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Abstract

The Market for Bushmeat: Colobus Satanas on Bioko Island

By Gail Hearn, Wayne Morra and Andrew Buck
1. Introduction

Researchers from the National University of Equatorial Guinea (UNGE) and Arcadia

University have alerted the international conservation community to the threat of imminent extinction of the seven primate sub-species on the island of Bioko, Equatorial Guinea (Reid et. al. (2005)). Prior research has presented the same conclusion (Fa et. al. (1995) and Fa (2000)). In spite of the unsustainable level of consumption, monkey hunting makes a negligible contribution to Equatorial Guinea’s economy. Primate bushmeat from Bioko is an income supplement of about $30 per month for 115 hunters and their families, representing less than 0.01 percent of the country’s population. As a share of GDP, the hunting of Bioko’s monkeys accounted for 0.00265 percent of the nation’s economy in 2002. As a share of the country’s (or even specific populations’) protein intake, monkey meat is similarly unimportant.
 Lastly, it comprises less than 19 percent of revenue in the bushmeat market in Malabo, Bioko’s largest city and center of the island’s trade in monkeys and other wild meat.
The emphasis here is on a particular monkey species: Colobus satanas. The black colobus is one of Africa’s ten most endangered monkeys. It is suffering both from hunting and habitat destruction. This monkey appears to be more sensitive to habitat disturbance than other pied colobus monkeys. It is seldom seen in secondary forest, though a population of as many as 50,000 animals survives in Gabon’s Lope Reserve.  Section 2 outlines the bushmeat market in Bioko and proposes a model for understanding the determination of price and quantity of black colobus sold.  Since rational public policy for the preservation of the species must be based on knowledge of demand and supply elasticities, Section 3 uses quantile regression to estimate these numbers.  Conclusions and policy recommendations are made in section 4. 
2. The Market for Bushmeat in Bioko Island

Since the mid-1990s several factors have combined to create intense pressure on the populations of large forest mammals in Bioko. First, as a result of the discovery and development of offshore oil, local people have more money, driving prices higher and making commercial hunting more profitable. Second, because species reproduce at different rates, some popular bushmeat species (blue duiker) are still relatively common in the forests, while others (Ogilby’s duikers and monkeys)are increasingly rare. Hunters shoot anything profitable without regard for rarity, taking the rare species almost as “by-catch” when hunting for the more common species. And third, as hunters enter the most remote parts of the island they are now aided by improved roads and many more vehicles traveling from Luba, Riaba, and Pico Basile to Malabo to deliver the bushmeat.

A team from the Bioko Biodiversity Protection Program interviewed 75 shotgun hunters and 67 trappers in 21 locations around the island in February 2003.  According to survey respondents, there are a total of 115 hunters in the locations studied, which included all the significant hunting camps on the island. Hunters sell between 40 and 60 percent of their take
 to women (mamás) who resell the monkeys and other bushmeat in Malabo’s municipal market
. There are around 45 mamás in all, but generally no more than a half-dozen selling bushmeat at any given time. In some instances the mamás take taxis between the population centers and buy from the hunters along the way.  In other instances the hunters send their produce to the mamás via taxi.


Between March 2000 and February 2002, 304 personal interviews were conducted with the buyers of bushmeat in the Malabo market. Twenty-four percent of the respondents were men; 89 percent of the buyers were either Bubi (indigenous) or Fang (from the mainland). Only four percent of respondents selected monkey as their most desired animal. Consuming bushmeat is associated with wealth and status on Bioko. While per capita gross domestic product for 2001 was estimated to be $2,100, the median income for Fang and Bubi bushmeat buyers was $8,700 and $6,600 respectively.

