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The baseline for what is ‘pristine’ or ‘healthy’ ecosystem shifts over time with each new generation in a
phenomenon known as ‘shifting baseline syndrome’. The syndrome is particularly important in moni-
toring and restoration of depleted ecosystems, as such systems often suffer from lack of baseline data on
their former pristine state. In this study, 350 shermen selected randomly from seven sh-landing sites
in Tanga, Tanzania, were interviewed for their insights and perceptions on changes in catch size, shery
stock, condition of current shing grounds, and the number and type of affected groups or species. The
majority of shermen (73%) belonging to older age group perceived that the current size of the sh catch
has declined drastically, while only 47% and 19% from the middle and younger age groups, respectively,
share the view. The number of shing grounds identi ed as depleted differed signi cantly among the
three generations of shermen (Kruskal Wallis, c? .. 135.689, d.f ... 2, p < 0.001), with old, middle-aged
and young citing 9, 5 and 2 species, respectively. Additionally, there is signi cant difference in the
number of shing grounds cited as degraded among the three age groups (p < 0.001). Evidence for
decline, mostly from old and middle-aged groups, was also revealed by increasing number of sh species
with undesirable characteristics such as toughness of meat and unpleasant avour, which shermen
used to discard to the sea in the past. In areas where long-term ecological data are missing, shermen’s
local knowledge accumulated over time can reveal modi ed ecosystems thus recognising temporal scale
of problems facing marine sheries.

2014 Elsevier Ltd. All rights reserved.

1. Introduction In the past decade, research works that focused on under-

standing the past status of ecosystems and their perceived health

Ecological changes are generally a long-term trend and each
new generation of scientists and general public alike fail to recog-
nise the changes that have taken place over time. As such, each new
generation collectively adopts this pervasive perspective, and
therefore we lose track of the inexorable degradation of the native
ecosystems (Jackson and Jacquet, 2011; Silvertown et al., 2010).
Pauly (1995) says that environmental baselines ‘shift’ over gener-
ations. This is due to the fact each successive generation calibrates
its assessment of environmental ‘health’ via its rst association
with it, and as ecosystems change so do environmental baselines
among society (Kittinger et al., 2011; Lotze and McClenachan,
2013). A baseline is a given set of conditions against which subse-
quent change is measured (Alagona et al., 2012).
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condition increased markedly. Such works can be broadly divided
into two: paleobiological studies that help reconstruct the deep
historical roots and globally accelerating rates of shifting baseline
under the pressure of exploitation (e.g. Jackson et al., 2001; Pandol
et al,, 2003) and historical ecological studies employing interviews
and analyse human perceptions to caution the future generations of
the risks in degrading the ecosystems (e.g. Bunce et al.,, 2008;
Séenz-Arroyo et al., 2005).

In coastal and marine ecosystems, for instance, paleobiological
and ecological studies have examined the current number of
predatory sh species relative to their pre-industrial stock levels
(Myers and Worm, 2005), population declines (Dulvy et al., 2003),
loss of marine sh diversity (Hutchings and Reynolds, 2004), cur-
rent biomass of large sh (Jennings and Blanchard, 2004), and more
generally, temporal change in abundance, life history and demog-
raphy (Hutchings and Baum, 2005). Studies that consider the local
knowledge of shermen largely through interviews were initially
carried out in developing world (e.g. Ainsworth et al., 2008),
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although additional examples that consider the use of time-series
and archives are from the developed world (e.g. Guénette and
Gascuel, 2012). Interview-based studies have proved useful to un-
derstand the magnitude and under-perception of ecosystem
changes (Turvey et al., 2010). Besides, historical photographs, re-
cords of sh catch, and archaeological records help understand the
historical ecological conditions where information is lacking
(Saenz-Arroyo et al., 2006).

Scholarly works show that the baseline of today’s ‘pristine’
ecosystem is very different from that available over hundreds of
years ago (Jung et al., 2011; Pinnegar and Engelhard, 2008). It shifts
through time with each new generation, in a phenomenon known
as ‘shifting baseline syndrome’ (SBS) (Pauly, 1995). For example,
Saenz-Arroyo et al. (2005) through interviews found that the
largest groupers caught by older shermen in the 1940s averaged
between 80 and 90 kg, whereas those caught by younger shermen
in the 1990s averaged 60e70 kg. Similarly, in a study of a traditional

shery on coral reefs on Rodriguez Island in the Indian Ocean, older

shermen remembered catching about three times more and ve
times larger groupers than younger shermen (Bunce et al., 2008).
SBS may be attributed to faulty memory, psychological bias, short
life span (Papworth et al., 2009). Other published studies show that
more often most of the changes occurred before human beings
were there to see them or could record relevant data (McClenachan,
2009).

In sheries science, SBS has received during the past two de-
cades an increased scienti c recognition (Baum and Myers, 2004;
Roberts, 2003) as it highlights the importance of using sher-
men’s knowledge (Thornton and Scheer, 2012) to supplement
conventional management tools, which are reported to have failed
to reverse the declining shery (Pita et al., 2010). Given the widely
accepted SBS phenomenon, many scientists call for a thorough
understanding of the evidence provided by shermen (Carr and
Heyman, 2012), which, in most cases, is viewed as anecdotal lack-
ing rigour.

Although shermen’s knowledge and experience have often
been raised in policy debates on coastal resource management
(Daw, 2010), little empirical evidence is available to validate such
arguments (Ainsworth et al., 2008). However, in this context, ap-
proaches typically used in SBS studies may not be suf cient, since
perceptions and cognition have emotional dimensions; thus, the
responses may not necessarily re ect the true status of the marine
ecosystems. Yet, lack of formal approaches in sheries science in
dealing with early accounts such as large catches, stock size and
species composition, as well as relationships of trust between

shermen groups (Saenz-Arroyo et al., 2005) necessitate the need
to develop a framework that would incorporate knowledge of
historical ecological condition of these natural resources, which in
many cases may be anecdotal in character. Hence, maximising the
use of sheries and its related history would not only make it more
reliable in the long run but would also help understand and over-
come at least in part the SBS and therefore allow us to estimate and
evaluate the true social and ecological costs of sheries (Rose et al.,
2011).

In Tanzania, as in many countries of the developing world,
knowledge on biophysical status of coastal systems as well as hu-
man interaction is limited (Van der Elst et al., 2009). Furthermore,
other sources of information such as photographs, articles, and
naturalists’ records, among other sources, which were found useful
in obtaining empirical evidence to demonstrate biological changes
in marine and coastal ecosystems (Lotze and McClenachan, 2013)
are missing. Although a relatively low number of studies have dealt
speci cally with the status of marine sheries resources in Tanzania
(ASCLME, 2012; Jacquet et al., 2010; Masalu et al., 2010), there is
ample evidence of declining sh yields (Jury et al, 2010), and
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Fig. 1. Location of study sites in Tanga Region.

deteriorating conditions of habitats such as coral reefs, mangroves
and seagrass beds (UNEP/CBD, 2013). Given the imprecise and
unreliable data on the status of marine and coastal resources in
Tanzania (Jiddawi and Ohman, 2002; Van der Elst et al., 2009),
attempts to establish a baseline while planning for conservation,
and management measures and initiatives are unlikely to succeed
at present.

