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a b s t r a c t
New evidence for ‘shifting baselines’ from different marine ﬁsheries sectors in Turkey is presented, based
on ﬁeld interviews of local ﬁshers with careers spanning up to 69 years. First, total ﬁshing effort and catch
per unit effort (CPUE) trends are presented for Turkey as a whole, and by sea. Then, using ﬁsher survey
data, the ratios of initial (i.e., early career) to current CPUE of individual ﬁshers are presented along with
their shifts in perceived change in resource abundance (PCRA), by sector. Total Turkish effort increased
from 25 million kW days in 1967 to nearly 190 million kW days in 2010, while CPUE declined from
about 16 kg/kW/day−1 in 1967 to 4 kg/kW−1 /day−1 in 2010. The artisanal, recreational and bottom trawl
sectors of Turkey were shown to experience the most profound changes, representing approximately
a 40 to 50-fold decline in CPUE since about 1950, while their PCRA also declined signiﬁcantly. Shifting
baselines was veriﬁed to have occurred for all sectors, except the purse seiners, which is attributed to
overﬁshing triggering a trophic cascade in the underlying ecosystem.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
Turkey is situated on three major seas, the Black, Aegean and
Mediterranean Seas, and one minor inland sea, the Sea of Marmara, with the Bosphorus and the Dardanelles providing the major
links between these seas (Fig. 1). Istanbul (earlier Constantinople/Byzantium), for over 1500 years was the capital of empires, and
remained healthy until 5–6 decades ago (Koray, 1962), when the
transition to fossil fuels began to manifest itself in various economic
sectors. Massive population growth led to an increase in seafood
demand, met through more sophisticated technology aboard more
powerful ﬁshing vessels, whose deployment rendered many local
species commercially extinct. The process took decades, however,
and, as will be shown below, was not fully perceived by those who
experienced it.
Here, we compare how the Turkish ﬁsheries shifted both quantitatively (i.e., catch per unit effort, or CPUE) both spatially and
sectorally, and qualitatively, in perception of resource abundance at
the beginning of a ﬁsher’s career and at present, and thus evaluate
the occurrence of shifting baselines.
The application of CPUE as an indicator of abundance has its
weaknesses (Maunder et al., 2006; Walters, 2003), as hyperstability and spatial expansion may distort its proportionally to stock
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biomass (Daw, 2010). However, we feel conﬁdent that, given background knowledge of a given ﬁshery, CPUE can be used as an
indicator of long-term abundance. This is here due to the fact that,
given the spatial expansion of Turkish ﬁsheries and the technological innovations which increased nominal effort, using CPUE as
an indice will actually overestimate recent abundances since spatial expansion and technological creep are unaccounted for, thus
making our results conservative.
If recollections of earlier, more pristine ecological states are not
transmitted from old to new ﬁshers, long-term change can go unnoticed, a phenomenon called ‘Shifting Baselines’ SB; Pauly (1995).
Under SB, a ﬁsher accepts the state of an ecosystem as they found it,
as the norm to which he/she will compare future changes to, therefore lacking historical perspective. As experienced ﬁshers retire,
their accumulated ecological knowledge is lost, and the baseline
continuously shifts, leaving change to go overlooked. Note that the
SB concept should not be perceived as only describing a sequential
loss of biodiversity; rather, for SB to be validated, a gradual shift in
the perception of the resources must accompany the decline of the
resources themselves.
Learning about the past when data are scarce requires that we
make optimal use of traditional knowledge (Dulvy et al., 2003;
Papworth et al., 2009). Carefully structured questionnaires have
proven successful in recalling such knowledge and determining
how far from the baseline we may have moved from (O’Donnell
et al., 2012; Thurstan et al., 2015).
Global reported ﬁsheries catches have been declining since the
late 1990s according to FAO (2012), but were witnessed decades
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Fig. 1. Map of Turkey, with the cities where interviews were conducted.

earlier in many areas including the Black Sea, with the removal
of large predators (FAO, 1994; Watson and Pauly, 2001). Here, to
evaluate if shifting baselines occurred in Turkey’s marine ﬁsheries,
176 ﬁshers from four ﬁshery sectors were interviewed to assess
how each ﬁsher’s ratio of their initial to current CPUE (RICC) had
varied. This ratio of change in CPUE was then compared to each ﬁshers degree of perceived change in resource abundance (PCRA) over
their careers. If newer ﬁshers were unable to describe the change,
but older ﬁshers witnessed a change in both the RICC and PCRA, the
existence of SB was considered validated. Following a brief synopsis of some past Turkish ﬁsheries, national CPUE trends and total
ﬁshing effort are presented to illustrate some of the factors behind
these declines.
