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Abstract: Problem statement: A widely held belief that climate change has intpaan sustainable
fish catch leads us to find out how these effefisience fish landings in Sabah, Malaysia, esphcial
for the west and east coasts, based upon mons@emalds. Correlation of fish landings with
rainfall suggests that local fish landing is bediduto be sensitive to the effects of climate change
Approach: Rainfall, temperature, wind, the Southern Oséilatindex (SOI) and fish landings time
series for 3 specific regions (Kota Kinabalu (KR)awau and Sandakan) have been studied using
available local data for the last 9 yedResults: Results indicated significant fish landing varbais
due to the fluctuation of these meteorological perters, for example, ~20% reduction is found
during Northeast (NE) monsoon at KK. Heavy rainfadtrelates well with high fish landings when
fish landings lead rainfall by 1 month. Fish larginand temperature were also highly correlated.
Fish landings leads wind stress by 1-2 months ®BB6 certainty and it is high when the wind
direction is between 150-200° from north (approxieha for South Easterlies and South
Westerlies) Conclusion: The results confirmed that fish landing is lowidgrNE monsoon period.

In regard to the effect of El Nino Southern Ostitla (ENSO), low or negative SOI indicates high
fish landings.
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INTRODUCTION climate change may affect fish catch and landings o
way or another. The difficulty involved in explang
When investigating climatic effects on fish the effect of climate parameters on fish catch and
landings, the focus has been made on commercialllandings arises from the lack of reliable meteagaal
important and popular dinner-table fish specieghsu data together with the long term fish landings data
as, different types of grouper (Bleeker's, Marble, The main objectives of this study are to establish
Green, Greasy, Mottled), wrasse (Maori, Green), sewhether there is any link between rainfall, tempme,
bass (Humpback, Blue-spotted, Squaretail), snappewind, SOl and the fish landings in some strategeas
(Mangrove red, White blotched), giant sea-percasgl in Sabah during the monsoonal and non-monsoonal
eyed perch, white sea bream, spotted sweetlipseasons. The increasing numbers of typhoons (also
footballer trout, vermicular leopard cod and fewnest called tropical cyclones) in the West Pacific Ocean
species in this study, especially for the Kota iKimla  have contributed to severe weather while climate
(KK) area in the west and, for comparison purposechange is expected to worsen the existing condition
Sandakan and Tawau in the east of Sabah, Malaysiand create new vulnerabilities to the fisheriesustody
More detailed list of fish species in Sabah carfidobed  (Roessiget al., 2004). This study will identify some
in Institute Penyelidikan Marin Borneo (2003) and known and unknown factors that can influence fish
earlier ones in Herre (1933). There have been ébrum landings in Sabah. The results of this study are
of studies demonstrating the sensibility of pelagicimportant for the local fisheries industry for
species to ElI Nino Southern Oscillation (ENSO)appropriate preparation in the future. Also,
conditions in different other areas (Aaheim andrsyg understanding the need for studies on climate
2000; Beamish and Bouillon, 1993; Chenal., 1994; influences and fisheries is important to ensure
Eide and Heen, 2002; Lea, 2000; Roessigl., 2004; ecologically sound, economically sustainable and
Ruello, 1973). It is reasonable to expect that oimg  socially equitable development in Sabah.
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990 ton Grogaphe Sy mine AL monsoon is the Indian monsoon. The intense rainfall

2N e these regions can cause massive flooding and
destruction of crops. In dry climates, monsoonsare
important replenishment for life as water is braugh
back into the drought-stricken zones of the world
(Cooke, 2003).

The weather in Malaysia is characterized by two
monsoon regimes, namely, the South West (SW)
monsoon from late May to September and the Northeas
(NE) monsoon from November to March. It is to be
noted that these months are not rigid to identifg t
L monsoonal periods due to unexpected changes of the
e o wind system. The months between the monsoons are

