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Abstract

This paper applies Tobit models to investigate factors that explain households’ decision-making
on whether or not to participate in various activities, using household data collected from two
Tanzanian coastal villages (Mlingotini and Nyamanzi). The results indicate that households’
decision to participate in various activities is significantly influenced by asset endowments,
households’ structure, local institutions, and location- specific characteristics of both villages. In
addition, these results reveal that fishing assets entitlements and access influence are the main
determinants for variation in total household’s income. Taken together, the findings show
existence of households’ heterogeneity in making choices among different activities, which
should be considered by policymakers when designing conservation-development policies in

coastal areas.
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1. Introduction

Coastal areas are abundant in natural resources that are important economically,
socially and environmentally. Currently, about two thirds of the world population is
living within 60 kilometers of the coastal shoreline [1]. Just like in other countries of the
world, coastal areas of Tanzania comprise unique ecosystems upon which 25% of the
country’s population depends for survival and/or commercial purposes [2,3]. This implies
that coastal resources utilization such as fishing is recognized to constitute a key element
of local economy. Together with the coastal resources, the coastal population’s welfare
also depends on the availability of other employment opportunities. Therefore,
sustainable management of coastal areas and their resource, and employment creation are
critical to the livelihood of many Tanzanian coastal communities.

Despite the economic and social importance of coastal resources to the vast
majority of people living along the coast, recent years have witnessed an increase of
threats upon these resources. These threats are in the form of increased human pressure
due to population growth and tourism (resulting in overexploitation of fisheries resources,
cutting of mangroves for fuel and construction, destruction of coral reefs and sand
mining), use of destructive fishing methods, destruction of habitats, and pollution [2, 4-
5]. Overexploitation and destruction of coastal resources combined with conversion of
coastal areas into land uses alter the magnitude, timing and quality of coastal waters that
feed coastal resources. As a result it is becoming increasingly precarious for the coastal
people to support themselves.

For about two decades there have been initiatives from international development
agencies as well as governmental and non-governmental organizations. Some examples
include the establishment of Mafia Island Marine Park, Menai Bay Conservation Area
and Tanga Coastal Zone Conservation and Development Program. The main objectives
of these initiatives were to promote sustainable use of coastal resources as well as
improving livelihood of coastal households. The initiatives included a top-down state
management approach, which was in the form of establishing Marine Protected Areas
(MPAs) as well as a participatory approach popularly known as community-based

conservation initiatives (see for example [2,6]). The latter approach was aimed at



promoting active involvement of local people in the management of coastal and other
natural resources see for example [3].

Most of these initiatives have been unsuccessful due to the lack of understanding
of social, economic, cultural, and environmental factors that influence the decision
making process of rural households. Moreover, these development-conservation policies
are supposed to benefit them [7-9]. Other important reasons for these disappointing
results are: oversimplification of problems, lack of local institutional capacity to conduct
projects, skepticism of donors and organizations about households’ knowledge on coastal
resources and their potential contribution to livelihood strategies, predetermined thinking
pattern of policy makers (for example on how conservation of fishery resources can be
achieved through combination of management to limit access and providing alternative
incentives to current participants to leave fishery) and lack of interdisciplinary research
approach. As a result, governmental and non-governmental organizations fail to develop
appropriate and effective conservation-development policies.

In the face of increased threats upon coastal resources, together with lack of
alternative employment opportunities, the position of policies for coastal resources
management, poverty alleviation or livelihood improvement requires a particular
attention regarding the appropriate balance between the roles of institutions and
communities. Just like other rural areas, coastal households participate in multi-activity
based livelihood strategies. They can alternatively or simultaneously fish, farm, collect
firewood, harvest forest products or participate in self and wage employment activities. In
this case development-conservation initiatives need to include local people when
designing these initiatives. In particular, this implies that if coastal management policy
makers wish to provide better and more adequate support to the rural development with
the aim of raising fishing communities’ welfare, it will be necessary to understand their
surroundings and the contribution of different economic activities in their livelihood.

Although some research works have been done on coastal resources in the
Tanzania coastal areas, see [6, 10-13], little attention has been given to explain how
households choose activities and how heterogeneous their livelihood strategies are (using
micro-economic concepts and tools). Of particular relevance to understanding household

behavior are recent findings from studies among rural households that show that



households assets endowment plays a critical role in shaping households’ activity
participation decision, welfare outcome and resource conservation [14-18]. As a result,
any initiatives geared towards improving conservation-development policies for coastal
rural households must be based on the informed understanding of coastal rural
households’ behavior. Also, it should enable the government and non-governmental
organizations to identify more effective approaches, which lead to a win- win' outcome.
This study links assets endowment and activity choice in order to shed light on
activities participation decisions of coastal rural households in Tanzania using a case
study of two villages as illustration. In this context, factors influencing household’s
activity choice and the level of income are studied with emphasis on the role of
household endowments. The hypotheses are empirically tested using household survey
data from two villages (Mlingotini and Nyamanzi). Results of the analysis have potential
implication for policies related to conservation-development programs. The paper also
contributes to the greater understanding of households’ activities participation decision in
coastal areas, so that in future policymakers can come up with better-informed strategies
for sustainable coastal resource use and management.
This paper is organized as follows: In the next section the conceptual framework is
presented. In the third section, the empirical approach is described. The forth section
reports results and discussion and the fifth section concludes the paper by pointing out

wider policy implications.

2. Conceptual framework

Several forces influence the households’ decision to participate in different activities.
Evidence adduced earlier suggests that the decision to participate in a certain activity is
triggered by the rewards offered, risks associated with the activity and households’
capacity, which is determined by the assets endowment [16,19-20] and this explains why
not all households have the same opportunities to participate in different activities.

