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Abstract

Recent trends in the pelagic fish landings of multi-day fishing fleets operated from Sri Lanka indicated significant
declines in many fish species. Therefore, the present preliminary analysis investigates the perceptions of fishers on
recent declining trends of pelagic fish landings from offshore areas of the Indian Ocean and further investigates
whether the most common pelagic species landed in Sri Lanka conform to the gill oxygen limitation theory (GOLT)and
to speculate GOLT as a possible explanation to such trends. According to the perceptions of 457 skippers of fishing
vessels interviewed, such declines were possibly attributed to shifting of the areas of occurrence of pelagic fish
species, making them less vulnerable to multi-day fishing vessels. As climate change and deoxygenation are major
stressors affecting fish stocks, there is a challenging need for disentangling the impacts of these stressors from the
effects of overfishing. The 18 most common pelagic fish species harvested from the Indian Ocean confirmed to the
predictions from the GOLT, suggesting that shifting of these stocks could be due to deoxygenation which may have
been triggered by increased sea surface and sub-surface temperatures. Therefore, fishery-independent surveys are
needed to investigate the shifting of areas of occurrence of pelagic fishes in the Indian Ocean to understand their
areas of occurrence the further investigate the relevance of GOLT for defining regional fisheries management plans.
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Introduction climate change scenarios is crucial for effective

resource management (Young et al., 2019). Climate

In Sri Lanka, pelagic fish species in the offshore
regions, mainly tunas and tuna-like fish, are targeted
by semi-industrialised multi-day fishing vessels. The
skippers of these vessels often complain that in the
recent past (i.e., last 8 years), there has been a
significant decline in pelagic fish catches in the
pelagic longline and drift gillnet fisheries. The regional
fisheries management organisation, the Indian Ocean
Tuna Commission (I0TC), also raised concerns about
such a decline and has taken initiatives to introduce
catch quotas to the member countries (Anon., 2022a).
Collins et al. (2020) highlighted the importance of
adopting a socio-ecological approach to investigate
drivers for the behaviour of resource users.
Recognition of responding resource users to change
fishing locations as adaptive mechanisms under

change and changing ocean conditions present new
challenges, mainly because shifting species
distributions and changing productivity can have
significant implications for effective fisheries
management.

The gill oxygen limitation theory (GOLT) described by
Pauly and Cheung (2018) and Chen et al. (2022),
discusses the limitations of fish in meeting the
requirement of oxygen for their 3-dimensional body
growth because of the 2-dimensional increase of gill
surface area. As a result, growth reduces or ceases
(i.e., when the building up of body substances or
anabolism, reaches a level equal to the breaking down
of substances or catabolism, the latter generally does
not require oxygen) when oxygen is only required for
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maintenance energy (Pauly, 1984). According to Pauly
(2021), the process of sexual maturity is supposedly
triggered by environmental “stimuli® or ‘input’
experienced at the onset of the spawning season,
passed on to the hypothalamus, and thenceforth to a
hormonal cascade leading to maturation and
spawning. Therefore, GOLT postulates that latitudinal
shifts of fish communities, leading to low catch and
reduced species diversity and/or movement of fish
schools to deeper waters, may occur in marine fish
stocks due to oxygen limitation (Young et al., 2019;
Pauly, 2019).

It is therefore imperative that the production trends of
pelagic fisheries in the Indian Ocean off Sri Lanka be
investigated to find out possible drivers for such
trends, which would facilitate fishery resource
management at the regional level. The main objective
of the present preliminary analysis is twofold; first, an
attempt was made to investigate fishers' perceptions
of the recent trends in pelagic fisheries in the offshore
areas of the Indian Ocean and to identify shifts in
fishing location based on the knowledge of fishers,
and secondly to investigate whether the most
common pelagic species landed in Sri Lankan inboard
multi-day fishing boats (IMULs) would conform to the
GOLT to provide preliminary information for fisheries
managers, policymakers and scientists for further
comprehensive investigations on possible shifting of
areas of occurrence of pelagic fish stocks.

Materials and Methods
Ethical approval

Ethical review and approval were not required for the
animal study reported here because this study was
based on published data, and no live vertebrates or
higher invertebrates were sacrificed. For the opinion
survey of skippers, accepted ethnological methodologies
(Reeves et al., 2008) were adopted, and the respondents
willingly participated in the survey.