1.1. Historical abundances from anecdotes
In the 1st century, Pliny described that the Golden Horn (an inlet
in the Bosphorus; Fig. 1) was named so because it was teeming with

so many ﬁsh that its surface appeared ‘golden’ (Tekin, 1996). Gilles
(2000) described the Bosphorus as the best place in the world to
ﬁsh in the 16th century, as people could ﬁsh by hand, or even from
their windows by lowering a basket (Özdağ, 2013).
Four of the oldest ﬁshers interviewed for this study born
between 1937 and 1942 explained that the ‘golden years’ of ﬁshing in Turkey lasted until the late 1950s, as anybody could catch as
much swordﬁsh (Xiphias gladius) and Atlantic mackerel (Scomber
scombrus) as they could carry. Two ﬁshers recalled that from Galata
Bridge in the 1950s, (a popular recreational ﬁshing spot to this day),
anyone could cast a handline with 10 hooks, and within minutes,
would be rewarded with many large ﬁsh such as bonito (Sarda
sarda), two-banded seabream (Diplodus vulgaris), turbot (Scophthalmus maximus), blueﬁsh (Pomatomus saltatrix) and large garﬁsh
(Belone belone). Swordﬁsh migrations were so plenteous in the past
that they were said to have hindered Ottoman maritime trafﬁc
(Özdağ, 2013). In the early 1960s, ﬁshers would still hunt these
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ﬁsh with harpoon (Koray, 1962). At this time, Istanbul’s population
was just about 1 million (1/16th of today’s) and per capita Gross
Domestic Product was about US $1300 (www.nationmaster.com).
People were generally poor, but the massive migrations of pelagic
ﬁshes ensured them plenty of seafood.
Atlantic mackerel was one of the ﬁrst stocks to collapse in
Turkey, which occurred ﬁrst in the Black Sea circa 1967 (ftp://
ftp.fao.org/docrep/fao/006/W5020E/W5020E12.pdf), followed by
sturgeon (Acipenseridae, Memis, 2014), blueﬁn tuna (Thunnus
thynnus), chub mackerel (Scomber japonicus), large bonito or ‘torik’,
and swordﬁsh (B. Reis, pers. comm., Industrial ﬁsher).
Threats facing the ﬁsheries in the early 1970s were from industrial vessels targeting small pelagic ﬁshes (for canning), which used
radar and machine guns (to kill dolphins, perceived as competitors; Kemal, 1985). In the mid-1970s, after sturgeon and turbot
(Scopthalmus maximus) were depleted in the Black Sea, shark populations were next to be overﬁshed (Can, 2013).
In 1982, purse seine vessels began to use colour sonars, enabling
ﬁshers to differentiate between resource species for the ﬁrst
time. Within one year, coastal stocks of chub mackerel, shi drum
(Umbrina cirrosa) and large blueﬁsh (Pomatomus saltatrix) became
commercially extinct, and the ﬁsheries moved further offshore
(Can, 2013).
In the mid-1980s, several extirpations of culturally important
species occurred, notably blueﬁn tuna (Karakulak and Oray 2009),
which anglers declared the “shepherd of the sea” as they herded
smaller ﬁsh closer to shore, thus facilitating their capture. In just
one day, in 1984, due to a recent 100-fold increase in export prices
of blueﬁn tuna, 19 purse seiners caught the entire spawning stock
(300 adults, weighting 55 t) of blueﬁn tuna in the Sea of Marmara,
which never again reappeared in this sea to spawn (Can, 2013).
Destructive ﬁshing techniques such as dynamite ﬁshing and
bottom trawling, combined with high-voltage lights and sonars further depleted stocks in the Sea of Marmara, once the hub of the
Turkish commercial ﬁsheries (Özdağ, 2013). Most migratory stocks
spawned in Marmara (Caddy and Grifﬁths 1990; Galtsoff, 1924), but
when industrial ﬁsheries replaced small-scale ﬁsheries, the ecosystem was rapidly transformed (Koray, 1962). In the mid-1980s, the
Manager of Water Products explained to ﬁshers that “the seaﬂoor
is just like a parsley ﬁeld, the more you cut, the more shrimp will
grow,” and introduced 500 new ‘Algarna’ trawlers to this small
inland sea. At ﬁrst, these trawlers caught 15 t/shrimp/day−1 , which
decreased to about 1 t/shrimp/day−1 within only 6 months’ (Can,
2013).
