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Abstract

of redistribution of Marlins in the future with the temperature change,it is important to find out the relationship of

Marlin ( Makira sp.) is one of the famous oceanic fish species in Sri Lankan fisheries.To reduce the risk

Marlins with sea surface temperature.Moreover by identifying this relationship the cost to find the Marlin abundant
places in order to catch them can be reduced.In this study,SST values of the year 2006 from Aqua/MODIS images
within the region of latitudes 2.0-13.5°N and longitudes 76.5-88.0°E and the simultaneous Marlin catch data ob-
tained from National Aquatic Resources Research & Development Agency were obtained for the analysis.To describe
the relationship between SST and Marlins catch per unit effort (CPUE) ,the Empirical Cumulative Distribution Fre-
quency (ECDF) analysis was used.The temporal variations of SST and fish availability and the relationship between
them were analyzed by plotting the data separately for Northeastern, Southeastern, Northwestern and Southwestern
areas.Most of the catches could be seen in the western area off the Sri Lankan waters.The fish CPUE changes could
be observed with the changes of the SST.Highest frequency of Marlin catches were within the areas with SST of 27—
28 °C.According to the ECDF analysis, there was a significant relationship between the changes of CPUE and SST
values of 22-31 “C.The maximum abundance could be seen within 26-31 “C.According to the SST changing pattern
and the suitable SST values obtained from ECDF analysis, periods of March to May and July to October in Northeast-
ern area, February to June and August to September in Northwestern area, February to July and September to De-
cember in Southeastern area,and March to January in Southwestern area are suitable for Marlin fishery.

Key words sea surface temperature ; Aqua/MODIS ; geographic information system ; remote sensing; empirical cu-

mulative distribution frequency analysis

1 Introduction patterns of this fish.

Sea surface temperature ( SST') can influence the
Marlins are found in tropical Sri Lankan seas and ) ) . 4] ]
they are one of the highly valuable food fish " These geographical range of marine species " .Several studies

’ have been carried out on the migration of pelagic
fish are oceanic and highly migratory'>. Marlins have ave been carried oul on The figration of pelagic

been caught for sporting purpose since 1930s in species off the North American west coast ( yellowtail,

Though Marlin

considered as a kind of off-shore sport fishing activity,

Pacific, Aflantic, elc. fishing s Seriolalalandei ; Pacific bonito, Sardachiliensis; Pacific

barracuda, Sphyraenaargentea ; white seabass, Atracto-

scionnobilis; and skipjack tuna, Euthynnuspelamis )

in Sri Lanka Marlins are caught for food purposes. Usage .
5

of long-lines for Marlin fishery has been popular, since during years of anomalously warm sea temperatures

Meanwhile , the temperature is one of the important pa-
[6]

it preserves the quality of fish flesh*!.

Wide distribution of Marlins takes long searching — rameters that affect Marlin distribution too

time which increases the fuel consumption and fishing
the fishable

aggregations of Marlins to reduce the cost of Marlin

cost. So it is important to predict
fishing.To identify the potential fishing grounds, it is es-

sential to identify the temporal and spatial distribution

Sri Lankan waters experience seasonal temperature
changes with the monsoon effects. The southwest
monsoon extends from May to September and northeast
monsoon from November to March. Between the two

monsoons, there are two transition periods known as
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inter-monsoons when the dynamic conditions become
weak and,as a result the sea surface gets heated'*’.Re-
mote sensing data can be easily used to analyze these
spatial and temporal changes of ocean sea surface tem-
perature.

The purpose of this study is to examine the rela-
tionship between Marlin distribution and sea surface
temperature in Sri Lankan waters using Aqua/ MODIS
remote sensing data and Marlins fishery data.According
to their relationship , the potential Marlin abundant habi-
tats can be demarcated to minimize the fishery cost and
the conservation zones suitable for Marlins can also be

identified.
2 Materials and methods

2.1 Study area

The area within latitudes of 2.0-13.5°N and longi-
tudes of 76.5-88.0°E is the target area of this study.
This area covers the Sri Lankan exclusive economic

zone.

2.2 Satellite data

Satellite remote sensing data of 2006 Aqua/
MODIS images were used to analyze the sea surface
( SST ). MODIS ( Moderate-resolution
Imaging Spectroradiometer) that was launched in 2002

temperature

by the United States provides ideal remote sensing

images used for fisheries oceanography'”’.

2.3 Fishery data

Daily Marlin catch data in 2006 were obtained
from National Aquatic Resources Research and Devel-
opment Agency ( NARA ), Sri Lanka. Marlins were
caught by long lines with 500 hooks.The Catch Per Unit
Effort (CPUE) of fishery data were calculated as fol-
lows,

C=fqB, (D)
In which C is Catch,f is effort,q is the catchability co-
efficient,and B is stock biomass.Catch is measured in
numbers of fish caught, and effort is measured at sea
fishing with long lines with 500 hooks per each.