The fishery and production trends

In Sri Lanka, multi-day fishing operations for pelagic
fish species are carried out by semi-industrial,
inboard, multi-day boats (hereafter IMULs), ranging
from 9-17 m in length. These IMULs, operated by
crews of 3-10 fishers depending on the size of the
boat, generally target pelagic tuna and tuna-like
species using drift gillnets and/or longlines, while
some of the IMULs, especially those operating from
the fishery harbours of southern Sri Lanka (Fig. 1),
target flotsam-associated fish species using
surrounding nets (Ariyarathna and Amarasinghe,
2012). The total duration of a fishing trip of an IMUL
varies from 5 to 30 days, which essentially depends on
the limited deck space and the manual operation of
fishing gear (Hewapathirana et al., 2015). For the
IMULs operating on the high seas, vessels must hold a
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High Seas Licence (HSL) and operate a functioning
vessel monitoring system (VMS).

SAUDI | L ¢ s

ARABIA Y INDIAT S BANsLapFER]

20N

iRRen . YEM

10N [+

.
.
0.0 [EKENYA 5 .
L
\ -
3\ < .
105 |/ X
b L. lindilani@cea/n Weg S00Km
0.0 SO0E 60E 70E 80E 90E 100E

Fig. 1. Map of the Indian Ocean showing fishing locations
(blue dots) of multi-day boats operated from Sri Lankan
fishing harbours in 2022. Inset shows the map of Sri Lanka
indicating locations of fishing harbours listed and coded in
Table 1. The outer margin of the Exclusive Economic Zone
of Sri Lanka is also shown here. (Source: I0TC, 2022).

In Sri Lanka, the offshore and deep-sea sectors
contributed 42.2-44.2 % to the total marine fish
production of 449,440-326,930 MT during the 2017-
2020 period (Anon., 2021). This quantity was landed by
the 4,196 to 5,155 IMULs operated during the same
period. Fishing locations of the IMULs are, apart from
those in the Exclusive Economic Zone (EEZ) of Sri
Lanka, the Arabian Sea area crossing the EEZ of
Maldives and/or the equatorial Indian Ocean (i.e., the
eastern part of the Indian Ocean). Due to the absence
of science-based forecasting of productive fishing
grounds, skippers of the IMULs in the Indian Ocean off
Sri Lanka rely on traditional means of navigating to
fishing locations, such as various landmarks, the
behaviour of seabirds.

Fishers’perceptions

An online questionnaire was designed to gather
information about the education levels and
occupational history of the skippers, their fishing
experience, the procedure of determining fishing
area, and their perceptions and feelings about the
change of productive fishing grounds in the offshore
areas (Supplementary Table 1). Using this
questionnaire, information was gathered from
randomly selected skippers of IMULs operated from
14 fishing harbours located in eight fisheries districts
(Fig. 1; Table 1). The questionnaire was administered
by using Google Forms (https://www.google.com
/forms/about/) for online submission of responses. As
the skippers were familiar with online submission of
departure time and catch log details related to the
fishing trips, etc. to the fisheries monitoring offices at
the harbours, using smart mobile phones, this
approach of administering questionnaires was found
to be effective. The native languages of skippers


https://www.google.com/forms/about/
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Table 1. The number of skippers of inboard, multi-day boats (IMULs) and their fisheries district and harbour, participating in the

online survey.

Fisheries Fisheries harbour Code Number of skippers interviewed Percentage
district from fisheries harbours in each district
Negombo Pitipana N 8 8 1.75
Kaluatara Beruwala K1 2] 2] 4.60
Galle Ambalangoda Gl 22 85 4.81
Hikkaduwa G2 7 1.53
Galle G3 56 12.25
Matara Mirissa M1 42 12 9.19
Dondra M2 36 7.88
Nilwella M3 21 4.60
Suduwella M4 103 22.54
Tangalle Kudawalla T1 6 34 1.31
Tangalle 12 28 6.13
Ampara Sahindamarudu Al oy oy 8.97
Batticaloa Valachchanai B1 35 35 7.66
Trincomalee Trincomalee Trl 31 31 6.78
Total 457 457 100.00

in the present study, Sinhalese and Tamil, were used
in preparing the questionnaire and conducting the
survey from September to November 2022.

