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Abstract

Bushmeat hunters on Bioko Island, Equatorial Guinea use shotguns and snares to capture wild arboreal and ground animals for sale in the Malabo Bushmeat market. Two tools for the analysis of economic efficiency, the production possibilities frontier and isorevenue line, can be used to explain the post hoc changing spatial distribution of takeoff rates of bushmeat. This study analyzes changes in technical efficiencies over time and in different locations for the open access wildlife hunted on Bioko for the last ten years.  Due to inadequate refrigeration in the field and the bushmeat market, animals must be sold quickly. The result is a takeoff distribution that is not efficient, consequently too many of the “wrong” species of animals are harvested. The larger, slower-breeding mammals (monkeys) disappear before the smaller, faster-breeding mammals (blue duikers and pouched rats), promoting a steepening of the production possibilities frontier, inducing a greater takeoff of monkeys than the expected efficient level. Soon after hunters penetrate into a new area, the relative selling price of monkeys exceeds the rate of transformation between ground animals and arboreal animals triggering inefficient and unsustainable harvests.
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Are Bushmeat Hunters Profit Maximizers or Simply Brigands of Opportunity?


Introduction
Bushmeat hunting on Bioko Island, Equatorial Guinea is an insignificant economic activity. Many of the species that are hunted on Bioko are subspecies endemic to Bioko (Fa, 1995) and their populations are hunted at unsustainable levels.  As such, their extirpation from Bioko would constitute an irreversible loss to the world’s biodiversity (Bergl, 2007). Rapidly rising income of the urban populace, due to vast petrochemical discoveries, is fueling demand for bushmeat. In the Malabo bushmeat market, meat sells for approximately $10/kilo, a delicacy even for the well-to-due Equatorial Guinean. 

More specifically, this paper: (1) estimates the technical and allocative inefficiency of hunters in different geographic areas by constructing a production possibilities frontier and an isorevenue curve from the daily tallies of arboreal and ground animals hunted and sold in Malabo on Bioko Island during the last ten years; (2) documents changes in area-specific hunting intensity; (3) estimates the sustainability of commercial bushmeat hunting 

Natural and Political History of Bioko Island

Bioko Island (2017 km2) is a continental shelf island, separated from mainland Africa by rising seas levels after the last Ice Age, approximately 14,000 years ago.  Primates are well represented on Bioko Island (Butynski & Koster 1996).  Seven species of monkeys inhabit Bioko:  drill (Mandrillus leucophaeus poensis), black colobus (Colobus satanas satanas), Pennant’s red colobus (Procolobus pennantii pennantii), red-eared monkey (Cercopithecus erythrotis erythrotis), crowned monkey (Cercopithecus pogonias pogonias), Stampfli’s putty-nosed monkey (Cercopithecus nictitans martin), and Preuss’s monkey (Cercopithecus preussi insularis).  Because 6 of these 7 species of primate are endemic subspecies, and because many are species now threatened throughout their continental ranges, Bioko Island is one of the world’s “hotspots” for primate conservation.  The persistence of so many monkey species on a small island with such a long history of human occupation, is unexpected (Cowlishaw, 1999).

