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1 | INTRODUCTION

| Pieter R.van Oel®> | Vincent Odongo® | Anne van der Veen?

Abstract

Ecosystem-based fisheries management (EBFM) is an important complement to ex-
isting fisheries management approaches to maintain ecosystem health and function;
to translate goals and aspirations for sustainability into operational objectives, the
preferences of the fishing communities should be considered for successful imple-
mentation of EBFM. This study analysed the preferences of the fishing community
for alternative EBFM developments for Lake Naivasha, Kenya, and estimated the
willingness to pay, using a choice experiment approach. Protection of fish breeding
grounds, improving tilapia fish abundance and accessibility of fishing zones were
identified as relevant EBFM attributes for the choice experiment. A monetary attrib-
ute (payment for fishing permit) was also included. In addition to a conditional logit
model, mixed logit models are estimated to account for heterogeneity in preferences.
This study results indicated fishing communities are most concerned about tilapia
fish abundance and protection of fish breeding grounds. The welfare measures reveal
that members of the Lake Naivasha fishing community are willing to pay a consider-
able sum of money for ecosystem services improvement, relative to their low income
derived from fishing. These study findings highlighted that evaluating the prefer-
ences of the fishing community and valuing the fishery at an ecosystem level are vital
to prioritize and choose between alternative interventions for sound implementation
of EBFM.
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depends on the health of these ecosystems. It is widely believed the
collapse of inland and marine fisheries are attributable primarily to

Fisheries are a major provisioning ecosystem service, being a
key component of both diet and income for many communities.
Most rivers and lakes in the world support inland fisheries (Wang,
Xu, Yu, & Lei, 2014), providing one-third of global small-scale fish
catches. Moreover, inland fisheries provide employment for more
than 60 million people, of which more than 50% are women (UNEP,
2010). A continued supply of benefits from fisheries, however,

mismanagement of the fisheries (Costello, Gaines, & Lynham, 2008).
Fisheries in developing countries particularly suffer from overfish-
ing and inter-alia poor enforcement of existing fishery-related laws
(Blaber, 2009; Wang et al., 2014). Mismanagement of inland fisheries
is not only due to lack of law enforcement, but also to the fact that
traditional fisheries management often ignores habitat, predators
and the prey of the target species and other physical components of
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ecosystems (Nguyen, 2012; Pikitch et al., 2004). To overcome these
fisheries mismanagement concerns, therefore, ecosystem-based
fisheries management (EBFM) provides a new approach. EBFM es-
sentially reverses management priorities to ensure ecosystem qual-
ity, rather than targeting specific species. It is a holistic approach
to maintaining ecosystem quality and sustaining associated benefits
(Garcia & Cochrane, 2005; Hiddink et al., 2008; Pikitch et al., 2004;
Pomeroy, Garces, Pido, & Silvestre, 2010). As such, EBFM is an im-
portant complement to existing fisheries management approaches
in maintaining ecosystem health and functioning (Essington & Punt,
2011). In the context of Africa, however, EBFM faces a number of
constraints, including limited data and limited scientific efforts
(Musinguzi, Natugonza, & Ogutu-Ohwayo, 2017).

The concept of EBFM is evolving, with no universal definition or
consistent application (Brodziak & Link, 2002). Moreover, effective
EBFM requires identification of goals and conservation targets re-
flecting the interconnected nature of ecosystems and their multiple
natural, social, cultural and economic values (Clarke & Jupiter, 2010;
Mathew, 2003, 2011). A management approach focusing on valu-
ing fishery at ecosystem level is needed to examine conservation
strategies. In 2011, the Kenya government launched the “Imarisha
Naivasha” (or the “Empower Naivasha” programme), a public-private
partnership initiative to coordinate local industries and communi-
ties with government agencies and Non-Government Organizations
(NGOs) in an effort to ensure environmental sustainability and de-
velopment within the Lake Naivasha basin (Gherardi et al., 2011).
The “Imarisha Naivasha” programme recognized the need to encom-
pass fishing communities through the EBFM approach to improve
lake ecosystem services (Imarisha Naivasha Trust, 2012).

The Lake Naivasha ecosystem is very fragile, with the fishery
almost collapsing completely in 2001, partly attributable to misman-
agement and lack of conservation measures (Kundu, Aura, Muchiri,
Njiru, & Ojuok, 2010). More recently in 2010, a sudden fish-kill was
attributed to water-quality deterioration in the lake (WWF, 2011).
Loss and degradation of habitat and overfishing are seen as the
most important factors causing a declining fish stocks (Kundu et al.,
2010). Over-abstraction of lake water also has reduced the lake sur-
face area and increased the proportion of the shallow littoral zone
to open water (Harper, Morrison, Macharia, Mavuti, & Upton, 2011).
Other related threats include unpredictable lake-level fluctuations
(Van Oel et al., 2013), illegal fishing by unlicensed fishermen who
ignore regulations (Hickley et al., 2002), degradation of riparian veg-
etation and unprotected critical fish habitats (i.e., breeding and nurs-
ery grounds) (Yongo et al., 2013). Water hyacinth has been reported
in Lake Naivasha since 1988 (Njuguna, 1991), spreading throughout
the littoral zones of lake within three years after being first recorded
(Aloo, 1996). The excessive invasion of water hyacinth has affected
access to fishing zones and disrupted fishing activities (e.g., fisher-
men trapped for long hours and losing their fishing nets). This in-
vasion also infested the lake ecosystem, suppressed and occupied
ecological niches, thereby disrupting plant-animal-physical environ-
ment interactions and balances (Mironga, Mathooko, & Onywere,
2012). Further, the fish breeding grounds have been exposed to

illegal fishing practices, and the fish stock (e.g., Aplocheilichthys an-
tinori (Vinciguerra)) is also endangered and now believed to be ex-
tinct (Yongo et al., 2013). A declining fish population could affect the
diversity of piscivorous bird communities around the lake that de-
pend on fish for food (Becht, Odada, & Higgins, 2005; Oyugi, Harper,
Ntiba, Kisia, & Britton, 2011).