GOLT: a possible explanation for
shifting tishing grounds

As suggested by Pauly (2021), the occurrence of pelagic
fish species in a given location in the sea is dependent
on oxygen availability as postulated by the GOLT.
Accordingly, the relevance of GOLT was investigated as
a possible driver for shifting of fishing grounds of
pelagic species. The biological parameters of
asymptotic length (Le) and length at minimum size of
maturity (Lm), and the length-weight relationships
(LWR) of females (all length measurements determined
as fork length in cm) were obtained for the 18 most
common pelagic species (60 % of total targeted
species, and 88.5 % by weight of landed fish;
Gunawardena et al., 2023) making the most significant
contributions to the catches landed by the IMULs from
published literature. For each species, the qgill surface
factor [ D = b(1-d)] with b being the exponent of the fish
LWR, and. d being the exponent of the gill area-weight
relationships, which was taken as 0.8, was estimated.
The variables, Lo” and L,? were estimated for each
species, and subsequently, the overall ratio of L&” to
L.P together with the associated 95 % confidence
interval was then determined by a linear regression
analysis with the intercept fitted through the origin.

Results
Fishers’perceptions
A total of 457 IMUL skippers operating from 14 fisheries

harbours in eight fisheries districts responded to the
online questionnaire (Table 2). Most of the participants

were between 18 and 55 years old (n = 449; 98 %).
Almost all of them (n = 435; 95 %) were below 50 years
of age. On average, skippers had 18.9 years of
experience (range: 5-42 years, median = 28 years) in
multi-day fishing in the Indian Ocean off Sri Lanka.
Skippers’ perceptions about the change in productive
fishing grounds are summarised in Table 2.

All skippers in the IMULs mainly targeted tuna species
using longlines (52.9 %), drift gilinets (20.4 %) and ring
nets (26.7 %). Eighty-nine per cent of the skippers
mentioned that they were dependent on traditional
means of guessing fishing grounds such as wave
height, presence of various landmarks such as rocks,
the behaviour of seabirds, etc. About 41 % of the
skippers interviewed indicated that in addition to
traditional means, they relied on, the information
about fishing ground forecasting provided by the
fisheries authorities, while 88 % per cent of the
skippers believed the productive fishing locations
have changed over time. Nearly two-third of the
skippers (64.7 %) were of the view that the shifting of
productive fishing locations of pelagic species was
possibly due to changes in water temperature, and
water current patterns under the climate change
scenarios. From these skippers’ perceptions, the
majority of respondents thought that there was a shift
in productive fishing grounds and that their shifts
were possibly related to increased sea surface
temperature.

Annual production data and catch composition of
pelagic fish species in the fleet of IMULs in the Indian
Ocean off Sri Lanka from 1990 to 2021, obtained from
the Indian Ocean Tuna Commission (IOTC) Historical
Catch database of 2021/22 (I0TC, 2022) also indicated
that catches of almost all pelagic fish species
declined, particularly since 2010. Annual catches of
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Table 2. Skippers' perceptions about the decline of pelagic fish catch in IMULs from a total of 457 respondents to the survey

administered on Google Forms.

Skippers' perceptions

% Responses

(a)Fishing grounds have been shifted (n = 457)

Fish stocks moved to cooler, deeper areas 45.0
Fish stocks moved southward 7.7
Climatic change and changes in water current patterns 1.6
Depletion of stock sized due to overfishing 5.7
Land-based waste pollution in the sea 2.0
No clearidea 25.4
The fishing grounds have not shifted 2.6
(b) Possible reasons why fishing grounds have been shifted (n = 329)
Fish do not occur in usual fishing depths when sea surface temperature is high 353
Fish moved to cooler southward areas 29.5
Climatic change and changes in water current patterns 14.8
Qverfishing 5.8
Technological advancements in the fishery 6.4
No reason given 8.2
yellowfin and skipjack tuna fluctuated in a similar 50 4
manner (Fig. 2). Catches of yellowfin tuna reached a 45 | %
peak in 2004 (total catch of ~125,000 tonnes), Mean L. /L =1.36
40 (n=18;C.l.=1.28-143) 4
fluctuated between 100 and 125,000 tonnes between s
2004 and 2013 and are now <80,000 tonnes (Fig. 2). 35 -
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Fig. 2. Annual catches (metric tonnes) of pelagic fish
species caught in the IMULs during the 1990-2020 period
(Source: 10TC, 2022).

