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Research and Development Performance -2019

Dr.H.M.P.Kithsiri - Deputy Director General, Research and Development

A.B.A.K.Gunaratne - Director Monitoring and Evaluation

Improvement of productivity and promotion of aquatic resources in a sustainable
manner is a main challenge for the future development in the fisheries and aquatic
resource sector in Sri Lanka. Proper identification of research and development priorities
is imperative to address critical issues and solve therscientifically. The research and
development framework for the year 2019 was formulated with the participation of
stakeholders in the field of fisheries and aquatic resources. The studies identified with
the stakeholders for the year 209were mainly focused on:

Marine and coastal resources: Large pelagic and small pelagic fish resource
assessments, potential fish zone forecasting; exploration of unutilized stocks:
octopus and ray; ecological and biological assessments including stod&mtification,
demersal fish and corals ; destructive fishing methods ; stock enhancement by
providing artificial habitats ; conservation studies on whales and turtles; economic
assessment on cost of production on different fishing vessel categories apacity
development of skippers on fishing and vessel operations. Environmental studies
including environmental pollution studies, ocean processes and dynamics, other
phenomena such as harmful algae and miciplastic and preparation of
environmental profile for five coastal lagoons. In addition, preparation of coastal
charts and updating of existing nautical charts in harbour approaches.

Inland aquatic resources and aquaculture development: Feed development and
culture trails with sea bass, ornamental fishand sea cucumber; studies on
propagation of sea weed and aquatic plants ; breeding technology development
captive / induced for high value fish species and seed production, culturing of sea
weeds, sea cucumber, freshwater aquatic plants and oysters Wwittcommunity
participation; wetland and environmental management; institutional and policy
studies on investment barriers ; studies on suitable intensity level of stocking fish
fingerlings for inland reservoirs and preparation of zonal plan for oysteculture

Post harvest processing and utilization : Preparation of suitable vessel design to
reduce quality loss by incorporating new technologies; improvement of pogtarvest
handling and processing technologies assessment of quality of ice; valaeéded
products from fish, fishery products and aquatic plants

Research reports and findings will be shared with relevant stakeholders to take
necessary action for the sustainable development of the fisheries and aquatic resources
sector. Scientific data will bgoresented and published at the scientific session of NARA
which is to be held in June this year with the participation of stakeholders.
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Assessment and monitoring of marine finfish fishery resources in Sri
Lanka

Project No: 2.1

Officer/s Responsible: Dr. S.S.K. Hauthantri, Dr. R.P.K.Jayasinghe, Mr. R.A.M.
Jaythilaka, Ms. K.H.K Bandaranayake, Mr. K.R Dalpadathu, Mr. M.Weerasekara,
Ms.T.Balawardhana, Ms.U.Wimalasiri

Part 1. Assessment and monitoring of small pelagic and large pelagic fishery
resources via port sampling

Large Pelagic Fishery
Port sampling and fisheries statistics

Large Pelagic Port sampling is a collaborative fisheries data collection programme

implemented bythe Marine Biological Resources Division (MBRD) of NARA, Department

of Fisheries and Aquatic Resources (DFAR) and Statistics Unit of Ministry of Fisheries and
Aquatic Resources Development (MFARD) for obtaining large pelagic fish landing data.
Large pelagic resources mainly comprise of tuna and turie species. The large pelagic
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of the survey was to obtain catch and effort data on large pelagic fish, in particular on
tuna and tunalike fish.

IOTC data submission and attending for working parties organized by IOTC

Currently, it is a mandatory requirement to submit large plagic fisheries data to the
Indian Ocean Tuna Commission (IOTC). The data collected annually via the port sampling
programme needs to be analyzed and then submitted to the IOTC beforet3@une. The
data submitted to IOTC needs to comply with the relevaresolutions implemented by
IOTC. In the submission, catch data, effort data, length frequency data, information on
discards and vessel information etc. are provided in detail as per the requirements of
those resolutions. As a result of complying with theresolutions relating to data
submission, Sri Lanka has been able to achieve an 87% compliance rate in 2019. It is 6 %
increase as compared to the previous year (83% in 2018). This is a great achievement
when compared to our past records and compliance recds of other coastal states in the
Indian Ocean.

IOTC organizes several working parties and these working parties are conducted
annually. In 2019, Five MBRD scientists participated for five working parties. They
prepared and presented papers at the rgpective working parties.