The present study intends to contribute to the body of knowl-
edge on SBS by providing an example of a survey consisting of in-
terviews of local shermen as a means to overcome the shortage of
‘traditional’ knowledge on sheries. It was carried out along the
Tanga coastline in north-east Tanzania to systematically capture

shermen’s local knowledge from interviews that were analysed to
generate knowledge on changes occurring in sheries’ ecosystems
over time. Speci cally, the study’ objectives are to establish how
different generations of shermen understand changes in abun-
dance of species and the status of shing grounds and identify the
species that were affected the most and establish how these effects
are manifested.

Tanga region is the northernmost part of the coast of mainland
Tanzania bordering Kenya and has a total area of 26 808 km? (Wells
et al., 2007). Unsustainable use of coastal resources in Tanga region
were identi ed in 1990s, supported by evidence of declining yields
of sh, deteriorating conditions of the coral reefs and continuing
reduction of the area of mangroves and coastal forests (Horrill et al.,
2000; Verheij et al., 2004). However, signs of degradation have
been noticed many decades ago, as highlighted by a study carried
out in 1968 (Samoilys and Kanyange, 2008) making it suitable for
examining the SBS as communities perceptions have been chang-
ing. It is likely that many, most likely gradual, changes went
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unnoticed until the situation became obviously unsustainable
leading to the establishment of Tanga Coastal Zone Conservation
and Development Program (TCZCDP) in 1994 to improve the
integrity of the coastal zone (Makoloweka and Shurcliff, 1997).

2. Materials and methods
2.1 Study areas

The study was conducted in seven sh-landing sites along the
Tanga’s 180-km-long coastline (Fig. 1). The sites are Moa and Kwale
in Mkinga district, Pangani and Kipumbwi in Pangani district,
Kigombe in Muheza district, and Sahare and Deep Sea in Tanga City.
The sites were selected on the basis of speci c criteria (Tashakkori
and Teddlie, 2003). Selection was based on the importance of

sheries activities in the society and the local economy; availability
of important habitats such as coral reefs, mangroves and seagrass
bed, and a long history of extraction of resources to the extent of
destroying sh populations to a certain degree.

Most importantly, the chosen sites have always had good access
to markets of the most highly valued marine products in Tanzania,
especially n sh and lobsters (Marshall et al.,, 2001). Recently,
however, these resources in nearby waters in those sites are both
rare and smaller than they were 20 years ago (Samoilys and
Kanyange, 2008). Furthermore, in those sites, high-value species
of sea cucumbers (such as Holothuria scraba, H. nabilis and H. spi-
nifera), which used to be among the most abundant species up to
the 1980s, show the most marked decline (Wells et al., 2007). Be-
sides, as of January 2011, at least 37 specimens of coelacanth (Lat-
imeria chalumnae), the world’s oldest and enigmatic sh, a ‘living
fossil sh’ classi ed as highly endangered according to CITES-
Annex 1 species, were captured as by-catch in gill netting shery
mainly in the shing areas of Kigombe (UNEP/CBD, 2013). This,
together with other fauna, especially three species of marine tur-
tles, namely, olive ridley (Lepidochelys olivacea); green turtle (Che-
lonia mydas); and hawksbill (Eretmochelys imbricata); marine
mammals such as dugongs and dolphins, shorebirds; and in-
vertebrates such as octopus, molluscs and echinoderms, which at
present appear to decline in availability according to information
given by local shermen, make the selected study sites reasonable
for testing the SBS phenomenon.

While most common occupations especially in the hinterland
areas of Tanga region are subsistence farming and livestock keep-
ing, the coastal inhabitants depend on shing and small-scale
farming, both of which normally overlap. Others are engaged in
trade, shery ancillary jobs such as boat building, salt harvesting
and charcoal making (Harrison, 2010). Fishing is predominantly
male activity in the region despite a few women being involved in
activities such as shing in shallow water for shrimp, processing

sh, and collecting invertebrates such as octopus and molluscs
which normally are consumed locally or sold (Muhando, 2011).

2.2. Data collection

The study replicated the empirical methodology of Saenz-
Arroyo et al. (2005), Bunce et al. (2008), Lozano-Montes et al.
(2008) and, Ainsworth et al. (2008) to quantify local ecological
knowledge of shermen to ascertain trends and changes in envi-
ronmental baselines.

A one-month full-time reconnaissance survey was conducted to
identify potential study sites and collect baseline information that
could help in designing survey questionnaire. This phase involved
semi-structured interviews with 39 head shermen and other in-
dividuals identi ed using a snowballing sampling method
(Bernard, 2006), because of their long-term knowledge and skills in

sheries, ecosystems and community. Also, during this phase, visits
were made to nine shing villages to meet with shermen and
discuss issues related to the study. Informal interviews with sh-
eries of cials were also carried out during this phase.

The primary instruments for data collection were structured
interviews (questionnaires) and focus group discussions (FGD),
both of which were developed following the guidelines drawn by
Bunce et al. (2000). In addition, data were collected from partici-
pant observation and secondary sources. Respondents for this
study included shermen, sheries of cials from Tanga, Muheza
Pangani, and Mkinga districts, as well as individuals from NGOs
dealing with marine resources in Tanga region.

Two FGDs were conducted in each of the study sites with
knowledgeable shermen about sheries in their areas, ecosystems
and community. They were identi ed using snowballing sampling
method (Bernard, 2006). During FGD, participants discussed the
historical ecological conditions of marine sheries and habitats,
generated a list of groups of sh and invertebrates within their
inshore waters, and their perception of the status of Tanga coastal
ecosystems. Furthermore, respected and skilled older shermen
were requested to identify species, e.g., silky shark (Carcharhinus
falciformis), black tip reef shark (Carcharhinus melanopterus), and
whale shark (Rhincodon typus) whose lifecycles and predation
habits mean they could potentially be useful indicators of the
health of the local ecosystems (Dulvy et al., 2003). Discussions were
held in Swabhili. The average number of participants in the FGD was
eight. The venue for discussion was mutually agreed upon in
advance. Although the maximum time allocated for each discussion
was one and a half hour, most meetings ended in an hour. Unfor-
tunately, there were no female participants in FGDs conducted at
Kwale, Pangani and Deep Sea.

Structured questionnaire survey was used to interview a
random sample of 350 shermen from all study sites. The ques-
tionnaire was pre-tested on a pilot group of 20 shermen in Moa
and Sahare before the start of the main survey to improve its
structure and content. At each study site, three clusters of sher-
men by age (young 18e30 years old; middle-aged 31e50 years old;
and old > 50 years old) were selected. In each cluster, 75 shermen
were randomly selected for the interview. At each study site, all
select shermen willing to be interviewed and available on the day
of survey were interviewed. Questions were in Swahili. Interviews,
with open and close-ended questions, were conducted face to face
at locations convenient to the shermen, mainly near the coast
when they had returned from shing, or during repairs and
mending of their gear as well as while preparing their gear for the
next shing trip. In certain cases, some shermen were interviewed
at their homes, or at locations where they rested and socialised. The
number of surveys per shing community ranged from 50 to 80,
depending mainly on the number of shermen in a particular
community, willingness to participate, as well as the in uence of
other factors, such as weather, frequency and access to trans-
portation means to the researcher to the study site.

Amongst other things, survey questions were aimed at gaining
information on shermen’s perception on the decline of shery and
elucidate signs associated with changes in the resources, and the
most important sh species as well as shing grounds they believe
to have been signi cantly depleted by shing during their career
(Bunce et al., 2008). Because of limited information on the known
species, it was worth asking about individual species and aggre-
gates them into families of living marine organisms. Respondents
were also asked to give the probable period of the onset of the
decline of species or group of species (Bunce et al., 2008). The scope
of the study was limited to important commercial species most
likely to have been caught by shermen, including sharks as one of
the most caught species and indicators of ecosystem health. The
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survey resulted in listing a total of 32 families of living marine
organisms.