GOLT and pelagic fish species

The analysis was conducted to investigate whether
the asymptotic lengths (Lo) minimum sizes of
maturity of females (L»), and exponents of length-
weight relationships (b) of 18 pelagic fish species
conform to GOLT (Pauly 2021). The slope of the
relationship between L&” vs L,?, was 1.36 (95 % C.I. =
1.23 - 1.43; See Fig. 3; Table 3), which is identical to
the value theorised by Pauly (1984).

Discussion

As evident from the present analysis, there has been a
spectacular decline in the pelagic fish catches of
IMULs operated in the Indian Ocean from the fishery
harbours of Sri Lanka since 2010. Reduced catches of
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LmD
Fig. 3. Relationship between normalised length at first
maturity (Ln") and normalised asymptotic length (L") for 18
pelagic fish species in the Indian Ocean. All length
measurements are fork lengths in cm. Species and sources
of data are given in Table 3.

all major tuna and billfish species are apparently
responsible for the decline of total pelagic catches.
The perceptions of skippers of IMULs were consistent
with the declining production trends in the catch
statistics and their anecdotal insights were that due
to increasing sea surface temperature, pelagic fish
species moved either to deeper, cooler depths or to
cooler southward regions, making the existing fishing
strategies (mainly longlining and drift gillnetting)
ineffective in catching them (Kleisner et al., 2016).
Although in some species the spatial and temporal
distributions change is more or less regular and
cyclical patterns (Aro, 2002), 15 pelagic fish species
under the IOTC mandate in the Indian Ocean region
(Anon., 2022b) have been overexploited, except
Katsuwonus pelamis (skipjack tuna) and Xiphias
gladius (swordfish). Therefore, most probably these



Table 3. Asymptotic length (Lg), the minimum size of maturity (L») and the exponent (b) of length-weight relationships (LWR) of
the form W = aL® of 18 pelagic fish species in the Indian Ocean. All length measurements are fork lengths in cm. D is the gill
surface factor, and d(= 0.8)is the exponent of the gill area-weight relationships. For details, see the text.

Species Le Lm b D=b*1-d) LmP Le” Sources of data
(cm) (cm}
Thunnus alalunga 128.0 94.0 2.727 0.b45 11.917 14.103 *Dorel(1986)
(Bonnaterre, 1788) tAnon.(2022¢)
*Setyadji et al. (2014)
Thunnus obesus(Lowe,  217.9 125 3.012 0.602 17.205 25.622 tZhu et al.(2009)
1839) tKailola et al.(1993)
% Chassot et al. (2018)
Auxis rochei 42.3 23.60 3.408 0.882 8.625 12.838 T+Jasmine et al.(2013)
(Risso, 1810) ¥Herath et al.(2019)
Auxis thazard 47.0 345  3.431 0.686 11.366 14.047 fMudumala et al. (2018)
(Lacepede, 1800) #Vieira et al.(2022)
*Herath et al.(2019)
Thunnus tonggol 123.5 b3.5  2.820 0.564 9.436 15.125 T10TC(2015)
(Bleeker, 1851) i Griffiths et al. (2019)
¥ Yasemi et al. (2017)
Katsuwonus pelamis 70.1 39.9  3.393  0.679 12.201 17.884 T Tadjuddah et al.(2017)
(Linnaeus, 1758) tGrande et al. (2014)
% Chassot et al. (2018)
Thunnus albacares 178.0 19.6 2.967 0.593 17.096 21.640 TNurdin et al.(2016)
(Bonnaterre, 1788) tShietal.(2022)
%Chassot et al.(2016)
Euthynnus affinis 87.7 346 3.115 0.623 9.096 16.232 "Nurdin et al.(2016)
(Cantor, 1849) #Cruz-Castan et al. (2019)
*Herath et al.(2019)
[stiompax indica 396.6 2272 3.070  0.814 27.979 39.390 tSun et al.(2015)
(Cuvier, 1832) tSunetal.(2014)
¥Wang et al. (2008)
Makaira nigricans 350.9 206.1  3.240  0.648 31.588 44594 TSu et al.(2016); Prager et al.
Lacepede, 1802 (1995)
#Sun et al.(2009); Prager et al.
(1995)
¥Wang et al. (2008)
Rastrelliger kanagurta 26.2 20.7  3.267  0.654 7.25] 8.460 T Oktaviani et al. (2014)
(Cuvier, 1816) *Hulkoti et al. (2013)
Decapterus russelli 23.6 24.1 3.136 0.627 7.358 7.262 t* Faizah et al. (2020)
(Ruppell, 1830) +Costa et al.(2020)
Scomberomorus 140 65.4  2.9835  0.597 12.107 19.064 % Shojaei et al. (2008)
commerson #Devaraj(1983)
(Lacepede, 1800)
Elagatis bipinnulata 82.7 41.3 2.920 0.584 8.789 13.175 t+% Mous et al. (2020)
(Quoy & Gaimard, 1825)
Istiophorus platypterus — 246.8 166 2.880 0.576 19.001 23.878 TKar et al.(2015)
(Shaw, 1792) #Chiang et al.(2006)
¥Wang et al. (2008)
Kajikia audax 263.4 210.0 3.250 0.650 32.323 37.449 TSun et al.(2011)
(Philippi, 1887) tChanget al.(2018); Sun et al.
(20M)
*Wang et al. (2006); Sun et al.
(2011)
Xiphias gladius 31T 164.0  3.120 0.624 24.105 35.940 T Oktaviani et al. (2014)
Linnaeus, 1758 #Sijo et al.(2013)
¥Wang et al. (2008)
Acanthocybium solandri~ 179.7 99.3  1.493 0.299 3.948 4.713 TMcBride et al. (2008)