Only two species of hoofed mammals, both forest antelope, remain on Bioko Island: Ogilby’s duiker (Cephalophus ogilbyi ogilbyi) and blue duiker (Cephalophus monticola melanopheus).  The forest buffalo (Syncerus caffer nanus) was probably extirpated on Bioko Island sometime between 1860 and1910, as a result of over-hunting (Butynski, 1997).  A number of other mammals are also large enough to hunt, including tree pangolin (Manis tricuspis), tree hyrax (Dendrohyrax dorsalis), brush-tailed porcupine (Atherurus africanus), giant pouched rat (Cricetomys emini , known locally as 'ground beef'),  and African giant squirrel (Protoxerus stangeri). Showing up in the market with greater frequency in recent years are birds such as the black hornbill (Ceratogymna atrat), great blue turaco (Corythaeola cristata) and palm nut vulture (Gypohierax angolensis), and reptiles such as the monitor lizard (Varanus niloticus) and the African rock python (Python sebae). 
Evidence from linguistic studies suggests that humans occupied Bioko during the earliest stages of the Bantu expansion, approximately 5,000 years ago. Subsequent waves of migration eventually settled the lowlands of Bioko, except for the stormy southern coast where the rainfall is >10 m/year (Vansina, 1990). Europeans first reached Bioko in 1472 and named it “Fernando Po”, after its Portuguese discoverer.  Portugal later (1778) relinquished Fernando Po to Spain. In 1827, Britain established Port Clarence (later Santa Isabel, now Malabo), a trading center and naval base, on the northern coast (Sundiata, 1996).  Spain re-asserted its possession of Fernando Po in 1844 and in the subsequent years developed successful cocoa and coffee plantations reducing the open area of lowland forest.  Larger forest mammals, especially duikers and monkeys, which previously had been hunted with traps or spears, were now more easily hunted by the European-introduced shotgun. The loss of habitat and more efficient hunting methods considerably reduced Fernando Po’s wildlife by the time of Equatorial Guinea’s independence from Spain in 1968, at which time the Island was renamed “Bioko”.  The changes precipitated by independence included a general ban on firearms, collapse of Bioko’s cocoa, coffee and cattle industries, and a greatly reduced human population. An estimated third of the population of 400,000 of Equatorial Guinea were either killed or fled into exile (UNHCR, 2001).  The ban on firearms and reduction in human population favored forest regeneration and wildlife and, as a result, forest mammal populations began to recover during the 1970s and 1980s (Butynski and Koster, 1994).

The recovery of wildlife was short-lived.  A commercial bushmeat market appeared in Malabo during the early 1980s and hunting to supply animals for this market became increasingly more organized during 1990s.  Since the mid-1990s, three factors combined to place intense hunting pressure on the remaining populations of large forest mammals. As a result of the development of offshore oil extraction, local people have more money for bushmeat, driving the prices higher and making commercial hunting more profitable.  In 2007, the GDP per capita for Equatorial Guinea was estimated to be $44,100 and rising at a 12.7% real growth rate (World Factbook 2008). Second, the larger mammals generally have long periods to sexual maturity and a slow reproductive rate, resulting in a slow growth rate. As such, even light levels of hunting can be unsustainable. And third, as hunters enter the most remote parts of Bioko, they are now aided by the excellent, newly paved roads from Malabo to the towns of Luba, Riaba and Moka, as well as through Bioko’s two “protected” areas, Pico Basilé National Park (330 km2) and Gran Caldera & Southern Highlands Scientific Reserve (510 km2). 

Method of Data Gathering
The data upon which the conclusions of this paper are based come from four sources all collected by the Bioko Biodiversity Protection Program (BBPP). First, a trained census taker records the animals arriving for sale at the only bushmeat market in Malabo from 08:00 - 12:30 six days/week. During a 10 year period, carcasses at the Malabo market were counted on 2,869 mornings (or market) days (mean market days/month = 24.1, s.d. = 3.5) involving 113,174 carcasses. Imported bushmeat was excluded. Recorded data included species, age (adult or immature), sex, condition (alive, fresh, smoked), method of capture (snare or shotgun), where collected, and selling price. At various time from February 2002 through November 2007, weights and measurements of bushmeat species have been obtained.  This data collection is ongoing.  In 2003, a team from the BBPP interviewed 75 shotgun hunters and 67 trappers in 21 locations around Bioko. From 1997 - 2007, population density estimates and group encounter rates for monkeys were obtained via direct census.

Brief Overview of the Malabo Bushmeat Market  
Twenty-three species of animals from Bioko are available for sale, with varying degrees of regularity, at the Malabo bushmeat market (Table 1).  The IUCN Red List Categories (IUCN, 2007) presented in Table 1 highlight the grave threat of the bushmeat trade to Bioko’s monkeys with all seven of the species either classified as, with respect to extinction,  ‘Endangered’ or ‘Critically Endangered.’ Seven species of animals are imported and sold in the Malabo market, but since they are not hunted on the island, they are not included in this study. Over the last ten years, the most common animals sold in the Malabo bushmeat market in terms of biomass are blue duiker (31%), monkeys (26%), red duiker (18%), porcupine (10%), pouched rat (6%), python (4%) and monitor lizard (3%). 