Fishermen surveyed identi ed sh and invertebrate groups/
families with the help of a standard local sh guide prepared from
identi cation guides by Richmond (2002). The perceptions in
decline of each species held by each age group were subsequently
compared. Furthermore, shermen were speci cally asked to
describe the best catch they ever remembered landing, the largest
animal they ever caught, and the year in which these catches were
made (Saenz-Arroyo et al., 2005). Other questions concerned with

shing technology (e.g. type of boat and shing gear, acceptance of
new technology), description of shing activities, and sheries
resources.

Participant observations included direct observation of sh
catches at the landing sites and in market places at each study site
to better understand shing practices and the dynamics in day-to-
day life of shing communities.

Secondary data for the study was sought from institutions such
as the Division of Fisheries, Tanzania Fisheries Research Institute
(TAFIRI), Tanga Resources Centre, and the National Museum.
Additional efforts were made to reach scientists working in coastal
and marine affairs for unpublished ecological data and grey liter-
ature. In addition, an extensive literature search was made using
library records and internet sources to acquire historical data on
catch and environmental changes. Tanganyika Notes and Records
(Hatchell, 1938, 1940, 1954) e the collection of very large historical
contexts of Tanzania prior to independence, were particularly
useful as a source of historical information of study sites.

2.3. Data analysis

Quanti able survey responses were collated on a spread sheet
using Microsoft Excel (2010) and then analysed using the SPSS
(version 19). Exploratory data analysis included summary statistics
and frequency tables to describe the socio-demographic charac-
teristics of the respondents, and effect of age groups on perceived
changes in ecosystem and resources. Employing Kruskal Wallis Chi-
square test for non-parametric tests was done to establish cate-
gorical variables such as the number of shing ground/species/best
catch yielded statistical difference with age group of shermen at a
p-value ... 0.01. Qualitative information was triangulated and words
and statements, as well as researcher notes were organised and
coded into themes that highlighted major issues that emerged like

sh size and abundance, state of environment, shing vessels and
gear; enforcement and stock management, free access, and lack of
alternative livelihood. These were subsequently analysed content
wise and used to support most statements in this study.

3. Results
3.1 Pro le of the interviewed shermen

A total of 350 shermen were interviewed from the study sites.
Most respondents were male (96%) with permanent residency in
communities along the Tanga coastline. Few (7%) were immigrants,
especially from Kojani-Zanzibar, Bagamoyo, Dar es salaam and
Mtwara. The mean age of the respondents was 34.8 years and
majority of them were in the age group of 20e55 years. Most

shermen had completed primary school, and 20.9% didn’t get any
formal education indicating a high level of illiteracy. Two-thirds of
respondents reported a lack of knowledge of modern shing
techniques to restrict them to catch sh beyond shallow waters,
where sh stocks are already scarce. A vast majority of respondents
(90%) considered themselves to be vulnerable to extreme weather
events particularly winds of the southeast monsoon season (kusi).

Over 85% of the respondents identi ed themselves as artisanal

shermen oriented for collecting and gathering shery products for
subsistence. More interestingly, majority of the respondents had at
least a long history of shing along the Tanga coastline. The average
number of years spent on shing was 8 and nearly 10% of the re-
spondents had been shing actively in Tanga for more than 30
years. At least 10% of the respondents reported using illegal shing
gears including dynamite shing despite being aware of its
ecological and health consequences. The general characteristics of
the respondents are shown in Table 1.

3.2. Fishing activities and resource use patterns

The percentage of time spent shing in different types of habi-
tats both now and from the beginning of careers varied among the
shermen. Most shermen interviewed (90%) irrespective of age
group reported spending more time in the deep reef and reef edge
zones far ashore than when they started shing. Previously, the
time spent on shing activities was less (four on average) and was
done mainly in intertidal and inside reef zones in inshore waters.
No signi cant difference was found among the three generations of
shermen with respect to the average number of weekly shing
trips they undertook (KruskaleWallis, ¢? ... 5141, d.f. ... 2, p ... 0.05).
However, there is clear inter-generational difference on the mean
number of trips made in the past (One Way-ANOVA, F ... 18.23,
df. .. 2, p < 0.001), with each group reporting fewer trips with
larger catches at the beginning of their career. The average number
of weekly trips made by all age groups at present is ve, each with
relatively low catch.

Discussion and interviews about preference of habitats revealed
a very limited specialisation among and between different age
groups of shermen. There has been increasing attempt to reach
deep waters, as inshore waters become increasingly depleted. This
is often restricted by the type of shing vessels used (Fig. 2).

Fishermen continue to utilise a broad range of shing gear, a
common feature in tropical small-scale sheries. The most com-
mon gear types included handlines, gill nets, surrounding nets,
purse seine/ring nets, traps, and long lines. Other gear such as shark
nets, spear, and beach seine are used but only to a limited extent.
The frequently visited shing habitats by both age groups are
inshore waters. Table 2 shows common gear used and habitats
frequently visited by shermen interviewed. Although majority of

shermen use shing nets of differing mesh sizes, the adoption of
modern shing gear among different age groups is still low.

While a vast majority of respondents from all age groups remain
highly motivated to explore resources in deep waters that are
believed to be unexploited, information collected on distribution of

shing gears show little prospect for this attempt. Notwith-
standing, focus group discussions revealed a high preference of ring
nets by younger shers that however, is hampered by lack of

nancial capital to acquire them. Rings nets are said to be useful in
deep waters and most shers believe that they can use them to
increase the size of sh catch.

Fishermen interviewed mentioned that they use various ways
such as information sharing and cooperation in informal networks
in order to cope with uncertainty in shing activities. Old aged
respondents highlighted that in recent years sharing of information
has played a substantial role as a way to increase catches rather
than to avoid uncertain environmental conditions such as strong
winds as it was in the past.

3.3. Perceived decline of current sh stock and catch size

Respondents were asked to assess the status of the shery
stocks and sh catch over time beginning with the start of their
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Table 1
General characteristics of the respondents interviewed.
Characteristic Sampling site N (%)
Age group (years) Deep Sea Sahare Kigombe Kipumbwi Kwale Moa Pangani Grand Total
Young 18e30 18 (38.7) 15 (36.2) 16 (33.3) 14 (34.6) 10 (40.0) 14 (29.6) 7 (45.2) 127 (36.9)
Middle 31e50 24 (32.3) 21 (37.9) 21 (41.3) 18 (38.5) 16 (35.0) 13 (38.6) 14 (32.2) 129 (36.3)
old >50 20 (29.0) 22 (25.9) 26 (25.4) 20 (26.9) 14 (25.0) 17 (31.8) 10 (22.6) 94 (26.8)
Gender
Female e 3(52) 9 (14.3) 2 (3.8) e e e 14 (4.0)
Male 62 (100) 55 (94.8) 54 (85.7) 50 (96.2) 40 (100) 44 (100) 31 (100) 336 (96.0)
Fishing experience (years)
<5 28 23 23 24 19 12 12 141 (40.3)
5e10 10 11 10 9 7 7 6 60 (17.1)
10e20 10 8 9 5 2 8 5 47 (13.4)
20e30 11 10 14 8 8 9 5 65 (18.5)
30e40 3 6 6 6 2 7 3 33(94)
40e50 e e 1 e 2 1 e 4(1.2)

careers in those areas. There was unanimity on the decline in the
abundance of shery stocks and the availability of sh in both age
groups. However, the perception of change was high among old age
group of shermen than middle and younger ones (Tables 3 and 4).
The majority of shermen (73%) belonging to older age group
perceived that the current size of the sh catch has declined
drastically, while only 47% and 19% from the middle and younger
age groups, respectively, share the view. As is evident from Table 5,
majority of the respondents consider the stocks as depleted and
degraded due to overharvesting and the use of damaging methods,
especially dynamite shing. Further probe on causes of degradation
shows other factors such as extreme wind events and strong
storms, rise in population, and to some extent sewerage discharge,
especially in areas around Tanga City. Fishermen in older age group
explain how the catch and sh availability declined over time more
clearly based on previous experience compared to middle and
younger age groups.