Titles and abstracts of the papers presented

Some biometric parameters of Auxis thazard (Lacepede, 1800) (frigate turdgta from

fishery dependent and fishery independent surveys conducted in Sri Lankan waters:

The neritic tuna catch in Sri Lankan waters is mainly composed #iuxis thazard(frigate
tuna), Auxis rochei(bullet tuna), Euthynnus affinis(kawakawa) and Scomberomorus
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commerson (narrow - barred Spanish mackerel). Among them, frigate tuna is the
dominant species presently contributing over 40% to the total neritic tuna production.
Though several studies have been conducted to estimate some biometric parameters of
the frigate tunain Sri Lankan waters, all of the studies have focused on fishery dependent
data. This paper attempts to estimate the biometric parameters of frigate tuna using both
fishery independent data and fishery dependent data. Lengtiveight relationship (LWR)
was @lculated using the equationw = al AT A OEA &OI OT 16K wdsi 1T AEOE
estimated from the relationship K=100W/L3 (W = total weight; L = total length) to assess
the condition of the selected fish. Fishery dependent data from 373 specimens were
obtained from the samples collected from the coastal fisheries catches from October 2015
to September 2017. Fishery independent data of 254 specimens was obtained from the
samples collected from R/V Dr. Fridtjof Nansen Ecosystem survey conducted in Sri
Lankan waters from 24 June 2018 to 16 July 2018. The total length and the weight of the
fishery dependent samples ranged from 21.50 crp 44.20 cm and 118.89 g 1430.90 g
respectively while those parametersof fishery independent samples ranged from 14.00
cmz 19.00 cm and 20.00 g 80.00 g respectively. The LWR for the commercial catch and
the fishery independent catch were W = 0.0031428and W = 0.037-540respectively. The
estimated K value for the commercial catch and fishery independent catch were 1.48 +
0.15 and 1.03 £ 0.16 respectively. Considering the growth pattern of the two studies,
commercial catch showed a positive allometric growth while fishery independent survey
showed a negative allometric growth. Based on the results of th€ it can be concluded
that the population consisting of larger fish from the commercial catches was at a better
condition than the juvenile population studied during the fishery independent survey.
According to the results of the fishery independent survey, two possible nursgigrounds
for Auxis thazardin the Sri Lankan waters were identified.

Use of portsampling and logbook data fothe analysis of catch rates of Skipjack Tuna
(Katsuwonus pelamis) in gillnet fishery of Sri Lanka:

Fourteen years port sampling data (20052018) and three years logbook data (2016
2018) in the gillnet fishery of Sri Lanka were used to analyze the catch rates of skipjack
tuna. Skipjack tuna is the main target species in the Sri Lankan gilinet fisheAll gillnet
catches including the catches made by popular gear combinations operated in the gillnet
fishery (gillnetzlongline and gillnet-ringnet) were considered under the port sampling.
Five vessel types operated in the tuna fishery have caught skipjatlkna. Year, month,
boat type, gear type, trip duration (in days) and number of net panels used per fishing
operation were incorporated for the analysis. Fishing location (5° square) obtained from
fisheries logbooks with regard to gillnet fishing operationgmade during 2016z 2018 was
also considered for this audit. The logbook data exists at present only for multiday fishing
vessels. The skipjack tuna Catch Per Unit Effort (CPUE) was estimated in terms of catch
in kg per boat per trip. Gamma based Generadid Linear Models (GLMs) were fitted to
determine the relationship between above mentioned explanatory variables and CPUE
for two data sets separately. Around 1.3% of the total operated vessels which contained



zero catches of skipjack tuna in the port sampig data were excluded for the analysis.
The GLM model fitted to port sampling data explain around 48% of the total deviance and
vessel type was found to be the most important parameter. Inclusion of 5° square fishing
zones for GLM modeling may help onlyotslightly improve the GLM results.
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Presentstatus ofthreatened and conserved specerganglement in multiday tuna fishery in
Sri Lanka

