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In developing countries where data and resources are lacking, the practical relevance
of local ecological knowledge (LEK) to expand our understanding of the environment,
has been highlighted. The potential roles of the LEK varies from direct applications
such as gathering environmental information to a more participative involvement of
the community in the management of resources they depend on. Fishers’ LEK could
therefore be useful in order to obtain information on how to advance management of
coastal fisheries. Many targeted fish species migrate between habitats to feed, spawn
or recruit, connecting important habitats within the seascape. LEK could help provide
answers to questions related to this connectivity and the identification of fish habitat
use, and migrations for species and areas where such knowledge is scarce. Here
we assess fishers’ LEK on connectivity between multiple habitats within a tropical
seascape, investigate the differences in LEK among fisher groups and the coherence
between LEK and conventional scientific knowledge (CSK). The study was conducted
in 2017 in Zanzibar, Tanzania, a tropical developing country. One hundred and thirty-
five semi-structured interviews were conducted in six different locations focusing on
fish migrations, and matching photos of fish and habitats. Differences between fisher
groups were found, where fishers traveling further, exposed to multiple habitats, and
who fish with multiple gears had a greater knowledge of connectivity patterns within the
seascape than those that fish locally, in single habitats and with just one type of gear.
A high degree of overlap in LEK and CSK was found, highlighting the potential benefits
of a collaboration between scientists and fishers, and the use of LEK as complementary
information in the management of small-scale fisheries.

Keywords: small-scale fisheries, seascape, fish migrations, data-poor, participatory research, coral reef,
mangrove, seagrass

INTRODUCTION

Small-scale fisheries are critically important for the provision of food security and sustained
livelihoods, especially in developing tropical countries (FAO, 2012; Unsworth et al., 2018b).
However, many marine coastal systems are intensely and synergistically affected by human activities
and fish stocks have declined globally at an alarming rate, calling for management actions
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(Pauly and Zeller, 2016). Many fisheries appear to be failing
in achieving yields or conservation goals where healthier
oceans supporting more fish, feeding more people, and
improving livelihoods are prioritized (Karr et al, 2017;
Unsworth et al., 2018a).

Within the marine conservation community there is
considerable interest in combining local and scientific knowledge
to achieve management objectives. However, few studies have
examined the merits and caveats of local ecological knowledge
(LEK) or have shown how combining both knowledge systems
would result in better management outcomes (Hamilton et al.,
2012). In developing countries, where data and resources often
are lacking, authors have highlighted the practical relevance of
LEK in order to obtain useful information (Taylor et al., 2011;
Silvano and Begossi, 2012; Thornton and Scheer, 2012). Since
biologists do not always have the means or funds of gathering
knowledge on ecological systems directly, the classical approach
to management of natural resources, which is solely based on
scientific knowledge, is destined to be unsuccessful (Davis and
Ruddle, 2010). Although rare, examples suggest that the inclusion
of LEK and the involvement of local fishers, increases the chances
of success (Ruddle, 1995; Shephard et al., 2007; Nenadovic et al.,
2012). Conventional scientific knowledge (CSK) is gained from
data collected according to a scientific design and theoretically
interpreted (Mackinson, 2001; Gaspare et al., 2015). LEK, on the
other hand, is accumulated over one’s lifetime from observations
and hands-on experience in interacting with ecological systems
and utilizing natural resources for one’s livelihood (Olsson and
Folke, 2001). Another aspect of LEK, which can also be denoted
as indigenous or traditional ecological knowledge (IEK or TEK),
is that it is also a cumulative body of knowledge that transcends
generations, through cultural transmission and can often be
associated with elders within the local community (Berkes
et al., 2000; Johannes et al., 2000; Garcia-Quijano, 2007; Davis
and Ruddle, 2010). Fishers can provide novel information on
the biology and ecology of species and help answer questions
related to the identification of fish habitat use, nursery areas and
migrations of species where such knowledge is scarce (Begossi
et al,, 2016). Le Fur et al. (2011) demonstrated that fishers in
West Africa were able, collectively, to develop maps of nursery
locations including specific details for each estuary. Moreover,
fishers identified periods during which mature adults migrated
toward spawning grounds and periods of juvenile recruitment.
This information is crucial in fisheries management and can also
be used in the establishment of marine protected areas (MPAs),
particularly to determine the location and size of protection to
maximize conservation, biodiversity, and fishery benefits. LEK
was also compared with scientifically gathered data showing that
the two data sets were similar (Le Fur et al., 2011), highlighting
collaboration between scientists and fishermen and the use of
LEK as complementary information.