In general, shermen have not explored the whole sea (\VVan der
Elst et al., 2005) and therefore were highly uncertain about the
presence and abundance of sh species as many species could still
unknown to them. Over 60% of respondents mentioned that
decreased level of sh catch has worsened their well-being, for
example, they have a fewer meals a day or sell their shing gear to
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Fig. 2. Common types of shing vessels used by different age groups of the re-
spondents. Notes to Fig. 2: Respondents said that majority of the vessels are small and
sail-powered and often operated by the owners of the vessels. Their names in English
are: Ngalawa [dugout canoes, ranging from 3 to 6.5 m long, propelled by sail].
Mtumbwi [simple dugout canoe propelled by paddles or small sail, ranging from 2 to
4.5 m long]. Dau [dhow with wooden plank, ranging from 3 to 6 m long, propelled by
sail]. Mashua [large wooden planked boat with at stern, propelled by sail or engine
ranging from 6 to 12 m long]. Boti [ bre glass boat propelled by engine, ranging from 3
to 10 m long]. (Source for names: Masalu et al., 2010).

immigrant and other well-off shermen to meet their daily needs.
At the same time, because of low catch, economies of scale for
processing of sh at the landing sites do not work out well as in the
past.

Fishermen also identi ed several commercially important sh
groups or species found in their vicinity as highly affected by shing
activities (Table 6). Most of the respondents mentioned groups of

n sh, such as Lethrinidae and Lutjanidae (Swabhili: Changu); Ser-
ranidae; Siganidae (Swahili: Cha ); Mullidae, sharks (Swabhili: Papa),
sardines (Swahili: Dagaa); large and small pelagic species (Car-
angidae, Scombridae, Cluepidae, Engraulidae, etc.), as well as prawns,
octopi and sea cucumbers as threatened by inappropriate shing
practices, the impact of climate change, and consequently found
fewer quantities in their catch. This is consistence with the general
exploitation status of commercial sh observed in Tanzania. A
current report by TAFIRI (2012) indicates that the shery for crus-
taceans; prawn, octopus, rock lobster and sh; small pelagic
(sadinella) and tuna all shows a general decline of the resources
(see Fig S1 and S2 available as supplementary information).

The mean number of species lost was, however, very different
amongst the age groups, as young shermen on average reported
only two species (SD  0.1); middle-aged shermen mentioned an
average of ve species (SD 0.3); and older shermen reported an
average of nine species (SD  0.5) to have been lost during the past
four decades. The mean number of depleted species is statistically
signi cant (KruskaleWallis Test, c? .. 135689, df. ... 2, p < 0.001)
among the three generations of shermen.

Table 2
Most frequently visited shing habitats and distribution of
mentioned by respondents (n ... 350).

shing gears as

Type of habitat® Age groups N (% of respondents) Overall
Young Middle Old

Deep waters beyond reefs 27 (28.95) 33 (47.37) 54 (23.68) 114 (32.57)

Estuaries and bays 15 (30) 24 (48) 11 (22) 50 (14.29)

Inshore waters (coral reefs, 85 (45.70) 72 (38.70) 29 (15.60) 186 (53.14)
seagrass beds, mangroves)

Fishing gear” (type)

Handlines 67 (46.53) 46 (31.94) 31 (21.53) 144 (41.14)

Longlines 3(4286) 3(42.86) 1 (14.28) 7 (2.00)

Nets 42 (33.87) 62 (50.00) 20 (16.13) 124 (35.43)

Traps 9 (1452) 14 (22.58) 36 (62.90) 62 (17.71)

Others 6 (46.15) 4 (30.77) 3(23.10) 13(3.71)

2 Respondents would prefer deep waters but are restricted by a lack of vessels
that could make them reach there.

b Multiple gears are embraced by shermen. Distribution is based on the uses and
not preference as most respondents said that they would prefer nets (gill nets) to
handlines and traps. Respondents were often using the same name for seine, gill and

ne nets, in a collective term as nets (nyavu).
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Table 3
Fishers’ opinion on the current status of the shery stock (n ... 350) expressed as the
percentage of respondents.

Age groups Current status of shery stock (% of respondents)
Over shed Not over shed Uncertain Don’t know
Young 8.29 20.00 6.00 2.00
Middle 11.14 10.29 10.29 5.14
old 18.00 2.29 6.29 0.29
Overall 37.43 32,57 22.57 7.43
Table 4

Perceptions of shers of different age groups on the current catch trend as compared
to when they started shing career (n ... 350).

Age groups Current state of the size of sh catch (% of respondents)

Decreased a Stationary Decreased Increased a Increased Do not

little strongly little strongly know
Young 6.29 17.14 1.43 8.29 1.14 2.00
Middle 16.86 9.71 4.00 571 e 0.57
Old 10.29 2.86 12,57 1.14 e e
Overall 33.43 29.71 18.00 15.14 257 114

Older shermen remember catching snappers, Siganidae, Lab-
ridae, and Lethrinidae, at a short distance (up to 30 m) from the
coast and even in beach waters which they now perceive as devoid
of these species. During participant observations, some shermen,
especially old and middle-aged ones, recounted how they gave
excited chase to several large sh rarely encountered inshore,
including several giant trevally (Caranx ignobilis). The mean best
catches the older ones recalled were in the range of 400700 kg in
1970s and 1980s. This is substantially higher than that of younger
generation that reported estimations of 50200 kg maximum
catches in 1990s and 2000s. In general, the perceived trends on
number of species and shing grounds lost, and the weight of the
best catch was clearly highlighted by shermen (Fig. 3).

Increasingly majority of the old and middle-aged shermen
interviewed reported to catch and keep the sh they would have
otherwise returned to the sea in the past. This includes sh with
tough meat (e.g. Acanthurus triostegus), unpleasant avour (e.g.
Rhinecanthus aculeatus), with scales dif cult to remove (e.g. Co s
formosa), or other undesirable characteristics including many small
bones or lots of blood that were not used as food or sold when sh
were bountiful. More interestingly, over two-thirds of old-aged

shermen reported that herbivorous sh such as rabbit sh, and
a variety of snappers and emperors make up much of their catch
today, but these species were less desirable when tuna, marlin, and
king sh were abundant twoethree decades ago. Species such as
Coryphaena hippurus (Swahili: Fulusi), Hemiramphidae spp (Swa-
hili: Chuchunge), Arridae spp (Swahili: Hongwe), Nemipteridae spp
(Swahili: Koana) and anchovies (Swahili: Dagaa/Uono) are
currently highly sought after even though they were previously
invaluable from both social and economic points of view. Supple-
mentary information in Table. S1 show the species considered most
important by the respondents.