The aim here is to document, beyond these anecdotes, the
severity of changes in the Turkish ﬁsheries, both experienced by
quantitative changes in CPUE and perceived change in overall state
of resource abundance measured throughout each ﬁshers’ career. If
both these changes were signiﬁcant over time and went unnoticed
by newer ﬁshers, the shifting baselines phenomenon was said to
have occurred.
2. Methods
2.1. Local ﬁshery data collection
From May 5 to and August 25, 2013,1 a total of 176 ﬁshers
were surveyed from 4 different sectors (recreational n = 75; artisanal n = 62; trawlers n = 20; and purse seiners n = 19), with careers
spanning 0–69 years (see Fig. 1 for cities surveyed).
Members of the ‘Small-Scale Fisheries Cooperative’ in Datça
initially tested the questionnaires, as the ﬁrst author’s father is
the vice-president of the group. Later, respondents were selected

1
The behavioural research ethics board (BREB) of the University of British
Columbia approved the survey in 2013.

on-site, at random for the recreational ﬁshers, by snowball sampling for artisanal ﬁshers in teahouses which they frequent, and
by random for purse-seiners and trawlers on their boats in their
home ports/marinas. The ﬁshers were asked a series of both quantitative and qualitative questions ﬁrst for their latest ﬁshing year
(2012–2013) and then for their initial ﬁshing year which included
vessel details (if applicable), i.e., engine power, gear type, ﬁshing
area(s), distance traveled, average ﬁshing depth, number of ﬁshing days per year, total catches, their three top target-species with
daily or annual catch amounts, how they would rate the overall
abundance of ﬁsh, species they are not catching anymore and last
year they were caught. Finally, the ﬁshers were asked to informally
list ways to improve the Turkish ﬁsheries.
Where appropriate, catches reported in ‘cases’ were converted
to weight (1 case = 10 kg); other conversions involved okes and
kulaç, i.e., 1 oke = 1.28 kg and 1 kulaç = 1.83 m.
2.2. Total ﬁshing effort for Turkey
Total commercial ﬁshing effort is calculated here for Turkey
using data from the national statistics. Boat engine power is used
as a measure of effort. Horsepower (hp) was reported for Turkey in
separate size classes beginning in 1967 (TÜİK, 1967–2010); here the
geometric mean of each hp size class was multiplied by the number
of vessels to derive total hp per class. As the data suggested from
its gear breakdown, from 1967 to 2004, half the vessels > 100 hp
were assumed to be trawlers and the mean trawler hp of 351 was
used; the other half were assumed to be purse seiners, and a mean
1364 hp was used. From 2005 to 2010, a new category of ‘500 + ’
hp was introduced, all of which were assumed to be purse seiners
(mean hp = 1364). Total hp per class was multiplied by the average
number of days ﬁshed for each sector (as calculated from questionnaire), then summed for all classes, and converted to kilowatts
(1 hp = 0.7456 kW), which yielded cumulative effort in kW/days.
2.3. CPUE for Turkey
The total reconstructed ﬁsheries catches for Turkey (Ulman
et al., 2013) divided by total effort in kW/days, yielded annual CPUE
(in kg/kW−1 /day−1 ).
2.4. Observed change in CPUE per ﬁsher
The ratio of each ﬁsher’s initial CPUE (i.e., the year they commenced ﬁshing) to their current CPUE (2013), referred to here as
‘Ratio of Initial to Current CPUE’ (RICC) was calculated. This ratio
was plotted against each ﬁsher’s initial ﬁshing year to assess the
change in CPUE over time.
2.5. Perceived change in resource abundance per ﬁsher
Each ﬁsher was asked to rate their perception of the state of
resource abundance from 1 to 10 (1 being the worst and 10 being
the highest possible, as in a pristine ecosystem), ﬁrst for the current
year (2013), and after a series of many other questions, for their
initial year of ﬁshing. The 2013 value was subtracted from the initial
year’s score, and the difference plotted (in %) as their ‘perceived
change in resource abundance’ (PCRA) against each ﬁshers’ initial
ﬁshing year.