In its essential features the market for bushmeat in Malabo is not dissimilar from the Marseille fish market studied by Härdle and Kirman (1995).  Their model consisted of m sellers and n buyers, each with a basic strategy set.  A matching process associates buyers with sellers.  A full strategy for an agent associates each element of the matching process with each element of the strategy set of each agent.  A payoff function over the players’ strategy sets yields what might be interpreted as their respective reservation prices and consumer or producer surplus.  There is a response function for each player derived from their payoffs.  The dynamics of the game are as follows: In period 0 the stocks become available.  In period 1 sellers specify prices, buyers specify demands, and matching occurs.  Given the outcome of period 1, buyers and sellers re-specify in period 2, and so on.  In the context of the Malabo market the trading periods occur over the course of the day.  In a match between buyer and seller they the resolve the question of allocating the economic surplus that arises from the difference between their reservation prices.  
The scatter plot of the data in Figure 1, including the quantiles referred to as supply and demand, shows the division of surplus between buyer and seller.  The figure should not be interpreted as the interaction between competitive supply and demand, but is the result of a strategic game.
 In their study of the Marseille fish market Härdle and Kirman produced monotone ‘demand’ functions via the fitting of conditional kernel densities.  They assert that is the result of aggregation to the daily level.  However, their scattergrams for individual buyers suggest that at least in some cases the fitting of quantiles would have yielded downward sloping demand curves as seen in figure 1. 
3. Results

The data set used here is the result of an ongoing census commencing in October 1997 of the Malabo bushmeat market conducted by two trained census takers who record the animals arriving for sale at the bushmeat market in Malabo during the morning hours of 8 AM to 12 AM. During a total of 2,642 census (or market) days over a period of more than seven years they documented 2,073 Colobus satanas carcasses.
 Each day the species, age (adult or juvenile), gender, condition of animal (alive, fresh, dried
), method of capture (snare, shotgun
, dog), and price of each bushmeat carcass was recorded.  The ‘census’ data was aggregated to the level of the trading day.  An observation consists of the number of Colobus satanas of given age, gender and condition
 that were traded at a given price.  The daily data (n=1122 carcasses) are plotted in Figure 1 as (quantity, price) pairs.  The downward sloping solid line is the .99 conditional quantile (Koenker and Bassett, 1978).  The upward sloping solid line is the .04 conditional quantile.  The dashed line is a simple least squares fit. The coefficients of the fitted lines are reported in Table 1.
Insert Figure 1 about here.

The scatter enclosed by the .99 and .04 quantiles represents the economic surplus that can accrue to market participants at corresponding reservations prices.  A particular point in the scatter shows the division of surplus between bushmeat consumers and the mamás.  That a trade takes place in the interior of the scatter illustrates the relative bargaining power of the participants.

In this simplest interpretation of the data (Figure 1) consumer surplus amounts to 212,938 Fcfa ($372) per day and producer surplus amounts to 23,333 Fcfa ($40.84) per day.  Since black colobus make up about 5.5% of the market, annual producer surplus from all monkeys is about $271,029.  Reid et al (2005) report that the amount necessary to compensate hunters for not hunting is about $138,000.  Since net operating income accruing to mamás is about the same as that accruing to hunters, the estimated producer surplus from the model corresponds nicely with the detailed accounting figures of Reid et al. 
Some alternative specifications of the quantiles were also fit to the data as models two through eight in Table 1.  Across all of the specifications quantity has a negative sign in the .99 quantile and a positive sign in the .04 quantile, although the coefficients are not always statistically significant.  

