,048 km 2 of land (equivalent to 65% of the total area of the Mekong River basin) and a 63% increase in water withdrawal. Replacing the fish with chicken would require the least additional land and water but still would require more than 36,000 km 2 of land and an 8% increase in total water withdrawal from the Mekong River.

The replacement analysis for the fish consumed in the four countries demonstrates that Cambodia would have the highest requirements in terms of increased use of land and water followed by Thailand and Vietnam, whereas Laos have lower requirements but would still need to increase its land use significantly.

Overall, our analysis shows that freshwater fish is a highly valuable source of animal protein and micronutrients in LMRB. Replacing the fish protein with other sources of animal protein will require a substantially higher use of land and water.

Introduction

Freshwater capture fisheries in the lower Mekong River basin (i.e., Cambodia, Laos, Thailand and Vietnam) are reported to be between 2.0 and 2.6 million metric tons [START_REF] Van Zalinge | The Mekong River system[END_REF][START_REF] Hortle | Consumption and the yield of fish and other aquatic animals from the lower Mekong basin[END_REF]ICEM 2010;MRC 2014), which is probably an underestimation of actual catch [START_REF] Hortle | Fisheries habitat and yield in the lower Mekong River basin[END_REF]IFREDI 2013;[START_REF] Lymer | A review and synthesis of capture fisheries data in Thailand: large versus small-scale fisheries. Food and Agriculture Organization of the United Nations[END_REF][START_REF] Coates | Inland capture fisheries statistics of Southeast Asia: current status and information needs[END_REF]. This makes it the largest connected freshwater fishery in the world and corresponds to between 17% and 22% of total official global inland capture fisheries catch (FAO 2014c). In the countries of the lower Mekong basin, freshwater fish are a crucially important source of nutrition, with Cambodia and Laos having among the highest fish protein consumption of nonisland states (FAO 2014b;FAO 2014d;[START_REF] Hall | Innovations in capture fisheries are an imperative for nutrition security in the developing world[END_REF]. These fish and fish products are often culturally preferred and easily accessed by the poor [START_REF] Belton | Fisheries in transition: food and nutrition security implications for the global South[END_REF].

There are currently 11 proposed dam construction projects in the lower Mekong basin (ICEM 2010;[START_REF] Orr | Dams on the Mekong River: lost fish protein and the implications for land and water resources[END_REF]) that will have significant effects on the quality and quantity of harvestable resources from inland fisheries (WorldFish 2013). Increasing human population and demand for energy are driving these projects. It is estimated that only 5% of the potential hydroelectric power in the Mekong basin is currently exploited; this 5% has an economic value of US$235 million per year (MRC 2005). However, it has been estimated that a large part of the fish harvest in the Mekong River and the associated nutritional and social benefits will be lost due to dam construc-tion [START_REF] Ziv | Trading-off fish biodiversity, food security, and hydropower in the Mekong River basin[END_REF][START_REF] Dugan | Fish migration, dams, and loss of ecosystem services in the Mekong basin[END_REF]. [START_REF] Baran | Mekong fisheries and mainstream dams. Fisheries sections of the Strategic environmental assessment of hydropower on the Mekong mainstream prepared for the Mekong River Commission International Centre for Environmental Management[END_REF] estimated that freshwater capture fisheries in the lower Mekong River basin could decline by 880,000 metric tons in 2030 if dam construction proceeds as planned.

If there was a decline in freshwater capture fisheries due to dam construction, fish protein would have to be replaced by another source to maintain current consumption levels and meet the nutritional requirements of the human population. Livestock production is the other important source of protein in the countries of the lower Mekong basin (FAO 2014b), and in 2011, the average daily per capita consumption of protein for these countries combined was 4.9 g for freshwater fish and 9.6 g for bovine, pig, and poultry meat (Table 1).