Tropical seascapes are comprised of a mosaic of habitats
including mangroves, seagrass meadows, macroalgal beds and
coral reefs (Ogden, 1988). Many coral reef fishes, targeted by
the local fishers, migrate to seagrass and mangrove areas to feed
during dusk or dawn or during tidal fluctuations (Dorenbosch
et al., 2004; Figure 1a; Unsworth et al., 2007). Similarly, many

fishes utilize these adjacent habitats as nursery areas before
migrating to coral reefs as adults (Berkstrom et al., 2013a;
Figure 1b). These migrations transfer nutrients and energy
between the ecosystems within the seascape and contribute
to a shifting biomass that accumulates within the organisms
throughout their different life stages (Berkstrom et al., 2012;
Hyndes et al., 2014). Several species also undergo reproductive
migrations, gathering in large schools in spawning areas
(Claydon, 2004). The connectivity between different habitats
where the species cover their full life cycle is important for the
replenishment of fish stocks and the provisioning of ecosystem
services vital to local human populations. Research on seascape
connectivity suggests that connectivity can effectively increase the
resilience of marine ecosystem functions and services (Mumby,
2006; Olds et al., 2013) and has recently been highlighted as
important in the management of aquatic resources (Berkstrom
et al., 2012; Nagelkerken et al., 2015; Sheaves et al., 2015; Olds
et al., 2016). Although the tropical seascape supports a high
biomass of fish in total, species-specific biomass is relatively low,
causing artisanal fisheries to target several fish species by using
many types of gears (Garcia-Quijano, 2015). Tropical fishers
have thus adapted to this by incorporating different fishing
methods across local habitats in order to try and maintain high
levels of yields. Also, with fish stocks depleting, fishers have
to move further to exploit more productive fishing grounds
(Garcia-Quijano, 2007). Since LEK is acquired by an individual’s
hands-on-experience and observations of the environment in
which they work, heterogeneity of ecological knowledge between
fishers can arise between different groups of fishers (Crona,
2006; Crona and Bodin, 2006). Furthermore, Davis and Wagner
(2003) highlighted the importance of identifying “experts” when
researching LEK, in order to be able to use the most reliable and
comprehensive LEK in fisheries management. The present study
therefore sets out to distinguish whether there are differences in
LEK between different groups of fishers that: (i) utilize single and
multiple habitats, (ii) fish locally (within 5 km of their village) or
distantly (>5 km away from their village), (iii) use different types
of fishing gears, and (iv) fish in ancestral fishing grounds or not.
Furthermore, LEK is compared with CSK on connectivity from
the same area. It is hypothesized that fishers utilizing multiple
habitats, move to fish, use multiple gears and fish in ancestral
fishing grounds will have more comprehensive LEK than those
that fish in single habitats, fish locally, use single gears and fish in
non-ancestral fishing grounds.

MATERIALS AND METHODS
Study Area

The study was conducted on Unguja Island within the Zanzibar
archipelago, Tanzania, off the coast of East Africa. It is the main
island of the archipelago and is most commonly referred to
as Zanzibar. Zanzibar is surrounded by rich marine resources
from the Western Indian Ocean (WIO), where small-scale
artisanal fishing and tourism take place. The fishery applies
a variety of fishing techniques targeting a large number of
species (Jiddawi and Ohman, 2002). The tropical seascape around
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FIGURE 1 | Schematic illustration adopted from Berkstrom (2012) showing (a) dial and tidal foraging migrations between coral reef, macroalgae, seagrass, and
mangrove habitats and (b) ontogenetic migration of juvenile coral reef fish between the above-mentioned habitats within tropical seascapes. Image symbol courtesy

of the Integration and Application Network, University of Maryland and Stina Tano.