Table 1. Species, Arboreal or Ground, IUCN Red List Categories, and average weight of bushmeat available for sale at the Malabo bushmeat market (October 1997 - June 2007), imports excluded.  
	
	
	
	
	

	Latin Name
	Common Name
	Arboreal
or Ground
	IUCN Red List
Categories
	Average Weight (kg)

	Antelopes
	
	
	
	

	Cephalophus monticola
	blue duiker
	Ground
	Lower Risk
	6.0 kg.

	Cephalophus ogilbyi
	Ogilby’s duiker
	Ground
	Lower Risk
	20.0 kg.

	
Primates
	
	
	
	

	Cercopithecus erythrotis erythrotis
	Red-eared monkey
	Arboreal
	Endangered
	4.0 kg.

	Cercopithecus nicititans martini
	Stampfli’s putty-nosed monkey
	Arboreal
	Endangered
	8.0 kg.

	Cercopithecus pogonias pogonias
	Bioko crowned monkey
	Arboreal
	Endangered
	4.0 kg.

	Cercopithecus preussi insularis
	Bioko Preuss' monkey
	Arboreal
	Endangered
	8.0 kg.

	Colobus satanas satanas
	Bioko black colobus
	Arboreal
	Endangered
	15.0 kg.

	Procolobus pennanti pennanti
	Bioko red colobus
	Arboreal
	Critically Endangered
	10.0 kg.

	Mandrillus leucophaeus poensis
	Bioko drill
	Arboreal
	Endangered
	15-20 kg.

	
Other Mammals
	
	
	
	

	Manis tricuspis
	tree pangolin
	Arboreal
	Lower Risk
	1.6-3 kg.

	Atherurus africanus
	African brush-tailed porcupine
	Ground
	Lower Risk
	4.0 kg.

	Dendrohyrax dorsalis
	Western tree hyrax
	Arboreal
	Lower Risk
	4.0 kg.

	Protoxerus stangeri
	forest giant squirrel
	Arboreal
	Lower Risk
	1.0 kg.

	Anomalurus derbianus
	Lord Derby’s flying squirrel 
	Arboreal
	Lower Risk
	0.5 kg.

	Cricetomys emini
	giant rat
	Ground
	Lower Risk
	1.4kg.

	Myosciurus pumilio
	African pygmy squirrel
	Arboreal
	Data Deficient
	0.3 kg.

	Poiana richardsonii
	African linsang
	Ground
	Lower Risk
	0.7 kg

	
	
	
	
	

	Reptiles
	
	
	
	

	Python Sebae
	African rock python
	Ground
	Data Deficient
	25.0 kg.

	Varanus niloticus
	monitor lizard
	Ground
	Data Deficient
	30.0 kg.

	
	
	
	
	

	Birds
	
	
	
	

	Ceratogymna atrata
	black-casqued hornbill
	Arboreal
	Lower Risk
	1.0 kg.

	Corythaeola cristata
	great blue turaco
	Arboreal
	Lower Risk
	1.0 kg

	Psittacus erithacus
	African grey parrot
	Arboreal
	Lower Risk
	0.5 kg.

	Gypohierax angolensis
	palm-nut vulture
	Arboreal
	Lower Risk
	1.0 kg



Figure 1 shows the annual mean biomass of ground and arboreal carcasses/day sold at the Malabo bushmeat market from January 1998 – December 2007, inclusive. 