known as the Inter-Season (IS) period. The northeas
Fig. 1: Map of Malaysia showing Sabah at themonsoon brings heavy rainfall, particularly to st
northern edge of Borneo coast states of Peninsular Malaysia and western
Sarawak, whereas the southwest monsoon normally
Background of study area: Sabah is the second largest signifies relatively dry weather. The primary caude
Malaysian state situated on the northern tip ofiskend  monsoon comes from global winds and air pressure,
of Borneo (Fig. 1) covering an area of 73 71%Pkmith  though the exact cause is still not completely
a coastline of 1600 km facing the sea (consideailhg understood.
coasts with direct marine exposure (lagoons, mathla
and islands) the total length of the Sabah coastlinGeneral weather conditions in Sabah: The average
becomes around 4315 km). It also shares a bordbr wiatmospheric temperature is between 23-32°C anthtain
the province of East Kalimantan of Indonesia in theis approximately 2400 mm per annum, although itas
south. In spite of its status as a Malaysian s@B&dah uniformly distributed throughout the year. The
remains a disputed territory; The Philippines have monsoonal season plays an important role in ailities
dormant claim over much of the eastern part of theof Sabah (Institute Penyelidikan Marin Borneo, 2003

territory (Cooke, 2003). The capital of Sabah ist&Ko The dry season is normally in the months of
Kinabalu, formerly known as Jesselton, where ourFebruary to April/May while the wet season occurs
study is mainly focused on. during the monsoon seasons. The northeast monsoon,

Sabah is known as ‘Sabah, Negeri Di Bawahusually from October to January (or February), ¢gsin
Bayu’, which means ‘Sababh, the land below the wind’ the heaviest rains of the year to the eastern cofast
because of its location. It is situated below f§ghbon  Sabah. The southwest monsoon, usually from May to
and monsoon belt (just south of the typhoon-proneAugust (or September), brings heavy rains to the
region around the Philippines) and has a uniquelyvestern coast of Sabah (Cooke, 2003).
diverse population of approximately 2.6 m consgstir
32 ethnic communities. It is basically an agriodtu Status of fisheries in Sabah: According to Cabanban
state. Over 70% of the population live in ruralear@and  and Biusing (1999) and Biusing al. (1995), Sabah
the majority are dependent directly or indirectlp o produces approximately 15% of Malaysia’s fish catch
agriculture, livestock and fisheries for their lineod and our study areas alone contribute approximately
and these industries contribute very significatdkyards ~ 70% of Sabah’s marine fisheries landings annually.
the export earnings of the state. Sabah is a kpgrit  Fisheries production in Sabah can be classified as
of marine fish products in Malaysia (Cooke, 2003). marine fisheries and aquaculture. The majority of

Sabah'’s fishers are small-scale fishermen maimgiai
Brief description on monsoon: The word monsoon is subsistence lifestyle. However, the majority of &ab
derived from the Arabic word mausim meaning seasorfish landings come from large-and medium-scale
Ancient traders plying in the Indian Ocean andtrawlers and purse-seines. Small pelagic fish, sagh
adjoining Arabian Sea used it to describe a systém mackerel, prawn, squid and other fin-fish comptise
alternating winds which blows persistently from thebulk of commercial fish landings. The marine fighin
northeast during the northern hemisphere winter anthdustry in Sabah has produced fish not only endagh
from the opposite direction, the southwestjuthe  self consumption but also surplus for export. An
northern hemisphere summer. The most famouastonishing 200-300 species of fish and invertelsrat
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are landed regularly in Sabah’s markets. To daeret RESULTSAND DISCUSSION
are more than 600 species of edible marine fishes

found in Sabah's fish markets (Institute Penyedik Effects of monsoonal seasons on fish landings: Fish
Marin Borneo, 2003). The major foreign markets forlandings data for the three different areas were
fish and fish products of Sabah are found in Br“neiseparated for the SW monsoon. NE monsoon and IS

Phi_lippines, Japan, Singapore, HO'FQ Kong and Taiwa_"fhter-monsoon season and monthly averages were
while the secondary markets are in Europe, Auara“calculated. The results are shown in Fig. 2. A

and the United States of America. A SUbStant'alnoticeable point is that fish landings in KK area |

volume is also sold to Peninsular Malaysia.