Table 5

3.4. Fishermen’s perceptions on depletion of shing grounds and
state of environment health

Interviewees were asked to identify areas that have previously
been productive (in terms of sh yields), but may now be less
productive or degraded and depleted. Anecdotal evidence, based on
experience and personal opinions on the number of depleted

shing areas among the three generations of shermen yielded
valid data and the subsequent statistical analysis provided signi -
cant results (Kruskal Wallis, c?..139.689,d.f. ... 2, p <0.001). There
was signi cant difference among the three age groups (p < 0.01) to
queries on the condition of coral reefs as an indicator of the health
status of the marine environment (Fig. 4). This concurs well with
information from other studies such as that of (ASCLME, 2012; Le6n
et al., 2004; TCMP, 2003) on the status of marine ecosystems in
Tanzania.

4. Discussion

The study ndings show substantial differences in the opinions
and perceptions of different generations of shermen, with each
age group implicitly attempting to tell what were once present but
are no longer recognised within their known coastal and marine
ecosystems. The increased decline in commercial and preferred sh
species has a negative impact on local eating preferences at these
sites as described by old-aged shermen. For instance, currently
there is a growing interest in consuming species such as small
pelagic sh species, including small mackerel (Scrombidae), sar-
dines (Cluipeidae), anchovy (Engraulidae) and scad (Megalaspis
cordyla), which were overlooked in the past. Majority of sh species
that were once present would be unrecognisable to younger people
now, which were abundant only a few decades ago, and most young

shermen are surprised that certain species were common in their
areas at one time.

Regardless of the absence of ecological data, identi cation of
changes occurring in ecosystem over time, at least for the past four
decades, highlights how the environmental baseline has shifted to
such an extent of not including species that were found in the past.
Even though many young shermen hail from shing families, the
knowledge of historical conditions has apparently not been passed
on or at least they have not been assimilated it. Hence since lots of
useful information about the past is not recorded, the memory of
old shermen of what things looked like in the past, can serve as
valuable information about changes in the shery. This could help
to avoid the shifting baseline syndrome in management goals and
in societies where there is no strong data archival systems (Silvano
and Valbo-lgrgensen, 2008; Silvertown et al., 2010).

Most shermen’s groups interviewed perceived that sh
catches were declining, supporting the little empirical evidence on
scarce sh stock assessments in Tanzania (Sobo, 2012). Declines in

sh catches observed in the study sites may be due to increasing
number of shermen, evident in the last 2e3 decades, and the
pressure exerted on small shes that do not contribute signi cantly
to total weight in catch (Division of Fisheries, 2013). More

Factors mentioned frequently for the causes of the decline in sh catch and degradation of sh habitats (n ... 350).

Age groups Cause of decline in sh catch and degradation of habitats (% of respondents)
Destructive Overexploitation Population growth Increased market Extreme weather
shing practices of marine resources price for sh events
Young 11.38 11.38 8.98 3.89 150
Middle 8.68 10.18 10.18 5.99 1.50
old 10.48 5.99 5.99 2.99 0.90
Overall 30.54 2754 25.15 12.87 3.89
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Table 6
Variety of sh families and other marine organisms identi ed by interviewees as
depleted by shing activities and climate change impacts.

Family or species name Young (127) Middle (129) Old (94) Total®

Serranidae 33 75 79 187
Sharks 54 69 60 183
Sea turtles 36 60 75 171
Sea cucumbers 21 59 89 169
Penaedidae (Shrimps/Prawns) 34 60 67 161
Istiophoridae 42 43 68 153
Scrombidae (Hora Mackerel) 60 51 42 153
Palinuridae (Lobsters) 25 55 73 153
Loliginidae (Squids) 29 49 66 144
Carangidae 26 48 61 135
Octopopidae (Octopus) 19 53 58 130
Lethrinidae 22 43 59 124
Chaetondotidae (Butter y sh) 35 45 41 121
Lutjanidae 31 45 44 120
Scaridae/Labridae 17 44 59 120
Chanidae 13 36 59 108
Ariidae (Cat sh) 20 33 46 99

2 The frequency indicates the number of shers who identi ed a particular spe-
cies as depleted.

speci cally, the decline in catches constructed from interviews is in
line with the information provided by Wells et al. (2007), who
found the annual catch per sherman to have declined from 2.4
metric tonnes in 1970 to 1.0 metric tonnes in 1993, as a result of
doubling of the number of shermen.

Essentially, the novelty of this study is in the ability of re-
spondents to present their perception of the state of resources
playing a signi cant role in shaping the local management of

sheries. Despite sporadic collection of catch data in some areas of
Tanzania’s coast (Division of Fisheries, 2013), at least for the main
species, its reliability has been questioned. By demonstrating the
rate at which some sh species are lost, the ndings of this study
may be important in framing people’s perceptions of the marine
ecosystems especially in the present time where many younger
people are migrating to urban areas and have less contact with the
sea how. The interviewed shermen are able to explain the phe-
nomena and this shows that at least some age groups are aware of
the changes taking place. This in turn may help for future ecologists
in Tanzania to understand the legacy of environmental change that
they will inherit from current generation.

Unfortunately, information collected from interviews does not
allow evaluation, for example, of the most abundant species and
statistically compare their frequency of occurrence for a multidis-
ciplinary assessment. Thus, it is uncertain to say of relative abun-
dance of those species in the past as long-term catch records are
not available. Such information need to be treated cautiously since

accuracy of memory could be higher for events that are unique in

shermen’s life (Daw, 2008) However, in areas such as Tanga where
degradation especially of coral reefs has been signi cant and sh-
ing control is minimal (Anderson, 2004; Wells, 2009), absence of
long-term sheries records is unlikely to limit delineating varyingly
precipitous decline in innumerable sh species. Rather, it would be
more appropriate to consider shermen’s local knowledge, which
could suggest local harvesting of resources with respect to deple-
tion of sheries (Daw, 2010), but with well designed and tested
interview methods that can give a lot of insight into resource and its
users.

Along the Tanga coastline, it is obvious that the main drivers of
SBS are socio-economic and cultural factors rather than the bio-
logical factors as noted in other areas (Bunce et al., 2008). Although
not well established, FGDs attribute the widespread use of
destructive shing gear, especially dynamite with maximisation of

sh catches and quick gains, to the decline in sh species. Re-
spondents complained of lack of nancial resources and empow-
erment, which could have boosted their shing activities. On other
hand, some, especially younger shermen, thought that absence of
empowerment has restricted their capacity to reach unexplored

shing grounds and thus they were optimistic that the environ-
ment has not changed as badly as described by older shermen. The
other reasons are the growing number of shermen accompanied
by a signi cant shift from traditional shing gear to non-traditional
ones, such as ring nets (which require signi cant manpower), as
well as increased domestic demand for sardines and anchovies in
mid-1990s (Malleret-King et al., 2003). These all contribute to in-
crease in effort, which reduces sh stock, eventually leading to
decline in catch per unit effort, which in turn could shape local
perception of the status of resources and ecosystems.

All the shermen interviewed as part of the present study were
found to have a good knowledge of the local marine ecosystems. It
is clear that their skills and knowledge represent parts of their
human capital and this particularly valuable asset could be used for
resource management. Indeed, they were found to have strong
social networks, which they use to inform each other of the
migration destinations in search of good shing grounds, sightings
of shand their locations, thus reducing cost and time searching for

sh. Although this observation was not previously noted in similar
studies on SBS, networking is an essential part of social capital and
it is obvious that low social capital may contribute to loss of in-
formation about the environmental baseline leading to shifting
perceptions.