Figure 1. Mean biomass of ground and arboreal carcasses/market day by year at the Malabo bushmeat 
market, Bioko Island (January 1998 – December 2007, n = 113,174 carcasses, imports excluded).
[image: ]


Demand

Since the mid-1990s, economic factors have combined on the demand side of the market to create intense pressure on the remaining populations of large mammals on Bioko.  Since 1995, Bioko’s economy began undergoing a substantial transformation, fueled by the discovery, extraction and processing of oil and related products. Oil production increased from 81,000 barrels per day (bbl/d) in 1998 to 420,000 (bbl/d) by 2005. The growth in per capita GDP closely mirrors oil production.  As a result of the discovery and development of offshore oil, local people have more money, driving bushmeat prices higher and making commercial hunting more profitable. Second, with the booming oil industry there are increasing employment opportunities on Bioko and concomitant immigration from the mainland. 

The Malabo bushmeat market has grown both in the number of carcasses and in revenue over the 120 months since January 1998. Using the U.S. Central Intelligence Agency (2007) estimate of 5% inflation per year, real average revenue from recorded sales increased 302% since 1998. While the number of carcasses appearing in the market has increased considerably, the price increase has been even more dramatic.  The price of the largest monkey, the drill, increased by 257% during the 120 months covered by this study.  Price increases for the 10 most common species are displayed in Table 2. 

Table 2. Percent Change in Price of Fresh Adult Carcasses for the 10 Most Common 
Species in the Malabo bushmeat market 1998 – 2007 (All prices adjusted for inflation). 
	
Common Name
	
Latin Name
	Percentage Change in Price (Adjusted for Inflation)

	Giant-pouched Rat
	Cricetomys emini
	182%

	Blue Duiker
	Cephalophus monticola
	103%

	Brush-tailed Porcupine
	Atherurus africanus
	150%

	Russet-eared Guenon
	Cercopithecus erythrotis
	97%

	Ogilby’s Duiker
	Cephalophus ogilbyi
	117%

	African Giant Squirrel
	Protoxerus stangeri
	163%

	Pangolin
	Manis tricuspis
	92%

	Crowned guenon
	Cercopithecus pogonias
	121%

	Drill
	Mandrillus leucophaeus
	257%

	Black Colobus
	Colobus satanas
	85%



Background Information on Bushmeat Hunters/Trappers


One hundred and forty-two hunters/trappers in 21 locations on Bioko were surveyed in 2003. The survey included all the significant hunting camps on Bioko (Figure 2). A “hunter” is defined as any person who spends at least part of his time hunting with a gun, even though many of them also use traps; “trappers” are those who only use traps.  The shotgun hunters are almost exclusively Fang, while the trappers are 55% Bubi and 45% Fang. The Fang originate from the Rio Muni, the mainland part of Equatorial Guinea. The Bubis are the indigenous people of Bioko. The median time in a hunting camp is 5.2 years, far below the mean of 13.9 years, indicating that a high proportion of the respondents are recent arrivals at their current location. Increased encounters with hunters in the field, as well as the percent of the total number of censused carcasses shot gunned (Figure 3) indicate an increase in the number of shotguns since 2003.  
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	* Grey areas are the Pico Basilé National Forest (330 km2) in the northern half of Bioko Island and Gran Caldera and Southern Highlands Scientific Reserve (550 km2). Together the two parks make up approximately 44% of Bioko Island.






Figure 3. Percent of total carcasses captured by shotgun on Bioko Island (1998-2007)  n = 113,174. 
[image: ]

Figure 4. Number of carcasses/market day by capture method (1998-2007, n = 107,995), imports excluded. 
[image: ] 
Shotgun hunting is the only significant threat to Bioko’s monkeys, accounting for 99% of the monkey kills. The pouch rat, porcupine and pangolin are largely harvested using traps.  Other species, like the blue and Ogilby’s duiker are increasingly hunted with shotguns.  The number of carcasses/market day by species is shown in Figure 4, this represents 95% of all bushmeat recorded at the Malabo Bushmeat market, imports excluded.