There is increasing evidence that inshore fiskerie
throughout Sabah, as in many other areas, are i
decline. Around Sabah, fishing pressure is intearse
there has been considerable diversification ofefiss
effort. All of the known resources are exploited.
Sabah'’s reef fish landings have decreased sinpedk @
in the 1980s (Cabanban and Biusing, 1999). Des$rict :
fishing methods have also damaged reef habit
throughout Sabah (Biusirgy al., 1995), contributing to
the decline of reef resources. Habitat destructiod 2
pollution, due to logging activities and extensive :
agricultural development in Sabah in recent ydaase
somehow greatly affected the inland fisheries dfcba
Sabah is the largest oil palm producer in Malaysia
Unfortunately, it has caused negative impact on
freshwater fish habitat in the states, especialilythe
east coast region where most of the oil palm ptanta
is found (Cooke, 2003). Thus, the fish population a
the landing of freshwater fish in the state haverbe
dwindling rapidly over the years.

MATERIALSAND METHODS

n seasonal lish landing (metric tong)

Fish landing raw data (in tonnes per month) of :
various fish at the daily markets of the study areare
provided by the department of fisheries, SabahtHer
study period. This dataset is based on daily loghoo
records with an estimated error of ~10% due to the
nature of recording and fluctuations by market
requirements. Meteorological data, including rdinfa
(mm), average temperature (°C), average winddspee
(m sec¢ and dominant wind direction (degree from
North), were provided by the Malaysian Meteorology

M

h landing (melric Lons)

Service, Sabah. For Kota Kinabalu in the west and = :

s

Tawau in the east, regular data were available from =z
2000-2008. Due to missing and irregular data fa th
Sandakan area (east coast of Sabah), only date&etw
2003 and 2007 were analyses in this study as aupack
for the east coast to enhance the findings fromataw
Monthly SOI values for the study period were ohgdin
from the Bureau of Metrology, Melbourne, Australia.
All analyses data were grouped and
appropriately for monsoonal and non-monsoonal
seasons for further analysis.

nal |

Mean seasc
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It is to be noted that our focus is only on fishdangs It can be seen (Fig. 4a) that heavy rainfall tsing
at the markets and not the abundance of fish imteas high fish landings in KK area with shght

or fish catch. It is clearly seen in Fig. 2a thahf time lag. Monthly rainfall in KK is varying betweeh
landings in KK area is the lowest during NE monsoor@nd~600 mm per month. Figure 4b shows monthly
while the other two periods are more favorablefigm  rainfall in Tawau and fish landings response ta fiai
landings. In Tawau and Sandakan on the easterroside Similar to the situation in KK, although total fish

Sabah, fish landings are almost the same for aioes landing is not as much as in KK. Fluctuation imfall
and the seasonal effect is not clearly noticeable. is not as high as in KK and average monthly raingl
In order to enhance our argument, Fig. 3 illussat ~200£30 mm. Rainfall in the Sandakan area is atoun

the overall seasonal fish landings in KK for teire Zggomm (5'92 4%)’ however, the va!uE ?Oe;. up to

9 year study period. As stated earlier, fish lagdim é " mm during the NE monsoon. Fish landing in

KK area is found to be the lowest during NE monsoor, andakan is around 2000 tones per month and does no
; learly respond to the change in rainfall.

and the other two periods have almost the same

amount of fish landings. When an analysis is dome o Temperature and fish landings: Fish landings

a monthly basis, it is found that higher fish lavgé  and temperature time series are shown in Fig. 5.

take place from March to October. It simply meansMonthly average temperature at KK fluctuates

that November to February (NE monsoon) is notbetween 26-28.5°C with no sharp temperature change

favorable for fish landings and is ~20% less thdrep

periods in KK.
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Influence of rainfall on fish landings: According to
our usual understanding, monsoon carries rain balsa
and it is generally known as the wet season. Howeve
rainfall in KK area during NE monsoon is relatively
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lower than other times. As shown in Fig. 1, KK is 1000 200
situated on the western side of Sabah facing thghSo 0! 0
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blocking the NE monsoon wind. The commonly known Y“za)

rain shadow effect is evident in KK side and rdinfa

abundant on the eastern side of Sabah, such as, i % — Fishlanding — Rainfall 1200

Sandakan and Tawau during the NE monsoon. Figure £
shows the time series of fish landings and rairgithe
three different areas.
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Fig. 3: Mean Fish landings during monsoonal seasonkig. 4: Monthly rainfall and Fish landings in (apt&
at KK for the study period (2000-2008) Kinabalu, (b) Tawau and (c) Sandakan
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Fig. 5: Fish landings and temperature in (a) Kota 200 2000 2000 2003 2004 2005 2006 2007 2008
Kinabalu, (b) Tawau and (c) Sandakan Year