Although the study was limited to most commercially signi -
cant species, its ndings can be used to draw attention of this
extremely important economic sector and serve as a foundation for
sustainable management and intervention plans. This is
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Fig. 3. Fishers’ perceptions on the mean number of species and shing grounds lost, and the best sh catch by the three generations of shers.
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Fig. 4. Fishers’ perceptions on the healthy status of the environment expressed as
condition of coral reefs.

particularly important given the limitations of currently available
scienti ¢ knowledge. For instance, widespread failure to sustain-
ably manage sheries highlight the limitation of conventional data
collection approaches to sheries science and management
(Hilborn, 2007). These and similar cases highlight the importance
of shermen’s knowledge (even though anecdotal, still highly
valuable) in understanding and managing sheries (Johannes and
Neis, 2007; Johannes et al., 2000).

Assessing evidence for shifting environmental baseline repre-
sents a major challenge for ecosystem-based management; as such
studies suffer from dif culty in validating data and interpreting

ndings. To alleviate such problems, social and biological infor-
mation must be integrated (Papworth et al., 2009). The current
study reveals that reality and history of the developing world has
not provided reason for people to document biological changes as
they are more concerned with meeting their basic needs. Further-
more, the availability of photographs, articles among other ways to
document change, need cameras and expertise that are unavailable
even in the 21st century to many of these communities.

Fishermen’s perceptions and opinions were the central sources
of information during this study. However, perceptions are accu-
mulated over time from personal experience and information
networks and are the result of shermen’s mental processing of
data, which is formed by their own prior knowledge, theories and
instincts. Thus, shermen’s observations might be biased, erro-
neous and/or even unrealistic and thus should be treated cautiously
and used judiciously as only a source of information. As a future
study, one might explore using the knowledge of the shermen to
overcome the shortage of traditional data on sheries.

5. Conclusion

This contribution suggests that interviews with knowledgeable
local shermen can be useful in studying the past as a way to
protect and conserve sheries resources for the future. This is
highlighted by presenting cross-generational differences on per-
ceptions embraced in the SBS, whereby older shermen appear to
be aware of the depletion of various species and shing grounds,
compared to young and middle-aged shermen. This however,
suggests lack of consistent knowledge transfer from one generation
to another. It is clear that the shermen’s local knowledge should
not be taken as equivalent to scienti ¢ knowledge because of large
discrepancies and differences in opinions (Shackeroff et al., 2011).
However, when no or insuf cient formal data is available, as is the
case in this study, anecdotal evidence is essentially a starting point
for ecological studies (Turvey et al., 2010). Indeed, it may highlight
many ways in which humans and their environment are connected

as a way to understanding changes in ecosystems and planning for
sustainable management (Parsons et al., 2009). Overall, this may be
helpful in identifying less contentious plans such as in demarcating
Marine Protected Areas. The main challenge in the application of
SBS studies is to convince policy makers that environmental
changes are occurring and that the ecosystems are not the same as
they once were (Al-Abdulrazzak et al., 2012). Moreover, unlike
previous studies on shifting baseline, the present ndings point to
the need to consider external factors such as presence or absence of
empowerment to shing communities and asset endowments
when looking for changes in resource base, as this could enhance
the ways to harness natural resources.

Acknowledgements

This study was funded by Deutscher Akademischer Austausch
Dienst (DAAD) e German Academic Exchange Service. | would like
to thank Dr. Kathleen Schwerdtner Manez for her inspiration, su-
pervision, leadership and generous support in the design of this
study, and Paul Tuda for his assistance with data analysis. lam
especially grateful to many shermen and sheries of cials in the

eld who participated in the interviews, and the logistical support
provided by Hassan Kalombo of the Tanga Regional Secretariat.
Special thanks to Fatma Sobo for sh catch and effort data; many
regards and gratitude to statistic unit of Fisheries Division for some
data to this study. Finally, | wish to express my gratitude to three
anonymous reviewers for their insightful comments.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.ocecoaman.2014.01.009

References

Ainsworth, C.H., Pitcher, T.J., Rotinsulu, C., 2008. Evidence of shery depletions and
shifting cognitive baselines in Eastern Indonesia. Biol. Conserv. 141, 848e859.

Al-Abdulrazzak, D., Naidoo, R., Palomares, M.L.D., Pauly, D. 2012. Gaining
perspective on what We've lost: the reliability of Encoded Anecdotes in his-
torical ecology. PLoS ONE 7, e43386.

Alagona, P.S., Sandlos, J., Wiersma, Y.F.,, 2012. Past imperfect: using historical ecol-
ogy and baseline data for conservation and restoration Projects in North
America. Environ. Philos. 9, 49e70.

Anderson, J., 2004. Analysis of Reef Fisheries under Co-management in Tanga. IUCN
Eastern Africa Regional Programme, Nairobi, Kenya.

ASCLME, 2012. National Marine Ecosystem Diagnostic Analysis. Tanzania. Contri-
bution to the Agulhas and Somali Current Large Marine Ecosystems Project
(Supported by UNDP with GEF Grant Financing). Unpublished report.

Baum, J.K., Myers, R.A., 2004. Shifting baselines and the decline of pelagic sharks in
the Gulf of Mexico. Ecol. Lett. 7, 135e145.

Bernard, R.H., 2006. Research Methods in Anthropology: Qualitative and Quanti-
tative Approaches, fourth ed. AltaMira Press, Lanham.

Bunce, L., Townsley, P., Pomeroy, R., Pollnac, R., 2000. Socioeconomic Manual for
Coral Reef Management. IUCN and Australia Institute of Marine Science,
Townsville, Australia.

Bunce, M., Rodwell, L.D., Gibb, R., Mee, L., 2008. Shifting baselines in shers’ per-
ceptions of island reef shery degradation. Ocean. Coast. Manag. 51, 285e302.

Carr, L.M., Heyman, W.D., 2012. “It's about seeing what's actually out there”:
quantifying shers’ ecological knowledge and biases in a small-scale com-
mercial shery as a path toward co-management. Ocean. Coast. Manag. 69,
118e132.

Daw, T., 2008. How Fishers Count: Engaging with Fishers’ Knowledge in Fisheries
Science and Management. School of Marine Science and Technology and School
of Geography, Politics and Sociology. Newcastle University, Newcastle, p. 309
(PhD thesis).

Division of Fisheries, 2013. Tanzania Fisheries Annual Statistics Report-2012. The
Ministry of Livestock and Fisheries Development - Fisheries Development Di-
vision, Dar es salaam, Tanzania.

Dulvy, N.K., Sadovy, Y., Reynolds, J.D., 2003. Extinction vulnerability in marine
populations. Fish. Fish. 4, 25e64.

Guénette, S., Gascuel, D., 2012. Shifting baselines in European sheries: the case of
the Celtic Sea and Bay of Biscay. Spec. Issue Fish. Policy Reform EU 70, 10e21.


http://dx.doi.org/10.1016/j.ocecoaman.2014.01.009
http://dx.doi.org/10.1016/j.ocecoaman.2014.01.009
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref1
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref1
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref1
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref2
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref2
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref2
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref3
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref3
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref3
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref3
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref4
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref4
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref5
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref5
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref5
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref6
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref6
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref6
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref7
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref7
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref8
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref8
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref8
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref9
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref9
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref9
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref10
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref10
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref10
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref10
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref10
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref11
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref11
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref11
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref11
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref12
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref12
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref12
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref13
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref13
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref13
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref14
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref14
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref14

R.E. Katikiro / Ocean & Coastal Management 91 (2014) 23e31 31

Harrison, P.J.,, 2010. Entrenching Livelihoods Enhancement and Diversi cation into
Marine Protected Area Management Planning in Tanga, Tanzania. [IUCN ESARO,
Nairobi, Kenya, p. 95.