Using equation (1) ,the catch per unit of fishing
effort (CPUE) in its basic form can be defined as the
total catch divided by the total fishing efforts in a given
period ,

355
U=cC/f, (2)
In which U is the CPUE.

2.4 Processing of AQUA/MODIS images

The daily and monthly AQUA/MODIS level 2 ima-
ges downloaded from NASA website,
processed by softwares of SeaDAS, ArcGIS 9. 3, and 1L-
WIS 3.3.The images on relatively cloud-free days of
area within latitudes 2. 0-13.5°N and longitudes 76. 5—
88.0° E were projected using SeaDAS software to

were and

produce sea surface temperature maps. The study area

was divided into four major regions for detailed analysis.

latitude

longitude

Fig. 1
Northwestern (NW,8.14-8.93°N,78.74-79.71°E) ,
Northeastern (NE,8.69-9.48°N,81.38-82.35°F) ,
Southwestern (SW,6.19-6.98°N,78.75-79.72°E) ,

and Southeastern (SE,6.78-7.57°N,82.02-82.99°E)

The study area were divided into 4 subareas of

Available fish catch data were separated according
to area (as indicated in the above figure) and month.
The SST data under the fishing points were extracted
using ILWIS 3.3.

To describe the relationship between SST and fish
CPUE, the empirical cumulative distribution frequency
(ECDF) analysis was used according to the studies of
[8] and [9] as follows:

S =231

With the indicator function

1, x <1,
l(%) ={

0, =x, >t,

(3)

(4)
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1 &
f =03 ), (5)

D(t) =max| f(t) —g(t) . (6)
Where f(t) is the empirical cumulative frequency dis-
tribution function, ¢ is the depth, n is the number of
fishing trips;/( ;) is function,x, is the value of sea sur-
face temperature extracted from fishing ground at any
point.The g(t) denotes the catch-weighted cumulative
distribution function,where y, is the hook rate at every
point of fishing ground.D(t) is the absolute value of the
difference between the curve f(¢) and g (t) at any
point of ¢.The coordinate labeled “max” represents the
specific value of the variables at which the difference
between the two curves (1g(t)—f(t) |) is the maxi-
mum.

Paired ¢-test was used to analyze the significant
difference between f(t) and g (t) curves. The mean
temperatures were calculated for each month in each re-

gion.The temporal variations in each region were identi-

a. July

b. August
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fied graphically and the areas with suitable temperatures
to Marlins were mapped according to the results of em-
pirical cumulative distribution frequency analysis. The
maps were normalized according to the relationship be-
tween fish catch and the sea surface temperature, on
which the Marlin abundant areas and corresponding pe-

riods were identified.
3 Results

Figure 2 shows the positions that Marlins are
mostly aggregated. The fishery boats target these places
to catch Marlins. The empirical distribution frequency
analysis has been used to graphically indicate how the
cumulative frequency of Marlin catches change with the
sea surface temperature ( SST) (Fig.3).Moreover, the
histogram in Figure 4 clearly indicates the SSTs which
support the aggregation of the Marlins.

According to Figure 3 and Figure 4,it is clear that
the ideal temperature range for Marlin is within 26-31 C.

c. September

d. October

_—
0 250 000

e. November

f. December

1 : 7000 000

Fig.2 Marlin distribution in Sri Lankan waters
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Fig. 3 Empirical cumulative distribution frequency

related to SST (°C) for Marlins
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Fig. 4 Changes of Marlin catches frequency
with the SST (°C)

a. Northeast monsoon

c. Southwest monsoon

357

In order to find the monsoonal seasons that are ideal for
the Marlin catch, seasonal changes of the sea surface
temperature has been mapped in Figure 5.

The following Figure 6 shows the maps prepared to
identify the locations and the months that are supporting
the Marlin distribution in surface waters according to
the variations of the SST.They can be used to identify
the potential fishing grounds of Marlins as well as to de-
marcate the bio conservative hotspots.

Table 1 below illustrates the monthly change in the
mean temperature to give a better understanding of

moths with ideal temperature for Marlins.
4 Discussion

Data presented in this study support providing evi-
dence of preferred temperature ranges for Marlins in or-

der to manage the Marlin fisheries better in the future.

4.1 Marlin spatial variations with temperature
The distribution of Marline organisms can be at-
tributed and analyzed according to the various environ-
ment conditions which we identify as “hydro-biological
variables”. Development and sustainability of Marline

related industries requires better understanding of these

-45

- 40
-36
-32
-28
-24

b. Ist inter—-monsoon

20

-0
L-2

d. 2nd inter—-monsoon

Fig.5 Seasonal changes of SST in Sri Lankan waters( Land masks are marked in ash colour)
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Fig. 6 Potential fishing grounds for Marlins around Sri Lanka according to the results of
ECDF analysis of Aqua/MODIS SST 2006 data( Land masks are shown in ash colour)

factors' "’ .Blue Marlins are highly distributed in tropics
among all billfish'""" and are the most common billfish
in the catches of longline fisheries in the tropical
Pacific Ocean'. The distributions of blue Marlin
density vary seasonally and annually. According to the

results of statistical study done with the remote sensing

and fish catch data in this study, it is clearly proven that
there is a strong relationship between sea surface tem-
perature and Marlin fish distribution. The probable SST
when Marlins could be seen is within 26-31 “C.
According to the above results, the highest CPUE
(15.00£0.00) in Northeastern area is available in
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Table 1 Mean daily Aqua/MODIS SST ( standard deviation) of each month in 2006 within the study area C