However, it is seen consistently that fish landidgsp ~ F19- 7: Fish landings at KK and SOI

just before the temperature falls (Fig. 5a). Mopthl o 0nat confirms that fish landing is low digrithe
average temperature at Tawau is less fluctuatiag th NE monsoon period. Due to lesser fluctuation off fis

KK and the temperature is mostly 27°C (Fig. 5b). AS|,n4inas™in other two areas, the effect of winchés
mentioned earlier, fish landings in Tawau are lower !

than for KK. It indicates that the effect of tempikere clearly evident as itis in KK and not shown.

changes is minimal on fish landings in Tawau area.  Fish |landings versus SOI: Having analyzed the effects
Fish landings at Sandakan do not change much angt several meteorological parameters on fish lagsliat

the monthly average is approximately 2000 tonneSyne east and west coasts of Sabah, we look at the

However, temperature fluctuates between 26-29°C a”ﬂeneral influence of SOI on fish landinigs KK

it can be Seen like in KK (on a lesser scale) ﬂght (Fig. 7), since ENSO event is regarded as a global
landings drop just before the temperature fallg.(bt). phenomena. In this analysis, focus is made on Kig on

Fish landings against wind: The relation between fish due to the fact that other areas on the east afast
landings and wind speed in KK is shown in Fig. Gd a Sabah have almost the same fish landings throughout
b. It can be seen that high wind is bringing higghf the study period. It is clearly evident that negatSOl
landings in KK. At the same time, when we looktat t is favoring the higher fish landings in KK area.tiVa
wind direction (Fig. 6b), fish landing is high whéme  slight time lag, positive SOI indicates the lowéshf
wind direction is between 150-200° from north, whic landings for the period between 2000 and 2008 & th
is roughly the South Easterlies and South @kss.  west coast of Sabah.
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Loy Temperatuze = Rainfall - Wind speed = Wind dizection ~ SOI factors. Heavy rainfall indicates higher fish lamgs
g 08 with the later leading by 1 month. Temperature hias
z §j the same effect; Meaning fish landings and tempezat
_ 02 are directly correlated. In addition, fish landinigad
£ _%2 wind speed by 1-2 months. Fish landing is also high
E o when the wind direction is between 150-200°C from
< Mﬂ north; these directions roughly represent the South
i Easterlies and South Westerlies. It indirectly aomé
5 s 4 03 2 a1 0 1 2 3 4 5 6 why the fish landing is ~20% low during NE monsoon
Lag (months) period in KK area. The globally popular ENSO

) ) - _ ) phenomenon has effect on fish landings in KK wit'v |
Fig. 8: Correlation Coefficients between time se¢ oy pegative SOI indicating high fish landings ataze
monthly Fish Landing and Different Variables |ag. Fisheries should not be managed without iriolyid

(-ve lag means variable leads) proactive responses to changes in rainfall, tentpera
) o ) ) o wind and the SOI and their predicted trends.
Brief dtatistical analysis: Correlation coefficients The fishing and aquaculture industry in Sabah has

between time series of monthly fish landing (avera  great potential for development. Among the key oeas

all similar months) and different meteorological gre the yet untapped fisheries resources, estatllish
variables for the KK area are shown in Fig. 8. Hereechnology and the strong government support. Even
negative lag means the variable leads the fishifgsd  though this sector faces a number of constraints an
The data considered are for the 9-years period. Thﬁroblems, these by no means will hamper the
correlation coefficient between rainfall and fistndings  gevelopment of the industry. How this industry will
is +0.69 with fish landings leading by 1 month. Whe gevelop in the next few years will depend on tresel
temperature is considered, the correlation coefiicis cooperation between the private sector and the
+0.8 at zero lag, meaning fish landings and tenipega  government. The benefit is clear: The State of Batith

are directly correlated. It is interesting to ntitat wind  pecome the premier fish-producing state in Malaysia
has considerable effect on fish landings. The tatios

coefficient for wind speed and fish landings isrfduo
be +0.75 with fish landings leading by 1-2 months.
Similarly fish landings lead dominant wind directiby
1 month. The impact of ENSO phenomena and SOI aréaheim, A. and L. Sygna, 2000. Economic Impacts of
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