Freshwater fish is a crucial source of protein for the most poor and vulnerable people because it requires much lower investments compared to livestock production and it is estimated that about 1 × 10 9 people worldwide rely on fish as their primary source of animal protein (FAO 2000). The rapid population While freshwater capture fisheries have a negligible footprint on land and water, livestock is an important user of these resources and can compete with other sectors for land (e.g., industry, housing, and crop production). On a global scale, livestock production uses about 30% of the global ice-free land (25% through grazed land and 5% through feed crops; [START_REF] Monfreda | Farming the planet: 2. Geographic distribution of crop areas, yields, physiological types, and net primary production in the year 2000[END_REF][START_REF] Ramankutty | Farming the planet: 1. Geographic distribution of global agricultural lands in the year 2000[END_REF]) and 29% of the total agricultural water [START_REF] Mekonnen | A global assessment of the water footprint of farm animal products[END_REF]. The replacement of freshwater fish protein by livestock protein would, therefore, be accompanied by environmental costs.

The objective of this study was to assess the environmental cost in terms of land and water use if freshwater fish proteins were replaced by livestock proteins in the four countries of the lower Mekong River basin.

Method

Nutrition components and requirements

To determine the contribution of freshwater fish to protein, calcium, iron, zinc, and vitamin A to the nutritional requirements of the four countries (Thailand, Vietnam, Laos, and Cambodia) in the lower Mekong River basin, we calculated the mean freshwater fish composition (FC) from the literature. To establish the nutrient requirements of the population in the lower Mekong River basin, the population of the four countries was separated by country and by gender into 22 age categories spanning 5-year intervals (UN 2014). Each age category was multiplied with the nutrient requirements for that age and gender category, for protein (WHO 2002), calcium, iron, zinc, andvitamin A (WHO andFAO 2004). The estimated freshwater fish consumption per country (FishC) was calculated from fish consumption data from the four countries (Need-ham and Funge-Smith 2014) and human population (UN 2014) as follows: 

The contribution of the fish consumed to the four countries' nutrient requirements (CFFnutrient) was calculated using mean freshwater fish composition for small freshwater fish (SSF), large freshwater fish (LFF), or average of SFF and LFF, as follows:

CFF = sum NR / sum FishC nutrient countries c ountries ( ) ( ) × FC nutrient (2) 
where CFF nutrient = contribution of freshwater fish to nutrient requirements of the total populations (by gender) in countries (nutrients = protein, calcium, iron, zinc, and vitamin A) NR country = nutrient requirements per country (country = Cambodia, Laos, Vietnam, Thailand) FishC country = freshwater fish consumption per country (country = Cambodia, Laos, Vietnam, Thailand) FC nutrient = mean freshwater fish composition (nutrients = protein, calcium, iron, zinc, and vitamin A)

Replacement scenarios

To estimate the land and water requirements to replace freshwater fish with livestock protein sources in the region, three different scenarios were used: (1) the replacement quantity of proteins for the total harvest of freshwater fish (FishH) in the Mekong River basin freshwater fish was calculated based on a 2 million metric tons estimated total harvest of freshwater fish (MRC 2014), (2) the replacement quantity of proteins for the freshwater fish consumption (FishC) of the four countries in the lower Mekong River basin, and (3) the replacement quantity of proteins for the potential loss of Mekong River basin harvested fish (FishL) from dam construction estimated to be 880,000 metric tons [START_REF] Baran | Mekong fisheries and mainstream dams. Fisheries sections of the Strategic environmental assessment of hydropower on the Mekong mainstream prepared for the Mekong River Commission International Centre for Environmental Management[END_REF]. For the three scenarios, FishH, FishC, and FishL, the average protein content of freshwater species (FC protein ) was used to convert fish weight to grams of protein.