Considerable research has been conducted on Lake Naivasha
ecosystem services management, habitat degradation, inva-
sion of species, fisheries resources and eco-hydrological regime.
Restoration, protection and recovery of the lake’s natural fringe
zone of Cyperus papyrus could help reduce eutrophication. Relevant
activities include facilitating a transition to a clear water state and
promote macrophyte growth (Harper & Mavuti, 2004; Hickley et al.,
2004), applying improved water management schemes with the
aim of maintaining water availability and quality (Becht & Harper,
2002; Oyugi et al., 2011; Van Oel et al., 2014), implementing con-
servation management frameworks and collaborative management
(co-management) to improve the lake ecosystem services and fish-
ery resources (Gherardi et al., 2011; Hickley et al., 2002; Kuhn, Britz,
Willy, & Van Oel, 2016; Kundu et al., 2010; Mulatu, Van Oel, & Van
der Veen, 2015; Ogada, Krhoda, Van der Veen, Marani, & Van Oel,
2017; Waithaka, Mugo, Obegi, & Last, 2015) and linking socioeco-
nomic factors to eco-hydrological processes that can greatly im-
prove understanding of the lake’s eco-hydrological system (Harper
etal., 2011; Odongo et al., 2014).

The EBFM approach seeks to play a fundamental role in maintain-
ing the Lake Naivasha ecosystem health and functions, in contrast
to approaches addressing only parts of the ecosystem or individ-
ual species. The preferences of the fishing community around Lake
Naivasha should be taken into account to set goals and conservation
strategies for an effective EBFM. To the knowledge of the authors of
this study, no research into ecosystem-based fisheries management
of Lake Naivasha has yet been conducted. More generally, only lim-
ited research has been carried out in developing countries on the
economic valuation of fisheries and EBFM (Agimass & Mekonnen,
2011; Barnes-Mauthe, Oleson, & Zafindrasilivonona, 2013; Beard
Jr. etal, 2011; Evans, Cherrett, & Pemsl|, 2011; McClanahan, 2010;
Wells, Makoloweka, & Samoilys, 2007). Thus, this study analyses
fishing community preferences and estimates their willingness to
pay for implementation of alternative developments for EBFM, using
a choice experiment approach for Lake Naivasha, Kenya.

2 | LAKE NAIVASHA AND FISHERY

Lake Naivasha lies ~1,890 m above mean sea level, with a strongly
varying volume (Van Oel et al., 2013). Its surface area varies be-
tween 100 and 160 km? (Oyugi et al., 2011). Although Lake Naivasha
is a wetland of international importance for socioeconomic and eco-
logical functions (Ramsar, 2014), there are extensive human pres-
sures exerted on its ecosystem, including habitat degradation and
wide fluctuations in water levels due to climatic variability, as well
as anthropogenic activities and the adverse impacts attributable to
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the introduction of alien species (Britton et al., 2007). The lake is
affected by turbidity (Britton & Harper, 2006; Harper et al., 2011),
driven by the introduction of alien species and physicochemical deg-
radation (Gherardi et al., 2011). The physicochemical degradation of
the lake is affected by the inflow of run-off, nutrients and sediments
(Kitaka, Harper, & Mavuti, 2002). Apart from the invaluable fresh-
water resource, the lake supports a range of important economic
activities, including large-scale agricultural farms, geothermal power
generation and small-scale fishing practices (Becht & Harper, 2002;
Mulatu, Van der Veen, Becht, Van Oel, & Bekalo, 2013). The lake
also supports livestock farming and a growing tourism sector (Becht
et al., 2005; Mulatu, Van der Veen, & Van Oel, 2014).

Lake Naivasha maintains a high ecological interest and biodi-
versity value despite its food web being controlled at three trophic
levels by alien species over the past 40 years (Harper et al., 2011).
The fish community in Lake Naivasha is almost entirely exotic,
noting the introduction of various fish species into the lake since
1925. Although some species’ introduction has been successful,
others have failed (Hickley et al., 2004). One successful species in-
troduction was the red-bellied tilapia Tilapia zillii (Gervais) (note the
genus name for this fish species has changed to Coptodon zillii) and
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blue-spotted tilapia Oreochromis leucostictus (Trewavas), which were
introduced in 1956 (Hickley, Muchiri, Britton, & Boar, 2008; Oyugi
et al., 2011). Hickley et al. (2008) provide a summary of changes to
the fish community, history, and subsequent introductions to Lake
Naivasha. Lake Naivasha's socio-ecological system and ecological
history are more generally described by Harper et al. (2011).

Cyprinus carpio, commonly known as common carp, was reported
in 2001 and is believed to have been accidentally introduced through
inflowing rivers from fish farms in the catchment after the heavy El
Nifo rains of 1997/98 (Yongo et al., 2013). Common carp contributes
to increasing turbidity, being the dominant fish in the lake system
(Hickley, Britton, Macharia, Muchiri, & Boar, 2015). It provides a via-
ble and profitable species for exploitation during periods when fish
catch returns of the other target species have declined substantially.
Nevertheless, the price of C. Zillii is relatively high because it is more
in demand than common carp as a table fish. This is because it is a
known species consistent with traditional cooking methods and has
a flavour preferred by local consumers.

Although the Lake Naivasha fishery comprises an important
source of income and animal protein for the human population

around the lake and nearby towns, several factors threaten this
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FIGURE 1 Lake Naivasha and surroundings, fish landing beaches, fish breeding grounds (areas) and lake riparian zone boundary
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activity, including uncontrolled and excessive fishing, rampant use
of prohibited fishing gears, disturbance of critical fish habitats in the
shallow lakeshore areas and weak enforcement of fisheries regu-
lations (Kundu et al., 2010). The critical fish habitats (breeding and
nursery grounds) require protection to assist recovery of the Lake
Naivasha fish stocks (Figure 1). These areas have been identified,
mapped and delineated for protection and revival of the fishery
stock (Yongo et al., 2013). There are considerable temporal fluctua-
tions in fish catches and, despite the regulations and periods of clo-
sure, there has been a general decline in the total catch of all species
since the mid-1980s. Annual fish catches from Lake Naivasha for
the period 1963 to 2013 are presented in Figure 2, which makes the
Lake Naivasha fishery small scale (Harper et al., 2011).