(Cuvier, 1832)

$Widodo et al. (2012)

T Sources of L values; T Sources of Lm values; ¥ Sources of b values of LWR.
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catch reductions would have resulted from the low
abundance of fish in traditional fishing grounds as
they would have been migrated to new locations in
optimising the surrounding environment as an
adaptive response (Aro, 2002).

The occurrence of pelagic fish species in a given
location in the sea is dependent on oxygen availability
as postulated by the GOLT (Pauly, 2021). According to
GOLT, the ability of fish to absorb oxygen is
proportional to their gill surface area, which essentially
increases two-dimensionally with the growth of fish. In
contrast, the body size of fish grows volumetrically,
hence, having a three-dimensional increase in body
weight while qill surface area increases in only two
dimensions. Consequently, their ability to extract
oxygen from the water reduces as they grow bigger.
The GOLT, therefore, postulates that the growth of fish
reaches a point where this diminished oxygen supply is
only sufficient to meet maintenance metabolism,
achieving its asymptotic body size (Pauly, 2021).

Hence, reducing trends of pelagic fish catches andthe
experience and attitudes of fishers on shifting fishing
grounds of pelagic species in the Indian Ocean, could
perhaps be explained by GOLT. As suggested by
Young et al. (2019) and Pauly (2019) oxygen limitation
drives fishes to shift to deeper waters and higher
latitudes resulting in low catch rates and species
diversities in the tropics and shallower water.

In contrast, environmental changes leading to ocean
warming may affect the behaviour (Pershing et al.,
2015) and metabolism (Deutsch et al., 2015) of the
majority of marine species as they are water-
breathing ectotherms. Poloczanska et al. (2016), who
reviewed the evidence for the responses of marine
life to recent climate change across ocean regions,
from tropical seas to polar oceans, have shown that
general trends in their responses are consistent,
including, amongst others, shifts in distribution to
higher latitudes and deeper locations. Ariza et al.
(2022) also indicated that ocean warming would result
in a massive expansion of temperate species towards
high-latitude regions. These increased seawater
temperatures result in low dissolved oxygen (Ito et al.,
2017). During the past 50 years, the oxygen levels in
the surface and sub-surface layers in the world's
oceans have decreased by 0.5-3.3 % (Schmidtko et
al., 2017; Breitburg et al., 2018). As evident by the
present analysis, 18 pelagic fish species in the Indian
Ocean, conform to predictions of the GOLT. As such,
pelagic fish species in the Indian Ocean off Sri Lanka
can be considered to be further susceptible to
deoxygenation due to elevated sea temperature.