Livestock data: production, land, and water requirements

Livestock data for four alternative protein sources (beef, chicken [including meat and eggs], pork, and milk [from cows]) were obtained from the Global Livestock Environmental Assessment Model (GLEAM; [START_REF] Gerber | Tackling climate change through livestock: a global assessment of emissions and mitigation opportunities. Food and Agriculture Organization of the United Nations[END_REF][START_REF] Macleod | Greenhouse gas emissions from pig and chicken supply chains: a global life cycle assessment[END_REF][START_REF] Opio | Greenhouse gas emissions from ruminant supply chains: a global life cycle assessment[END_REF]). GLEAM is georeferenced; therefore, all data can be spatially disaggregated at region, country, or intracountry level. Data can also be disaggregated by species, commodities, and production system. Production (kilograms of protein) and land use (km 2 ) for the four alternative protein sources were extracted from GLEAM by country and by protein source. Land use was derived from the quantity of feed consumed by livestock. The ratio between land use and production was computed to obtain the land use requirements of 1 kg of protein for the four alternative protein sources. Water requirements were obtained from [START_REF] Mekonnen | A global assessment of the water footprint of farm animal products[END_REF].

Land and water requirements for protein replacement

For the total fish harvest (FishH) and fish harvest lost (FishL) to dam construction , the Mekong River basin fish protein environmental replacement quantity for the four alternative protein sources, in terms of land (GLEAM model) and water [START_REF] Mekonnen | A global assessment of the water footprint of farm animal products[END_REF], was calculated as follows: 

The Mekong River basin equivalents (MRBeq) per alternative protein source were calculated by dividing the respective Basin replacement quantity land protein source with the total Mekong River basin area (795,000 km 2 ; FAO 2014a). The change in land use (↑Land use) was calculated by dividing Basin replacement quantity land protein source by the current total land use. Basin replacement quantity water protein source was divided by water withdrawal (62 km 3 ; FAO 2014a) or total discharge of the Mekong River into the South China Sea (475 km 3 ; FAO 2014a) and presented as change in water withdrawal compared to current level (↑WW) and fraction of total discharge of Mekong River (TDMR).

For freshwater fish consumption per country (FishC), the country fish protein environmental replacement quantity (i.e., land and water quantity) per alternative protein source is calculated as follows: Fish protein environmental replacement quantities in country area equivalents (Country eq.) per alternative protein source and country was calculated by dividing the respective Country replacement quantity landprotein source with the total country area (Laos 236,800 km 2 ; Thailand 513,120 km 2 ; Cambodia 181,035 km 2 ; Vietnam 331,210 km 2 ; FAO 2014a). The change in land use (↑Land use) was calculated by dividing Country replacement quantity land protein source with the current total country land use. The Country replacement quantity water protein source was divided by total country water withdrawal (Laos 3.96 km 3 /year; Thailand 57.30 km 3 /year; Cambodia 2.18 km 3 /year; Vietnam 82.03 km 3 / year; FAO 2014a) and presented as change in water withdrawal compared to current level (↑WW). freshwater fisheries harvest replacement estimates

Results

The estimated freshwater fish composition (FC) highlights that small freshwater fish species (SFF) have a much higher mean composition of all the minerals (759.13 mg Ca, 9.70 mg Fe, and 5.65 mg Zn) and vitamin A, whereas the large freshwater fish species (LFF) have higher mean protein content (18.49 g; Table 2).

The total consumption of freshwater fish per country (FishC) across the four countries is highest in Thailand (750,373 metric tons), followed by Cambodia, Vietnam, and Laos (Table 3).

The sum of the four countries' nutrient requirements (Sum [NRCambodia, NRLaos, NRVietnam, NRThailand]) of the population in the lower Mekong River basin show that a total of 3 million metric tons of protein is needed each year and that the female human population needs relatively more iron than the male population (Table 4)

The contribution of the freshwater fish consumed to human nutrition in the four countries in the lower Mekong River basin was significant (>10%) for all the assessed nutrient components (Table 5) and especially for small freshwater species that contribute greatly to vitamin A (73%) and zinc (49%) requirements. Freshwater fish protein contributes between 11% and 12% of total protein requirements of the human population.

Freshwater fish consumption per country (FishC) is 33% of the total of the five assessed animal protein sources produced in the four countries (356,005 metric tons of fish consumed divided by 1,063,153 metric tons of fish, chicken, pig, beef, and milk; Table 6). Fish protein production (FishH) in the four countries is extremely high and second only to pig protein production (Table 6). Fish protein loss due to dam construction (FishL) was also high and greater than protein production from beef and milk (Table 6).