The variable Age is a dummy variable taking the value of one for juvenile animals.  An animal is coded as a juvenile on the basis of its smaller size.  For black colobus there is no obvious physical difference in size for adult males and females.  For both quantiles and all models juveniles always trade at a lower price than adults.  The variable Dried is a dummy variable taking a value of one to indicate that the carcass has been smoked.  Once dried, the gender of the carcass is indeterminate.  In both quantiles and across all specifications the effect of drying is to reduce the price of a black colobus.     
Other research reporting elasticities of demand for bushmeat model demand in the aggregate.  Wilkie and Godoy (2001) use household data but aggregate across all species and do not consider a single geographic market. Reid et al (2005) aggregate to monthly demand and over all species.  In both those studies the demand for bushmeat is reported to be inelastic.  However, across all of the demand specifications of Table 1 and at all quantities observed to have been traded in Malabo, the point estimate of the own price elasticity of demand for black colobus is elastic.  The first reason for this is algebraic; the quantity coefficients are not especially large in a statistical sense.  The second reason is that there are a small number of mamás operating stalls in the market and economic theory suggests that they should operate in the elastic portion of their demand curve.  The third reason is that we consider only one species here, and there are many substitutes available on any given market day.
The supply elasticities implied by the empirical results are also quite large.  Because of the relatively flat supply and demand curves of the different models the implied daily equilibrium quantity is quite large. Indeed, it is above the sustainable take-off rate. 
Bushmeat is not the only source of protein for the residents of Bioko Island.  Included in their diet is beef, pork, chicken and fish.  There is no daily price data for these commodities available for Equatorial Guinea.  However, the opportunities for profit taking suggest that whatever their price in Malabo, the prices of these commodities are not likely to drift far from world markets.  Models six, seven and eight included the daily closing spot price of beef and hogs on the Chicago Board of Trade. Although the price of beef has a negative sign in the demand quantile equations, it is not significant.  On the other hand, the price of hogs is positive and significant, suggesting that pork is a substitute for bushmeat.  Furthermore, the short-lived trade interruption with Cameroon in 2000 cut beef imports and was accompanied by a rise in bushmeat consumption, anecdotal evidence that shows there is substitution between the two (Reid et al (2005)).

Researchers (Wilkie and Godoy (2001)) have occasionally conjectured that bushmeat might be an inferior good
 (with negative income elasticity), but in Malabo, the data suggest the reverse.  Interpreting the price of oil as a proxy for income, one can conclude that as incomes rise, so does demand; making bushmeat a normal good.
The last column of Table 1 reports the Koenker-Khmaladze test statistics (Koenker and Xiao, 2002) for the location shift and the location-scale shift versions of a quantile regression model.  The null of the location shift model is that the individual coefficients do not change across the different quantiles.  The null of the location-scale shift model is that the quantile slope coefficients should mimic the behavior of the intercept across the different quantiles. The asymptotic critical value for either test at any reasonable level of significance for models of seven or fewer covariates is under ten.  On this basis both null hypotheses are rejected.  The practical consequence is that the scatter in Figure 1 cannot be construed as either a probability distribution over a demand curve or probability distribution over a supply curve that has been shifted about in the quantity price plane.    
4. Conclusions
The primates of Bioko are on their way to extinction, driven by market forces. The decline in supply, coupled with elastic demand and supply as well as rising income and population, represents a recipe for an ecological catastrophe. And yet the economic, employment, and nutritional gains brought by monkey hunting are negligible.

The elasticity estimates presented here underscore the need to curtail both supply and demand for the meat of Bioko’s monkeys. A strategy that addresses only supply, by patrolling parks or buying out guns, for example, leaves demand intact. There will be continuing pressure to circumvent obstacles placed between hunters and consumers. Even if supply restrictions raise the cost of monkeys, income is rising so fast that consumers will be willing to pay higher prices for a similar quantity of meat. By the same token, reducing demand only, through public awareness campaigns, for example, will

not change the buying habits of enough people to secure the monkeys’ future, and hunters will continue to supply meat without restriction.

Bibliography
Fa, John E., J. Juste, J. Perez del Val, J. Castroviejo (1995), Impact of Market Hunting on Mammal Species in Equatorial Guinea”, Conservation Biology, Vol. 9(5), Pps. 1107-1115. 

Fa, John E., Juan Yuste, and Ramon Castelo (2000), “Bushmeat Markets on Bioko Island as a Measure of Hunting Pressure”, Conservation Biology, Vol. 14(6), Pps. 1602-1613.

Härdle, Wolfgang and Alan Kirman (1995), “Neoclassical demand: A model-free examination of price-quantity relations in the Marseille fish market”, Journal of Econometrics, Vol 67(1), pps. 227-257. 