The conceptual framework for this study builds from the work of Reardon and Vosti

([21]), Dercon [14], Ellis [22] and Barret et al. [16]. Drawn from such frameworks are the

' The win-win outcome can be achieved through combination of management approaches that directly
benefits households as well as the coastal environment.



indicators of households’ endowments that determine the behavior of these households
regarding activities participation. From Fig. 1, it is discernible that rural household
activity participation is strongly influenced by assets endowments. Barret and Reardon
[23] define asset as stocks that produce cast or in-kind returns. These assets are the bases
for household ability to participate in activities to generate income (such as canoes for
fishing or land for farming). Some of the livelihood literatures see for example Ellis [22]
and Carney [24] proposes five—ways of classifying assets: physical capital (land, and
productive tools), human capital (education status, skills and experience), social capital
(networks and organizations), natural capital (common properties natural resources) and
financial capital.

As depicted Fig. 1 in the access to different types of assets is affected by Household
structure comprising age of household members, size and the composition within the
household [19,25]. The influence of households’ structure is in the form of determination
of work force available, absence or presence of a male head, consumption demand and
preferences on investment patterns. The household members contribution to the
household total income differs according to their age. Thus, different households might
have different consumption and labor units. These differences may lead to diverse in
labor allocation decisions and strategies to exploit the labor resource among different
households. The diversity may include manipulation of households’ own labor to meet
their objectives. The household structure may not only determine resources availability
and consumption patterns but also other activities that can be undertaken by households.

Furthermore, facilitating factors, which include factors such as market
institutions, service provisions and political environment, also influence households’
access to assets [26]. These factors are regarded as policy variables because they can be
influenced by policy at various levels. The factors may affect the assets endowment and
household demographic structure, which in turn influence the decision of the household
to participate in a given activity and the level of income. On the other hand, the level of
income also affects the household demographic structure through migration of household

members and increase in fertility.



This framework highlights the role of households’ assets in activity choice
decision, controlling for demographic and facilitating factors in influencing decision

among coastal rural households.

3. Methodology

3.1 Data sources

The study is based on a survey of rural coastal households that was conducted
between January and March 2004. The questionnaire was administered in two
(Bagamoyo and West) districts of Tanzania. In Bagamoyo district, data was collected
from Mlingotini village located close to Bagamoyo district headquarters (12 km) and
about 56 km north of the capital city Dar-es-salaam. In West district, data was collected
in Nyamanzi village 16 km from Zanzibar Stone Town. Marine protected areas and open
Forest area (know as Free economic zone) were proximate to Nyamanzi village. Most of
the households in the area were reported to have originated as fishing village more than
30 years ago. Both villages lie within tropical humid climate of the coastal belt. They
enjoy both short rains (October-November) and long (March-May) rains, which
characterize the East African coast (Fig. 2).

The selection of the villages was purposeful rather than random. Based on the
consultations with Institute of Marine Sciences in Zanzibar, such households were chosen
to reflect the diversity of environmental condition and economic opportunities available
to them were chosen for this study. Of a particular interest were the contrasts between the
villages situated near protected areas and those without protected areas as well as villages
located near or remoteness from the town market.

A random sampling strategy was employed to select some 250 households for
interview. Structured interviews were conducted with each of the head of household. The
questionnaire was designed to solicit information on households’ demographic structure,
income sources, sales of outputs, access to markets, problems inherent in coastal
resources and attitude on management of coastal resources. Household income from
agriculture, fishing, seaweed-farming, and other activities was estimated according to the

reported production (for consumption or sale) at the prices that prevail in the market.



Fishing, transport and other assets were valued subjectively by respondent as equivalent
to current resale value. In order to perform data analysis, missing values on incomplete
sections of the questionnaires resulted in reduction of the sample from 250 to 217

households (Mlingotini=117 and Nyamanzi=100).

3.2 Data analysis and variables used

This study focuses on the total households’ income as well as income by source,
with particular interest as to why some households make more money from certain
activities than do others. Many households did not participate in all activities and this
made the income from agriculture, fishing and seaweed farming to include substantial
number of zero values. This resulting a Tobit Model to be used because of a large
fraction of the sample reported to have zero income from a given activity, since ignoring
it would caused bias [27]. The model uses one set of variables to explain the decision to
participate in a given activity and its income level.

Other methods require some variables to affect decision to participate in a given
activity but not its income level. Thus, it is difficult to find any theoretical reasons for
this. The main purpose of applying Tobit analysis in this context was to identify which of
the variables were most significant in influencing the behaviour of coastal households in
deciding which activities to undertake. We follow the approach used by Coomes et al.
[18] by specifying total income from an activity (fishing, agriculture and seaweed
farming) as an independent variable. However, in other studies the dependent variable
was specified as a share of total household income arising from an activity [17,28]. The
total activity income was used as broadly applicable proxy for activity participation. We
refer activities to emphasize the focus of income generated by an activity (as proxy to
yield) as opposed to its share on the total income. The share of income as a measure of
activity can be misleading because it takes the proportional of income obtained from an
activity and not the actual activity income. In addition, Ordinary Least Squares (OLS)
was used to find out the determinants of the total income of the household. Similar
models on the total household income have been widely used in the literature [17,29].

The models specifications are presented in the Appendix 1



In the current study, the dependent variables are defined in two ways: (1) a
continuous income by source variable with three sources (fishing, agriculture and
seaweed-farming (2) and a continuous total income variable. The income by source is
measured in adult equivalent units after subtracting the production costs, whereby the
total income was measured by taking the log of summation of all income obtained by
household per adult equivalent, in a typical year’. The purpose was to adjust the
discrepancy of combining dependants (predominantly consumers) and potential labor
(predominantly producers) in order to make adjustment for potential labor supply within
the households [30].

The conceptual framework built from the present study helped in identifying
specific variables, in relation to the endowments, the presence of relevant institutions and
the key livelihood strategies used by the studied households. The explanatory factors are
organized into three groups:

(1) Household assets endowments;
(i1) Household structure; and
(iii))  Facilitating factors.