Zanzibar is comprised of multiple habitats including mangrove
forests, seagrass meadows, macroalgal beds, and coral reefs
(Berkstrom et al., 2012; Khamis et al., 2017). It experiences
large tidal fluctuations of up to 4m and is subjected to the
northeast (kaskazi) and the southeast (kusi) monsoon seasons
(McClanahan, 1988). The study was conducted in six locations:
two sites located in the north-west part of the island, two sites in
Menai Bay, the south-west part of the island and two sites on the
eastern side of the island (Figure 2).

Data Collection

Data on LEK was collected through semi-structured interviews
with local fishers between September and November 2017. The
interviews were conducted in Uroa, Ungunja Ukuu, Paje, Fumba,
Nungwi, and Makoba (Figure 2). Fumba and Unguja Ukuu were
chosen because both these locations are situated in Menai Bay,
where scientific information on connectivity has previously been
collected (Berkstrom et al., 2012; Berkstrom et al., 2013b; Tano
et al., 2017). These areas were also chosen because they are
comprised of multiple habitats (mangroves, seagrass, macroalgae,
and coral reef).

A questionnaire was used for gathering information from
local fishers. Interviews were conducted in Kiswahili via an
interpreter and after conducting interviews in each village the
answers were translated to English by the same interpreter. For
each site, a beach recorder was used to find fishers willing to
be interviewed. A minimum of 20 interviews were performed at
each site. First, questions were asked to gather the demographics
of the respondents. Second, questions were asked to gather data
on LEK about habitat use and connectivity of selected species
of fish. Three general questions regarding different types of
fish migrations between habitats (diurnal/feeding, spawning, and

ontogenetic) were asked. This section also contained pictures
of fish species (juveniles and adults) and different habitats for
the respondent to match the fish species to the habitats in
which they are found. An array of fish species was included
that either use single or multiple habitats. Toward the end,
an open dialogue was held to better understand the level of
ecological knowledge that the respondent possessed. Lastly,
respondents were asked how they gained their knowledge that
they demonstrated in the interview.

Data Description

There were four variables of interest; type of fisher (local or
distant), habitat usage (single or multiple), ancestry (if forefathers
fished in the area), and gear usage. Based on the distance
they moved to fishing grounds, fishers were classified as either
local (<5 km), or distant (>5 km). Ancestry described if the
respondents have been fishing in an area for generations or are
new to the area. Gear usage was divided into five categories:
multiple gears and the individual single gears dema traps,
handlines, nets, and spears/sticks. Fishers that used either drag
nets, seine nets, gill nets or mosquito nets or a combination of
nets were classified under the general term “nets.” Fishers were
also classified as either using a single habitat to fish in or multiple
habitats to fish in. Fishers who said that they used multiple
habitats, but where the second habitat was “open ocean” were
changed to single habitat users.

Connectivity knowledge was assessed by asking three
questions regarding diurnal/feeding, ontogenetic and spawning
migrations. Respondents were asked if they knew of fish that
move between habitats to feed, spawn or live in as juveniles, and
were also asked to give examples. The more “yes” answers to the
three questions represented a higher knowledge on connectivity
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FIGURE 2 | Map of Zanzibar off the east coast of Tanzania. The locations of
the six sites, where interviews were conducted, are indicated with red
markers.

and were scored (0-3). A score of “0” represented that all three
questions were answered with a “no.”

Ecological data on habitat use and connectivity by fish in
Menai Bay (Berkstrom et al., 2012, 2013b; Tano et al., 2017) was
used to compare CSK data with LEK data by local fishers. Four
habitats within the tropical seascape were in focus: (1) coral reefs,
(2) seagrass meadows, (3) macroagal beds, and (4) mangroves.
However, it was challenging to be certain that the local fishers
were distinguishing between seagrass and macroalgae, therefore
the two habitats were combined and referred to as submerged
aquatic vegetation (SAV). Habitat scores were allocated to each
fish species, which corresponded to the number of habitats used
by each fish species. LEK habitat scores represented that of which
the fishers were aware of and CSK habitat scores represented
that of which the scientific community were aware of. Mean LEK
habitat score was calculated for each fish species by averaging all
the respondent’s answers for each fish species. The total number
of fishers that mentioned that a particular fish species was present
in one of the three habitats (coral, SAV, and mangrove) was also
recorded. If more than 25% of fishers stated that a particular fish
species was seen in a habitat, then that fish species was deemed
to occur there. The fish species might occur in that habitat if 10-
25% of fishers stated that they do. If less than 10% of fishers stated

that they do occur, they were deemed not to occur there. In order
to verify that the LEK data for habitat score can be counted on,
an index of inaccuracy was created (Supplementary Figure S1).