Fishing communities in Lake Naivasha are organized in Beach
Management Units (BMUs). A BMU is a fisheries management con-
cept that identifies and defines the lake ecosystem and the fishing
communities, offering a viable option to attain sustainable fishery
resource utilization. BMUs and other welfare groups have been
formed in the Lake Naivasha area and have been supportive in solv-
ing beach-related conflicts, especially at the fisher-to-fisher level
(Kundu et al., 2010). There are three BMU sites used for fish landing
and trading activities around Lake Naivasha, including Kamere beach
(South lake), Tarambete beach (North Lake) and Central beach (near
Naivasha town; Figure 1). Based on 2012 records, there were 453
registered fishing community members, comprising 168 licensed
fishermen (i.e., 50 canoes with three crewmembers on average) and
285 licensed fish traders and transporters that carry fish from the

main fish landing sites to fish markets.

3 | DATA AND CHOICE EXPERIMENT
DESIGN

3.1 | Data

The data for this study were collected from BMU members, using a
questionnaire conducted through face-to-face interview from July
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FIGURE 2 Lake Naivasha fish catches (tonnes) from 1963 to
2013 (MoFD 2013)

to August 2012. A total of 91 respondents were selected at random
from 453 registered members of the BMUs and interviewed. The
first part of the questionnaire focused on choice experiment exer-
cises for the implementation of alternative EBFM developments. This
study uses the term “attribute” to characterize EBFM developments.
As with other valuation studies, the valuation scenario description
was presented to respondents prior to the choice experiment exer-
cises. Information on the socioeconomic characteristics of the re-
spondents was collected to complement the experimental data, in
addition to information on awareness and observations about the
Lake Naivasha ecosystem and its surroundings. The questionnaire
was tested by conducting a pilot survey to check the relevance of
the choice experiment questions. The pilot survey results suggested
pictures in choice cards are important to more easily understand the
choice experiment exercises. Thus, the choice experiments were
supported by choice cards and pictures to explain the EBFM attrib-
utes. The questionnaires were administered by trained enumerators,
with interviews conducted in the local language.

3.2 | Choice experiment design

The first step in a choice experiment design is to identify EBFM
choice attributes and define their levels. The attributes should be
consistent with the proposed interventions and expected outcomes,
thereby being relevant to the policy-making process. Supply- and
demand-driven approaches were applied to develop and determine
the EBFM choice attributes and levels (Sangkapitux et al., 2009).
For the supply-driven approach, research into Lake Naivasha eco-
system services management, habitat degradation, species inva-
sion, fisheries resources and eco-hydrological regime was explored
(Harper & Mavuti, 2004; Harper et al., 2011; Hickley et al., 2004,
2008; Kundu et al., 2010; Odongo et al., 2014; Oyugi et al., 2011).
Focus group discussions (FGD) were organized to support the design
of the choice experiments regarding the demand-driven approach.
The main FGD objective was to understand the fishing community
perspective towards EBFM.

Four fishermen and three fish traders participated from each
BMU. Local knowledge was a key asset in the decision-making pro-
cess as it inspires a sense of stewardship in the lake and its resources
(Kundu et al., 2010). Therefore, the knowledge and experience of the
local fishing community and expert knowledge from Lake Naivasha
Fisheries Department were incorporated to develop the EBFM al-
ternatives. At last, three EBFM attributes and their levels were
identified and used in the choice experiment. A monetary attribute
payment for fishing permits was included in the choice experiment.
The three EBFM attributes and the monetary attribute are sum-
marized in Table 1. Four main areas were identified by local fisher-
men as critical fish habitats (Figure 1), including Oserian bay in the
southwest, Korongo in the northwest, and Malewa and Gilgil river
mouths in the north and east of Crescent Island (Yongo et al., 2013).
The choice experiments valuation scenario and attributes were pre-
sented briefly to the respondents before engaging in the detailed
exercise of valuation explaining the proposed alternative EBFM
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TABLE 1 Lake Naivasha EBFM attributes and their levels used in choice experiment

Description for EBFM attributes to improve

Attributes lake ecosystem

Protection of critical fish habitats (breeding
and nursery grounds/areas) through
implementing collaborative management
(co-management) tools to take measures
on illegal fishermen (fish poachers) and
restoration of vegetation covers of Lake
riparian zones

Protection of fish breeding
grounds/areas

Tilapia fish abundance Tilapia fish stock enhancement through
restocking and reducing discharges to the
lake would contribute to improving tilapia
fish abundance. Interventions to improve

lake water quality include controlling lake

Status quo

<15% of Lake Naivasha fish
breeding grounds are protected

<2% of total fish landings

Management levels

The protected fish breeding
grounds/areas will be:

Moderate level:

25%

High level:
50%

The proportion of tilapia in
total fish landing will be:

Moderate level

15%

High level
35%

water pollution by installing appropriate
water treatment plants and cyperus

papyrus restoration along lake fringe zones

Accessibility of fishing
zones

Measures to improve accessibility fishing

cally productive and alternative uses

Fishing permit or
Willingness to Pay (WTP)
in Kenyan Shillings (KES)
per year

Payment for fishing permit or the willing-
ness to pay (WTP) for Lake Naivasha
ecosystem improvement

zones through implementing programmes
to use water hyacinth for other economi-

<50% of fishing zone is easily The fishing zones that will be

accessible easily accessible
Moderate level High level
65% 80%

300 KES per year Proposed fishing permit fees:
500, 650, 750 and 1,000 KES

per year

Note. The tilapia fish abundance attribute in this case is to indicate restocking of C. zillii (Gervais), Oreochromis niloticus (Nile tilapia) and Oreochromis

leucostictus (Trewavas) species.

attributes. During the focus group discussions and while conducting
the survey, it was clearly mentioned to respondents that funding the
programme would require an increase in the current fees. They were
currently paying 300 Kenyan shillings (KES) per year as a fishing per-
mit fee, which is used mostly to implement different interventions
for restoring the lake ecosystem. It was clarified that to estimate the
willingness to pay for each choice attribute, a monetary attribute as
a fishing permit fee in Kenyan shillings per year was included as one
attribute in the choice sets).