Currently, beef and pig production have the highest land uses in the four countries, but chicken production also has high land use in Thailand (Figure 1).

The average land requirements were highest for beef (1.130 m 2 /g protein) followed by milk, pig, and chicken; the global average water requirements was also highest for beef (112 L To replace the fish harvested (FishH) in the Mekong River basin with beef would require 395,048 km 2 of land, which is equivalent to 65% of the area of the total Mekong River basin (Table 8) and would require 8% of the total discharge of the Mekong River, which is equivalent to a 63% increase in water withdrawal compared to current levels (Table 9). Increasing production with the current shares of alternative protein sources (current mix, Table 9) in the region would result in an increased land requirement of 64,739 km 2 and 18 km 3 of water.

The replacement requirements for the fish harvest estimated to be lost (FishL) due to dam constructions in the Mekong River basin with beef would be 173,821 km2, which is equivalent to 28.7% of the area of the total Mekong River basin (Table 8). Further, replacing the loss of fish harvest (FishL) with beef would require 3.6% of the total discharge of the Mekong River, which is equivalent to a 28% increase in water withdrawal compared to current levels (Table 9). Increasing production with the current shares of alternative protein sources produced in the region (current mix) would result in an area requirement of 28,485 km 2 and 8 km 3 of water.

To replace the freshwater fish consumed per country (FishC) within the countries in the Mekong River basin with beef would require 165,048 km 2 more land in Cambodia, equivalent to 91.2% of the country's area; 152,545 km 2 of land in Thailand, equivalent to 29.7% of the country's area; 93,902 km 2 of land in Vietnam, equivalent to 28.4% of the country's area; and 21,396 km 2 of land in Laos, equivalent to 9.0% of the country's area, (Table 10; Figure 2). It would also require an increase in water use compared to current levels of 577% -The requirements (increase in land use) of replacing the fish produced in the Mekong River basin (FishH) and the estimated loss due to dam construction (FishL) with alternative protein sources. Data presented per alternative protein source or using the current mix of production of the four assessed alternative protein sources (current mix), computed with land requirements from Table 3, and the required land area as Mekong River basin equivalents (MRB eq.) and the increased land use compared to current levels (↑Land use), both expressed as percentages. -The requirements (increase in water use) from replacing fish harvested in the lower Mekong River basin (FishH) and the estimated loss due to dam construction (FishL) with alternative protein sources. Data presented per alternative protein source or using the current mix of production of the four assessed protein sources (current mix) and as increase in water withdrawal compared to current level (↑WW), and percentage of total discharge of Mekong river (TDMR). in Cambodia, 25.6% in Thailand, 12.4% in Vietnam and 60.4% in Laos (Figure 2). The replacement requirement for the fish consumed in the four assessed countries show that Cambodia would have the highest relative requirements in terms of land and water followed by Thailand and Vietnam, whereas Laos would have lower requirements but would still need to increase its land use significantly (Figure 2).
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Discussion

This paper presents a preliminary analysis illustrating that freshwater fish contribute significantly to protein and micronutrient re- quirements in the lower Mekong River basin. This contribution is similar throughout the developing world. Developing countries produce more than 95% of total inland fish harvest, with much of that production being locally consumed (FAO 2010).

Replacing fish as a protein source with other animal protein sources would require allocation of additional land and water resources, with some countries needing to allocate more due to their higher reliance on fish for protein. The loss in fish harvest due to the proposed dam construction in the Mekong River main stream will incur severe requirements in terms of land and water to replace the fish protein (Figure 3). Our analysis show higher replacement requirements than previous estimates [START_REF] Orr | Dams on the Mekong River: lost fish protein and the implications for land and water resources[END_REF]; for example, the land requirement we calculated (current mix) is 402% (minimum) to 117% (maximum) of [START_REF] Orr | Dams on the Mekong River: lost fish protein and the implications for land and water resources[END_REF] assessment. These additional resource requirements may however be reduced through technological advances and improved resource-use efficiency. Land and water use per protein source for the assessed protein sources in the four countries differs substantially from those in OECD (Organisation for Economic Co-operation and Development) countries (Figure 4).