The households’ assets endowment variables used in the analysis were grouped
into five categories namely physical capital, social capital, financial capital, human
capital, and natural resources capital. To capture their effects, proxy variables were used
in the estimation (Table 2). For the assets endowment, physical capital was captured by
using the size of agricultural land per adult equivalent (LANDEQ) and the value of total
assets per adult equivalent (ASSETEQ)’. Generally, access to physical capital is crucial
to acquire wealth, which in turn influences the choice of activity to participate in. For
instance, access to land may allow households to participate more in agricultural
activities as opposed to fishing. Through increased income from farming, households are
able to invest more in fishing and seaweed-farming. Conversely, increased access to land
can also lead to a decrease in their participation in seaweed-farming and fishing. This is
because the households decide to allocate more labor to farming. On the other hand, the

higher value of total assets holding (ASSETEQ) increases the households’ participation

% These scales were based on the work of Collier et al. [31] and they have been used virtually for every

empirical study done in Tanzania (Table 1).
? This value excludes the value of land owned by the household



in many activities. These assertions imply that the access and availability of assets can
relax the investment constraints, by investing in many activities despite the market
imperfections (that may occur in credit and insurance markets). Results presented in
Table 2 shows that on average households owned 1.1 ha of farming land. This is due to
the fact that about 52% of households owned less than 2.5 ha. Additionally, on average
the total value of assets was 78.9 US$, where by fishing assets accounted for 56%, a
clear case of demonstrating inequality in physical assets”.

This study includes variables that indicate whether households possess fishing
gears (FISHGEARS) and/or own a boat (OWNBOAT). Also, the dummy variable of the
ratio of fishing assets to total assets value (FISHASRO) is included. It is hypothesized
that access to fishing assets may increase participation in fishing while at the same time
might reduce the rate of participation in farming and seaweed-farming. Table 2 indicates
that 86% and 31% of households in fishing activity own fishing gears and boats,
respectively.

To capture the social capital variable, two dummy variables were used. The first
variable reflects whether a household had a member who was involved in any association
or informal group activities (PARTIC). This was measured as one if so and zero if not.
Such organizations provide mechanism for mutual aid among members. These
associations and groups are established to secure labor, skills as well as credit.” The
second dummy variable focuses on whether a household shares fishing assets (SHREBT)
or not. It takes a value of one if so and zero if not. These variables are included to capture
the strength of influence of social networks on choosing which activity to participate in.
Empirical studies showed that types of organizations including NGOs and community
groups could determine the activities that rural households undertake [19, 32-33].
Therefore, this study anticipates that households’ access to social networks should
increase their participation rate to various activities. Table 2 shows that 28% of the
households participate in associations’ activities or informal groups, while 58% reported

sharing or renting a boat when accessing a fishing ground.

* In Tanzanian coastal areas, fishing assets such as boats act as an indicator of social status where
households with fishing boats provide sharing and renting services to those who do not own a boat.

> It was observed that in Mlingotini village seaweed farmers’ group members contribute about 0.09 USS$ (1
USS is equivalent to 1100 Tshs.) each to the group each time they sell their harvest. This money is loaned
out on a rotation basis to members for liquidity provision when needed.



Financial capital is measured in terms of access to other income opportunities
(OTHERY). This variable was measured in income per adult equivalent. The present
study assumes that access to other income opportunities would foster higher participation
rate in different activities through provision of income to finance investment in fishing,
seaweed-farming and agricultural activities. On the other hand, availability of income
from other activities may reduce the propensity to participate in fishing, seaweed-farming
and agricultural through labor reallocation. The data shown in Table 3 indicates that
94.9% of households participated in other activities and the average income was 264.1
USS$ (Table 2).

The average age of adult members (ADULTAGE) and fishing experience (in
years) (EXPF) of the head of household were included as proxy variables of human
capital. The dummy variable of age of household head (HHAGEO) was also included
(equals one if the household head is below 50 years and zero otherwise). The current
study expects that both average age of adult members and experience in fishing would
have a positive relationship with income emanating from different activities and fishing
respectively. Also, the age of the head of household is expected to have a positive
relationship with various activities. Table 2 shows that on average adult members age
was 36.2 years and 63% of the households’ heads were younger than 50 years. On
average, the heads of households participating in fishing activities had 17.8 years of
experience in fishing.

The trend of fisheries resources (FISHTRENDO) and the area used for seaweed
farming (SWLAND in m?) are included as a proxy of natural resource endowment. The
trend of fish resources is a dummy variable, which captures the fish availability. This
information was obtained by asking households how they perceived the availability of
fish over the past five years (the value of one was assigned if fish stocks were reported to
have decreased and zero otherwise). A negative fish trend is expected to have negative
influence on households’ decision to participate in fishing and a positive influence on the
participation rate to other activities. The area available for seaweed is expected to have a
positive relation on participation rate in seaweed-farming activity. Table 2 indicates that
on average households had 173 m* of seaweed area and 35.9% perceived availability of

fish stock over past five years it has decreased.
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The characteristics of households’ composition such as gender of household
(GENDERY1), female-male ratio (FEMRAT) and size of households (HHSIZE/CWRAT)
were included in the analysis. The gender variable measures the entrepreneurial
motivation and managerial skills, while the female-male ratio and households’ size
represent the productive and consumptive units in the households. It is expected that
female workers increase participation rate into seaweed farming and reduce the
propensity to participate in fishing. And the reverse is true for male. The reason for this
is that along Tanzanian coastal villages, fishing activity is male-dominated while women
dominate seaweed-farming activity [34]. The relationship between the size of household
via worker-consumption ratio can be either positive or negative. Availability of adult
members implies higher propensity to participate in different activities as a result of their
ability to supply more labour. Likewise, the more dependants are in the family, the lower
the ability to participate in different activities due to lack of workforce. Table 2 indicates
that a typical household sample consisted of 4.4 members, which is also reflected in the
statistics for coastal rural areas [35]. The on average female-male ratio was 0.52 whereas
84 % of households were headed by men, suggesting a male dominated scenario in the
decision-making process.