Changing Geographic Sources of Bushmeat
Whereas the owner of a renewable resource takes into account the effects of resource depletion, the hunter (non-owner) of an open access renewable resource does not. Since the individual hunter does not include the cost of the decreasing availability in his optimal foraging calculation, the hunter, even if he is a rational calculator, will over-utilize an open access resource.  Aggravating the situation is the fact that bushmeat is not a single homogeneous resource. Because species grow, reach sexual maturity and reproduce at different rates, some popular bushmeat species (blue duiker) are still relatively common on Bioko, while others (Ogilby’s duikers and monkeys) are increasingly rare. Hunters shoot anything profitable without regard for rarity; taking the rare species without regard for depletion of the common pool. 

Table 3 shows the declining percentage of red colobus and drills harvested from the northern half of Bioko, an area that is readily accessible from Malabo.  This is typical of the hunting patterns for all monkeys and other slow reproducing forest mammals. The percentage gathered from the northern half of Bioko does not decline monotonically. During 2003 a road was graded for a water project. The new road allowed access to a previously unexploited area on the western slope of Pico Basilé. Hunters moved in and over the next 3 years quickly hunted out most of the larger monkeys.


Table 3. Percentage and Count of Red Colobus and Drill Harvested: Northern Half of Bioko Island.  
	
	Red Colobus
	Drill

	Year
	Percent
	Count
	Percent
	Count

	1998
	54%
	38
	54%
	121

	1999
	57%
	26
	39%
	67

	2000
	27%
	17
	18%
	25

	2001
	5%
	3
	13%
	13

	2002
	8%
	7
	9%
	9

	2003
	52%
	15
	26%
	49

	2004
	21%
	54
	35%
	83

	2005
	18%
	27
	30%
	93

	2006
	3%
	5
	20%
	111

	2007
	0%
	0
	12%
	25


 Figure 5. Percentage of Bushmeat from the North and South of Bioko (n=112,425). 
[image: ]


Signs of hunting (e.g., spent shotgun shells, new hunting camps, increased encounters with hunters along census trails) and reduced rates of encounter with monkeys, duikers and other hunted species, indicate that there is increased hunting throughout the southern half of Bioko. During 2004, hunters began entering the Gran Caldera de Luba (19 km2), a remote and nominally protected area, with greater regularity. Until 2004 the Caldera had been almost completely free of hunting. In 2004, after a cessation of funding, the BBPP’s passive guarding/monitoring program employing local Bubi inhabitants was temporarily suspended. Within months, Fang hunters quickly seized the opportunity and began hunting in the Caldera. Prior to the suspension of patrols, monkey group encounter rates were steadily increasing in the Gran Caldera. Encounter rates gathered from census data in the two years following the 2004 hunting incursions indicated ca. 40% reduction in the monkey encounter rate in the Gran Caldera, demonstrating the devastating effects hunting can have on a small unprotected area.   
Figure 5 illustrates the overall location change of harvest of bushmeat. The northern half of Bioko has experienced a decline in the percentage of carcasses going to market.
Sustainability                                                                                                                        Expanded hunting effort has consequences for wildlife that are both predictable and illuminating. Two sustainability indices (Cowlishaw (2005) and Milner-Gulland (2001)) were employed to estimate sustainable takeoff rates.  Table 4 displays the excess percentage of takeoff.
Table 4. Excess Percentage of Takeoff Relative to the Maximum Sustainable Yield.

	Species of Monkey
	Robinson and Redford algorithm
	US National Marine Fisheries Services algorithm

	
	Lower Bound
	Upper Bound
	Lower Bound
	Upper Bound

	Red-eared monkey
	180%
	160%
	290%
	260%

	Putty-nosed monkey
	190%
	150%
	700%
	350%

	Crowned monkey
	170%
	120%
	320%
	270%

	Preuss's monkey
	520%
	390%
	1,870%
	930%

	Drill
	1,100%
	840%
	3,000%
	2,270%

	Black colobus
	150%
	120%
	610%
	520%

	Red colobus
	160%
	120%
	280%
	240%



Unsurprisingly, given the large price increase of bushmeat and the overall decline of monkeys observed during surveys, the calculations indicate all takeoff rates for monkeys are well beyond sustainable levels.  

