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Abstract The increasing rates of per capita consumption of fish around the world

should be a matter of concern for those interested in the threats to fishing stocks,

aquatic biodiversity and human health. Fish consumption has positive health ben-

efits but also brings higher risks of intake of heavy metals for humans. This increase

in the demand for fish products has also been accompanied with fishing practices

that threaten biodiversity. This article aims at evaluating from an economic per-

spective how important are these health and biodiversity components for those in

the fish value chain, from fishermen to final consumers, using an experimental

approach to estimate, through conjoint valuation techniques, the economic value of

these aspects in the decision making of these agents. We find that final consumers

place a significant economic value to the reduction of exposure to mercury
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contamination in fish; we also show that consumers respond positively to an edu-

cation campaign showing the effects of mercury contained in fish, and that this

money value could be used to create campaigns that transmit better price signals

throughout the chain value. On the other extreme, the fishermen, we find that they

place a positive economic value in a reduction of contamination in their fish as well,

which could be aligned with the results for consumers, creating opportunities for

Pareto improving measures in the regulations and prices which could translate into

lower demand for more contaminated fish.

Keywords Fisheries � Fish chain value � Pollution � Choice experiments � Conjoint
valuation

JEL Classification Q22 � Q51 � Q52 � C93

1 Introduction

The production and consumption of fish worldwide continues to grow steadily not

only in absolute magnitudes but at the per capita level (Fig. 1), although the stocks

of many fisheries around the world continue to suffer and encounter pressures that

threaten their ecological sustainability. The contribution of farmed fish has been

also growing for the last decades, partially stopping these forces, but there is no sign

that aquaculture will revert the threat over marine and freshwater fisheries. The

increasing demand for fish and seafood, and the pressure over fishing stocks have

been also threatening the levels of marine biodiversity, key to the sustaining of the

oceans and freshwater ecosystem services (Worm et al. 2006; FAO 2014).

As more people make fish part of their daily protein diet, also the concerns

over the quality of the products consumed have increased. Fish consumption has

been linked to healthier lives, for instance in the case of coronary diseases (He

0

5

10

15

20

25

30

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

20
12

kg
/c

ap
ita

/y
r

Fish, seafood supply per capita (World and Colombia) 

World

Colombia

Fig. 1 World per capita fish, seafood intake (kg/capita/year). Source FAOSTAT

334 Econ Polit (2016) 33:333–353

123



et al. 2004) but it also has been linked to increases in intake of heavy metals with

severe health risks (Järup 2003), although some authors argue that the health

benefits may outweigh the risks posed by intake of contaminants (Mozaffarian and

Rimm 2006). Nevertheless, the difficulties in controlling the environment where

captured fish absorbs these contaminants make this problem more concerning

(FAO 2014).

These trends justify a closer look at the economic importance of how

contamination of fish affects the value chain, from the fishermen all the way to

the final consumers. Little is known, however, about the economic value that each

of these agents in the chain assign to the problem of fish contamination due to

environmental conditions that affect the concentration, for instance, of heavy metals

in the fish being captured, marketed and finally consumed. Further, although the

importance of marine biodiversity has been studied by natural scientists (Worm

et al. 2006), not much is understood from the standpoint of the agents in the value

chain with respect to how fish consumption may affect the conservation of the

diversity and how much economic value they place on these two attributes beyond

the nutritional component itself.

Our study addresses some of these questions, from an empirical point of view, by

using a series of choice experiments among fishermen, middlemen and final

consumers in the value chain of fish in Colombia. Our experimental approach

allowed us to estimate economic values to some of these attributes (fish

contamination and biodiversity preservation) given the difficulties of the market

prices to reflect them. Our aim is to contribute to understand the quality dimension

of the microeconomics of fish extraction, distribution and consumption, given the

increasing role it is playing in the human diet.

To achieve this goal we use the results of three studies with fishermen, traders

and final consumers, using conjoint analysis and an experimental method in which

individuals from these groups evaluate different scenarios where we manipulate the

attributes’ levels that are salient to the respondents in terms of their direct benefits

and costs of capturing, trading and consuming fish, but also other attributes

associated with the intake of contaminants and the harm that certain fishing

practices may have on the biodiversity where extraction happens.

The results suggest that the positive economic valuation of reduced contamina-

tion and protection of biodiversity found for many of the respondents in the fish

value chain could be used to design strategies to realign the price signals and

therefore the demand and supply for healthier fish and more sustainable fishing

practices that do not harm the biodiversity.

The rest of the article goes as follows. In Sect. (2), we explain the empirical and

conceptual approach we take using a conjoint valuation approach and how the

experimental design allows us to capture the indirect values for these attributes.

Section 3 describes the three choice experiments conducted in the field through

three case studies in different locations of the country. After presenting the

econometric results from each of the case studies, we derive some policy

implications and final conclusions.
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2 Conjoint experiments to estimate the economic value of fish
contamination and biodiversity changes

Experiments are particularly useful to analyze goods and services whose value

cannot be determined by market prices, for instance, environmental services. Based

on welfare and environmental economics it is possible to value these goods and

services through the estimation of the agents’ willingness to pay (WTP). Our

approach through an experimental design using conjoint analysis allows us to

achieve such goal.