Market access constraint and village dummies are included to capture the effect of
facilitating factors with respect to institutions and location. Market access constraint
dummies include credit market (CRDTCOT) and output market (OUTCOT). These
dummies takes a value of one if the household reported having a market constraint and
zero if otherwise. It is argued that lack of market access in rural areas is one of the causes
of difference in transaction costs between households [16]. The location dummy variable
(V2) has a value of one if the household reported to residing in Mlingotini village and
zero if otherwise. Market constraint variables are expected to reduce household’s
participation in different activities. Table 2 indicates that 53% and 43.8% of households
reported to have problems in accessing credit and output markets, respectively. In
contrast, some households staying a few kilometers from markets do not have access to
urban market due to poor infrastructure and lack of transport assets. The scenario
exemplified a case of institutional problem, which does not guarantee equitable access to

market.
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4. Results and discussion

4.1 Activities participation patterns and asset heterogeneity
The income generating activities pattern from households living around coastal areas
vary between and within villages [6]. In our study, activities are divided into five major
categories namely: agriculture activities (farming and livestock production®), fishing,
seaweed-farming, wage employment (wages and salaries from non agricultural activities)
and self-employment activities (for instance, various business, collection of shells, coir
rope making, and stone collection). Table 3 shows participation rates, earnings and
income shares by sources for the households sampled. From this table, it is clear that
participation in multiple activities was a common phenomenon among households in the
area of the study, which is in line with other observations in rural Africa [16]. In rural
Africa, markets for credits and insurance are missing or do not function well, hence
participation in various activities act as a strategy for ex-ante risk mitigation (a way to
cope with adverse shocks) and earnings for the cash needed to make investment [16]. It
was observed that 92.6% of households participate in more than one activity. The
estimated value of economic production among households in the sample for the period
2003/2004 is 198,037US$ or 912.6US$ per households (i.e. subsistence and market
value).

This study found that majority (97%) of households participates in other activities
(this include self-employment and wage employment), where agricultural activities
account for 82 % of all households, followed by fishing activities with 57.1 %. However,
very few households participate in seaweed-farming (37.7 %) activities. From these
results it can be noted that the participation rate in various activities in Nyamanzi village
is greater than in Mlingotini. The study further noted that although most households
engage in farming, the overall contribution of agricultural activity to the total households’
income is only 14 %. This could be attributed to low agricultural productivity due to
decline in soil fertility [36-37], population growth [38], market failures [39], government
and institutional failures [40]. Fishing income appears to be the most important source of

income accounting for 52 % of total income for all households respectively. Similarly,

Livestock production is not a traditional economic activity in coastal areas, since few people own
livestock.
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for those households participating in other activities, they earn on average about 28.9 %
of their total income from these other activities.

Considerable sample heterogeneity in activity participation is evident between as well as
within communities. Table 3 indicates that high earning shares arise from fishing activity
in both villages. The average share earnings derived from fishing in Nyamanzi village is
higher than that of Mlingotini village.” These differences are statistically significant from
each other at the 10% level (t=-1.74, p=0.08). The observed inter-village differences can
be explained in terms of local endowments. Nyamanzi village is located near protected
areas, this gives households opportunity to enjoy spillovers in terms of availability of fish
and higher abundance. In addition, Nyamanzi households have access to the town market
because of the presence of feeder roads.

Fig. 3 shows the variation in income sources and shares by size of agricultural land
across households. This illustrates the importance of heterogeneity in household decision
making process whether to participate in a given activity or not. The assets heterogeneity
takes into account the physical assets holdings (i.e., size of agricultural land owned by
household value of fishing assets). It is observed that agricultural income increases for
larger agricultural holdings. This can be explained by economies of scale. However, the
share of agricultural income to the total income is very small due to low productivity of
agricultural crops in the study area. In contrast, the share of fishing income is large for
those households who have fishing assets despite their fishing assets being of poor
quality assets®.

Fishing activity is more important for the landless households in the sample compared to
the land-rich households because about 70% of their total income comes from fishing
(Fig. 3). Our results indicate that landless households rely heavily on fishing activity,
suggesting the importance of owning or leasing fishing assets and not land in their asset
portfolios. Also, the result shows land-rich households (households with land above
5.5ha) earn more income from fishing than their land-poor counterparts. The observed

differences are attributed to differential fishing assets. The mean fishing assets are

7 The average earnings from fishing activities in Nyamanzi village is 623.5 US$ whereas in Mlingotini is
359.1 USS.

¥ 67% of the total households participating in fishing activities have less than 36.4 US$ of the total value of
fishing assets.
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significantly (t = -2.7963 p=0.0056) different between the land-rich households and the
land-poor households. In other words, households holding larger agricultural land have
higher mean value of fishing assets (341.7 US$) than land-poor households (100.5 USS$).
Another reason for observed difference in fishing income is that land rich households
have no credit constraint because they use land title deeds as collateral to secure bank
loans and part of their income arising from agricultural activities to finance investment in
fishing activity (such as buying of fishing boats, gears, etc). This is consistent with the
findings of Barret et al. [16], which showed that poor households are unable to participate
in various activities because they cannot meet the investment requirements for entry into
remunerative activities.

Additionally, Fig. 3 shows that landless households earn a lower income from other
activities than their land-rich counterparts. In most Sub Sahara African countries, land
asset is regarded as a form of wealth. Consequently, land-less households compensate
their lack of land by participating in activities that deal with the extraction of natural

resources such as fisheries.

4.2 The determinants of participation in different economic activities

Estimation results from the Tobit model that measures participation in different activities
are given in Table 4. These results indicate that factors shaping activity participation
differ across the board of different activities.

Furthermore, it is obvious, physical assets are key determinants of how households
choose to participate in various activities along the coastal areas. Moreover, households
with large agricultural land (LANDEQ) tend to participate more in agricultural, seaweed
farming and fishing activities. In effect, the higher the income from agriculture, the
higher the participation rate in seaweed-farming and fishing activities. This implies that
ownership of agricultural land can be treated, as sunk costs required for financing these
activities. Thus, availability of liquidity assets can relax the households’ capital
constraints.