Data Analysis

Difference in LEK scores between type of fisher, fisher’s habitat
usage and gear choice were analyzed with permutational
multivariate analysis of variance (PERMANOVA). The
assumptions of normality were not met so data was fourth
root transformed. The PERMANOVA was performed on
unbalanced data, although PERMANOVAs are robust in dealing
with unbalanced data (Anderson, 2001). However, to make sure
that differences found were not due to unbalanced data, data
points were randomly taken out by using the “RANDBETWEEN
(1;135)” function in Excel to get equal data sets for the
different groups of fishers. PERMANOVA tests were rerun
with the reduced, equal sample sizes. The results were similar,
confirming that all of the data could be used in the analysis.
The PERMANOVA test was performed using 999 permutations
under a reduced model. A non-metric multi-dimensional scaling
(nMDS) ordination with Euclidean dissimilarity index was
performed in order to see patterns in the multivariable data.
A Wilcoxon signed-rank test with continuity correction was used
to compare the differences between the mean habitat scores for
the different knowledge sources (CSK and LEK) and the different
subcategories of LEK (migratory and local fishers, multiple, and
single habitat users).

RESULTS

Demographics

In total, 135 fishers were interviewed. The respondents were
all male and between the ages of 17 and 75 years. On average,
there were more respondents in the age class 25-34 years of
age. Eighty-four percent of respondents had a formal educational
background, whether it was primary education (23%), secondary
education (59%), or tertiary education (2%). Most of the
respondents had children (74%) and out of those respondents;
1-3 children (41%), 4-6 children (31%), or 7+ children (28%).
For fishing gear, handlines and nets were more commonly used
by fishers, as well as combinations of different fishing gears. Out
of the total number of respondents, there were more fishers that
utilized multiple habitats (n = 101) than a single habitat (n = 21).
There were also more fishers that fished in non-local fishing
grounds (i.e., distant fishers, n = 72) than fishers that fished locally
(n = 50). Respondents’ knowledge of their environment was
gained mainly through: hands-on experience (63%), experienced
and shared knowledge (29%), and fishing seminars and formal
education (8%) (Figure 3).

Differences in LEK Between Fishers

There were differences between fishers with regards to type
of fisher (distant/local), habitat usage (single/multiple), and
gear usage. More than half of the respondents received the
highest LEK score that can be allocated. There were significant
differences in LEK scores between multiple and single habitat
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FIGURE 3 | Venn diagram showing the methods of knowledge acquisition on fish ecology/biology by fishers.

TABLE 1 | A PERMANOVA table based on Euclidean dissimilarity for LEK data between different groups of fishers in Zanzibar, Tanzania.

Source df SS MS Pseudo-F P (perm)
Type of fisher 1 2.3109 2.3109 3.7768 0.061
Habitat usage 1 8.8271 8.8271 14.427 0.005*
Ancestry 1 0.3725 0.3725 0.6087 0.64
Gear usage 4 9.0053 2.2513 3.6794 0.027*
Type of fisher x Habitat usage 1 0.9987 0.9987 1.6322 0.248
Type of fisher x Ancestry 1 0.0846 0.0846 0.1383 0.935
Type of fisher x Gear usage 4 2.856 0.7140 1.1669 0.387
Habitat usage x Ancestry 1 0.6709 0.6709 1.0964 0.393
Habitat usage x Gear usage 4 3.21 0.8025 1.3116 0.326
Ancestry x Gear usage 4 1.9333 0.4833 0.7899 0.672
Type of fisher x Habitat usage x Ancestry 1 0.7874 0.7874 1.2869 0.317
Type of fisher x Habitat usage x Gear usage 4 2.7932 0.6983 1.1412 0.406
Type of fisher x Ancestry x Gear usage 4 2.6206 0.6551 1.0707 0.469
Habitat usage x Ancestry x Gear usage 4 1.9482 0.4871 0.7960 0.651
Res 4 2.4475 0.6118