Month NE NW SE SW
January 25.01+0.45 24.72+0.08 25.23+0.33 27.19+0.77
February 25.36+5.15 28.46+1.35 27.74+1.87 25.70+4.46
March 30.01+0.34 29.82+0.73 30.63+1.23 29.74+0.62
April 31.00+0.56 30.11+1.00 27.46+5.42 28.96+0.95
May 28.15+1.35 27.78+1.26 26.85+4.11 28.22+0.51
June 25.53+7.38 27.53+1.59 28.61+3.00 27.68+0.64
July 28.03+1.93 22.62+6.73 28.91+0.83 27.34+0.51
August 27.26+4.44 28.24+1.40 24.55+5.69 27.65+1.42
September 28.29+2.47 28.58+0.42 28.61+0.26 28.31+0.58
October 28.10+3.38 23.23+5.39 28.80+0.17 28.02+4.42
November 25.62+4.25 28.63+0.02 27.46+1.27 26.42+3.95
December 27.01+0.02 22.67+5.04 26.96+0.65 26.94+0.10

waters with 27.26 +4.44 °C SST. The highest mean
CPUE in Southeastern area could be seen in months
such as July and November with 28.91+0.83 °C and
27.46+1.27 °C SST, respectively. In Southwestern area
the highest CPUE is found in October with a mean SST
of 28.02+4.42 °C.Marlins have been frequently caught
from waters with 27.00-28.00 °C .Hence,with the tem-
perature change occurred with the ENSO events,
Marlins shifting can be seen to the preferable tempera-

turesm].

4.2 SST seasonal variations

According to the mean SST values calculated for
each area separately,the suitable temperatures for Mar-
lins fishing are distributed as follows; March to May,
July to October and December in Northeastern area,
February to June and August to September in North-
western area, February to July and September to De-
cember in Southeastern area, and March to January in
Southwestern area.

According to the seasonal variations of the SST, the
suitable habitats for the Marlins are mostly in South-
western region in Northeast monsoon, Northwestern
region in the first inter-monsoon , Northeastern region in
Southwest monsoon, and again in Southern area in the
second inter-monsoon.

The study of Goodyear et al.'® clearly shows that
the habitat utilization of blue Marlins depends on tem-
perature-depth rather than the feeding behavior. They
have observed blue Marlin as daylight and sight feeders

that regularly descend into the water column to feed or

possibly view forage above'®'.Furthermore , according to
this study the thermocline is a particular factor influen-
cing Marlins. Therefore further studies are needed to in-
vestigate the relationship of the Marlin behavioral pat-
terns with the thermocline distribution in ocean around
Sri Lanka.

Moreover,SST directly affects the upwelling which

brings nutrients to surface waters' "'’

and leads to high
primary production attracting food items of Marlins to
the surface waters. Hence , SST directly as well as indi-

rectly affects the gathering of Marlins.

4.3 Implications for management

The spatial distribution of the species has to be
considered when making effective strategies for
managing marine ecosystems.Time-area closures may be
the best approach to manage the fisheries and protect
species such as bill fish that have pelagic larvae and
highly migratory adults''® | because limiting the fishing
effort in large areas is not practical'””’ . Demarcating re-
serves for Marlin like species should be based on
habitat type, ocean conditions, migratory patterns, and
prey distributions in order to protect their spawning and
nursery grounds.

Global phenomena such as El Nino make the
changes in ocean environmental conditions which may
affect large-scale shifts in distribution of migratory spe-
cies. Therefore , identification of the distribution of mi-
gratory fish should be combined with the interannual
variability. The relationships between SST and Marlin

abundance derived in this study can be used to predict
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the spatial distribution of this fish and hence provide a
basis to plan the closed areas.

Moreover , there may be several other factors affect
the distribution of Marlins.If the relationship of Marlins
with those other oceanographic conditions be identified ,
the prediction of the potential Marlin fishing grounds
will be much easier and cost effective. The results of
these studies can be used not only to identify the poten-
tial fishing grounds but also for the conservation activi-
ties. Most suitable habitats for the Marlins can be identi-
fied to demarcate the no-fishing zones and special areas
for conservation ( SACs) to escalate the abundance of

Marlins.
5 Conclusion

The potential fishing grounds for Marlin may well
correspond to the dynamics of temperature which could
be identified synoptically by sea surface temperature.
Satellite images provide a distinctive support in
extracting the sea surface temperatures in large areas
which cannot be practically analyzed by sample
analysis.This study suggests that the preferred range of
the sea surface temperature provides a good indicator of
initially detecting the potential fishing grounds for
Marlin in Sri Lankan ocean. According to the ECDF
analysis, there was a significant relationship between the
changes of CPUE and SST values of 22-31 °C. The
maximum abundance could be seen within 26-31 C.
The behavior of Marlin species may change with their
maturity stages too.A detailed analysis has to be carried
out to identify the changes of Marlin behavior with their
maturity stages and considering other oceanographic

conditions.
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