Another key physical asset that affects households’ participation in various activities is
the type of fishing asset and its endowment value. Households with low fish asset ratio

(FISHASRO) are more likely to reduce their participation in fishing activity while at the
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same time they increase their participation in seaweed-farming activity. This could be
due to the fact that seaweed-farming activity acts as a source of income smoothing for
households with low-value fishing assets. This argument suggests that fishing activity for
those households with low quality fishing assets is a coping mechanism that enables them
to alleviate hardship associated with poverty rather than a route out of poverty altogether.
This study shows that access to fishing boats (BOATOWN) reduces households’
participation in agricultural activities. Access to fishing boats give households the
advantage of participating in fishing activity as opposed to agricultural activities. In
addition to assets, higher endowment of total assets (ASSETEQ) increases participation
in fishing activity. Clearly, fishing is not a domain of household with few and/or poor
fishing assets. This is consistent with other findings based on income diversification in
Africa [14,16], which shows how poor households are forced to diversify into low-return
activities.

Effects of social variables are consistently important in all activities. Access of
households to social networks’ (PARTIC) increases participation of households to
seaweed-farming and agricultural activities'®. This concurs with different assertions that
social capital and organizational capabilities act as better strategies for mutual support
whenever households are faced with either inputs or outputs market imperfection [41].
Through group activities, households are able to enjoy economies of scale such as a
decrease in transaction costs and improvement on their knowledge through sharing of
information on technical issues relevant to a given activity. This is consistent with the
findings of Grootaert [42], which demonstrated that membership in groups and
associations provides benefits to individual households such as of access to credit and
pooled savings.

Furthermore, interaction variable between fish assets sharing, and fishing as a
primary activity (PRIMSHARE) appears to increase participation in fishing while at the
same time it reduces participation in agricultural activities. Our findings suggest that
sharing and renting of fishing assets reduce the transaction costs for those households

with fishing as the primary source of income. This is through provision of fishing capital

? This implies the ability to access groups and/or associations activities.
' In the study area, households with agricultural, fishing and seaweed-farming activities normally work in
groups and this enables them to access labor, financial supports and information regarding their activities
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by ensuring access to markets and institutions where they are absent. This observation
supports the argument advanced by Davis [20] that group strategies provide potential
social capital to address credit and market access constraints. This is via improvement of
access to service provision and overcoming entry barriers into new activities.

The results on financial capital show that availability of other income (OTHERY)
increase the propensity to fish. This implies that access to other employment activities act
as a source of income, which helps to finance fishing investments where most of
insurance and credit markets are absent. In most African countries, it can be noted that
other employment activities enable households to participate in various activities by
providing them with a working capital. In this case other employment activities act as a
substitute for credit or credit constraint. However, the marginal effect of additional
income arising from other activities to participate in fishing activity is too small to
explain the observed variation (Table 4). Also, the coefficients of these income sources
are not significant, in influencing household’s decision to participate in agricultural or
seaweed-farming activities.

Linking human capital variables with activity participation, it can be seen in
Table 4 that participation in fishing and its level of income are significantly influenced
by the age of household head (HHAGEO) and fishing experience (EXPF). This means
that younger heads of households with experience tend to participate more in fishing
activity. With respect to age of household head, the result supports the conjecture that
fishing activities require fishermen to go further inside the ocean to exploit un-explored
fishing grounds. Moreover, young fishermen have more energy to go far away than old
fishermen. This is supported by descriptive statistics, which show that young male
households are more likely to travel long distances to fetch fish (7.27 kms) as compared
to their older counterparts, who undertake fishing in the proximate fish breeding grounds
(5.7 km). The mean distance to fishing ground is statistically different between the older
and younger heads of households (t = -2.5, p = 0.014). The estimated effect of age of
heads of households support the life cycle hypothesis, where by older heads of
households decrease the probability of participating in various income generating

activities due to their low level of energy.
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Also, participation in fishing activity increases with the increase in fishing
experience. This underlines the importance of fishing experience with respect to
knowledge of fishing fertile grounds and the efficient use of fishing equipments. This
suggests that those young heads of households who have experience and energy to
efficiently use fishing gears realize more fish catches and hence increase participation in
fishing activity as opposed to older heads of households with more experience.

Table 4 illustrates that a decrease in fishing resources (FISHTRENDO) decreases
the propensity to fish. This is because under normal circumstances most of the
households participating in fishing do so in the same grounds. A large seaweed area
(SWLAND) increases seaweed farming.

Our results show that household composition affects participation in various
activities. This based on the fact that the number of female workers (FEMRAT)
positively influences the decision to participate in seaweed activity. This can be
explained in that with a large number of total workers, the extra female effort is directed
towards seaweed-farming activity. Other variables of household composition (GENDERI1
and HHSIZE) are neither significant nor adequate in explaining the observed diversity of
households in their participation in various activities.

Interestingly, results on the facilitating factors variable show that households with
market constraints (MKTCOT) increase their participation in agricultural activities. This
result contradicts our prior expectations. This can be explained by the fact that for most
households, agricultural activity is not their main source of income. Households tend to
increase their participation in agricultural activities when there are market constraints in
other sectors such as fishing and seaweed-farming activities. The same variable is not
significant in explaining the decision to participate as well as the level of income from
fishing and seaweed-farming activities.