The combination of all attributes and levels resulted in a full fac-
torial design with 32 different EBFM alternatives (i.e., 4 x 2%). The
number of combinations of attributes from the full factorial design,
however, can be very large, and it is impractical to administer such
a large number of choice sets for meaningful research in most cases
(Hanley, Mourato, & Wright, 2001; Lusk & Norwood, 2005). Thus,
a cyclical and fractional factorial main effect design principle using
an orthogonal approach was applied to reduce and select the choice
sets. Additional alternative attributes were constructed by cycli-
cally adding alternatives into the choice set, based on the attribute
levels (Asrat, Yesuf, Carlsson, & Wale, 2010; Carlsson, Frykblom, &
Lagerkvist, 2007). Eight choice sets were generated, consisting of
only the main effects and being independent of two-factor interac-
tions. These eight choice sets were assigned randomly to two blocks,
with each respondent asked to make four choices having three alter-
natives in each choice set. An example of a choice set in the experi-

ment is presented in Figure 3.

The current status (status quo option) was included in all the
choice sets, thereby allowing the respondents not to select the two
provided alternatives in order to give an idea about the potential to
improve the lake ecosystem. The inclusion of the status quo option
in the choice sets was also instrumental for achieving welfare mea-
sures consistent with demand theory (Bateman et al., 2002). The
choice experiments are analysed using 1,092 observations elicited
from the 91 respondents. The conditional logit model and mixed
logit models were estimated using the statistical package of Stata
version 12.0. The three EBFM attributes were entered in label for-
mat and coded as zero, one and two for the status quo, moderate
and high-level EBFM alternatives, respectively. The fishing permit
attribute was entered in cardinal-linear form. To be consistent with
the expected policy instruments as outcomes from the provided al-
ternatives, and following the numerous practices to identify cost at-
tribute in fisheries valuation research (Agimass & Mekonnen, 2011),
fishing permit payment was considered as a cost attribute by taking

the current annual fishing permit payment as status quo level.

4 | ECONOMETRIC APPROACH

The term choice modelling encompasses a range of stated prefer-
ence methods, which take a similar approach in environmental
nonmarket valuations (Bateman et al., 2002). One choice modelling

method is choice experiment. The choice experiment method has
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Ecosystem
Attributes

Pictures” to explain

the attributes Choice 1 Choice 2 Status quo

Protection of fish
breeding
grounds/area

Tilapia fish
abundance/ stock

Improvement on
Fishingzones
accessibility

Fishing permit or
Willingness to Pay
WTP) in Kenyan
Shillings
(KES)/yr !

FIGURE 3 Sample choice set.
Pictures taken during field-work to
collect survey data

Choice 1
status/Status quo

50% of Lake

25% of Lake

Less than 15%

Naivasha fish Naivasha fish of Lake
breeding breeding Naivasha fish
grounds will grounds will breeding
be protected be protected grounds is
protected
15% of total 35% of total Less than 2%
fish landings  fish landings of total fish
will be from will be from landings is
Tilapia Tilapia from Tilapia
65% of 80% of Less than 50%
fishing zone fishing zone  of fishing zone
will be easily  will be easily is easily
accessible accessible accessible
650 750 300

Would you please select and tick your preference from the above choices?

Choice 2

I:l Current

its theoretical grounding in Lancaster’s model of consumer choice
(Lancaster, 1966), and its econometric basis is a random utility model
(RUM). Lancaster proposed that consumers derive satisfaction not
only from the goods and services themselves, but also the attributes
they provide (Birol, Karousakis, & Koundouri, 2006). The random
utility approach describes the utility of a choice as being comprised
of a systematic (explainable) component and an error (unexplained)
component (Rolfe, Bennett, & Louviere, 2000), and assumes the util-

ity function (U)) consists of two parts, as follows:

Ui=Vi+e (1)
where V; = observable component of the utility; and ¢; = random or
“unexplained” component. As a result to the random component,
one can never expect to predict choices perfectly. As fishing com-
munity’s preferences are observed in terms of their choices, a ran-
dom utility framework was employed to analyse the responses for
different choice sets. A respondent’s choice was considered for al-
ternative ecosystem-based fisheries management (EBFM) scenario,
assuming utility depends on choices made from a choice set C, which
includes all the possible EBFM scenario alternatives. The respondent

is assumed to have a utility function of the form:

U;=VIE;.S) +¢; (2)
where Uii = utility from a given option j of individual [; E}. = vector of
EBFM attributes for option j; and S, = vector of socioeconomic char-
acteristics of individual i. Following Lancaster’s model of consumer’s

choice, the respondent utility function Uij can be expanded to the
following form:

UU = V(Ej‘si) + E(E}-,S,-) (3)

where V(-) = observable component; and ¢(-) = random component
of the utility associated with any option j for individual i. Choices
made between alternatives are a function of the probability that
the utility associated with a particular option (j) is higher than for
other alternative (Rolfe et al., 2000). Thus, the probability (Pij) that
an individual i prefers option j over some other option g can be
represented as the probability that the utility associated with op-
tion j exceeds that associated with option g in a given choice set
C (i.e., U;> U, for all g # ), presented by Hanley etal. (2001), as

follows:

Py=P(V;+e;> Vi +e,); VaeC )

The model in Equation (3) can be estimated using a conditional logit
(CL) model. The conditional logit model assumes the random compo-
nents are distributed independently and identically (IID) with a Weibull
distribution, and choices are consistent with the independence of irrel-
evant alternatives (IlA) property (Train, 2003; Greene, 2003). The IIA
property states the relative probabilities of two options being chosen
are unaffected by the introduction or removal of other alternatives
(Greene, 2003; Train, 2003). Thus, the conditional logit model to be
estimated for the probability of choosing a particular option j is given
as follows:

exp (V(E;,S)