Hatchell, G.W., 1938. Some notes on shing near Tanga. Tanganyika Notes Rec. 5,
63e65.

Hatchell, G.W., 1940. Further notes on shing near Tanga. Tanganyika Notes Rec. 9,
49e52.

Hatchell, G.W., 1954. Sea shing on the Tanganyika coast. Tanganyika Notes Rec. 37,
1e39.

Hilborn, R., 2007. Moving to sustainability by learning from successful sheries.
AMBIO J. Hum. Environ. 36, 296e303.

Horrill, J.C., Kamukuru, AT, Mgaya, Y., Risk, M., 2000. Northern Tanzania and
Zanzibar. In: McClanahan, T.R., Sheppard, C.R.C., Obura, D.O. (Eds.), Coral Reefs
of the Indian Ocean: Their Ecology and Conservation. Oxford University Press,
New York, pp. 131e165.

Hutchings, J.A.,, Baum, JK., 2005. Measuring marine sh biodiversity: temporal
changes in abundance, life history and demography. Philos. Trans. R. Soc. B Biol.
Sci. 360, 315e338.

Hutchings, J.A., Reynolds, J.D., 2004. Marine sh population collapses: conse-
quences for recovery and extinction risk. BioScience 54, 297e309.

Jackson, J., Jacquet, J., 2011. The shifting baselines syndrome: perception, deception
and the future of our oceans. In: Christensen, V., Maclean, J. (Eds.), Ecosystem
Approaches to Fisheries. Cambridge University Press, Cambridge, UK, pp. 128e
141

Jackson, 1.B., Kirby, M.X,, Berger, W.H., Bjorndal, K.A., Botsford, L.W., Bourque, B.J.,,
Bradbury, R.H., Cooke, R., Erlandson, J., Estes, JA., Hughes, T.P., Kidwell, S,
Lange, C.B,, Lenihan, H.S., Pandol ,J.M., Peterson, C.H., Steneck, R.S., Tegner, M.J.,
Warner, R.R.,, 2001 Historical over shing and the recent collapse of coastal
ecosystems. Science 293, 629e637.

Jacquet, J.,, Fox, H., Motta, H., Ngusaru, A, Zeller, D., 2010. Few data but many sh:
marine small-scale sheries catches for Mozambique and Tanzania. Afr. J. Mar.
Sci. 32, 197e206.

Jennings, S., Blanchard, J.L., 2004. Fish abundance with no shing: predictions based
on macroecological theory. J. Anim. Ecol. 73, 632e642.

Jiddawi, N.S., Ohman, M.C., 2002. Marine sheries in Tanzania. Ambio 31, 518e527.

Johannes, R.E., Freeman, M.M.R., Hamilton, R.J., 2000. Ignore shers’ knowledge and
miss the boat. Fish. Fish. 1, 257e271.

Johannes, RE., Neis, B, 2007. The value of anecdote. In: Haggan, N., Neis, B,
Baird, I.G. (Eds.), Fishers’ Knowledge in Fisheries Science and Management.
UNESCO, Paris, pp. 41e58.

Jung, C.A., Dwyer, P.D., Minnegal, M., Swearer, S.E., 2011 Perceptions of environ-
mental change over more than six decades in two groups of people interacting
with the environment of Port Phillip Bay, Australia. Ocean. Coast. Manag. 54,
93e99.

Jury, M., McClanahan, T., Maina, J., 2010. West Indian ocean variability and east
African sh catch. Mar. Environ. Res. 70, 162e170.

Kittinger, JN., Pandol , JM., Blodgett, JH., Hunt, TL., Jiang, H., Maly, K,
McClenachan, L.E., Schultz, JK., Wilcox, B.A., 2011. Historical reconstruction
reveals recovery in Hawaiian coral reefs. PLoS ONE 6, €25460.

Lozano-Montes, H.M., Pitcher, T.J., Haggan, N., 2008. Shifting environmental and
cognitive baselines in the upper Gulf of California. Front. Ecol. Environ. 6, 75e
80.

Leén, Y., Tobey, J., Torell, E., Mwaipopo, R., Mkenda, A., Ngazy, Z., 2004. MPAs and
Poverty Alleviation: an Empirical Study of 24 Coastal Villages on Mainland
Tanzania and Zanzibar. World Bank, Dar es salaam.

Lotze, HK., McClenachan, L., 2013. Historical Ecology: informing the future by
learning from the past. In: Bertness, M., Silliman, B., Bruno, J., Stachowicz, J.
(Eds.), Marine Community Ecology and Conservation. Sinauer, Sunderland,
Mass, pp. 165€200.

Makoloweka, S., Shurcliff, K., 1997. Coastal management in Tanga, Tanzania: a
decentralized community-based approach. Ocean. Coast. Manag. 37, 349e357.

Malleret-King, D., Tunje, J., Meela, J., Mposso, A., Mwalungo, G., 2003. Livelihood
Appraisal: Understanding Fisheries Associated Livelihoods and the Constraints
to Their Development in Kenya and Tanzania. DFID.

Marshall, N.T., Milledge, A.H., Afonso, P.S., 2001. Trade Review: Stormy Seas for
Marine Invertebrates: Trade in Sea Cucumbers, Seashells and Lobsters in Kenya,
Tanzania and Mozambique. WWF IUCN.

Masalu, D.C.P., Shalli, M.S,, Kitula, R.A.,, 2010. Customs and Taboos: The Role of
Indegenious Knowledge in the Management of Fish Stocks and Coral Reefs in
Tanzania. University of Dar es Salaam, Instititute of Marine Science, Melbourne,
Australia.

McClenachan, L., 2009. Documenting loss of large trophy sh from the Florida keys
with historical photographs. Conserv. Biol. 23, 636e643.

Muhando, C.A., 2011 Biophysical Features in the Northern Tanga Marine Reserves,
Tanzania. Marine Parks and Reserves Unit, Dar es salaam, Tanzania.

Pandol , JM., Bradbury, R.H., Sala, E., Hughes, T.P., Bjorndal, K.A., Cooke, R.G,,
McArdle, D., McClenachan, L., Newman, M.JH. Paredes, G. Warner, R.R,
Jackson, J.B.C., 2003. Global Trajectories of the long-term decline of coral reef
ecosystems. Science 301, 955e958.

Papworth, S.K, Rist, J,, Coad, L., Milner-Gulland, E.J., 2009. Evidence for shifting
baseline syndrome in conservation. Conserv. Lett. 2, 93e100.

Parsons, D.M., Morrison, M.A., MacDiarmid, A.B., Stirling, B., Cleaver, P,
Smith, LW.G., Butcher, M.O., 2009. Risks of shifting baselines highlighted by
anecdotal accounts of New Zealand’s snapper (Pagrus auratus) shery. N. Z. J.
Mar. Freshw. Res. 43, 965€983.

Pauly, D., 1995. Anecdotes and the shifting baseline syndrome of sheries. Trends
Ecol. Evol. 10, 430.

Pinnegar, J., Engelhard, G., 2008. The “shifting baseline” phenomena: a global
perspective. Rev. Fish. Biol. Fish. 18, 1e16.