2.6. Shifting baselines
For the shifting baselines phenomenon to occur, the resource
must have declined (as demonstrated here by a decline in RICC),
along with a decline in the PCRA, and the newer ﬁshers should have
perceived little or no change that befell the ecosystem compared
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to the degree of perceived change of the more experienced ﬁshers.
The available data can also be used to assess how long it took for
each ﬁsher to notice ecosystem change, and its severity.
2.7. Statistical analysis
Pearson product correlation coefﬁcients were calculated to
quantify the strength of the association between variable, i.e., PCRA
and RICC and time. Then, a linear regression was applied to RICC and
PCRA vs. time for each sector, and the slope of each regression slope
was tested for its signiﬁcant difference from zero.
3. Results
3.1. CPUE and effort for Turkey, and by sea
3.1.1. Turkey as a whole
For Turkey, CPUE (Fig. 2a) decreased by half from 1967 to 1968,
due to crashes of several commercial groups such as garﬁsh and
stingrays (Dasyatidae) and the commercial extinction of sturgeon
(TÜİK, 2010). CPUE has been steadily decreasing since 1982, averaging just 4 kg/kW−1 /day−1 in the late 2000s.
Total effort (Fig. 2a) in Turkey peaked at 380 million total kW
days by 2005, and then declined to under 200 million total kW
days/year−1 in the late 2000s.
3.1.2. The Black Sea
CPUE declined in the Black Sea (Fig. 2b) from the late 1960s to
a low of 3.5 kg/kW−1 /day−1 in 1976, likely due to the removal of
large predators, peaked at 73 kg/kW−1 /day−1 in 1987 due to the
populations of their former prey (anchovy and sprat) exploding,
and declined since to 5 kg/kW−1 /day−1 by 2010. From its peak in
1987, CPUE declined over 94% by 2010.
Total effort in the Black Sea (Fig. 2b) peaked at about 200 million
total kW days in the mid-1990s, and declined to just under 125
million total kW days in the late 2000s.
3.1.3. Sea of Marmara
Although CPUE in the Sea of Marmara (Fig. 2c) varied until
1993, a declining trend is apparent from 1974 onwards, when CPUE
peaked at 25 kg/kW−1 /day−1 , and then rapidly decreased in the late
1990s to current levels of about 2 kg/kW−1 /day−1 , a 90% decline.
Total effort in the Sea of Marmara (Fig. 2c) peaked at over 120
million kW days in 2000 and declined to about 60 million total kW
days in the late 2000s.
3.2. Change in RICC and PCRA
3.2.1. Recreational ﬁshers
Since 1960, the RICC of recreational ﬁshers decreased by a factor of 40 and the mean PCRA decreased by 80% (Fig. 3a; r = −0.755,
and Fig. 3b; r = −0.722, respectively, p < 0.01 in both cases). Here,
considerable changes in both CPUE and perception of the state of
the resources were noticed by the more-experienced ﬁshers, which
went unnoticed in the newer ﬁshers, thus supporting our hypothesis for the occurrence of SB.
3.2.2. Artisanal ﬁshers
The RICC of artisanal ﬁshers decreased by a factor of 40 since
the 1960s, and the mean PCRA by 65% in the last 60 years
(Fig. 3c; r = −0.354; Fig. 3d; r = −0.605, respectively, p < 0.01). The
PCRA decline behaved as predicted by our SB hypothesis, as the
more-experienced ﬁshers noticed a sharp decline in resource abundance, unnoticed by the newer ﬁshers.

Fig. 2. a–e Total CPUE (left Y-axis and solid line) and total effort in Turkey (right
Y-axis and dotted line) for a) all of Turkey; b) Black Sea; c) Marmara Sea (including
catches from the Bosphorus and Dardanelles); d) Aegean Sea; and e) Levantine Sea
(northern Mediterranean).

3.2.3. Bottom trawl ﬁshers
The decline of RICC (Fig. 3e), although it appeared strong, was
not signiﬁcant, but the mean PCRA did decrease by 70% (Fig. 3f,
r = −0.645, p < 0.05). Please note that the results from Mersin were
excluded from the analysis since the area has a much longer trawling history than the other sites, thus signiﬁcant changes likely
occurred in this ecosystem prior to our subjects beginning their
careers.