In understanding the replacement requirements for the fish harvested and consumed and potentially lost, one needs to consider how the additional quantity of protein from local production of terrestrial animals will be met. Replacing fish protein with livestock protein can be met in different ways (e.g., increasing the number of livestock, which will demand more resources in terms of land and water resources; improving animal productivity, which will demand more water [surface and groundwater], or increasing imports of animal protein, which will result in lower additional land requirements. Land and water resources are however not the only constraints or environmental impacts to consider when replacing aquatic protein with terrestrial protein. Changes in food production patterns have important implications for greenhouse gas (GHG) emissions and carbon, nitrogen, and phosphorus cycles. Livestock have an important contribu-tion to GHG emissions in East Asia (more than 1 × 10 9 metric tons CO 2 equivalent; Gerber et al. 2013), whereas GHG emissions from inland fisheries can be assumed to be negligible as fishing practices within the region are mostly traditional, based on manual labor and limited use of motorized boats [START_REF] Welcomme | Fisheries of the rivers of Southeast Asia[END_REF]. Regarding land use, emission intensities from livestock largely vary among species and commodities, and the level of productivity and types of practices also have a huge effect [START_REF] Gerber | Tackling climate change through livestock: a global assessment of emissions and mitigation opportunities. Food and Agriculture Organization of the United Nations[END_REF][START_REF] Pierrehumbert | Climate impact of beef: an analysis considering multiple time scales and production methods without use of global warming potentials[END_REF]. Replacement requirements in terms of GHG emissions would, thus, differ significantly according to the livestock commodity used as a replacement and changes in current produc- 8 and9 for values. freshwater fisheries harvest replacement estimates tivity and practices, but also would depend on changes in the aquatic environment [START_REF] Barros | Carbon emission from hydroelectric reservoirs linked to reservoir age and latitude[END_REF][START_REF] Raymond | Global carbon dioxide emissions from inland waters[END_REF].

Further, there will be effects on biodiversity and human health [START_REF] Goedkoop | ReCiPe 2008: a life cycle impact assessment method which comprises harmonised category indicators at the midpoint and the endpoint level, 1st edition[END_REF]. This effect will vary depending on land uses because different land uses (e.g., grazing on grassland versus intensive cropland) do not have the same effect on biodiversity. The effect of water use on biodiversity and human health also will vary with the level of water scarcity. Methods could be used to translate the land and water use for livestock into impacts on biodiversity and human health (e.g., [START_REF] Alkemade | GLOBIO3: a framework to investigate options for reducing global terrestrial biodiversity loss[END_REF][START_REF] Pfister | Assessing the environmental impacts of freshwater consumption in LCA[END_REF][START_REF] De Baan | Land use impacts on biodiversity in LCA: a global approach[END_REF], whereas no comparable methods exists to compute the impact of freshwater fisheries.

In addition to the increased land and water use to replace the loss of fish harvest, there will also be losses of other nutritional components that will not be replaceable by production of livestock, for example, vitamin A. Micronutrient deficiency significantly affects the lives and health of around 2 × 10 9 people worldwide [START_REF] Tulchinsky | Micronutrient deficiency conditions: global health issues[END_REF], with 26% of all children under the age of 5 being stunted and 31% suffering from vitamin A deficiency (FAO 2013). Fish contain several amino acids essential for human health and a unique lipid composition with many potential beneficial effects for adult health and child development and is an important source of essential micronutrients (vitamins D, A, and B) and minerals (calcium, phosphorus, iodine, zinc, iron, and selenium); this is especially true for many small fish species that are consumed [START_REF] Kawarazuka | The potential role of small fish species in improving micronutrient deficiencies in developing countries: building evidence[END_REF][START_REF] Hlpe | Sustainable fisheries and aquaculture for food security and nutrition[END_REF]. Clearly, the fish consumed in the region contribute significantly to nutritional requirements for calcium, iron, zinc, and vitamin A, in addition to protein (Table 4), and contributes significantly to the nutrient requirement for women [START_REF] Chamnan | The role of fisheries resources in rural Cambodia: combating micronutrient deficiencies in women and children[END_REF]. Replacing these nutrients from fish with livestock would require even more land and water than simply replacing the protein.