Koenker, Roger and Gilbert Bassett (1978) “Regression Quantiles," Econometrica, 46, pages 33-50.

Koenker, Roger and Kevin F. Hallock (2001), “Quantile Regression”, Journal of Economic Perspectives, Vol. 15(4), pages 143-156.

Koenker, Roger and Zhijie Xiao (2002), “Infrence on the Regression Quantile“, Econometrica, Vol. 70(4), pages 1583-1612.
Reid, John, Wayne Morra, Claudio Posa Bohome, and David Fernando Sobrado (2005), “The Economics of the Primate Trade in Bioko, Equatorial Guinea”, Conservation Strategy Fund, Santa Cruz, CA, http://www.conservation-strategy.org/projects/equitorialguinea/bioko/reports/2005_08_24_report.pdf 

Wilkie, David S., and Ricardo Godoy (2001), “Income and Price Elasticities of Bushmeat Demand in Lowland Amerind Societies”, Conservation Biology, Vol. 15(3), Pps. 761-769.

	[image: image1.jpg]Market for C. Satanas

©0 0 comoomo

00052

T
0005+

20Ud

0005

Quantity





	Figure 1


	Table 1
Quantile Regression Results*
Supply and Demand for Colobus Satanas

Dependent Variable: Price

	Model
	
	Intercept
	Quantity
	Poil
	Pcow
	Phog
	Dried
	Age
	Joint test

	
	OLS
	11300.7

(45.875)
	323.7

(2.535)
	
	
	
	
	
	

	1
	Supply
	3071.42

(21.03)  
	146.08

(6.36)   
	
	
	
	
	
	

	
	Demand
	29500.00

(7.75)  
	-1500.00

(-0.83)   
	
	
	
	
	
	

	
	Loc
	3341.58
	3.63
	
	
	
	
	
	3342.69

	
	L – S 
	2064.5
	5.25
	
	
	
	
	
	2066.59

	2
	Supply
	7750.00

(14.62)
	250.00

(1.34)
	
	
	
	-1250.00

(-2.63)
	-4250.00

(-11.60)
	

	
	Demand
	29500.00

(8.01)
	-1500.00

(-.90)
	
	
	
	-7000.00

(-5.01)
	-12500.00

(-7.25)
	

	
	Loc
	1316.37
	2.04
	
	
	
	.82
	1.40
	1320.66

	
	L – S
	467.53
	.80
	
	
	
	.60
	.58
	469.78

	3
	Supply
	1717.12

(3.07)
	347.57

(1.97)
	89.35

(4.43)
	
	
	
	
	

	
	Demand
	5672.21

(3.49)
	-378.22

(-1.35)
	630.37

(6.92)
	
	
	
	
	

	
	Loc
	1178.31
	3.27
	1.41
	
	
	
	
	1180.89

	
	L – S
	1388.99
	1.71
	1.87
	
	
	
	
	1389.75

	4
	Supply
	5569.27

(15.35)
	67.32

(.69)
	121.95
(14.53)
	
	
	
	-4921.95

(-20.75)
	

	
	Demand
	7541.33

(3.72)
	-722.24

(-1.76)
	588.03

(5.28)
	
	
	
	-3857.83

(-4.75)
	

	
	Loc
	4745.46
	.43
	8.55
	
	
	
	.68
	4756.33

	
	L – S
	3825.54
	1.20
	4.63
	
	
	
	.64
	3833.31

	5
	Supply
	5621.95

(15.25)
	58.54

(.64)
	121.95

(9.21)
	
	
	-2128.05

(-2.81)
	-4965.85

(-18.13)
	

	
	Demand
	7541.33

(3.82)
	-722.24

(-2.04)
	588.03

(6.13)
	
	
	-1910.06

(-1.74)
	-3857.83

(-4.86)
	

	
	Loc
	3075.53
	.69
	5.92
	
	
	1.15
	.41
	3083.57

	
	L – S
	2393.62
	.14
	3.54
	
	
	1.10
	.47
	2400.15

	6
	Supply
	4871.51

(10.18)
	19.96

(.24)
	83.56

(4.74)
	23.64

(3.08)
	