Sri Lanka is one of the oldest and most important tuna producing island nations in the
Indian Ocean. Multidayfishing crafts in Sri Lankaare mainly operated targetingtuna and
tuna like species and this is a multgear, multi-speciesfishery. Certain threatened and
conserved species are protected in Sri Lanka by the existing law notably, oceanic white
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tip shark, three species of thresher sharks, whalghark, marine mammals and turtles. It
has been reported that accidental catching of above species in fishing gears frequently
operated in the tuna fishery such as gillnets, longline and ring net. The present study was
undertaken with the aim of studying he present status of threatened and conserved
species recorded in the tuna fishery for improving the conservation and management of
them. Log book data of the Sri Lanka tuna fishery operated during 2016 to 2018 with
multiday fishing vessels in EEZ of Sridnka and high seas were used for this audit. A total
of 4014 records of incidental catches of threatened and conserved species were reported,
of which 73.1% were caught to gillnets 16.0% were caught to longline and 10.9% were
caught to ring nets. Howeverfor all gear, the live release rate of incidental catch was
around 90% and zero mortality was recorded for ring nets. When comparing three
consecutive years, entangling of conserved shark species especially thresher sharks to
fishing gear was considerab} higher in 2018 and probably this may be due to the
enhancement of thresher population after imposing a total ban on thresher sharks in
2012. Moreover, total turtle entanglement in all the gears was 3351 of which gillnet was
the highest (80.6%). However, around 87% of sea turtles were released live.
Furthermore, Green turtles were the most common among turtle bgatch records. A total

of 672 and 945 Green turtles were recorded in 2017 and 2018 respectively. Among them,
89.5 % was reported in gilinets folowed by longline (8.2 %). Occasional dolphin catches
were also recorded mostly for gill nets. The results revealed that gill net is more
responsible for catching protected species than other gears. Further, the records indicate
a slight increasing trend inthe total entanglement with the highest number of 2327
reported in 2018. However, 88% of them were released live. The slight increase of
recorded catch of threatened and conserved speciepuld be mainly attributed to the
improved logbook fisheries data ollection system in Sri Lanka.

Sword fish catch rates in relation to Sea Surface Temperature and Chlorophyll
concentration within EEZ Sri Lanka

Swordfish (Xiphias gladiu$ is one of the important bill fish species landed as a by catch
of the tuna longline fishery. In 2018, the prodiction of swordfish in the longline fishery
within EEZ was 5795 mt which constitutes about 42% of the total bill fish catch.
Remarkable changes of the monthly catch rates of sword fish can be observed from
different zones of the country and may probably bénfluenced by the monsoon driven
temperature and chlorophyll fluctuations. Therefore, the present study was undertaken
to understand temperature and chlorophyll a effects in the CPUE variations of swordfish
within the EEZ, Sri Lanka. The values of Searfage Temperature (SST) and Sea Surface
Chlorophyll a (SSC) were obtained from remote sensing data while catch rates were
based on 2016 longline fishery data of log books. A Generalized Additive Model (GAM)
was fitted for describing the relationships betwesn oceanographic parameters and sword
fish catch rates. The result of GAM shows that the relationships between swordfish catch
rates and two oceanographic parameters are significant at 0.05 level (p<0.01). The higher
catch rates of swordfish were observedrom the areas where SST varied between 28.8
30.6 °C and SSC ranged from 00116 mgms3. However, the strongest relationship was
observed between SST and swordfish CPUE. The GAM results show that spiaoce factor
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also has more influence on swordfish catctrates where high catch rates are primarily
associated in productive areas of Sri Lankan EEZ.
Way forward for an improved data collection and data management system for marine

fisheries in Sri Lanka

The coastal and ofshore fisheries in Sri Lanka are rdter complex due to its multigear,
multi -craft and multi-species nature. Collection of fishery dependent data is therefore a
challenging task. This research discusses the existing data collection and data
management systems practicing at present in the mare fishery of Sri Lanka: Port
Sampling Program (PSP), Log Book Data Collection Programme (LBDCP), Observer
Program (OP) and Vessel Monitoring System (VMS). It also discusses in detail about new
PSP, which is currently in progress under Sri Lank&orway bi-lateral project.

The existing PSP is a manually adopted offline process, from the collection of data at the
landing sites to the entering of data into the database (PELAGOS). Therefore, there was a
need for improving the present PSP, especially, intragting Information and
Communication Technology (ICT) for fisheries data collection, data storing and data
processing. This upgrading is currently being done under the Sri Larkbdorway bi-lateral
project, 2016-2019. There is currently a process of applyindor a second phase from
2020-2022.

The first step of the WP | was reviewing therevious reports and publications on
improving the data collection system.Consequently gaps, weaknesses and other issues
associated with the current process were identified Secondly, a baseline survey was
conducted to collect baseline data associated with fish landings suchrasmber of boats
operated, boat types, gear types, fish species caught, seasonality of fisheries and fishing
time. The data and information of baselie survey were explored and processed in order

to prepare new data collection forms, developing a new sampling strategy and developing
a mobile data collection application.