= e (5)
' quc exp (V(Eiqui))

The conditional indirect utility function can be estimated as
follows:
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Vi=B+P1Es + By + -+ B, +6151 + 8,5, + - + 6,5, (6)
The constant term f can be portioned to alternative specific
constants (ASCs) unique to each alternative considered in the
choice sets (Rolfe et al., 2000) and captures the effects of any at-
tribute (i.e., not included in choice specific attributes) on utility
(Hanley, Wright, & Adamowicz, 1998). The vector of coefficients
B, to B, and 8, to §,, is attached to the vector of EBFM scenario
attributes (E), and the vector of socioeconomic characteristics (S)
that influence utility, respectively. The socioeconomic character-
istics are introduced as interaction terms with either the attributes
or the alternative specific constants, as these characteristics do
not vary across the alternatives (Hanley, Wright, & Alvarez-Farizo,
2006). If the IIA property is violated, the CL model result will be
biased. In that case, a discrete choice model that does not require
the IIA property should be applied (e.g., the heteroscedastic ex-
treme value (HEV) model) and the random parameter logit (RPL) or
mixed logit (MXL) model can be applied (Hensher & Greene, 2003).
These models are able to overcome the IIA limitations by explic-
itly accounting for correlations in unobserved utility over repeated
choices by each respondent and improving the model fit (Hensher
& Greene, 2003; Hoyos, 2010). Willingness to pay (WTP) was then
derived using estimates of coefficients from the indirect utility
model for each attribute in the choice experiment that validate the
demand theory, using the following formula (Hanemann, 1984):

ZjeC exp \/}.1
Zjec exp VJD

where WTP = welfare measure Vjo=utility of initial state; and

WTP=p1In < )

Vil = utility of an alternative state. The coefficient p. is equal to the
marginal utility of income, being the coefficient of the price or mon-
etary attribute in the choice experiment. It is then straightforward to
show that, from the linear utility index of Equation (2) (Hanley et al.,
2001), the marginal value of a single EBFM attribute can be repre-

sented as a ratio of coefficients, and Equation (7) can be simplified as:

Be
wrp=-1(2
(ﬁ ) (8)

c
where f, = coefficient of any EBFM attribute in the choice experi-
ment. These ratios are often known as implicit prices, indicating the
WTP for a change in any attribute. The implicit prices are useful to
demonstrate trade-offs between individual attributes. A comparison
of the implicit prices of attributes affords some understanding of the
relative importance the respondents give them. On the basis of such
comparisons, policymakers are better placed to design resource use
alternatives to favour those attributes with higher (relative) implicit
prices. The welfare measure from a quality or a quantity change
of an environmental good and service is given by the measure of
compensating surplus. Compensating surplus welfare measures can
be obtained for different EBFM scenarios associated with multiple

changes in attributes. Thus, Equation (7) also simplifies to:

08w
Bec

()

The randomly distributed parameters were assumed constant
across the choice situations for each individual. Moreover, the as-
sumption of a fixed monetary coefficient (i.e., fish permits) was made
because keeping at least one parameter fixed facilitates the willing-
ness to pay estimation, with the distribution of the willingness to pay
simply becoming the distribution of the random parameter (Asrat
et al., 2010). In addition to the conditional logit model, mixed logit
models were estimated with and without interactions terms to ac-

count for preference heterogeneity and to explain its source.

5 | RESULTS

5.1 | Descriptive statistics

The descriptive statistics for selected socioeconomic variables of the
sample respondents are presented in Table 2. The average monthly
income of the respondent was about 19,500 Kenyan shillings (~227
USD). About 28% of the respondents were above primary-level ed-
ucation. The average respondents’ age was 37 years, with 79% of
them being married with a family size of 4.5 members. It is an inter-
esting fact that about 47% of the respondents agreed on the current
3-month lake closure period per year to enhance the fish population
and to improve the lake ecosystem. Of the 53% of the respondents
who did not agree to the current closure period, 12% proposed that
the lake should not be closed at all, although 8% and 33% proposed
a 1- or 2-month lake closure period, respectively. The fishing experi-
ence for respondents averaged 8 years, and a catch of 80 kg of fish
per day. Respondents have a wide range of fishing experiences from
1 to 30 years. About 36% of the respondents believed their living
condition was better off compared to 5 years ago, although about
12% and 52% believed their living conditions were similar, or they
were less well off, compared to 5 years ago, respectively. About 51%
of the respondents believed the current situation of the lake ecosys-
tem was not good. It is an interesting fact that nearly 72% of the re-
spondents claimed farmers around the lake (i.e., not belonging to the
fishery community) were responsible for the lakeside degradation.

Debriefing questions were used to investigate whether or not at-
tributes had been ignored by respondents, and to identify the choice
attributes they focused on in the choice experiments. Although all
respondents noticed an EBFM attribute while choosing alternatives
in the choice sets (Table 3), they indicated their concern from the
choice attributes when making a choice. About 24% of the respon-
dents considered fishing permit attributes in selecting their choices.
Table 3 indicates the attribute least considered in the choice exper-
iment was the accessibility of fishing zones, followed by protection
of fish breeding grounds (about 60% and 52% of the respondents,
respectively). Nearly 69% of the respondents believed the tilapia fish
stock enhancement attribute required attention.