The location variable effect (V2) is significant and negative for the participation
and income arising from fishing and seaweed activities. It was observed that households
residing in Mlingotini village are more likely to reduce their participation in fishing and
seaweed activities. This implies that they fish less and have less emanating income from

fishing and seaweed-farming. Three reasons can explain this phenomenon:
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e Mlingotini village lacks good feeder roads as compared to Nyamanzi village,
which connect Bagamoyo and Dar-es-salaam main road, despite being only a few
kilometers from this main road. This forces the fishermen to internally sell their
fish as well as fishmongers/traders.

e Mlingotini village has no access to Marine Protected areas as opposed to
Nyamanzi village. This means fishermen in Mlingotini usually compete for the
same fishing grounds over the years. This increases the risk of overexploitation
with adverse consequences of dwindling fish resources. On the other hand,
protected areas surrounding Nyamanzi village allow households to access the fish
resources during a certain period of a month only. For example, the management
of Chumbe and Menai protected areas usually sets restrictions on the time when
to undertake fishing. In this case, fishermen from the surrounding villages of
protected areas benefit from increased fish resources. Additionally, fishermen
take advantage of spillover effects from protected areas as they fish in their
proximity. These include migration of fish from the protected areas to the
surrounding fishing grounds.

e Households participating in seaweed farming have no market for their seaweed
products and thus are forced to wait for a company from Zanzibar to buy their
products. Also, the type of seaweed grown in Mlingotini gives low yields since it
is not well adapted to local weather condition as opposed to the well-adapted type
that is grown in Nyamanzi village.

The multiplicative interaction between agriculture and fishing dummies variables
was also included to measure separate impact of fishing activity and agricultural activity.
The result suggests that households participating in both fishing and agricultural activities
are more likely to increase their participation in agricultural activity compared with their
counterparts participating in other combination (e.g. agricultural and seaweed-farming).
These findings imply fishing activity act as a source of income to finance agricultural
activities. This result is in line with the observation that in Sub-Sahara Africa, non-
agricultural sectors provide working capital to agricultural sector during the process of

rural development [43]

18



4.3 The determinants of total household income

As discussed in the previous section, the level of predictors of households to participate
in income generating activities differs from one activity to another. Consequently, it is
important to analyze the determinants of total income at household level in order to
understand the factors responsible for total income variation among households.

Results presented in Table 5 indicate that entitlements to fishing assets such as
possession and/or access to fishing gears, fishing boats and social capital are important
determinants of total household income. Access to fishing assets like boats increases the
income of household by approximately 87% while fishing gears increase income by 38%.
Access to fishing assets through renting or sharing increases total income by 65%. This
suggests that endowment and/or access to fishing assets is very important for those
households living along the Tanzanian coastal areas. Even though most of artisanal
fishermen possess fishing assets, they also have land, which allow them to participate in
agriculture activity. Similar results have been observed for artisanal fishermen in
Southeast Asia [44].

The fish resource trend affects the total income via a decrease in the amount of
fish caught by fishermen. For those fishermen who reported a decrease in fish trend, their
total income also decreased by 12%. Most of households indicated that compared to the
previous 5 years, fish resources had decreased due to over-fishing. The decrease in fish
resources was attributed to an increase in human population.

Pertaining to agricultural land ownership (LANDEQ), the results suggest that an
additional increase of 1 hectare of agricultural land leads to about 65% increase in total
household income. The quadratic term (LANDEQ?2) variable, which captures the non-
linearity between household total income and land assets, was significant at 1% level.
This s that suggests total income increases initially and there after decreases as the size of
land increases. The ownership of an area for seaweed-farming in the sea has a positive
and significant effect on the households’ total income, even though it accounted for a
small proportion. From these results, it is obvious that agricultural activity is in most
instances, the second most important economic activity for those households participating

in fishing activity (recall section 4.1).
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The life cycle of adult members of household (ADULTAGE) is significant and it
negatively influences the level of total household income. This result contradicts our
prior expectations. An increase in the average age of adult members by a unit leads to a
reduction in the total income by 1%, though its effect is very small. This result shows the
effect of age on income via the ability of adults to supply labor to various activities. As
members become older, the ability to supply labor to various activities tend to decrease

and this leads to a decrease in household total income.

5. Conclusions and Policy Implications

The study illustrates the heterogeneity of households as they choose which
activity to undertake. The data suggest that households participate in agriculture (farming
and livestock keeping), fishing, seaweed farming as well as self- and wage employment.
From these activities, it is evident that fishing activity is the main source of income and
its average contribution to the total household income is about 52%. Both qualitative and
quantitative analyses suggest that participation in fishing, seaweed-farming and
agricultural activities are correlated with the physical endowments of households
including fishing assets and agricultural land, social capital (sharing and renting of
fishing capital, membership to groups activities) and location (village dummy).

The empirical results indicate that the level of participation in fishing activity is
positively correlated to the value of fishing assets owned by the household. However, this
is sometimes reduced by the quality of fishing assets used. This is evidence of credit
market imperfection, which forces poor households to reduce their participation in fishing
activity because of lack of finance for their investments in fishing assets. The use of low
quality fishing gears is a common threat to the fisheries resources in most parts of
Tanzanian coastal areas''. In addition, ownership of fishing assets is confirmed as an
important factor influencing the total per capita income.

The analysis also shows that land endowment increases the propensity to
participate in agricultural, seaweed-farming and fishing activities. Furthermore, the result
indicates the presence of linkage between agricultural activities and other activities

(seaweed-farming and fishing). Access to land assets increases agricultural income,

" Most fishermen along the coast use poor fishing methods such as the use of undersized fishing gears,
which cause degradation of the fish stock [45].
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which is used as a source of working capital for fishing and seaweed-farming activity.
This shows that rural coastal households engage in multiple activities for their livelihood,
and one activity can be used a source of working capital to other activities. However, due
to lack of complementary resources such as land, the landless households have a low rate
of participation in fishing and seaweed-farming activities, hence low income arising from
these activities. The study provides some evidence that landless households experience
barriers in their attempt to participate in various activities due to lack of working capital.
Social capital variables in terms of networks (group or association activities,
sharing of assets) positively influence the decision to participate in agricultural, fishing
and seaweed-farming activities. This implies that through networks, households are able
to overcome risks at the same time meeting their subsistence and investment
requirements. Additionally, the location variable, which captures rural infrastructure,
seems to be an important variable in determining household decision to participate in
certain activities. The result indicates that households residing within an area with good
infrastructure such as better roads are more likely to participate in many activities than
their counterparts with poor roads. This supports the notion that households with superior
access to markets are in a better position to overcome output market constraints and to
sell more products arising from their activities. This observation points the importance of
infrastructure in most of rural African countries in shaping the decision to participate in
various activities.
The analysis suggests that
(1) Establishment of credit programs that are accessible to poor households and
use of sustainable approaches are essential to minimize the inherently high
cost of lending. The support for flexible loans that builds on existing informal
and formal financing schemes can provide a means of appropriate capital
investment in various activities such as fisheries development. Together with
this development strategy, it is worthwhile to develop appropriate and
affordable fishing techniques, more efficient processing and storage facilities.
These initiatives are vital to ensure a win-win situation in coastal areas. Such

initiatives can increase household capability to participate in various activities.
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However, careful implementation is necessary to avoid over-harvesting of
fisheries resources arising from access of credits.