We use non-incentivized economic experiments to observe stated preferences

about mercury contamination in fish and biodiversity conservation through different

alternatives offered to fishermen, traders and final consumers in different locations

of Colombia. In order to identify preferences, participants are asked to compare

bundles of attributes in contexts similar to their own reality, in a way that allows the

researcher to analyze the variable of interest controlling for the rest of attributes

(List 2011).

In environmental economics different tools have been developed to estimate the

agents’ WTP for a non-marketable service, among which there are two tools widely

used in literature: contingent valuation (CV) and choice experiments (CE) based on

the conjoint valuation approach. CV is based on the application of surveys where

agents are asked directly about their WTP for a particular environmental service,

usually using price ranges previously defined. In contrast, CE does not ask directly

about agents’ valuation but obtains it indirectly from declared preferences identified

through a series of cards or scenarios with attributes that are compared by agents.

CE assumes that each agent has a utility function derived from the attributes of the

environmental service described in each card, so in the moment of comparing

scenarios the agent evaluates which one gives him more utility.

CE is based on the variations of attributes. Each card represents a unique scenario

built from a combination of different levels for each attribute. After having the total

set of cards, a subset of cards is randomly selected by each agent. Then, the agent

compares between those cards and evaluates the trade-offs between those different

attributes, thus declaring his preferences.

In the case studies, we present in this paper the individuals surveyed were asked

to organize a number of scenarios with varying attributes, thus we used the declared

preferences of respondents in the alternatives organization to infer the implicit value

of some attributes.

2.1 The indirect utility approach in conjoint valuation

The random utility model assumes that the indirect utility Vqð�Þ1 an individual q

perceives is derived from her valuation of the N attributes the good possess, taking

its private cost cq also into account (Eq. 1). This indirect utility can be expressed as:

1 The indirect utility function is defined as the maximum utility that can be attained given money income

and goods prices. On the contrary, the direct utility function is defined as the maximum utility that can be

attained given the quantities consumed. Both functions are related by the duality between prices and

quantities in the theory of demand (Lau, 1969).

336 Econ Polit (2016) 33:333–353

123



Vqk ¼ Vðx1k; x2k; . . .; xnk; . . .; cqkÞ; ð1Þ

where xnk represents the level of the attribute n in the alternative k. Therefore, the

individual q will give a better ranking to the alternative k over the alternative j if and

only if it holds that Vqk [Vqj; j 6¼ k 2 A. Where A represents the set of alterna-

tives from which the individual q must make his choice. It implies that the prob-

ability of choosing k over j is Pij ¼ ProbðVik [VijÞ, k 2 A; k 6¼ j. Assuming the

condition of independence from irrelevant alternatives (IIA) is satisfied, it is pos-

sible to formulate a multinomial logit model (MNL) to calculate the probability that

agent i chooses the alternative k as the most preferred:

Pij ¼
expðVikÞ

PJ
j¼1 expðVijÞ

; ð2Þ

Nevertheless, MNL just considers the most preferred alternative within A at the

moment of estimating the probability. But, since it is possible to obtain more

information by ordering the alternatives according to preferences, we define the

vector ri ¼ ðri1; . . .; rijÞ2 as the chosen order by agent i, where ri1 is the most

preferred alternative, ri2 is the second most preferred, and so on until riJ , which is

the least preferred. Finally, the probability of choosing a specific rank ri is:

Prob Viri1
[Viri2

[ � � � [ViriJ
ð Þ ¼

YJ�1

j¼1

expðVirij
Þ

PJ
j¼1 expðVirij

Þ
: ð3Þ

This model is known as rank-ordered logit (ROL) or Plackett–Luce model (Marden

1995). ROLmodel can be seen as a series ofMNL, where we have aMNL for the most

preferred alternative, then another MNL for the second most preferred alternative and

so on. It is important to note that the formula only goes until J - 1 because the least

preferred alternative has a probability of 1 of being ordered (Fok et al. 2012).

Now, returning to Eq. (1), when varying the levels of x and c, and using the

declared preferences from a large sample of individuals who faced different

combinations of costs and attributes, it is possible to apply a ROL model where the

estimated coefficients reflect the marginal utility obtained by a unitary change of

each attribute, so in practice the equation estimated is:

VqkðXqk; SqÞ ¼ b0qk þ b1X1k þ � � � þ bNXNk þ bNþ1S1q þ � � � þ bNþMSMq; ð4Þ

where Sq represents the characteristics of individual q, SMq represents the level of

the characteristic M of individual q, b0ik is the alternative specific constant, and the

other b are the estimated coefficients for each attribute (Can and Alp 2012).

Thereby, the condition
oV=ðoXjÞ
oV=ðoXkÞ represents the substitution rate between an attribute j

and an attribute k that is equivalent to the quotient �bj=bk. This model allows us to

estimate the exchange between the benefit of an attribute and the associated cost

represented in monetary units, which at the end is an implicit price for a one-unit

increase in one attribute or willingness to pay (WTP) (Eq. 3):

2 For a complete development of the model see Fok et al. (2012).

Econ Polit (2016) 33:333–353 337

123



WTPi ¼ � bi

bprice

; ð5Þ

where bi is the estimated coefficient of the attribute and bprice the estimated coef-

ficient of the monetary attribute. The logic of this exercise is to find the indifference

point between increasing the price in 1 COP and reducing the attribute in the

corresponding unit. These reflects the optimal consumption of the respondent and

the economic value of the attribute of interest (Mackenzie 1990, 1993).