5.2 | Econometric model estimation

Except for the payment attribute, all the parameters were specified
to be normally distributed (Carlsson, Frykblom, & Liljenstolpe, 2003).
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TABLE 2 Descriptive statistics for X .
. . R Variables Description Mean SD
selected socioeconomic variables of
sample respondents Age Age of respondent 36 10
Income Respondent monthly income in 19,490 9,408
Kenyan shillings
Family size The number of family members 4.58 2.33
Family head =1 if family head is male, and 0.81 0.39
zero otherwise.
Marital status =1 if respondents are married, 0.79 0.40
and zero otherwise
Education =1 if respondent education level 0.28 0.45
is above primary, and zero
otherwise
Environmental, natural resource and =1 if respondent has been 0.42 0.49
fisheries management advice advised on environmental,
natural resources and fisheries
management in last 12 months,
and zero otherwise
Fish catches/trading Respondent’s average fish 78.57 78.95
catch/trading per day/kg
Fishing or fish trading experience Number of years respondent is 8.26 6.13
in fishing or fish trading
Lake fishing beaches closure =1 if respondent agrees with 0.47 0.50
current lake fishing beach
closure practice in Lake
Naivasha to sustain fish
population, and zero otherwise
TABLE 3 Concerns of respondents while choosing alternatives in the choice set
Choice attribute
Protection of fish breeding Tilapia fish abundance/ Improving Fishing zones Fishing permit
Group grounds/areas (1) stock (2) accessibility (3) (4) ~Percentage
1 v v v 4 6
2 v 4 v 7
3 v v v 6
4 v v 34
5 v v 14
6 v 4 11
7 v v 4
8 v 8
9 v 4
10 4 2
11 v 3
Total ~61% ~69% ~52% ~24% ~100

Note. v/ indicates respondents were focused on the attributes when choosing alternatives.

The likelihood ratio test was conducted to investigate whether or
not preferences differed between fishermen and fish traders. The
Likelihood ration test was 4.24 (p = 0.375) indicating a statistically
insignificant difference between the two groups. Thus, the esti-
mates were only for the complete sample set. The results of the IIA
property test for the conditional logit model using Hausman and
McFadden (1984) are presented in Table 4. In all three cases, the IIA

assumption could not be rejected (Hensher, Rose, & Greene, 2005),
meaning the conditional logit model was the appropriate model for
estimation of the choice experiments data. The result for the con-
ditional logit model estimates for all EBFM attributes is significant
and has positive signs, implying the probability of choosing an alter-
native option with changes in attribute improvement will increase
as the levels of the attributes increase. The negative sign of the
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TABLE 4 Hausman test for IIA assumption

Alternative dropped Chi.sar (4) (x?) p-value
Choice 1 2.56 0.633
Choice 2 5.62 0.229
Status quo 2.52 0.642

fishing permit attribute indicated the choice option with “cheaper”
alternatives was preferred above “expensive” alternatives, meaning
the effect on the utility by choosing a choice with higher payment
is negative.

The choice experiments data were estimated using mixed logit
models to account for respondents’ preference heterogeneity and
unbiased estimates in individual preferences (Birol et al., 2006). Two
mixed logit models are estimated with simulated maximum likeli-
hood using Halton draws with 500 replications (Hensher & Greene,
2003; Train, 2003). The alternative specific constants (ASCs) are
dummy variables coded as one when the alternative in the choice
set was selected, and zero otherwise. Two ASCs (Choicel_ASC and
Choice2_ASC) were included in the regression analysis for alterna-
tives because the choice attributes were entered in label format,
and the ASC dropped for the status quo to avoid multicollinearity.
Including the ASCs is important to determine whether any factors
other than the attributes affected the respondents’ choices, and to
interpret the preferences of the individuals (Train, 2003). The alter-
native specific constants in the mixed logit models are significant,
indicating factors other than EBFM attributes affected individual
choice behaviour. Except for tilapia fish stock attributes in the ex-
tended mixed logit model, the results revealed significant standard
deviations for the EBFM attributes, and unobserved heterogeneity
with mixed logit specification was captured (Table 5). The relative
magnitude of the standard deviations also implied a probability re-
spondent that might have the reverse preference for a particular at-
tribute (Carlsson et al., 2003). This result was supported by the mean
coefficient estimates of the extended mixed logit model because the
accessibility of fishing zones attribute has a negative sign, meaning
respondents were not willing to pay for this attribute.

The basic mixed logit model estimates revealed improved tilapia
fish abundance and protection of fish breeding ground attributes are
significant, having positive signs. In the extended mixed logit model,
improved tilapia fish abundance and accessibility of fishing zones at-
tributes are also significant, although the latter attribute has a nega-
tive sign. The negative sign for accessibility of fishing zones attribute
indicates fishing communities are deterred to pay for this attribute,
which might be due to the fishermen’s current involvement in using
water hyacinth as alternative energy sources to reduce the impact
of the infestation on the lake ecosystem. Fishermen carry the weed
from the lake when returning from fishing activities to feed the
16 m® biogas plant at the Central landing beach, which was installed
with support of the “Imarisha Naivasha” programme. Moreover, the
result suggests fishing communities might be willing to participate in

a compensation scheme to improve this EBFM attribute. The results

of all models revealed that fishing communities had a higher prefer-
ence for tilapia fish abundance attribute than the other two EBFM
attributes.

To account the sources of preference heterogeneity, inclusions
of respondents’ specific characteristics with choice attributes are
important, enabling the RPL model to pick preference variation of
both unconditional taste heterogeneity and individual character-
istics, thereby improving model fit (Birol et al., 2006; Rolfe et al.,
2000). As a result to potential multicollinearity problems, however, it
was not possible to include all interactions between the explanatory
variables and the EBFM attributes. After extensive testing of vari-
ous interaction terms with EBFM attributes, the mixed logit model
(which includes family head, marital status and number of years
(experience) in fishing and/or fish trading) was found to fit the data
the best. The log-likelihood ratio test (i.e., calculated statistic for log-
likelihood ratio test is 19.94 (i.e., 2 (307.31-297.34) =19.94), which
compares with a chi-square statistic of 16.92 at nine degrees of free-
dom) rejects the null hypothesis that the regression parameters for
the mixed logit model with only EBFM attributes (the basic model)
and the mixed logit model that includes the interaction terms (the
extended model) are equal at the 0.5% significance level. The test
result indicates that improvement in the model fit can be achieved,
and the inclusion of the socioeconomic variables enables one to pick
up preference variation (Birol et al., 2006). Among the interaction
terms, the interaction between the head of the family and accessibil-
ity of fishing zones is significant and positive, indicating male-headed
households are likely to be more inclined towards EBFM scenarios
providing higher levels of this attribute than female-headed house-
holds. The negative and significant interaction between marital
status and tilapia fish abundance indicates unmarried respondents
are likely to prefer higher levels of tilapia fish attributes in EBFM
scenarios than are married respondents. This might be attributable
to young generations having a higher expectation to capitalize on
benefits, as well as being close to fish market information. This study
indicates there is considerable preference heterogeneity within the
fishing community that should be considered in implementing alter-
native EBFM attributes to manage the Lake Naivasha fishery.