Methodology
Let the joint production function be

						(1)

Where  is the instantaneous rate of growth of the arboreal animal population,  is the instantaneous rate of growth of the ground animal population, a is the rate at which arboreal animals are being harvested, and g is the rate at which ground animals are being harvested.  L=1 is the total amount of labor input, and s is the proportion spent in shotgun hunting.  An increase in s can be interpreted as meaning either that hunters are better at the shooting or they have found a location where the arboreal animals are more abundant. The function is strictly quasi-convex in the harvest rates and corresponds to the PPF of Figure 6.  
Figure 6. Hunters’ Production Possibilities Frontier.
[image: ]
We can also use this function to describe the two populations over time using some parametric assumptions: L = 1, α = .02, a = .019, s = .5, γ = .04 and g = .02 (see Figure 7).  By increasing the harvest rates we can slow population growth and even cause it to decline. As the parameters a or g increase (Figure 7) the arboreal and ground population paths become flatter. As α or γ increase the paths become steeper and more convex.


Figure 7. Animal population growth and abundance.

[image: ]

Using the implicit function theorem we can find the rate of transformation between ground and arboreal animals; the slope of the production possibilities frontier (see Figure 8).

[image: ]		(2)

The slope is negative as guaranteed by the assumption of quasiconvexity of the joint production function.  As more time is needed to hunt monkeys relative to other animals, the PPF becomes steeper.  This is illustrated in the following Figure 8.






Figure 8. Hunter Inefficiency and the slope of the PPF.
[image: ]

With some more parametric assumptions we can show the same thing by plotting two PPF's. The 
flatter PPF (Figure 9) is when hunters become less effective in hunting monkeys, represented by an increase in s. 
Figure 9. Hunter Inefficiency and the PPF.

[image: ]

Animals in the forest are a renewable open access resource, as such they can be subjected to excessive hunting pressure. Therefore under proper hunting management, there are sustainable harvest rates of ground and arboreal animals. A sustainable harvest rate is that which does not result in collapse of the population of the target species. A myopic harvest rate results in population collapse and is typical of open access resources. The difference between sustainable and myopic harvest rates is shown in Figure 10.

Figure 10. Sustainable and Myopic PPF’s.

[image: http://isc.temple.edu/economics/wkpapers/Bushmeat/efficiency_web_images/IMG0044_86333171.PNG]

The red PPF shows current practice, which disregards the question of sustainability. Even though sustainability is not part of the red PPF, those points are "efficient" in the sense that all resources dedicated to hunting are fully employed. The red PPF is a short run, myopically efficient set of hunting combinations.

The blue PPF shows the sustainable harvest combinations, given the stock of animals, stock of habitat, labor inputs, and hunting technology/knowledge. A point on the blue PPF is a sustainably, productively efficient combination of ground and arboreal animals harvested. The blue PPF is a long run curve, meaning that the myopia problem has been solved. 

A combination inside the blue curve is a sustainable combination, but it is not long run efficient. A harvest combination between the two curves is a myopic choice, since that harvest rate is not sustainable. In addition, it is not even efficient in the myopic short run. 
Figure 11. Productive and Allocative Efficiency.
[image: http://isc.temple.edu/economics/wkpapers/Bushmeat/efficiency_web_images/IMG0002_86333250.PNG]

In Figure 11 only the myopic PPF is shown. The downward sloping solid blue line is the isorevenue curve for the hunting industry. Given resources, prices and technology, the efficient choice is at the green dot. However, suppose that hunters have harvested the combination at the magenta dot. How do we measure the inefficiency of choosing the magenta dot instead of the green dot? Given the magenta harvest, if hunters were to increase production of ground and arboreal animals at a constant proportion then they would expand along the cyan ray from the origin to the black point. Any point along the red PPF below the black point would generate less revenue. Any point on the red curve above the black point would generate more revenue, but it would also move hunters toward the optimal choice of ground and arboreal animals. Therefore choosing a point above the black harvest involves eliminating unemployment of resources and some part of the loss due to changing the allocation between ground and arboreal animals. For our purposes we don't want to mix the two sources of inefficiency.