Therefore, estimating the coefficients for the attribute i against the coefficient for

the monetary attribute will provide us with an economic value for a change in such

attribute of interest, that is, an economic estimation of the value placed on these

non-monetary components of interest. In our case, we will conduct this exercise for

attributes such as the levels of contamination in the fish being extracted, traded or

consumed, and the impacts of fishing on the biodiversity involved in the activity.

2.2 The experimental design

The first step in the design of a choice experiment is to decide which attributes will

be included in the economic valuation. Usually, the chosen attributes are the ones

the communities participating value the most. Attributes of central interest for the

study, for instance, fish pollution and biodiversity, are chosen as well. Then it is

necessary to define the corresponding levels of those attributes that will be included

in the experimental design. Some tools for making these decisions could be pilot

surveys, interviews, focal groups and other field work that helps to understand the

context (Champ 2003).

The next step is to design the election cards that combine the levels. This cards

present different scenarios where the attributes’ levels are combined in a way that

every card shows different options for the participant to make a decision. This is what

gives the participants the possibility to choose or rank alternatives that fit the most to

their preferences in terms of all variables. Lastly, an orthogonal design can be used to

eliminate redundant cards and chose a reduced number of combinations with enough

variation and no correlation between the attributes, which still allow a comparison

among that subset of cards (Green 1974; Cárdenas 2009; Cerda et al. 2013).

The design of the cards needs to be illustrative and simple, with the minimum

information to be read by the participants, especially when dealing with people with

lower levels of education and literacy (e.g. fishermen). Figure 2 illustrates the

general overview of how the cards were design in our studies. In this general case,

each respondent will evaluate a set of cards with different levels for each of the

attributes. In the case of fishermen, the ‘‘price’’ attribute will reflect the amount of

money he will receive for such particular case, and in the case of traders and

consumers the price to pay for that bundle of attributes. In either case, these

respondents will reflect the economic valuation they have for these attributes.

Finally, participants rank a subset of cards. With this information it is possible to

estimate the relative importance of each attribute. For a sample of responses large

enough and by dividing the coefficient of each attribute of interest by the coefficient

of the monetary attribute (Eq. 5), one can estimate the economic value of these non-
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market components of the fish captured, traded or consumed, depending on the case

study.

3 The choice experiments in the field

Using the methodology described three choice experiments were designed and

implemented in the field to estimate the economic value for environmental attributes

such as mercury contamination in fish and biodiversity conservation. The experi-

ments were applied to different agents involved in the fish value chain, namely,

extraction, commercialization and consumption of fish. This section presents first the

case studies for fishermen in the Caribbean coast of Colombia and in the Amazonian

river. Then, we present two case studies for fish traders in Leticia3 and Bogotá, and

finally we present a case study for the final consumers in Bogotá, the largest fish

market by far, which concludes the study of the complete value chain.

The following table exhibits the samples for each case study and the dates in

which each experiment was done (Table 1).

3.1 Case 1: artisanal fisheries

3.1.1 Sample and design

To study the preferences of artisanal fishermen about pollution and biodiversity two

choice experiments were applied. Its design required an exhaustive research about

the description of fishing as an economic activity around Cartagena Bay and Leticia

city, the two cities chosen for the study. That, in order to choose the attributes that

were most relevant for the two communities, and hence its correspondent levels

Fig. 2 Outline of the conjoint cards design

3 Leticia is one of the major fish gathering cities on the Amazon River.
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(Guzmán 2006; Mendoza et al. 2008; Viloria et al. 2014). With this information a

preliminary design was made, and then a pilot test was applied on April 2015, for

the case of Cartagena, to corroborate the relevance of the attributes and levels

chosen for the experiment. In Leticia, in-depth interviews were made on May 2015

for the same purpose. After minimal adjustments the chosen attributes for Cartagena

were: labor time, fuel used in the fishing trip, pollution level, fish price and

biodiversity. For the case of fishermen in Leticia the most relevant attributes were

size of the fish, abundance of species in the Amazonian river, type of bait used for

fishing, fish pollution level and fish price.

Both choice experiments (fishermen in Leticia and Cartagena) involved a series

of cards which combined different levels for each attribute. These cards represented

a fishing day to catch 5 kg of fish in Cartagena, and sale 1 kg of fish to the local fish

traders in Leticia. In each card visual aids were added to facilitate comparison.

Using SPSS an orthogonal design was made to eliminate redundant cards, so from a

possible set of 405 cards for the first exercise and 720 for the second only 25 were

selected for each one. In both cases an additional card was added in representation

of the statu quo.4

Surveys were conducted on September 2015. In Cartagena, 124 fishermen who

belonged to the villages of Ararca, Caño del Oro and Barú, near Cartagena in the

Caribbean coast of Colombia were surveyed. In Leticia, 34 fishermen did the choice

experiment.5 Fishermen were asked to select randomly 6 cards of the 25 possibilities,

towhatwe included the statu quo card to form a final subset of 7 cards. Then, theywere

asked to order the cards from the most preferred to the least preferred one. Using the

results, a rank-ordered logit was applied to estimate the economic valuation of

fishermen regarding to pollution and biodiversity (Garzón 2016; Rey 2016) (Fig. 3).