The decisions leading to the construction of dams on the Mekong were based on the value of electricity and water for agriculture and municipal use. The value of inland fishery resources and the cost of replacing them, in terms of both land and water, were not adequately considered in our opinion. We do hope however, that with improved knowledge on the importance of freshwater fish, more informed decisions can be taken in countries in the lower Mekong River basin and elsewhere.
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  harvest replacement estimates per gram protein) and lowest for chicken (Table 7).
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 2 Figure 2.-The requirements, increase in water and land use, of replacing the fish consumed per country (FishC) in the countries in the lower Mekong River basin. The increases are presented as change in water withdrawal compared to current level (WW), the land requirement in country area equivalents (Country eq.), and change in land use compared to current levels of land use (Land use).

Figure 3 .

 3 Figure 3.-The requirements (increase in land and water use) of replacing the estimated loss of fish harvest due to dam construction, by alternative livestock protein sources. Land requirements are represented as squares whose areas are scaled to the background map of the countries surrounding the lower Mekong River basin. Water requirements are represented as drops, each drop representing a 2% increase compared to current use. See Tables8 and 9for values.

Figure 4 .

 4 Figure 4.-Average land use of four protein sources in the four Mekong River basin countries (bars: GLEAM [global epidemic and mobility model], with the average land use for OECD (Organisation for Economic Co-operation and Development) countries (for chicken, ranges for meat [left] and eggs [right] are shown) as black ranges (de Vries and de Boer 2010).

Table 1 .

 1 -Daily per capita protein consumption by protein source in the lower Mekong River basin in 2011 (FAO 2014b).

		Freshwater	Bovine, pig, and
		fish	poultry meat
		(g/d)	(g/d)
	Cambodia	9	5
	Laos	4.8	6.3
	Thailand	2.3	9
	Vietnam	3.5	17.9
	Mean	4.9	9.6

Table 2 .

 2 -Protein and micronutrient composition per 100 g of freshwater fish. Analysis divided into small freshwater fish (SSF;[START_REF] Roos | Fish consumption and aquaculture in rural Bangladesh: nutritional contribution and production potential of culturing small indigenous fish species (SIS) in pond polyculture with commonly cultured carps[END_REF] Roos et al 2007a Roos et al , 2007b Roos et al , 2007c;;[START_REF] Mazumder | Proximate composition of some small indigenous fish species (SIS) in Bangladesh[END_REF][START_REF] Karapangiotidis | The nutritional value of lipids in various tropical aquatic animals from ricefish farming systems in northeast Thailand[END_REF]) and large freshwater fish (LFF;Roos et al 2007a;[START_REF] Karapangiotidis | The nutritional value of lipids in various tropical aquatic animals from ricefish farming systems in northeast Thailand[END_REF] USDA 2011) and the average of all the fish species in the two groups (AFF). RAE = retinol activity equivalent. n.d. = no data.

	Protein	Total lipid	Calcium	Iron	Zinc	Vitamin A	B12
		g	g	mg	mg	mg	ug RAE	ug
	SFF	16.48	2.51	759.13	9.70	5.65	1,272.50	n.d.
	LFF	18.49	4.16	310.00	5.03	1.59	163.25	2.30
	AFF	17.48	3.29	521.35	7.23	3.50	717.88	2.30
	Table 3.-The estimated freshwater fish con-				
	sumption (FishC) in the countries in the lower				
	Mekong River basin.						
			FishC					
			(metric tons)					
	Laos		122,158					
	Thailand		750,373					
	Cambodia	644,073					
	Vietnam		520,037					
	Total		2,036,641					

Table 4 .