5.3 | Estimation of marginal willingness to pay and
welfare measures

The marginal willingness to pay (MWTP) indicates how much
money respondents are willing to pay to improve the EBFM at-
tributes (calculated with Equation (8); Table 6). The MWTP for
all three EBFM attributes is significant from the conditional logit
model estimates. The MWTP value is significantly higher for im-
proving the tilapia fish abundance attribute with the extended
mixed logit model. A lower and insignificant MWTP is revealed
for accessibility of fishing zones in the basic mixed logit model
estimates. The exchange rate for one US dollar was 85.9 Kenyan
Shillings (1USD~ 85.9 KES) during the course of this study.
Respondents are willing to pay 153 (1.78 USD) and 115 KES (1.34
USD) per year for improved tilapia fish abundance and for fish
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TABLE 5 Results of conditional logit and mixed logit models

Variables

Choicel_ASC

Choice2_ASC

Fishing permit

Fish breeding grounds

Tilapia fish abundance

Accessibility of fishing zones

Fish breeding grounds x Experience

Fish breeding grounds x Head

Fish breeding grounds x Marital

Tilapia fish stock x Experience

Tilapia fish stock x Head

Tilapia fish stock x Marital

Fishing zones x Experience

Fishing zones x Head

Fishing zones x Marital

Standard deviation parameter

Fish breeding sites

Tilapia fish stock

Fishing zones

Number of respondents
Number of Obs.
Log likelihood

Conditional Logit

Mixed logit (basic) (S.er.,

Mixed logit (extended) (S.er.,

(S.er., p-value) p-value) p-value)
Mean parameters
0.528 2094™" 223"
(0.404,0.191) (0.553,0.000) (0.569, 0.000)
0.173 1.624" 1754
(0.415, 0.676) (0.560, 0.007) (0.580, 0.003)
-0.0017"" -0.0026"" -0.0032""
(0.0005,0.000) (0.0005,0.000) (0.0006, 0.000)
0.277" 0.308" 0.614
(0.122, 0.024) (0.163,0.059) (0.470, 0.191)
0.356" 0411”7 1.264"
(0.122,0.004) (0.161, 0.011) (0.467,0.007)
0.247" 0.135 -2.008""
(0.123,0.046) (0.217,0.532) (0.671,0.003)
- - -0.018
(0.015, 0.239)
= - -0.158
(0.402, 0.693)
- - 0.054
(0.373,0.884)
- - -0.001
(0.014, 0.929)
- - -0.071
(0.406, 0.865)
= - -0.982""
(0.374, 0.009)
- - -0.032
(0.021,0.105)
= - 1.413"
(0.576,0.014)
- - 0.762
(0.510, 0.136)
- 0.608" 0.650"
(0.262,0.021) (0.262,0.013)
- 0.542" 0.475
(0.284, 0.056) (0.308, 0.137)
- 14117 1.282""
(0.252,0.000) (0.246,0.000)
91 91 91
1,092 1,092 1,092
-346.26 -307.31 -297.34

Note. Significant at *10%; **5% and ***1%.

breeding ground protection, respectively. Fishing communities
place a higher value on tilapia fish abundance attributes, expect-
ing improved tilapia fish abundance will enhance their livelihoods.
It might also be the government-concerted efforts to re-stock tila-
pia in order to improve its dominance. Protection of fish breeding

grounds had a significant willingness to pay value, implying they

might expect measures to control fish poachers and illegal fishing
practices on fish breeding grounds, which would have a positive
impact on fisheries management and stock.

Eight EBFM scenarios were proposed to estimate the respon-
dents’ compensating surplus for improving the EBFM over the status

quo (i.e., current situation), with the results presented in Table 7. The
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TABLE 6 Marginal willingness to pay for EBFM attributes per KES per year

Mixed logit model

Conditional logit model Basic model Extended model
Equivalent $ Equivalent $ Equivalent
EBFM attributes KES per year value KES per year value KES per year $ value
Tilapia fish 202.86" 2.36 153.10° 1.78 392.39™" 4.56
abundance (87.86,0.021) (66.16,0.083) (146.09, 0.007)
Fish breeding 157.74" 1.84 114.82" 1.33 190.66 2.21
grounds/area (79.91, 0.048) (70.28,0.031) (146.92,0.194)
Accessibility of 140.67 1.63 50.61 0.58 -623.21" -7.25

fishing zones (73.99,0.057)

(80.48, 0.529)

(211.07,0.003)

Note. Significant at *10%; **5% and ***1%, standard errors and p-value in parenthesis.

TABLE 7 Estimates of compensating surplus (CS)

EBFM attributes Compensating surplus
Protection of fish breeding Tilapia fish Accessibility of Equivalent
EBFM scenario grounds/area abundance fishing zones KES per year $ value
1 Moderate level Moderate level Moderate level 328.46 3.82
2 Moderate level Moderate level High level 376.92 4.38
3 Moderate level High level Moderate level 486.53 5.66
4 Moderate level High level High level 538.40 6.26
5 High level High level High level 653.84 7.61
6 High level Moderate level High level 498.84 5.80
7 High level High level Moderate level 603.80 7.02
8 High level Moderate level Moderate level 446.15 5.19

compensating surplus measures the change in income that would
make an individual indifferent in regard to the status quo (i.e., initial
EBFM level) and the subsequent situations (i.e., improvement sce-
nario in EBFM), assuming the individual has the right to be on the
initial utility level (Bateman et al., 2002). To find the compensating
surplus associated with each proposed EBFM scenario, the differ-
ence between the welfare measures under the status quo and the
eight EBFM scenarios is calculated using Equation (9) for the basic
mixed logit model. To estimate overall willingness to pay for EBFM
scenarios, it is important to include the alternative specific constants
in the model, which capture the systematic, but unobserved, infor-
mation about respondents’ choices.