Total 39 40.866

* indicates significance.

users [F(139) = 14.427; p = 0.005] and between fishers using
different gears [F(4,39) = 3.679; p = 0.027, Table 1]. On average,
fishers using single habitats had higher LEK scores than those
fishing in multiple habitats. Dema trap fishers had the lowest
LEK scores, whereas the other fishing gear users had similar LEK
scores. Local fishers generally had higher LEK scores compared
to distant fishers, however there was no significant difference
found between the two types of fishers [F(; 39) = 3.777; p = 0.061,
Table 1]. There was no significant difference found for ancestry
[F(1,39) = 0.609; p = 0.64] and no interactions were found between
the different variables (Table 1). On average, fishers knew less
about spawning migrations compared to diurnal and ontogenetic
migrations. A similar trend was seen across the different types of
fishers, habitat usage, ancestry and gear usage.

Differences in LEK and CSK

There were significant differences found between CSK and LEK
(Table 2). On average, CSK had higher habitat scores than LEK
(Supplementary Table S1). There was a significant difference

between CSK and LEK in multiple, single, local, and distant
fishers (Table 2). It was also found that distant fishers had higher
scores than local fishers and that multiple habitat users had higher
scores than single habitat users (Table 2).

Local ecological knowledge and Conventional scientific
knowledge corresponded with each other regarding the fish

TABLE 2 | A table showing results from a Wilcoxon signed-rank test with
continuity correction comparing mean habitat scores between local ecological
knowledge (LEK) and conventional science knowledge (CSK).

Source V-value p-value
CSK vs. LEK 1101.5 1.425¢~97
CSK vs. LEK (Local) 1141.5 1.408¢~ 98
CSK vs. LEK (Migratory) 1050 2.204¢~ %6
CSK vs. LEK (Multiple) 1087 3.164e~ 97
CSK vs. LEK (Single) 1123 4.143¢708
CSK (Local) vs. LEK (Migratory) 66 8.851¢ %8
CSK (Multiple) vs. LEK (Single) 390 0.0428
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FIGURE 4 | Pie chart depicting the relation between LEK and CSK regarding
fish habitat use. The habitats that are used by different species of fish data
obtained from scientific literature (CSK) (Berkstrom et al., 2012; Tano et al.,
2017) compared with that obtained from interviewing local fishers (LEK) in
Zanzibar, Tanzania. Fishers were shown pictures of different fish species and
different habitats, and were asked to point to habitats that each individual fish
species were found in. C, corals; SAV, submerged aquatic vegetation; M,
mangroves. “CSK M” refers to scientific data regarding the mangrove habitat,
“LEK SAV” refers to local fisher’s data regarding the SAV habitat. “All different”
means that more than one LEK habitat did not match the CSK habitats.

species that utilized coral reef habitats (Figure 4). LEK stated
that SAV habitats were utilized by all the fish species that
were shown, which did not correspond to CSK for some of
the fish species. Most of the species that occur in mangroves,
known by CSK, did not correspond with LEK (Figure 4).
However, for the fish species Sphyraena flavicauda (barracuda)
both CSK and LEK stated that it occurred in mangroves
(Supplementary Table S1).