3.1.2 Results

After analyzing data, we found that artisanal fishermen in Cartagena have a significant

valuation for fish contamination, therefore we could estimate that the mean WTP to

Table 1 Sample size for our choice experiments

Type Location No. of participants Dates field work

Fishermen Cartagena 124 fishermen September 2015

Fishermen Leticia 34 fishermen September 2015

Traders Leticia 33 traders September 2015

Traders Bogotá 19 traders February 2016

Consumers Bogotá 870 consumers (360 face-to-face, 510 online) August–October 2015

4 This card was used to show the participants what we believed was the actual situation and help them

understand the procedures of the experiment.
5 The fishermen population in Leticia (Amazonas) is much smaller than the population in the Caribbean

coast. For Leticia, the recruitment criteria to participate in the study was to fish or commercialize a

particular fish species that has considerable levels of mercury: Calophysus macropterus. In the case of the

Caribbean coast, fishermen available for interview were selected.
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diminish pollution by 10 % is $2710 COP6 per kilogram of caught fish. Nevertheless,

it is important to consider the ranges between which these values move. Considering

confidence intervals at 95 %, we estimate that WTP is found between -$130 and

$5550 COP. This negative WTP occurs because standard deviation is higher than the

mean, what shows a great heterogeneity of preferences (Hanley et al. 2005). In the case

of biodiversity, the mean WTP to improve biodiversity from a low level to a medium

level was $5391 COP per kilogram of caught fish, ranging between-$40 and $10,822

COP with a confidence interval of 95 %.

We also split the sample by different categories such as age, education and

village and we found different WTP to diminish pollution according to these

characteristics. Dividing by ages, we found that people 50 years and younger have a

mean WTP of $3326 COP to diminish pollution by 10 % and a mean WTP to

improve from low biodiversity to medium biodiversity of $6489 COP, both WTP

calculated per kilogram of caught fish, while the other age groups did not show a

significant WTP. Dividing by education, we found that people with only high school

have a WTP of $1947 COP to diminish pollution by 10 % and a mean WTP to

improve from low biodiversity to medium biodiversity of $4716 COP, both WTP

calculated per kilogram of caught fish, while the other groups did not have a

significant WTP. Finally, dividing by villages we found that fishermen from Barú

have a WTP of $1550 COP per kilogram of caught fish to diminish by 10 % the

pollution, while the WTP of other villages were not significant either to diminish

pollution or to improve biodiversity (Table 2).

Fig. 3 Example of a conjoint card for Cartagena Bay fishermen. For an example of a conjoint card for
Leticia city fishermen see fish traders example card

6 This is equivalent to 0.99 USD using an exchange rate of 2743 COP = 1 USD (Banco de la República

2016).
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As part of the study in the Amazonian river, through the choice experiments in

Leticia we also found that fishermen in the area had a significant positive valuation

for mercury contamination and biodiversity conservation. The mean WTP for

diminishing the fish mercury level for Leticia fishermen was $1333 COP per

kilogram of caught fish. The former is the mean value within a confidence interval at

95 % that ranges from 10 COP to $2656 COP. For biodiversity conservation

fishermen in Leticia are willing to pay even more. The mean WTP for using other

types of baits instead of protected species as dolphins or caimans was $5175 COP,

ranging between $1777 and $10,822 COP with a confidence interval of 95 %

(Table 3).

Table 2 Rank-ordered logit

results for Cartagena

Robust standard errors in

parentheses

Village 1 = l if it is Barú.

Village 2 = l if it is Caño del

Oro

*** p\ 0.01, ** p\ 0.05,

* p\ 0.1

Variables attributes Order

Attributes

Fishing time (h) -0.0315 (0.0386)

Pollution level (percentage) -1.010* (0.586)

Fish price (1000 COP) 0.0656* (0.0365)

Medium biodiversity 0.214** (0.104)

High biodiversity 0.170 (0.160)

Interactions

Pollution 9 age 0.193 (0.508)

Pollution 9 education -0.242 (0.313)

Pollution 9 village 1 0.145 (0.434)

Pollution 9 village 2 0.465 (0.486)

Fish price 9 age -0.0204 (0.0407)

Fish price 9 village 1 0.00395 (0.0453)

Fish price 9 village 2 -0.1000** (0.0429)

Observations 828

Number of groups 119

Table 3 Rank-ordered logit

results for Leticia

Robust standard errors in

parentheses, *** p\ 0.01,

** p\ 0.05, * p\ 0.1

Variables Order

Size of caught fish 0.130 (0.0935)

Middle biodiversity 0.478** (0.233)

High biodiversity 0.433* (0.241)

Type of bait -1.329*** (0.411)

Pollution level -0.339* (0.204)

Price 0.325*** (0.125)

Pollution 9 education 0.323 (0.235)

Pollution 9 age -0.223 (0.269)

Price 9 age -0.210* (0.126)

Pollution 9 Borne in Amazonas -0.186 (0.238)

Observations 228

Number of groups 34
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3.2 Case 2: fish traders in Leticia and Bogotá

These choice experiments were conducted to study the preferences and economic

valuation of traders in Bogotá and Leticia for unmarketable goods such as mercury

contamination in fish, and biodiversity conservation. The design of this choice

experiment was based on in-depth interviews done to this communities during the

month of May 2015. The interviews were applied in order to identify which where

the attributes that where most important to the traders at the moment of buying the

fish they were going to sell to consumers. The chosen attributes were the size of the

fish caught, the abundance of species in the river, the type of bait used to fish,

contamination level and fish price per kilogram bought.