By now, the project has reached several milestones. The new sampling strategy has
almost been developed. The manual for port sampling data collection and data reporting
forms have been prepared. A mobile application for electronic data collection has been
developed. It is expected to start parallel test data collection using both manudata
forms and the electronic tabs followed by a careful validation process. The collection of
data under the new system is ready to implement since 2020.

Establishment of the upgraded system for fisheries data collection, data storing and data
processing will support to enhance the efficiency of data collection and data processing
and also to improve the quality of fisheries statistics. Finally, this will further support to
improve the fisheries management and policy formulation in Sri Lanka awell as to
improve the compliance on data related resolutions adopted by the regional and
international fisheries management organizations such as IOTC.

Small pelagic fishery resources

Introduction
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The small pelagic group represents over sixty marine spexs found in Sri Lankan waters.
However, the key target species in the fishery are sardines, herrings, anchovies and
mackerels. The smalkcale artisanal fishermen who mostly operate with Outboard
Engine Fiber Reinforced Plastic (OFRP) boats mostly targanall pelagic. Small mesh
gilinet is being widely used for catching small pelagic species for a long period while
beach seines are also being seasonally operated.

Methodology

MBRD continued to carryout port sampling data collection programme in 2019 at mayj
small pelagic fish landing sites with a key objective of studying the trends in the fishery.
Data were stored in the small pelagic database maintained by the division. The catch and
effort data analyses are being undertaken by the MBRD which includesetfanding data

of the latest year as well as the previous nineteen years.

Results and Discussion

Comparatively higher catch rates were always recorded from the West coast of Sri Lanka
than the East coast from June to October during the Southwest monsotm2017, most

of the months recorded considerably higher catch rates (Figure 1). This may be mainly
due tofavorable oceanographic conditions.
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Figure 1: Seasonal variation of catch rates of small pelagic fish resources from 2000 to
2019

Though there was an extraordinary increase in the Catch per Unit Effort (CPUE) in 2017
probably due to extreme favourable oceanographic conditions, it has then continuously

been decreased in 2018 and 2019 respectively (Figure 2).
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Figure 2:

Trend of small pelagic fishery (based on CPUE) over the past years (202019)

Amblygaster sirmis one of the key species in the small pelagic fishery, and noted a
remarkable decrease in relative contribution as well as CPUE over the recent years.

Based on this gidence, it is necessary to introduce appropriate management initiatives.
However, catch variations of small pelagic species could be expected periodically due to
the fluctuations of temperature and chlorophyll contents. In the meantime, there are
many indications and evidences for unsustainable utilization of the resource. Therefore,
status of the resource should be continuously monitored in order to understand the trend
of the resource and thereby to focus on proper management measures. At present,
formulation of a Fishery Management Plan for the Small Pelagic Fishery in the West coast
of Sri Lanka is in progress under the Norwegian technical guidance.
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1. Effective management measur es Vi a i ntrod
tools need to be taken to control t he s ma

shoul d be anageneent ofthambtydaser siimfishery via introduction of
minimum meshed size regulations in small meshed gill net fishery (not permitting to

use less than 1/1/16 inch or 2.70 cm) which potentially avoids catching immature fish.

2. Closed seasons during bekeispawducgdseason

Formul ation of fisheries management pl ans

fish is also recommended.

Part II: Present status of the sea cucumber fishery in Northern and North Eastern Sri
Lanka.

Introduction

Sea cucumbers (@sss Holothuroidea) are a highly diverse group of marine invertebrates.
They are found in many marine habitats such as with corals, sea grass beds, rocks, muddy
and sandy flats. According to some scientific studies, over 1000 species belonging to six
orders and 25 families have been identified and they thrive in different types of habitats
throughout the world. However, they are most common in the Indian Ocean and the South
West Pacific.
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not used locally as a food item or for any other purpose. Among the identified sea
cucumber species, there are nearly 200 known species found in the waters around Sri

Lanka. About 75 species have been shown to be present in shallow watersile nearly

50 species can be collected from the intetidal areas.