 4 -The calculated yearly nutrient requirements for selected micronutrients of the human population in the four countries in the lower Mekong River basin.

		Protein	Calcium	Iron	Zinc	Vitamin A
		(metric tons)	(metric tons)	(metric tons)	(metric tons)	(metric tons)
	Male	1,519,193	31,472	274	128	18
	Female	1,557,644	34,197	452	103	17
	Total requirements	3,076,837	65,669	726	232	35

Table 5 .

 5 -The calculated contribution of the freshwater fish consumed to human nutritional requirement for the population of the four countries in the lower Mekong River basin.

		Protein	Calcium	Iron	Zinc	Vitamin A
		(%)	(%)	(%)	(%)	(%)
	Small freshwater fish species	10.9	23.1	26.7	48.8	72.8
	Large freshwater fish species	12.2	9.4	13.9	13.8	9.3
	Average freshwater fish species	11.6	15.9	19.9	30.3	41.1

Table 6 .

 6 -The determined protein quantity from the four alternative protein sources and the three fish scenarios in the four Mekong River basin countries. FishH represents total fish harvest, FishC represents freshwater fish consumption, and FishL represents fish lost to dam construction in the Mekong River basin. mt = metric tons.

		Chicken	Pig	Beef	Milk	FishH	FishC	FishL
	Country	(mt)	(mt)	(mt)	(mt)	(mt)	(mt)	(mt)
	Cambodia	5,034	8,522	8,525	1,543		112,584	
	Laos	4,083	434	4,455	490		21,353	
	Thailand	149,097	120,422	17,974	19,892		131,165	
	Vietnam	91,167	256,212	18,736	6,967		90,902	
	Total	249,381	385,590	49,690	28,892	349,600	356,005	153,824

Figure 1.-Current land use for the four alternative protein sources in the four countries in the lower Mekong River basin.

Table 7 .

 7 -The estimated land requirement (m 2 /g protein) and water requirement (L/g protein) for production of four protein sources in the Mekong River basin countries. Average land requirements for the protein sources are weighted by the country areas.

			Land requirement		Water footprint
				(m 2 /g protein)			(L/g protein)
	Food product	Cambodia	Laos	Thailand	Vietnam	Average	Global average
	Chicken	0.122	0.090	0.107	0.091	0.104	31.5
	Pig	0.116	0.103	0.107	0.100	0.105	57.0
	Beef	1.466	1.002	1.163	1.033	1.130	112.0
	Milk	0.918	0.620	0.122	0.159	0.331	31.0

Table 8 .

 8 

Table 9 .

 9 

Table 10 .

 10 -The replacement quantity for land and water to replace the freshwater fish consumed (FishC) in the four countries in the lower Mekong River basin, per protein source.

		replacement				
		quantity water	TMDR	↑WW	
		(km 3 )		(%)		(%)	
		FishH	FishL	FishH	FishL	FishH	FishL
	Beef	39	17	8.2%	3.6%	63%	28%
	Pig	20	9	4.2%	1.8%	32%	14%
	Chicken	11	5	2.3%	1.0%	18%	8%
	Milk	11	5	2.3%	1.0%	17%	8%
	Current mix	18	8	3.7%	1.6%	29%	13%
				Country replacement	Country replacement
				quantity land		quantity water
				(km 2 )		(km 3 )	
	Cambodia	Beef		165,048		12.61	
		Pig		13,060		6.42	
		Chicken		13,735		3.55	
		Milk		103,352		3.49	
		Current mix		73,948		7.91	
	Laos	Beef		21,396		2.39	
		Pig		2,199		1.22	
		Chicken		1,922		0.67	
		Milk		13,239		0.66	
		Current mix		11,690		1.53	
	Thailand	Beef		152,545		14.69	
		Pig		14,035		7.48	
		Chicken		14,035		4.13	
		Milk		16,002		4.07	
		Current mix		22,261		6.21	
	Vietnam	Beef		93,902		10.18	
		Pig		9,090		5.18	
		Chicken		8,272		2.86	
		Milk		14,453		2.82	
		Current mix		13,250		4.88