As this choice experiments had an initial set of cards with hypothetical scenarios

that combined five attributes and its respective levels, an orthogonal design was

used to reduce the number of cards from 720 to 25 and still be able to evaluate each

attribute independently of the others. This study also added an additional card that

showed the status quo based on what the traders interviewed had said, this card was

very useful at the moment of explaining the experiment to the participants.

Surveys were conducted in September 2015 to one-third of the population of

traders in Leticia and in February 2016 to one-third of the population of fish

wholesalers in Bogotá. Both communities were asked to select randomly six of

these scenarios plus the status quo card and then rank them from the most preferred

to the least preferred one, according to their preferences and the attributes they

considered most important. Based on the results of this surveys a rank-ordered logit

was used to estimate the economic value of fish traders for fish contamination and

biodiversity conservation (Fig. 4).

3.2.1 Results

We found that fish traders in Leticia and Bogotá have a significant valuation for

pollution reductions and biodiversity conservation, but since the price is not

statistically significant within the model it is not possible to estimate a WTP for this

goods (see Table 3).

To explore why the price was not statistically significant for traders, Rey (2016)

did a focus group in Leticia and also interviewed individually some of the traders. In

the focus group, she asked them directly what they thought could explain the fact

that they were showing a lot of interest in aspects such as pollution and biodiversity

but not so much on the price they would be willing to pay in different scenarios.

Discussions led to the explanation that their structure of expenditures and revenues

have a significant fraction represented by fixed costs that impede them to change

(increase) prices of their products in order to pay for the negative externalities they

generate.

However, when traders were asked in the survey about the costs they had to

incur, averaging their answers Rey (2016) obtained the profitability of the business

is almost 70 % their initial investment (see Table 4). This profit margin shows that

even though there are considerable costs, there could be margin for paying for

ecological services such as contamination reduction or biodiversity conservation.
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3.3 Case 3: fish consumers

3.3.1 Sample and design

To explore the preferences in fish consumption decision of consumers in Bogotá we

conducted a choice experiment (CE) through an online and a face-to-face survey

with a total of 870 respondents. According to their preferences, the respondents

ordered different scenarios with variations in the attributes. Using the collected data

Table 4 Costs per 1.000 kg in

USD and COP (average along

the year). Source: Rey (2016)

The exchange rate used is the

average rate for 2015 in

Colombia: 1 USD = 2.743 COP

USD COP

Employees

Arranging process 25.52 $70,000.00

Packing process 21.87 $60,000.00

Energy 145.82 $400,000.00

Land freight 9.11 $25,000.00

Air freight 729.13 $2,000,000.00

Packing materials 27.34 $75,000.00

Taxes 27.34 $25,000.00

Costs after taxes 967.92 $2,655,000.00

Incomes per 1000 kg 16,405.40 $4,500,000.00

Benefit 672.62 $1,845,000.00

Profitability 69.5 % 69.5 %

Fig. 4 Example of a conjoint card for fish traders in Leticia and Bogotá
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we applied a rank-ordered logistic model to estimate the economic value that

consumers would pay for fish sanity and for avoiding the usage of Amazon dolphins

as a bait. In addition, we evaluated the impact on the Willingness to Pay from

acquiring information—through a video7—about mercury contamination in certain

fishes and the consequences of its consumption on health.

In order to select the relevant attributes to consumers in fish consumption decision,

we conducted a pilot survey,8 and to adjust the attributes categories or levels we did a

field work research visiting and calling different sales points in Bogotá. We also took

into account a similar survey applied to restaurant costumers (López 2015). After all

these steps the attributes selected where the following: fish presentation, freshness,

place to buy, mercury concentration, dolphins captures and price.

The CE consisted on a series of cards which combined different levels of each

attribute, as shown in the example card in Fig. 5. In order to have comparable

scenarios, all cards represented one pound of fish. In each card visual aids were

added to facilitate comparison (for all the attributes levels see the final selection of

scenarios or card designs in the online Appendix). Finally, we used an orthogonal

design to eliminate redundant cards, so from a possible set of 720 cards only 25

orthogonal alternatives were selected.

Every individual randomly picked 5 alternatives from the 25 possible, which they

needed to order from the most preferred to the least preferred. In addition, some

individuals randomly watched a video before the experiment was done (view Fig. 5).