The significantly reduced pelagic fish catches during
the last 7-8 years could also have been influenced by
shifting of the area of occurrence of major pelagic
fish species targeted by multiday fishing off Sri
Lanka. Fishing restrictions due to the COVID-19
lockdown and introduction of the Vessel Monitoring
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System to deep sea fisheries off Sri Lanka in 2015 may
also have contributed to apparent declining trends in
multiday fish catches to some extent. Fish, being
water-breathing ectotherms, require more oxygen for
metabolic activities in high-temperature habitats, and
on the other hand, the limited availability of oxygen in
the water due to increased sea surface and sub-
surface temperature, may have created further
difficulties for fish to acquire oxygen through their
respiratory surfaces. Pauly (2021) mentioned that
sexual maturity is initiated when a threshold ratio of
Lme O La? to L, of approximately 1.35 is achieved.
The present analysis is also consistent with this
phenomenon. Pauly (2019) mentioned that sensitivity
to temperature extremes forces the poleward
migration of fish, and/or increases in the depth in
which they occur. Pauly (2020) further indicated that
in the case of tropical fish species such as tuna, the
possibilities are that they might increase the depth
that they occur as a response to oxygen limitation due
to elevated environmental temperature. The declining
catch trends of pelagic fish species in the Indian
Ocean off Sri Lanka may possibly be due to such
habitat shifting, resulting in reduced catches in IMULs
because pelagic fish schools, such as tuna, having
unique temperature affinities might move to deeper,
cooler waters. It is known that multiday fishermen in
Sri Lanka normally set their long lines targeting tunas
at the depths lower than 45 m (Rajapaksha, 2010).
However, it is evident that yellowfin tuna is abundant
at relatively low temperature ranges in deeper areas
up to about 75 m in depth (Maddumage et al., 2021).

Also, the commercial fishing fleets are reported to set
conventional longlines to a depth of about 175 m and
deep longlines targeting bigeye tuna or billfish are set
at adepth of up to 300 m (FAQ, 2023). It can therefore
be postulated that the fishing depths of longlines
targeting tuna and tuna-like pelagic fish species by
the IMULs operating from the Sri Lankan fishery
harbours are much shallower than the current depth
distributions of these species, resulting in low
catches.

It has been reported that commercial trawl fishing
communities in the northwest Atlantic experienced
poleward shifts of fish species that they targeted and
changed their fishing patterns as an adaptation
strategy to fish in higher latitudes (Young et al., 2019).
Further, Gamito et al. (2016) have shown the trends in
landings and vulnerability to climate change in
different fleet components along the Portuguese
coast. According to Ouled-Cheikh et al. (2022) and
Morée et al. (2023), climate-change-driven losses of
the contemporary habitat of fish are evident across
the oceans. Alteration of fishing locations by fisher
communities with fleets of large vessels in the mid-
Atlantic has been reported to occur over the past two
decades(Young et al., 2019). Accordingly, large-vessel
fleets from North Carolina and Virginia in particular,
which used to fish near their ports of origin, are now
fishing 800 km north, off the coast of New Jersey.



Froese et al. (2022) pointed out that disentangling the
impacts of these environmental stressors from the
effects of overfishing is challenging. According to
Young et al. (2019), recognition of responding
resource users to change fishing locations under
climate change scenarios is critical for adaptive
planning and effective resource management.
Climate change and changing ocean conditions
present new challenges, mainly because shifting
species distributions and changing productivity can
have significant implications for effective fisheries
management, which need to be overcome by
including climate-informed decision-making in the
fisheries management process (Karp et al., 2019). This
is particularly important because management efforts
for pelagic fish stocks are largely towards control of
fishing pressure such as reducing overcapacity and
introducing catch quotas (Pons et al., 2018). It is
therefore imperative that the regional fisheries
management organisations such as I0OTC consider,
when defining regional fisheries management plans,
the possible shifting of pelagic fish stocks due to
deoxygenation associated with increased sea surface
and sub-surface temperature as an area of concernin
addition to control of the amount of fishing. This
preliminary analysis also calls for concerted efforts
investigating oceanographic drivers responsible for
the occurrence of marine pelagic fish species
together with experimental fishing trials to identify
more productive fishing grounds and depths, and
appropriate modifications of fishing gear and vessels.