DISCUSSION

A large majority of fishers demonstrated high knowledge of
fish migrations between various habitats around Zanzibar.
Knowledge on feeding and ontogenetic migrations were the
highest while less was known about spawning migrations. At
least half of the fishers had similar knowledge about connectivity
as that of scientists. However, LEK on connectivity, differed
between different groups of fishers. To our knowledge, this
is one of the first studies to specifically assess fishers LEK
on connectivity between multiple habitats within a tropical
seascape. However, other studies have touched upon the topic
of connectivity related to spawning migrations (Robinson et al.,
2004; Silvano et al., 2006), fish habitat use (Garcia-Quijano,
2007; Valdés-Pizzini and Garcia-Quijano, 2009; Silvano et al.,
2010; Gaspare et al., 2015), and comparison of habitat maps
created by local fishers with satellite images (Aswani and Lauer,
2006b; Aswani and Vaccaro, 2008; Lauer and Aswani, 2008, 2010;
Selgrath et al., 2016). The results from the present study may
be highly valuable due to the lack of studies from Africa, with
only 2-8% of the published articles on marine LEK from this
region (Thornton and Scheer, 2012). The majority of studies
have focused on North America and Oceania. Furthermore,
tropical seascapes have a high diversity of target species

for which the biological and ecological knowledge is limited
(Silvano et al., 2006).

Differences in LEK Between Fishers
Overall, there were differences between all of the fisher groups
except for those that fish in ancestral fishing grounds or not.
When asked whether fish migrate to feed, spawn or during
ontogeny, significant differences in LEK were found between
fishers that fish in multiple and single habitats, and between
fishers that use different types of gears. In contrast to what
was hypothesized, single habitat users had higher LEK scores,
meaning they knew more about fish migrations, than that of
multiple habitat users. It was thought that multiple habitat users
would have greater knowledge on seascape connectivity than
single users, due to the fishers interacting with many different
habitats within the seascape when fishing and at the same time
developing localized knowledge based on those interactions,
experiences, and observations. A possible reason for this result
may be due to social intergroup dynamics, where ecological
knowledge on fish migrations and fishers’ own experiences might
be shared freely between the two different groups. Crona and
Bodin (2006) found that fishers, despite fishing in different areas,
had similar knowledge to each other due to frequent relations.
However, at a more detailed level, multiple habitat users did
have on average a greater knowledge of fish habitat usage than
single habitat users when asked to match photos of individual
fish species with photos of habitats. Even though the knowledge
is shared between the two groups of fishers, the knowledge that
is conveyed might consist of general behaviors of fish rather
than detailed information on fish ecology, which may explain
observed differences. A similar consensus can be seen in fishers
that are grouped by fishing gears used. Fishers fishing with basket
traps (dema) on average knew the least about fish migrations,
which may be explained by the nature of how the fishing gear
is utilized. Fishers can have a minimum of 5 basket traps and
a maximum of 10 basket traps left at different sites in an area
for long hours in order to increase catch probability (Jiddawi
and Ohman, 2002). Since this method of fishing allows fishers
to leave the trap at a particular time and then return to the
trap after a few hours, fishers might not be very observant of
fish behaviors during this period, unlike fishers that use gears
that require the fisher to be present and vigilant at all times
during the fishing period (e.g., fishers that use nets, handlines,
spear/sticks and a combination of gears). Furthermore, handline
and multiple gear fishers typically catch coral reef dwelling fishes
that also utilize multiple habitats, e.g., fishes from the family
Lutjanidae and Lethrinidae (Jiddawi and Ohman, 2002) and
may therefore have a greater knowledge on the ecology of these
families. A similar result was reported by Crona (2006), where
groups of fishers were distinct from each other based on the type
of gear that was utilized. Deep-sea fishers and seine-net fishers
had the broadest concept on fish migrations, and in extension
seine-net fishers also acknowledged the population dynamics of
sea urchins, declining seagrass meadows and fish abundances
(Crona, 2006).

When asked general questions about fish migrations, there
were no significant differences found between fishers that fished
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locally and distantly, and those who fished in ancestral fishing
grounds and those who did not. However, when asked to
match photos of fish species with habitats in which they are
found, significant differences were found between local, and
distant fishers. As hypothesized, distant fishers knew more
about connectivity, in terms of fish migrations, than local
fishers on this more detailed level. This is in accordance
with Crona and Bodin (2006), who also found that distant
fishers were the most knowledgeable. This may be explained
by distant fishers moving from one seascape to another,
acquiring information on more fish species with varying habitat
requirements compared to fishers that are more restricted to
areas adjacent to their villages (Jiddawi and Ohman, 2002).
Their experience of interacting with these multiple seascapes
in different areas and with the fish species could add to their
knowledge on fish ecology and on connectivity in general. On
the other hand, this may differ in different seascape settings
depending on which habitats are available within the local
fishing grounds. If all habitats are present within the local
fishing grounds, local fishers may be expected to acquire a
deeper knowledge on connectivity than distant fishers since
they spend more fishing time within their local seascape and
less time traveling.