(11) Recognition of complementarities between incomes accrued from various
activities in coastal villages is important in order to come up with effective
conservation-development policies. For example, if fishing is the most
lucrative activity, the increase in access to land for the landless households
will raise income, which in turn may result in higher investments in fishing
activities and therefore increase pressure on fishing resources. The creation of
alternative employment opportunities and access to land can reduce pressure
on fishing resources, if and only if, expected returns from alternative activities
are greater than those from fishing activity.

(ii1)) A better understanding of social networks is essential, especially by
examining how these networks are established and their working mechanisms.
This could offer more insight and lead to their improvement.

(iv)  Promotion of investments in rural infrastructure needs to be a key area so as to
link rural areas better with the rest of the economy.

In general, the study suggests that villages and households are not homogenous
entities that can be isolated and identified by a single objective or a common interest.
Therefore, rural development and natural resources management policies (such as those
geared to increasing rural income and job opportunities through consolidation of
fragmented holdings, credits and extension services, improved transportation and
markets, and protection of ecosystem) based on the assumption of homogeneity cannot
guarantee to produce the desired positive outcome among villages in the same region or
households within the same village. Differences in household decision-making process
apply not only to assets, household composition, natural resource endowment, and
institutions, but are also driven by their preferences, and interests. The priorities of
households to participate in activities that exploit natural resources and their management
is likely to differ because of their different capacities, and powers to defend their
interests.

In order to have good policies, there is a need for policy makers and conservationists

to look beyond classical portrayals of rural households. This will improve their
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knowledge regarding households’ behavior in order to come up with a win- win situation.
For instance, coastal resources conservationists (including those dealing with fisheries)
should command a good knowledge on socio-economic aspects, geographical and
demographic characteristics of households living along rural coastal areas. By taking into
account the constraints and characteristics of these households, they could provide a basis
for policy design on natural conservation and improvement of households’ welfare in
coastal areas. This implies that only the well-targeted and carefully designed policies will
be effective and efficient in delivering intended incentives and programs to the right
people in the right places with respect to the correct resources. This could be enhanced if
policy makers in government and non-governmental organizations take time to gather
information, so as to properly tailor in their approach when choosing initiatives for
conservation and development issues. Most of the crucial information can be gathered by
using methods that capture income activities available at local level as well as
households’ assets endowment, households’ structure characteristics, natural resource
base, infrastructure and the availability of institutions.

Along Tanzanian coastal areas, as in other rural areas, there are limited empirical
studies shedding light on the behavior of rural households with respect to use of coastal
resources, due to lack of data. In order to come up with more empirical and comparable
studies, there is a need to collect more data from different coastal regions and
ecosystems. Only with solid evidence at hand, policymakers and development planners
can use the relationship between coastal resources and livelihoods of rural households, to
formulate target efforts that will result in a win- win policy. However, the challenge lies
in convincing governmental and non-governmental organizations, research bodies, and
research funding agencies to invest in information gathering. This is necessary in order to
build up a panel data on household behaviors regarding their strategies for livelihood and

the natural resources available to them within the coastal as well as in other rural areas.
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Appendix 1

Based on the conceptual framework, the activity income equation is defined as:

=X p'+¢

For a Tobit model, a dependent variable, say activity income, can take a value of zero or
positive values as follows:

y, =y, ifX|f'+& >0andy, =0if X/ +& <0
Where y; is a partial latent dependent variable that capture the ith household propensity

to earn income from a certain source, X, is a matrix of variables such as household asset

endowments, household structure, institutions and location characteristics, which
describe the potential benefits of participating in various activities, £'is a parameter

vector to be estimated, & is a random disturbance term. The model assumes that
& ~N(o,07).

Using maximum likelihood estimation, the log-likelihood function for this Tobit model is

expressed as follows:

yi>0 o’

InL = ~1/2[In(27) +In o 7 ﬂ )]+21 n[l— @(ﬂ—X)]

Where, @ is the cdf of the standard normal dlstrlbutlon function. Here the first part of
the likelihood function is essentially the classical regression model for the non-zero
observations, while the second half represents the probabilities for the censored
observations. The maximum likelihood estimator has the desirable properties of being
both consistent and asymptotically efficient [27].

In addition, the Ordinary Least Square (OLS), which represents the total income
equation, is defined as follows:

InY, =ﬂ0+ﬁiin+gi

Where, Y, is the total income of the household i in logarithm form, X is the set of

explanatory variables and S, and S, are the coefficients to be, ¢, is an error term.
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Table 1

Adult Equivalence scales: Index of calorific requirements by Age and Gender

Age group (years) Male Female
0-2 0.4 0.4
3-4 0.48 0.48
5-6 0.56 0.56
7-8 0.64 0.64
9-10 0.76 0.76
11-12 0.80 0.88
13-14 1 1
15-18 1.2 1
19-59 1 0.88
over 60 0.88 0.72

Source: Collier et al., 1986
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Table 2