Conclusion

The recent declining trends in pelagic fish landings
from the multiday fishing boats operating from the
fishery harbours of Sri Lanka are suspected to be due
to shifting of their areas of occurrence towards either
deeper, cooler areas or to polar ward regions, as an
adaptive mechanism to oxygen depletion. The
conformity of the most commonly harvested 18
pelagic fish species from the Indian Ocean to the
GOLT, perhaps provides an explanation for these
declining trends in pelagic fish landings as possible
shifting of those stocks as a result of oxygen
depletion which could have been triggered by
increased sea surface and sub-surface temperatures.
Therefore, fishery-independent surveys are needed
to be carried out to investigate the shifting and
migration of pelagic fishes in the Indian Ocean to
understand their new habitats and further conduct
comprehensive studies to understand the effect of
oceanographic events on pelagic fish stocks (apart
from fishing pressure) for the effective management
of pelagic fish stocks at the regional level.
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Supplementary Table 1. List of questions included in the online questionnaire adopted to collect data on Fishers’ perceptions
(English translation).

1. Residential District - (District drop down List)- Single Choice)
2. Operated harbour - (Harbour drop down List - Single Choice)
3. Haveyou beenemployed in asmall-scale fishing boat as a crew member before starting work as a skipper ___
4. Inwhich year did you start working on multi-day boats as a skipper? _____
5. Length(approximate feet)of the first multi-day fishing vessel you worked on___
6. The main fishing gear used on the first fishing vessel you worked on (Gillnets/ Longlines/ Ring Net- single
choice)
7. Astheskipper, what information do you use to choose the most productive fishing grounds? (Dropdown list-
Multiple choice)
a. Fisheries Department /NARA fishing ground forecasting information
b. Traditional knowledge (folk oceanography, i.e., sea surface colour, sea bird behaviour, etc.)
c. Various landmarks(rocks, etc.)
d. Other(describe)
8. Choose 03 types of fish that were most abundant as you noticed throughout your time when you started
serving as a skipper (multiple choice)
a) Yellowfin tuns
b) Bigeye tuna
c) Marlins/ swordfish/ sail fish
d)  Skipjack
e) Indianscads
f)  Rainbow runner
g) Frigatetuna
h) Bullet tuna
i) Shearfish
j)  Sharks
k)  Trevally and related
I)  Otherfish(mention names)
9. Mark the months of the year that fish were most abundant as you noticed throughout your time when you
started serving as a skipper(List of Months- multiple choice)
10. Length(approximate feet)of the multi-day fishing vessel you are working now (at present)
1. The main fishing gear used in your vessel (Gillnets/Longlines/Ring Net- single choice)
12. The other(additional)fishing gear used in your vessel (Gillnets/Longlines/Ring Net- single choice)
13. Mark the months of the year when you can harvest the largest catches as of now (List of Months- multiple
choice)
4. Choose 03 types of fish that are most abundant in the fish catch as you notice currently (multiple choice)
a) Yellowfin tuns
b) Bigeye tuna
c) Marlins/ swordfish/ sail fish
d)  Skipjack
e) Indianscads
f)  Rainbow runner
g) Frigatetuna
h) Bullet tuna
i) Shearfish
j)  Sharks
k)  Trevally and related
I)  Other fish(mention names)
5. Doyou notice a shift/ change of location where you could harvest a large fish catch (compared to the time you
start working as a skipper)?(Yes/No)
16. If yes, in your opinion, what could be the reason?

a. Fishmoved to cooler southward areas
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b.  Fish moved to cooler deeper areas

c. Other(specify)

d. Idonotknow

17. Do you observe any change in the months when you could harvest a large fish catch (compared to the time you
start working as a skipper)? (Yes/No)

18. If yes, inyour opinion, what could be the reason for the change in the high catch months?

a. Fishdonotoccurinusual fishing depths during sea surface temperature is high

b.  Fish donot occurin usual fishing area but moved to southward during when sea surface temperature
is high

c. Other(specify)

d. Idonotknow
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