Tropical fish migrations occur on a daily, seasonal or
annual basis and within an individual fisher’s lifetime
(Berkstrom et al., 2012). Hence, the result of having no difference
found between fishers that fished in ancestral fishing grounds
and those who did not may be due to fishers observing the
different types of migrations (diurnal/feeding, spawning, and
ontogenetic) that fish undergo over their lifetime and do not
necessarily depend on ancestral knowledge to know whether
fish migrate or not.

Differences in LEK and CSK

Since conventional science is currently the presiding
epistemological knowledge system that is widely used in
resource management plans (Davis and Ruddle, 2010), LEK
on connectivity was compared with CSK from the same
area. CSK was collected in Zanzibar by scientists during a
number of field trips where fish communities and habitats
were studied directly during diving and snorkeling excursions
(Berkstrom et al., 2012; Berkstrom et al., 2013b; Tano et al.,
2017). LEK was found to correspond with CSK in 50% of the
respondents’ answers, while LEK and CSK were completely
different in only 8% of answers. This indicates that, even
though there was a significant difference found between
the two different epistemological knowledge systems due to
the different approaches of acquiring ecological knowledge,
both LEK and CSK can be used to complement each other.
This was in accordance with other studies comparing LEK
and CSK on fish biology and ecology in Tanzania (Gaspare
et al., 2015), Brazil (Silvano et al., 2006, 2010; Silvano and
Begossi, 2012; Begossi et al., 2016; Lima et al.,, 2017), and the
Philippines (Selgrath et al, 2016). Multiple research papers
advocate that local knowledge should be used in conjunction
with scientific knowledge (Berkes et al., 2000; Johannes et al.,
2000; Garcia-Quijano, 2015). However, Davis and Ruddle (2010)

emphasized the point that LEK needs to be assessed for
accuracy and validated with CSK. In the present study, the
main discrepancy was between LEK and CSK on fish in
mangrove habitats for 25% of the fish species. For these, LEK
indicated that fish did not use mangrove habitats while CSK
indicated that they did. This discrepancy may be explained
by the fact that none of the fishers that were interviewed
actively fished in mangrove habitats. Fishers would not have
had observational experience with mangrove dwelling or
migratory fishes and hence reflecting the lack of knowledge
regarding this habitat. As Garcia-Quijano (2007) stated:
“fishers’ knowledge and experience are based on thousands
of hours “sampling” local ecosystems with their fishing gear”
and hence the lack of connectivity knowledge in mangrove
habitats is likely due to the lack of “sampling” this habitat with
their fishing gear.

Regarding SAV habitats (seagrass and macroalgae), LEK stated
that fish utilized SAV habitats and CSK stated the opposite for
17% of the fish species. This may be due to fishers grouping
seagrass and macroalgae together under the general idea that
they are vegetation growing underwater and not distinguishing
between the two. Furthermore, scientific surveys of fish in
the seascape are likely to underestimate the number of fish
species present due to field sampling only capturing a snapshot
in time. For the fish species Gerres oyena (common silver-
biddy), fishers overwhelmingly underscored the habitats that
this particular fish uses, due to majority of fishers indicating
that this particular species used sand habitats as its primary
habitat. Although Berkstrom et al. (2012, 2013b) and Tano et al.
(2017) (from which the scientific fish data was taken) only
looked at fish species that utilized coral, seagrass, macroalgae
and/or mangrove habitats, Allen and Erdmann (2012) concurred
that common silver-biddy do indeed utilize sandy bottoms in
sheltered waters near coral reefs. The fishers also indicated
that the species might occur in coral and SAV habitats,
which was similar to that of CSK stating that they do occur
in those habitats.