Descriptive variables

Mean Standard
Variables description Variables deviation
Physical Capital
Size of agricultural land per adult equivalent (Ha) ~ LANDEQ 1.1 1.34
Land square LANDEQ2 2.96 7.89
Fish asset ratio (1 if the ratio of fish FISHASRO 35% NA
Asset in total assets value is below
40%)"
Boat dummy (1 if own a boat and 0 otherwise)* OWNBOAT 31% NA
Fishing gears (1 if own a gears and 0 otherwise)” FISHGEARS 86% NA
Value of fishing assets FISHASEQ 43.9 145.2
Value of total assets in US$ ASSETEQ 78.9 225.3
Social Capital
Membership in associations (1 if member 28% NA
and 0 otherwise) PARTIC
Sharing fishing assets (1 if share and 0 otherwise)® = SHREBT 58% NA
Financial Capital
Other income in US$ OTHERY 264.1 3124
Human capital
Average age of adult members (years) ADULTAGE 36.2 9.18
Age of household head dummy (1 if is below 50 63% NA
years
and 0 otherwise) HHAGEO
Fishing experience (years)” EXPF 17.86 12.85
Natural resources
Fish trend (1 if decreasing and 0 Otherwise) FISHTRENDO 35.9% NA
Area of seaweed farming (in squared meters) SWLAND 173 558.8
Household’s composition/structure
Gender of Household Head (1 if male and 0 84% NA
Otherwise) GENDERI
Female/male ratio FEMRAT 0.52 0.25
The size of Household (Consumption-worker ratio) HHSIZE(CWRAT) 4.36 (1.16)  2.08(0.24)
Facilitating factors
Credit market constraint (1 if constrained and 0 53% NA
Otherwise) CRDTCOT
Output market constraintl if constrained and 0 43.8% NA
Otherwise) MKTCOT
Village (1 if residing in Mlingotini and 0 otherwise V2 53.9% NA

? Take into account only for the household participating in fishing.
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Table 3

Activities participation rates, shares in total household income in two villages

Activity Nyamanzi Mlingotini Both Village
Agriculture

Participation rate 88% 76% 82%

Mean income (s.d) in US$ 115.6(209.0) 138.5(228.5) 127.9(219.5)

Income share (range)
Fishing
Participation rate
Mean income (s.d) in US$
Income share (range)

Seaweed farming
Participation rate
Mean income (s.d) in US$
Income share (range)

Other activities
Participation rate
Mean income (s.d) in US$
Income share (range)
Mean income in US$
Observations

11.4%(0-51%)

64%
623.5 (1429)
61.4%(0-100%)

50%
32.1(46.9)
3.1%(0-88.5%)

97%

244.8 (274)
24%(0-100%)
1015.9(1589)
100

16.8(0-100%)

51%
359.2(749.6)
43.6%(0-100%)

27%
46.1(109.5)
5.6%(0-100%)

93.20%
280.6(312.4)
34.1%(0-83%)
824.4(1218.2)
117

14%(0-100%)

57.10%
481(1120.3)
52.6%(0-100)

37.70%
39.6(86.6)
4.3%(0-100%)

94.90%
264.1(312.4)
28.9%(0-100%)
912.6(1401.2)
217
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Table 4

Tobit estimates for Participation in different activities (Agricultural, Fishing and Seaweed
-farming)

Variable Estimated coefficientStandard error  t-statistics Marginal effects
Fishing activity

Constant -608.6 329.2 -1.85% -
Landeq 130.4 74.8 1.74%* 0.05
Fishasr( -837.4 204.2 -4, 10%** -0.3
Expf 28.9 8.3 3.47*** 0.01
Hhage0 536.5 221.1 2.43%* 0.19
Primshare 772.6 222.1 3.48%** 0.28
Othery 0.6247 0.3193 1.96** 0.0002
Fishtrend0 -930.5 263.3 -3.53%** -0.34
asseteq 2.24 0.3705 6.06%** 0.0008
V2 -400.3 213.1 -1.88%* -0.14
Observations N=124

Agricultural activity

Constant -73 10.7 -6.83%** -
Landeq 141.6 4.8 29.26%** 0.48
Primshare -106.8 17.8 -6.0%** -0.37
Ownboat -41.4 18.2 -2.28%* -0.14
Agrifish 26.1 3 8.82%** 0.09
Mktcot 243 11.3 2.15%* 0.08
partic 24.7 12.7 1.95%* 0.08
Observations N=178

Seaweed Farming Activity

Constant -196.4 58.1 -3.38%** -
cwrat 55.1 35.6 1.55 0.21
landeq 14 7.1 1.96%* 0.05
Fishasr0 48.1 18.5 2.60%** 0.18
femrat 84.7 36.6 2.32%* 0.32
swland 0.15 0.01 11.38%*%* 0.0006
partic 347 18.8 1.85* 0.13
V2 -44.8 18.3 -2.44%%* -0.17
Observations N=82

Note: Single, double and triple asterisks (*) denote significance at the 10, 5 and 1 percent level, respectively.
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Table 5

Regression model of total household income

Variable Estimated coefficient Robust standard error  t-statistics
constant 5.4 0.25 21.56%**
Landeq 0.65 0.1 6.86%**
Landeq2 -0.05 0.02 -3.23%%*
Swland 0.0002 0 4. 57*%*
Fishtrend0 -0.12 0.11 -1.23
Shrebt 0.65 0.17 3.79%**
Adultage -0.01 0.01 -2.02%*
Fishgears 0.38 0.16 2.29%*
ownbt 0.87 0.23 3.83%%*
R2 n=217 0.68

F-statistics (p-value)

48.97(0.0000)

Cook —Wesberg for heteroscedacity chi2 (1)=0.66 pvalue 0.4164.

Mean VIF =3.0.

Ramsey reset Test F(3, 205)=0.368 p-value 0.5652.
Note: Single, double and triple asterisks (*) denote significance at the 10, 5 and 1 percent level, respectively.
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Fig. 1. Conceptual framework (adapted from Reardon and Vosti, 1995)
Fig. 2. Map of the study area

Fig.3. The income shares by size of agricultural land
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