3.3.2 Case results

We found that an average consumer would be willing to pay a positive premium

over the fish market price in order to reduce the mercury concentration and also to

avoid the usage of dolphin meet as bait. An average consumer in our sample will

be willing to pay additional 991 COP9 per pound of fish to reduce the mercury

Fig. 5 Conjoint valuation card for final consumers in Bogotá

7 This video presents scientific information about the accumulation of mercury in fish, the way that it

reaches consumers in Bogotá and the harmful consequences of mercury intake in human health, the video

uses the example of a catfish commonly known as ‘‘Mota’’ (Calophysus macropterus). It lasts two and a

half minutes and uses drawings and explanations for easy understanding (Sarmiento 2016).
8 This pilot survey mentioned a list of factors that could be important to individuals in order to make their

fish consumption decisions, respondents had to select the important factors for them and organize them

according to their preferences.
9 This is equivalent to 0.36 USD using an exchange rate of 2743 COP = 1 USD (Banco de la República

2016).
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level by 1 % and between 18,390 and 33,719 COP10 in a fish pound if dolphin bait

was not used in the fishing. This willingness to pay estimates are significantly

different depending on the survey modality. For the face-to-face survey, the

estimated WTP is much higher than the estimates in the online survey (view

Table 5).

The results from this study showed that ignoring an attribute as the mercury

contamination in fish, diminishes the willingness to pay in that attribute as other

studies have shown (Carlsson et al. 2010), so this suggest that the provision of

effective information to agents could be a way to increase their WTP. Individuals

who are unaware about the problem of mercury are willing to pay 152 COP less for

a 1 % mercury reduction than those who are aware.

Consistent with the previous findings, the WTP estimates for those individuals

that randomly were selected to watch the video were significantly higher than the

WTP estimates for the respondents that were not selected (24 % higher). This

evidence shows that better information can translate into greater willingness to pay

in an average consumer to diminish the contamination of the fish he or she

consumes (view Table 6).

Table 5 Estimated WTP of consumers in Bogotá to diminish fish pollution by 1 % and to avoiding

threats to river dolphins, according to the survey modality. Source: Sarmiento (2016)

Variables Currency (1) (1-a) (1-b)

WTP WTP WTP

Whole sample Online sample Face-to-face sample

Mercury COP -991*** -674*** -1.366***

USD 0.36 0.24 0.49

Biodiversity COP -26.055*** -21.980*** -31.453***

USD 9.49 8.01 11.46

Observations 4.350 2.550 1.800

Robust standard errors in parentheses, *** p\ 0.01, ** p\ 0.05, * p\ 0.1

Table 6 Estimated WTP of consumers in Bogotá to diminish fish pollution by 1 % with and without

watching the informative video. Source: Sarmiento (2016)

Variables Currency (5) (5a) (5b)

WTP WTP WTP

Whole sample Online sample Face-to-face sample

Without watching video COP 936*** 638*** 1.255***

USD 0.34 0.23 0.45

Watching video COP 1.163*** 828*** 1.527***

USD 0.42 0.30 0.55

Observations 4.340 2.550 1.790

*** p\ 0.01, ** p\ 0.05, * p\ 0.1

10 This is equivalent to 6.7 USD and 12.2 USD, respectively, using an exchange rate of 2743 COP = 1

USD (Banco de la República 2016).
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Finally, reinforcing the previously mentioned we found that among individuals

who did not receive any additional information, their awareness about mercury

contamination in fish is an important factor—it increases WTP. However, among

respondents who watched the video the statistical difference generated by such

beliefs disappears, which may suggest that the information provided placed all

individuals in a similar state of knowledge regarding the issue.

4 Analysis

Each of the previous studies illustrate how a methodological tool can be used to

study a non-monetary valuation problem and explore policy implications. These

choice experiments can be applied to analyze the preferences and incentives of the

different agents participating in the value chain of fish, so that we can identify

market failures that prevent the efficient functioning of the markets where all

opportunities to improve could be exploited. Our estimates show that individuals

along the value chain have a negative perception of both increases in contamination

in fish and threats to biodiversity due to harming fishing practices.

Both mercury contamination of fish and threats to biodiversity are negative

externalities from different human activities; the former negatively affects

consumers of contaminated fish while the latter, being the biodiversity a public

good, affects all agents alike though some are more worried and more sensitive

about it than others. The consumer, who is the one directly affected in terms of

health has the highest WTP in the fish value chain; it is her who receives the heavier

costs generated through contamination in the activities along the chain, however it is

to be noted that he is also the one with the largest income within the value chain

(The average income of fishermen in Cartagena is 1716 USD per year).

As shown in our CE case 3, the fish consumers in Bogotá are willing to pay a

positive premium over the market price to improve the health conditions of the fish

they purchase. Using the WTP estimates and the frequency in fish consumption of

the individuals surveyed, Sarmiento (2016) valued the market within the sample

surveyed of a 7.1 % reduction in fish mercury levels in a month, she calculated a

monthly expenditure per capita of $12,766 COP for those individuals that are not

aware of mercury contamination in fish (281 individuals), and $16,417 COP for

those that are aware (543 individuals). According to the sample interviewed, the

total value of the market would be about $12,501.414 COP monthly, for a reduction

in 7.1 % in the fish mercury levels. However, these price premiums are not as clear

in the estimations for fishermen in Cartagena and Leticia.