Note that the choice of the black point is not the shortest distance from the magenta choice to the PPF. The shortest distance point would be the least squares projection of the magenta point onto a line tangent to the red PPF. This point would lie below the black point, and would hence not be desirable from the hunters' perspective.

A simple numerical example aides in the interpretation of Figure 11. In the figure the price of a ground animal is 4 and the price of an arboreal animal is 1. The revenue generated from the magenta harvest is 4*3+7 = 19. The revenue generated from the black harvest is 4*3.6043+8.41 = 22.827. The revenue generated from the green harvest is 4*2 + 20.8 = 32.8. From these revenues the value of inefficiency due to unemployed resources, or technical inefficiency is 3.827. The loss in value due to the misallocation between ground and arboreal animals is 32.8 - 22.827= 9.973. 

In Figure 12 we take up the inefficiency due to hunting at an unsustainable rate. 

Figure 12. Efficiency and Unsustainable Hunting.
[image: http://isc.temple.edu/economics/wkpapers/Bushmeat/efficiency_web_images/IMG0054_86333328.PNG]

In this figure hunters again bring in the harvest at the magenta point. This is a sustainable harvest, but it is not allocatively efficient. Given prices, animal stocks, habitat and technology, they should have brought in the combination at the green diamond. The green diamond would result in greater sustainable revenue for the hunters. The green diamond results in a long run gain over either the myopic productively efficient black combination or the optimal myopic green dot combination. We can calculate the actual gains and losses from the data collected at the Malabo bushmeat market. 

Results

There are three major hunting areas on the island (Figure 13): the northern half dominated by Pico Basilé, a 3,011m extinct volcano, the southeastern quarter where Riaba is the largest village, the southwestern quarter where Luba is the largest village. All three areas transport the majority of their catch to the capital city, Malabo to obtain the high prices the urban market affords. We examine the technical and allocative efficiency of hunters over the years 1999, 2001, 2003, 2005 and 2007 in the three areas. 

Figure 13. Major hunting areas of Bioko Island, Equatorial Guinea. [image: ]


Daily biomass for 2,709 days were separated by origin of capture (Pico Basilé 643 days, Riaba 974 days and Luba 1,092  days) to construct the production possibilities frontiers for the different years. The allocatively efficient combination of ground and arboreal takeoff was determined by the tangency of the PPF and the isorevenue curve with slope equal to the weighted price ratio of the price of ground animals to the price of arboreal (PG/PA). Figure 14 illustrates the procedure for Riaba using 2007 data. Bushmeat arrived from Riaba and was counted at the Malabo bushmeat market on 259 days, represented by the black circular data points.  The outer boundary of the data points constitutes the production possibilities frontier. A ray from the origin was extended through each point to the boundary, establishing the technically efficient combination of ground and arboreal takeoff. The distance from the observed data point to the technically efficient point is the amount of technical inefficiency.  The distance from the technically efficient point to the tangency of the isorevenue line and the PPF is allocative inefficiency.
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)Figure 14. Technical and Allocative Efficiency in the Field.[image: ]

The procedure is repeated for each region (Pico Basilé, Riaba and Luba) and for each year (1999, 2001, 2003, 2005 and 2007).  Table 5 and Figure 15 display the technical and allocative inefficiency for each region and year.
Table 5. Average Technical and Allocative Inefficiencies by Region and by Year. 
[image: ]
In addition to the average inefficiency, Table 15 also reports the standard deviations. Fifteen of the observations on technical inefficiency are statistically different from zero. Only in Riaba in 1999 and Luba in 2007 is the allocative inefficiency not different from zero. These persistent inefficiencies are a result of the character of hunting as a production process and the institutional features of the bushmeat trade on the island. As skilled as a hunter may be, input and output remains stochastic with much greater variability then, say, the production of semiconductors. On the institutional side, the lack of regular transport and cold storage mitigates against allocative efficiency except by sheer chance.