	-2267.12

(-2.73)
	-4477.17

(-16.74)
	

	
	Demand
	19697.70

(2.83)
	-773.47

(-1.95)
	734.64

(3.52)
	-255.13

(-1.46)
	
	-1929.86

(-1.52)
	-3872.10

(-4.01)
	

	
	Loc
	1300.94
	.72
	5.53
	2.65
	
	.92
	.54
	1313.01

	
	L – S
	3596.80
	.41
	3.23
	1.63
	
	.54
	.25
	3611.25

	7
	Supply
	5459.14

(4.63)
	45.56

(.47)
	120.52

(7.71)
	
	6.06

(.21)
	-2237.47

(-2.60)
	-4970.22

(-16.51)
	

	
	Demand
	6976.03

(3.74)
	-473.44

(-1.34)
	116.83

(1.00)
	
	281.35

(2.92)
	-1637.95

(-.99)
	-5778.94

(-8.90)
	

	
	Loc
	3749.66
	.76
	1.90
	
	2.73
	1.58
	1.71
	3757.43

	
	L – S
	2969.71
	.67
	.38
	
	1.28
	.46
	.19
	2075.19

	8
	Supply
	4906.83

(4.80)
	21.92

(.27)
	84.06

(4.55)
	23.80

(2.48)
	-1.58

(-.05)
	-2247.40

(-2.56)
	-4478.08

(-15.18)
	

	
	Demand
	17399.43

(3.35)
	-380.29

(-.93)
	332.15

(2.31)
	-222.02

(-1.71)
	263.01

(2.71)
	-1348.22

(-.76)
	-4705.20

(-7.20)
	

	
	Loc
	2231.51
	.55
	2.96
	1.22
	2.77
	.50
	.42
	2235.65

	
	L – S
	950.93
	.53
	.13
	.73
	.21
	.60
	.49
	952.93

	* The supply and demand curves are the .02 and .99 quantiles respectively.  Asymptotic t-statistics computed using a bootstrap are in parentheses. Khm are the Khmaladze test statistics for no location and no location-scale shift in the conditional distribution.  


* Professor of Biology, Arcadia University, Glenside, PA.


† Associate Professor of Economics, Arcadia Univerisity, Glenside, PA


‡ Professor of Economics, Temple University, Philadelphia, PA


� Fa (2000) asserts the contrary; namely, bushmeat is an important source of protein and cash for the locals. Reid et al report that as a share of the Equatorial Guinea’s protein intake, monkey meat is unimportant, capable of fulfilling less than 1 percent of the minimum protein requirement of the urban population.


� The remainder of their take is sold on the highway (6%), sold to order (23%), or consumed directly (30%).  After firearm and ammunition expenses, hunters are left with Fcfa 16,974(US $30) in monthly income.  This is based on interviews with 75 of the 115 shotgun hunters on the island.





� Monkeys are sold at an 88 percent markup, leaving market women with monthly gross profits of approximately Fcfa 620,446 (US$1,087) on sales of 140 monkeys. This calculation is based on quantities from January 2003 and prices derived from hunter interviews and data gathered in the Malabo market six days a week for all of 2002.


� Indeed, Becker (1962) showed that downward-sloping demand curves at the market level could be derived from


random individual choice behavior subject only to a budget constraint.


� The census takers did not work on Sundays.  Also, Black colobus were not available on every day that the market was open.


� Dried is perhaps a misnomer.  In fact the carcass is smoked in the hunter’s camp over an open fire.


� Almost all monkeys are taken by shotgun.


� The gender of a dried carcass is indeterminate.  In the statistical results the male-female difference was not important, however a dried carcass sold for significantly less than a fresh carcass.


� On the basis of a panel of 32 households Wilkie and Godoy (2001) report that bushmeat was a necessity for low income households and an inferior good for high income Amerindian households.