It is evident from the above compensating surplus estimates
that the change from the status quo to the scenarios considered in-
creases as one moves towards an improved lake ecosystem. The av-
erage willingness to pay for the moderate-level EBFM scenario (i.e.,
improvement scenario 1) is 328 KES/year (3.81 USD per year). The
average willingness to pay is 653 KES per year (7.60 USD per year) for
a higher-level EBFM scenario (i.e., improvement scenario 5). The wel-
fare measures results reveal that low-income fishing communities
are willing to pay a considerable quantity of money relative to their
low income from fishing to improve Naivasha ecosystem services.

Moreover, the willingness to pay results has interesting implications

regarding fishing permit fees, noting fishing communities are willing
to pay more than the prevailing fishing permit fees, indicating fishing
permit fees can be an alternative source of funding for restoration of
the lake ecosystem, and might encourage community involvement in
co-management of fisheries resources.

6 | DISCUSSION

The results of the present study appear consistent with other re-
search evidence focusing on how to support restoration of a lake
ecosystem, how to manage fishery resources, and how to better
understand the hydrological and ecological functioning of Lake
Naivasha (i.e., an eco-hydrological approach and restoration of the
lake’s natural fringe of papyrus suggested by Hickley et al. (2004)
and Harper and Mavuti (2004)). Oyugi et al. (2011) indicated im-
proved water management schemes would contribute to the mainte-
nance of the lake level and provide considerable ecological benefits.
A spatial integrated assessment (IA) approach has been proposed to
support the implementation of integrated water resources manage-
ment (IWRM) and to understand the mismatch between required
knowledge and efforts by scientists and stakeholders in the Lake
Naivasha basin (Van Oel et al., 2014).
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A co-management approach was suggested as an opportunity
for increased participation and empowerment of the fishing com-
munities (Kundu et al., 2010). Morrison and Harper (2009) stressed
the restoration of Cyperus papyrus in Lake Naivasha and the im-
portance of wetland system for water quality. Improving land use
management in the basin and along the lake’s riparian zone was rec-
ommended to reduce silt and nutrient loads as a means of controlling
the proliferation of water hyacinth (Mironga et al., 2012). Odongo
et al. (2014) recommended coupling socioeconomic factors to eco-
hydrological processes as a means to improve the understanding of
hydrological and ecological functioning of the Lake Naivasha basin.
Harper et al. (2011) examined the recent and ongoing governance
initiatives in linked socio-ecological systems in the Lake Naivasha
basin, suggesting new governance initiatives with a wider network
with external interventions initiated in 2011 may aid restoration of
the ecosystem health. Hickley et al. (2002) suggested any fish in-
troduction should be part of an overall management package that
should also include conservation measures based on sound ecology,
appropriate legislation and enforcement, and addressing associated
social issues, such as redeployment of poachers. Yongo et al. (2013)
also recommended that “critical fish habitats” (breeding and nursery
areas) in Lake Naivasha should be protected to assist in the recov-
ery of its fish stocks. The need for a clear restocking programme
and alternative livelihood programmes was also recommended to
ensure sustainable stocks and to reduce fishing pressure in the lake,
respectively (Waithaka et al., 2015). Therefore, the present study in-
dicates that valuing the fishery at the ecosystem level, and consider-
ing fishing community preferences, are vital to prioritize and choose
between alternative interventions for implementation of EBFM.

The results of the present study suggest that understanding the
preferences of the fishing community for alternative EBFM inter-
ventions can contribute to improving Lake Naivasha ecosystem ser-
vices. They also indicate that applying a choice experiment model
can significantly improve understanding of EBFM valuation studies.
Although the methodology and the model results appear very ap-
pealing, applying these methods requires including other EBFM at-
tributes in future studies. Choosing between species as the lake is
dominated by alien species, and choosing different annual closure
periods as a fisheries management approach, as examples, can be
included in further research as an attribute in choice experiments
to support implementation of the EBFM approach in Lake Naivasha.

7 | CONCLUSION

EBFM can be an important complement to existing fisheries man-
agement approaches to maintain ecosystem health and func-
tioning. The preferences of the fishing communities should be
considered for successful EBFM implementation. This study ana-
lysed the preferences of the fishing communities and estimated
their willingness to pay for alternative EBFM attributes of Lake
Naivasha, using a choice experiment approach. This study contrib-
utes to the limited literature on economic valuation of fishery at the

ecosystem level using a choice experiment approach. In addition
to the monetary attribute regarding fishing permits, three attrib-
utes are identified as relevant EBFM attributes for the choice ex-
periment exercises, including protection of fish breeding grounds,
improving tilapia fish abundance and increasing accessibility of
fishing zones. In addition to a conditional logit model, mixed logit
models are estimated to account for preference heterogeneity.
This study results also suggest fishing communities are most
concerned about the protection of fish breeding grounds and tila-
pia fish abundance, as they indicated a higher willingness to pay for
these two EBFM attributes. The results also indicated fishing com-
munities are willing to pay a considerable sum of money to improve
Lake Naivasha ecosystem services, relative to their low income from
fishing. Moreover, the results of the marginal willingness to pay high-
lighted some remarkable implications on fishing permit fees as an
alternative source of funding to restore the lake ecosystem and en-
courage involvement of the fishing community in co-management of
fisheries resources. Overall, the findings indicated that valuing the
fishery at an ecosystem level is vital in informing and guiding prior-
itization and providing choices between alternate interventions for
implementing EBFM. Further study of these aspects therefore may
contribute to implementation of sound ecosystem-based fisheries
management to improve the Lake Naivasha ecosystem.
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