Pita, C., Pierce, G.J., Theodossiou, I., 2010. Stakeholders’ participation in the sheries
management decision-making process: shers’ perceptions of participation.
Mar. Policy 34, 1093e1102.

Richmond, M.D., 2002. A Field Guide to the Seashores of Eastern Africa and the
Western Indian Ocean Islands. Sida/SAREC, UDSM, p. 461.

Roberts, C.M., 2003. Our shifted perspective of the ocean. Oryx 37, 166e177.

Rose, N.A., Janiger, D., Parsons, E.C.M., Stachowitsch, M., 2011. Shifting baselines in
scienti ¢ publications: a case study using cetacean research. Mar. Policy 35,
477e482.

Séenz-Arroyo, A., Roberts, C.M., Torre, J., Carifio-Olvera, M., Hawkins, J.P., 2006. The
value of evidence about past abundance: marine fauna of the Gulf of California
through the eyes of 16th to 19th century travelers. Fish. Fish. 7, 128e146.

Sdenz-Arroyo, A., Roberts, C.M., Torre, J., Enriquez-Andrade, R.R., 2005. Rapidly
shifting environmental baselines among shers of the Sea of Cortez. Philos. R.
Soc. Lond. Ser. B Biol. Sci. 1726, 1e6.

Samoilys, M., Kanyange, N.W., 2008. Natural Resource Dependence, Livelihoods and
Development: Perceptions from Tanga, Tanzania. [IUCN ESARO, Nairobi.

Shackeroff, .M., Campbell, L.M., Crowder, L.B., 2011. Social-ecological guilds: putting
people into marine historical ecology. Ecol. Soc. 16, 52.

Silvano, R.A.M., Valbo-Jgrgensen, J., 2008. Beyond shermen'’s tales: contributions
of shers’ local ecological knowledge to sh ecology and sheries management.
Environ. Dev. Sustain. 10, 657e675.

Silvertown, J,, Tallowin, J., Stevens, C., Power, S.A., Morgan, V., Emmett, B., Hester, A.,
Grime, PJ., Morecroft, M., Buxton, R., Poulton, P, lJinks, R., Bardgett, R., 2010.
Environmental myopia: a diagnosis and a remedy. Trends Ecol. Evol. 25, 556e561.

Sobo, F., 2012. Community participation in sheries management in Tanzania. In:
Presented at the Conference of the International Institute of Fisheries Eco-
nomics and Trade 2012 Tanzania, Visible Possibilities, the Economics of Sus-
tainable Fisheries. Aquaculture and Seafood Trade, Dar es salaam.

TAFIRI, 2012. Baseline Information on the Status of Commercially Important Fish-
eries and Exploitation Perceptions by Artisanal Fishers on the Mainland Coastal
Waters. Tanzania Fisheries Research Institute, Dar es salaam, Tanzania.

Tanzania Coastal Management Programme (TCMP), 2003. Tanzania state of the
Coast 2003: The National ICM Strategy and Prospects for Poverty Reduction.
Joint initiative between the National Environment Management Council, the
University of Rhode Island Coastal Resource Center, and the United States
Agency for International Development, Dar es salaam.

Tashakkori, A., Teddlie, C., 2003. Handbook of Mixed Methods in Social & Behavioral
Research. SAGE.

Turvey, S.T., Barrett, L.A., Yujiang, H., Lei, Z,, Xingiao, Z., Xianyan, W., Yadong, H.,
Kaiya, Z., Hart, T., Ding, W., 2010. Rapidly shifting baselines in Yangtze shing
communities and local memory of extinct species. Conserv. Biol. 24, 778e787.

UNEP/CBD, 2013. Report on the Southern Indian Ocean Regional Workshop to
Facilitate the Description of Ecologically or Biologically Signi cant Marine Areas
( No. UNEP/CBD/RW/EBSA/SIO/1/4).

Van der Elst, R., Everett, B., Jiddawi, N., Mwatha, G., Afonso, P.S., Boulle, D., 2005.
Fish, shers and sheries of the Western Indian Ocean: their diversity and
status. A preliminary assessment. Philos. Trans. R. Soc.-Ser. Math. Phys. Eng. Sci.
363, 263e284.

Van der Elst, R.P., Groeneveld, J.C., Baloi, A.P., Marsac, F., Katonda, K.I., Ruwa, RK,
Lane, W.L., 2009. Nine nations, one ocean: a benchmark appraisal of the South
Western Indian Ocean Fisheries Project (2008e2012). Ocean. Coast. Manag. 52,
258e267.

Verheij, E., Makoloweka, S., Kalombo, H., 2004. Collaborative coastal management
improves coral reefs and sheries in Tanga, Tanzania. Ocean. Coast. Manag. 47,
309e320.

Wells, S., 2009. Dynamite shing in northern Tanzania e pervasive, problematic and
yet preventable. Mar. Pollut. Bull. 58, 20e23.

Wells, S., Makoloweka, S., Samoilys, M. (Eds.), 2007. Putting Adaptive Management
into Practise: Collaborative Coastal Management in Tanga, Northern Tanzania.
IUCN, Nairobi, Kenya.


http://refhub.elsevier.com/S0964-5691(14)00020-9/sref15
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref15
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref15
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref16
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref16
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref16
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref17
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref17
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref17
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref18
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref18
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref18
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref19
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref19
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref19
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref20
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref20
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref20
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref20
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref20
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref21
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref21
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref21
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref21
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref22
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref22
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref22
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref23
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref23
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref23
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref23
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref24
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref25
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref25
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref25
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref25
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref26
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref26
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref26
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref27
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref27
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref28
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref28
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref28
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref29
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref29
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref29
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref29
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref30
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref30
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref30
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref30
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref30
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref31
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref31
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref31
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref32
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref32
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref32
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref33
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref33
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref33
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref34
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref34
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref34
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref35
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref35
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref35
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref35
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref35
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref36
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref36
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref36
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref37
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref37
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref37
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref38
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref38
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref38
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref39
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref39
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref39
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref39
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref40
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref40
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref40
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref41
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref41
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref42
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref42
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref42
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref42
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref42
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref43
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref43
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref43
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref44
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref44
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref44
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref44
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref44
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref45
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref45
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref46
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref46
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref46
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref47
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref47
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref47
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref47
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref48
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref48
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref49
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref49
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref50
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref50
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref50
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref50
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref51
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref51
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref51
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref51
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref52
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref52
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref52
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref52
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref53
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref53
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref54
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref54
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref55
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref55
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref55
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref55
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref56
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref56
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref56
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref56
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref57
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref57
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref57
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref57
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref58
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref58
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref58
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref59
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref59
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref59
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref59
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref59
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref60
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref60
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref61
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref61
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref61
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref61
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref62
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref62
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref62
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref63
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref63
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref63
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref63
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref63
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref64
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref65
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref65
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref65
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref65
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref66
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref66
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref66
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref66
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref67
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref67
http://refhub.elsevier.com/S0964-5691(14)00020-9/sref67