Combining LEK and CSK for Natural

Resource Management

Tropical local resource users are constantly feeling the
ramifications of increased anthropogenic pressures on the
tropical seascape and are experiencing decreased fish stocks
and catching smaller sized fish (Jiddawi and Ohman, 2002).
Fisheries management is, however, complex and often lacks
accurate and viable data due to the costs and inaccessibility of
areas to biologists (Garcia-Quijano, 2015). The present study
highlighted that local resource users are knowledgeable in
ecological processes and more importantly are familiar with
fish migrations and the key habitats that different species of
fish utilize, which could be used in fisheries and seascape
management as well as providing valuable information for the
design of MPAs. Information on fish connectivity within the
seascape will facilitate in the siting of MPAs, which habitats
to include, and what size and spacing is needed to maintain
healthy fish populations (Johannes et al., 2000). A few studies
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in Turks and Caicos Islands (Close and Brent Hall, 2006) and
in the Solomon Islands (Aswani and Lauer, 2006a,b; Lauer and
Aswani, 2008) have coupled LEK and benthic mapping with
a geographical information system (GIS) to aid in fisheries
management and the implementation of MPAs. Aswani and
Lauer (2006a) showed how indigenous people assisted in the
design of MPAs by identifying marine habitats and related
resident taxa on aerial photos which were then incorporated
into a GIS database along with dive surveys from the same area.
Converting fishers’ knowledge and socioecological behavior
into geo-spatial data, aids in designing and implementing
resource management strategies in a cost-effective and
participatory way, bridging the gap between LEK and CSK
(Aswani and Lauer, 2006b).

Although some progress toward the inclusion of LEK
and bottom-up management systems have occurred, fishers’
knowledge has long been ignored by scientists, policy-makers,
and governance institutions (Hind, 2015). Some of this lack
of inclusion is likely an issue of utility. Natural scientists
have found it difficult to integrate a knowledge culture,
which is often qualitative and in non-standard format and
different from their own (Soto, 2006). However, Valdés-
Pizzini and Garcia-Quijano (2009) showed that Puerto Rican
fishers think in the same ecological way as fisheries scientists
and managers by coupling fish species to different habitats.
Furthermore, Begossi et al. (2016) found that fishers in Brazil
classify fish taxonomy by the generic level and in a similar
hierarchical fashion as that of scientist, analogous to the
Linnean classification of genus. The fishers were also able to
give detailed knowledge on fish diets, facilitating scientists
with gaps in food-web ecology. Similarly, the fishers in the
present study demonstrated relevant ecological knowledge by
matching fish species to habitats and acknowledging fish
migrations. As fisheries science and management evolve,
current perceptions about fishers’ knowledge and their role
in this area need to change (Baelde, 2007). LEK may not
only fill scientific knowledge gaps, complementing CSK, but
also contribute to higher success in fisheries management
by making local resource users feel important and included
in the process. The inclusion of LEK can also improve
the political position of small-scale fishers which is often
a disadvantaged stakeholder group for access to coastal
resources (Garcia-Quijano, 2007). Carmack and Macdonald
(2008) argued that where focus and scale of inquiry is the
same, collaborative research should take science and LEK
as equals. This “conscience” approach assumes that both
CSK and LEK is valid within its own set of rules and
neither replaces the other. In this way the joint enquiry
will have a joint focus on what is important for the local
natural resource users.

In conclusion, it was deemed that the local fishers of
Zanzibar had a high knowledge of connectivity which led
more toward a general understanding of connectivity than an
in-depth knowledge of connectivity, which scientists possess.
However, the knowledge that local users possess (LEK) would
aid fisheries management with valuable information regarding
fish ecology and behaviors when used in conjunction with

the knowledge gained from scientists (CSK). Results suggest
differences between fisher groups, where fishers traveling further,
exposed to multiple habitats, and fish with multiple gears
have a greater knowledge on connectivity patterns within the
seascape than those that fish locally, in single habitats and
with just one type of gear. This should be recognized when
finding “experts” within the local fishing community to consult
in fisheries management. We suggest that a co-management
approach to devising and implementing management proposals
that incorporates both epistemological knowledge systems
of LEK and CSK regarding seascape connectivity, would
increase the effectiveness of natural resource management in
aquatic environments.
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