3.2.4. Purse seine ﬁshers
Since their temporal trends of RICC showed non-linear behavior,
a multiple linear regression (with a squared term) was used to ﬁt
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Fig. 3. a–h Change in RICC (left panels) and PCRA (as a percentage, right panels) of Turkish ﬁshers, by sector: a and b) for recreational ﬁshers; c and d) for artisanal ﬁshers;
e and f) for bottom trawl ﬁshers; and g and h) for purse seine ﬁshers. The Y-axis (in the left-hand panels) represents the relative amount of change experienced per ﬁsher
throughout their career (i.e., current catch over initial catch). Solid regression lines have slopes signiﬁcantly different from 0 (p < 0.01) for a and b, and p < 0.05 for c–h); dotted
lines are non-signiﬁcant changes in CPUE; p > 0.05). A multiple regression (with a squared term) was used to ﬁt the data for purse seiners (g and h; p > 0.05).

the data. This suggested that RICC (Fig. 3g) and PCRA (Fig. 3h) did
not decrease signiﬁcantly (p < 0.05).
3.3. How to improve ﬁsheries
The most frequent suggestions by ﬁshers on to how improve the
ﬁsheries were to end illegal ﬁshing (n = 44); ban bottom trawling
(n = 38); strengthen controls (n = 33); ban purse seining (n = 23);
and control effort (n = 18).
4. Discussion
Humans have pushed these seas far from their natural state,
which once offered a high abundance of resources, through a mode
of exploitation that starkly contrasts the way predatory animals

exploit the marine ecosystem (Darimont et al., 2015). The biodiverse and top-heavy trophic structure of ecosystems before the
onset of industrial ﬁshing (i.e., high predator biomass) provided
a resilience lacking in depleted current ecosystems (Knowlton and
Jackson 2008).
In Turkey’s seas, CPUE declined by nearly 400%, from 1967 to
2010, while total effort increased over 700%. The decrease in relative abundance is also clearly identiﬁed in the declines in RICC
and PCRA rates experienced by the ﬁshers themselves. The most
profound changes noted from individual CPUE rates declined by a
factor of 50 reported by the oldest bottom trawl ﬁshers from Istanbul, due to an almost total collapse of the benthic ﬁsheries in the
Black Sea and Sea of Marmara in the mid-2000s. Of the four ﬁshery
sectors studied here, only purse seiners did not experience signiﬁcant declines in PCRA, due to an increase in small pelagics brought
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on by the early removal of their predators. In most cases, more experienced ﬁshers noted a higher degree of change in RICC and PCRA
than newer ﬁshers, whereas very new ﬁshers (<2 years’ experience)
were unaware of changes in the marine ecosystem, and expressed
satisfaction with their current catches.
Several older ﬁshers stated that they no longer communicate
about lost species and reduced catches to younger ﬁshers, because
these stories no longer hold relevance to today’s activities. As older
ﬁshers stop sharing their histories, the baseline resets itself, and the
past is thus forgotten. This in part explains why massive changes
can occur to the ﬁsheries, without effective measures being taken to
combat stock declines. The lack of a historical perspective has also
been demonstrated in nearby Greece (Zogaris et al., 2014). These
ﬁndings strongly suggest the occurrence of the ‘shifting baseline
syndrome of ﬁsheries’ among Turkish ﬁshers. These results, however, are based on a relatively small number of recall interviews,
and thus remain suggestive.
To improve the status of Turkish ﬁsheries, it is imperative that
regulations, e.g., that banning bottom trawling from most coastal
areas, be rigorously implemented, and that overcapacity of the ﬂeet
is sufﬁciently reduced. Management urgently needs to be overhauled to begin rebuilding these rapidly declining ﬁsh stocks in
an effective manner (Ulman, 2014). A management plan could also
beneﬁt from the inclusion of ﬁshers into the decision-making process, as they have a deep knowledge to contribute, and a genuine
interest in the sustainability of the resources they exploit.
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Özdağ, U., 2013. For the health of the sea: in search of an expansive land ethic in
Turkish maritime literature. ISLE 20, 5–30.
Papworth, S.K., Rist, J., Coad, L., Milner-Gulland, E.J., 2009. Evidence for shifting
baseline syndrome in conservation. Conserv. Lett. 2, 93–100.
Pauly, D., 1995. Anecdotes and shifting baseline syndrome of ﬁsheries. Trends Ecol.
Evol. 10, 430.
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