In a sense, this potential higher premium by consumers is not exploited in the

markets upstream in the value chain; we do not observe other traders and fishermen

in our samples aiming marketing healthier fish species or strategies to reduce

mercury levels. Research on the latter could enhance fish quality and the generation

of market value like the above mentioned that could make consumers better off, and

traders, fisherman, and other agents involved in fish production could take

advantage of such market surplus and therefore of potential increases in social

welfare.
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Furthermore, the 24 % increase in the WTP of those who watched the video

regarding those who did not watch it, opens further opportunities for economic gains

in the value chain. Those who profit from the fish commercialization could exploit

this market opportunity by improving the information to consumers along by

commercializing fish with lower levels of mercury contamination, that is, herbivores

and in general those fish lower in the food chain.

Case 1 analyzed the WTP of fishermen in Cartagena and Leticia to diminish

pollution and biodiversity loss and it found that these were significant. Particularly,

fishermen from Cartagena had an average WTP to diminish fish pollution by 10 %

of $2.710 COP per kilogram of caught fish. Now, with data of total fish catch per

year in Cartagena and with information provided by pilot survey,11 Garzón (2016)

estimated the annual consumption of fish for artisanal fishermen of Cartagena and

the total WTP for each year (Table 7).

For Leticia, Rey (2016) found that for fishermen the average WTP to diminish

fish pollution was $1333 COP per kilogram of caught fish. From another point of

view, these values represent the loss of wellbeing of artisanal fishermen due to fish

pollution, because they show the amount of money that would be required to

compensate the negative effects of pollution in order to maintain equal wellbeing.

Hence, these values are estimates of how big is the negative externality that is

caused by fish pollution, through fish consumption of fishermen.

The information gathered and the values shown in Table 7 are useful to

policymakers for elaborating policies that internalize the negative effects of

pollution, by approximating how big the market failure is due to pollution and what

opportunities could be created if better information and regulations were to be

implemented to guide traders towards consumers, and fishermen towards traders.

Nevertheless, to design an optimal and suitable policy it is necessary to take into

account all the relevant actors along the fish value chain as well as more precise

information about fish consumption, so this case seeks to contribute with the point

of view of fishermen.

Additionally, Garzón (2016) split the sample by age and found that fishermen

50 year old and younger have a significant WTP to diminish pollution, although

older fishermen do not. This implies that population 50 years old and younger can

be more receptive to environmental information, particularly regarding pollution, so

Table 7 Estimated WTP of artisanal fishermen of Cartagena to diminish fish pollution by 10 %, current

prices of 2015. Source: Garzón (2016)

Annual consumption offish estimated for artisanal fishermen of Cartagena (tons)

2012* 2013* 2014*

Currency WTP 178.89 tons 119.93 tons 58.56 tons

COP $2710/kg $524,790,960 $345,124,740 $162,568,990

USD $0.99/kg $191,320 $125,820 $59,267

* Monetary values were calculated at present value using annual inflation (Banco de la República 2016)

11 According to pilot survey, artisanal fishermen consume in average 29 % of their total catch.
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they can be focused to introduce environmental policies or environmental

education. In addition, when sample was divided by ranges of education, Garzón

(2016) found that people with high school have a significant WTP to diminish fish

pollution, in contrast with people that only have primary or none study, which

shows the importance of education to preserve and protect environment, reinforcing

the importance of environmental education.

As summarized in Fig. 6, negative externalities caused by fish contamination do

not seem to be of central concern for fish traders. This could be the first argument to

bring about when trying to explain why Letician traders and Bogotá wholesalers are

not willing to pay for this goods that does not affect them directly. From a public

policy point of view this could translate into market distortions that lead to

inefficient levels of appropriation and excessive exploitation of the resources

(Hardin 1968; Gordon 1954).

5 Policy implications

As shown in the previous section, one of the most interesting problems at the

moment of pricing non-marketable goods and services is the different valuations

across groups. In this study, we analyze the Willingness to Pay of actors through the

different linkages along the fish value chain. We find that both the supply side

(fishermen) and the demand side (consumers) are willing to pay for a reduction in

fish contamination and biodiversity loss. The latter offers the possibility to explore

innovative solutions to externalities that are complex to handle, and give better

information for the authorities and institutions to make better policy decisions.

Note that polluting agents do not take into account their economic activities’

social costs, therefore generating socially inefficient outcomes. Pollution and

biodiversity loss in Cartagena Bay and Leticia associated with downstream runoff

and overfishing generate negative externalities that reduce agents’ welfare—a

reduction that is not being compensated. Several mechanisms have been proposed

from the supply side to reduce negative effects on fishermen and consumer’s

Fig. 6 Externalities in the fish chain value
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wellbeing. One of such proposals states that the implementation of a Pigovian tax to

reduce those negative effects via internalizing the social costs of their economic

activity (Chiroleu and Fodha 2014).

The main objective of a Pigovian tax in this case would be to compensate

affected agents and discourage subsequent externalities. This compensation should

correct the market failure, ergo it should guarantee the same welfare level as if there

was no externalities at all. In order to achieve this it is required (i) to identify the

polluting agents and their contribution to pollution, and (ii) to calculate the exact

amount of welfare losses. However, this presents some practical challenges due to

lack of information and difficulties in the process of tracking the contaminants—

although advances have been reached in this aspect (Zhang et al. 2014).