Figure 15.  Average Technical and Allocative Inefficiencies by Region and by Year. 

[image: ]

As a particular region is overexploited (Pico Basilé) or newly exploited (Luba), the post hoc changing spatial distributions of takeoff rates show evidence of a pattern of predictable inefficiency. In the north, Pico Basilé, an area of low primate density, due to excessive past takeoff rates, the technical and allocative inefficiencies rapidly increased and then tapered off. More remote southwestern Luba with its high primate populations has experienced a dramatic increase in hunting.  Concomitant with the higher takeoff rates, the Luba area exhibits a persistent mounting technical inefficiency measured in biomass or revenue. At the same time, hunters appear to be more selective, targeting the more profitable species, reducing the allocative inefficiencies relative to the standard deviation.
Conclusions
This paper introduces the notions of technical and allocative efficiency to the discussion of biodiversity and sustainability. The theoretical paradigm is based on the simple notion of opportunity cost and the production possibilities frontier. The theoretical construct is applied to the harvest of bushmeat on Bioko Island, Equatorial Guinea. 

There is substantial empirical evidence that the harvest of bushmeat is characterized by both technical and allocative inefficiency. For each of five years in each of three regions measured inefficiencies are significantly different from zero in 13 out of the 15 cases. This evidence leads to the inevitable conclusion that commercial bushmeat hunters are not profit maximizers in spite of their ability to target individual species. Furthermore, as shown above, the harvest rates are unsustainable. 
 
Commercial hunting for bushmeat is the lone threat to wildlife on Bioko Island. For the most part, the largest forest mammals are taken by shotgun. Since the larger, slow-reproducing bushmeat species, especially the monkeys, are particularly susceptible to shotgun hunting, they will tend to be the next species extirpated from Bioko. Virtually all the shotgun hunting takes place within the boundaries of the two protected areas on Bioko Island and is, therefore, illegal (Ley No. 8/1988). Equatorial Guinea is a signatory to the CITES agreement and moreover has enacted laws banning the selling and hunting of endangered species (Ministerio de Pesca y Medio Ambiente, 2003) and Decree Number 72/2007,  October 27, 2007, by which “the  hunting, sale, consumption, and possession of monkeys and other primates in the Republic of Equatorial Guinea are strictly forbidden.”  Unfortunately the will by the Equatorial Guinean government to undertake enforcement of the 2007 ban is lacking. 

What is unequivocal, given the estimates for current population and takeoff relative to the maximum sustainable yield is that bushmeat hunting, for the large-bodied slow-reproducing forest mammals, on Bioko is unsustainable. Given the large price increase of bushmeat and the overall decline of monkeys observed during forest surveys, the situation is not likely to change in the future. 

Recommendations
It is possible to implement policy changes that can preserve biodiversity on Bioko Island while costs and benefits are evaluated. The banning and confiscation of shotguns on Bioko Island would stop the slaughter of monkeys by shifting the PPF inward and flattening the slope.  At the same time, enforcement of existing laws prohibiting hunting in the two protected areas by trained guards/rangers would allow wildlife populations to increase. Guidelines for sustainable hunting on Bioko Island can be prepared and implemented. The two protected areas should be accurately demarked. 

The scientific community can develop strategies to make conservation pay. Bioko Island provides an excellent location for study abroad educational partnerships in conservation biology and wildlife management. Hunters can be employed as guides, monitors and guards. Some local people have proven to be suitable census takers.

Lastly, the multinational corporate community must recognize that it has a stake in more than just the oil it can move out of Equatorial Guinea. Corporations can enlighten employees to not contribute to the extinction of Bioko’s wildlife. Strategies include prohibiting the use of company equipment for purchasing or transporting threatened wildlife. Corporations have, and are, providing assistance, both logistical and financial, to the study and conservation of Bioko’s biodiversity. Their continued support will prove to be invaluable to any future conservation strategies.  
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