In the case of Cartagena Bay most part of contaminants are transported through

the Dique Channel, originated in the mining and industries upstream (Olivero and

Johnson 2002). However, illegal mining is difficult to tax due its informality nature.

On the other hand, WTP is an estimation of the welfare lost due to pollution or

biodiversity losses, but it is important to highlight that the exact amount of welfare

lost by an agent depends on different factors, such as socio economic characteristics,

individual preferences and the characteristics of each community. So the values

showed in this study are approximations that show a loss in welfare due to pollution

and biodiversity loss, which could be due in the design of policies regarding these

issues, but further studies must be completed to find more precise estimates.

On the other hand, proposals can be made from the demand side. Measurement of

contaminants in fish such as mercury, and warnings about it are important, as shown

in the study case #3 where people value this information, so it could trigger an

improvement through redirecting markets in favor of healthier fishes.

Both personal experience and new information influence the consumer decision-

making process, therefore efforts to transmit easily interpretable information in a

short and efficient ways may have an impact on redirecting the decisions of fish

consumers. The 24 % increase in the WTP of those surveyed who were exposed to

an awareness video, sized the impact of environmental and health education, which

suggests awareness campaigns as a public policy that seeks to open new markets

where traders and other agents in the chain could benefit from.

Brought to reality, the previous increase in the WTP from a segment of

consumers could justify the costs of an environmental education campaign that

promotes the change in consumer habits and send the right price signals through the

supply chain of fish, providing a Pareto improvement along the value chain. The

distribution of additional revenue due to the expected increases in consumer WTP,

the possible reductions in producer surplus from some markets—those of highly

contaminated fish—and the offset effects of looking up for substitute species are

elements of the dynamics of the production chain and the market that could be

subject to further investigation. In this scenario, this research suggests that traders

and fishermen could offset lower revenues from the non-marketing of highly

polluted fish by price increases in more healthy and sustainable fish which

consumers seem to be willing purchase according to the results; this suggests the

need to explore the elasticities of demand through economic experiments or

surveys.
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All this opens the discussion about how feasible it is to exploit new markets. In

Bogotá, there is a high variety of fish species that are marketed and, therefore, we

can think there are opportunities to substitute polluted species with those with lower

mercury levels that traders could use to shift their trading (Gómez 2015). There is

also an opportunity to think about environmental and health education to final

consumer as a platform to establish healthier and friendlier markets to the

environment.

From the point of view of the protection and conservation of biodiversity, a

typical public good case, it is also important to take into account that all members in

society could benefit from its conservation. However, incentives for traders and

fishermen for overexploitation could reduce the provision of these benefits.

For instance, the Brazilian government faced a difficult situation in 2014 related

to biodiversity conservation. The fishing of a fish called Calophysus macroterus was

encouraging fishermen in the Amazonian river to hunt protected species such as

dolphins and crocodiles to be used as bait. This occurred because it was more

profitable than other type of baits, so the State was forced to ban the fishing of

Calophysus for 5 years in order to protect these other species used as bait, involved

in the activity.

Finally, it is important to have in mind that most of these dilemmas do not

operate under the traditional logic of theories of regulation. Restrictive measures

within the markets or even privatization of threatened territories or resources could

generate even worst scenarios when there are asymmetries of information and high

costs of monitoring and sanction (Sethi and Somanathan 1996). In this sense,

national authorities such as the National Institute of Food and Drug Monitoring

(INVIMA) and the National Authority for Aquaculture and Fisheries (AUNAP) play

an important role in public recognition of these issues, while economic solutions are

proposed involving all actors in the value chain by harnessing market forces towards

the common good.

6 Final notes

Through three connected studies in the fish value chain in Colombia we have

explored to what extent the individuals in this chain are concerned and

economically motivated with respect to the threats from fish contamination and

the harm that fishing may cause to biodiversity, as two critical aspects in the fishing

industry. Although the problems of overfishing have been in the research and policy

agenda for a long time, the increasing rates of human consumption of fish and sea

products should also raise awareness of the problems associated with the

environmental externalities associated with fishing, not only because of over

extraction but also because of the health effects and its impact in biodiversity, for

instance in terms of the bait being used for the capture. Our study is one of the few

that combines both the overfishing problem with that of pollution and health threats.

To pursue this question, we designed a series of choice experiments and used the

conjoint valuation approach to evaluate, from the stand point of fishermen, traders

and final consumers, to what extent they would be willing to sacrifice income to
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improve these characteristics, namely, levels of mercury contamination in the fish

and its relationship with respect to biodiversity in the fishing site.

We are well aware that we have used slightly different methodological designs in

each of the sites and therefore comparability across the sites has to be considered

with caution. For this reason, we have presented these as three case studies where a

similar approach was used to address the question of valuing the importance of these

externalities in the fish value chain. The results show that there is room for several

avenues in terms of policy design. For instance, our results show that simple

educational information to the consumers is a powerful driver for changing the

economic valuation of fish contamination and therefore it could send the right

signals to the fish value chain and thus to the traders and fishermen in the fishing

regions.
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