)yl 30E , ATEAh OEA OAA AOGAOI AAO EEOEAOU EAO
ET OO AOAAA AU OEA #EEITAOA8 'O xEOE 1 AT U AT A
fishery is primarily artisanal and contributes to the livelihoods of fishermen in the castal

region. As with most sea cucumber producing countries, production is not meant for local
consumption but rather for export to Asian countries. The export statistics for the sea

cucumber products in recent years are shown in the Table 1.

Table 1: Export Quantities of Fish and Fishery Products (Mt)

Exporteg2009 2010 2011 2012 (2013 [2014 |2015 (2016 |2017

Iltem

Beche d[105 178 272 255 259 165 169 136 150
Mer

Source: Custom Returns/ Statistics Unit Ministry of Fisheries and AquaticResources
Development

The rapid development of the sea cucumber fishery in Sri Lanka occurred during the last

AAx UAAOO AOA O OE-AeiBARDBE TAATOGHEAA EAICR 0 AR A 4
attractive prices offered. This has changed the previouslynimportant and unregulated

fishery into a commercially important one in which fishers invest considerable effort. As

OEA OAA AOAOI AAO AEOEAOU ET 30E ,ATEA EAO AA
very little historical information is available on the target species and the level of
exploitation. Now, however, sea cucumber populations are showing some signs of
depletion.

The aim of this study was to provide managers information on the status of sea cucumber
stocks in relation to current levels of exjoitation. The objectives of this study were:

1. To identify the species composition, their relative abundance in the commercial catch
in North and North East coastal waters
2. To estimate the stock size by the oO0Depl et

Methodology

In order to achievethe objectives, fishery dependent survey was carried out.

Site selection
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For the study, Jaffna, Mulativu, Trincomalee and Baticaloa administrative districts were

OA1 AAGAA8 )1 *AZEAEI A AEOOOEAOh O30CAT G )1 OAC
they were the major buyer for sea cucumber in the region and had been responsible in

collecting more than 80% of the catch in the area (Figure 1A). In Mulativu district, there

xAOA po AT 11 AAGETT AAT OAOO j O7TAAAES@ 11 AAO
Trincomalee district there were three buyers (Figure 1C) who collected the catch from
OEOAA AEEAZAOAT O OACEIT 08 /TA EAA AAAI
xEEIT A OEA OAATT A DPAOOIT EAA AAAT AThethilA
person had been collecting the catch surround the Trincomalee harbor area.

AT 11A
OET C

Su

S KME{(Annai

Google Earth

Google Earth

Figure 1B: Sea cucumber landing sites at Mulathivu
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Figure 1C: Sea cucumber landing sites at Trincomalee

Datacollection

Field visits were conducted during the season of the respective regions. Thus, 2 field visits
were conducted to each collecting center around the middle of the season and close to
the end of the season. Data was extracted from the personal logols of the collectors in
the landing sites. The species were identified using available published literature and
guides.

$A0A xAO AT 11 AAOGAA &£O01T i OEA O30CAT OE )1 OAOI
collecting the majority of the sea cucumberaich in the district. In the Mullativu district,

data was collected form 9 collection centers. In the Trincomalee district, complete data

set for the entire fishing season was collected from the sole collector in the Erakkandi

area. Data from the Harbour eea had been available only for the first two months (March

and April) and the collector mentioned that he had given up the trade due to some
reasons. Data from the Lankapatuna area could not be obtained as the collector was not

willing to provide the data. In the Batticaloa district, data had only been available for

March due to the ban of the night diving since April, divers had not gone for cucumber

fishery.
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Figure 2: Processing of the sea cucumber catch in Suganth International premises at

Jaffna.
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Figure 4: Processing of the sea cucumber catch in Erakkandi, Trincomalee
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SUGANTH - JAFFNA
Purchase Analysis
All Ttems From 01-07-2019 to 31-07-2019

o Item Details Unit Nett Purc. Qty.

Conch Shell Kachan Pes. 79.000
Conch Shell Paddy Damage Pcs, 12,000
Conch Shell Paddy No 0 - 5 Pes. 10.000
Conch Shell Paddy No 04 Pes. 40.000
Conch Shell Paddy No 05 Pes. 34.000
Disco (4) Pes. 97.000
Disco (B) Pes. 109.000
Disco (C) Pes. 1.000
Hooral Fish (F) Kgs. 378.000
Hooral Fish (M) Kgs. 188.000
Pavakkai Pes. 1,103.000
Pavakkai PPT 2 Pes. 1,976,335.000
Sand Fish Rs 100 Pes. 222.000
Sand Fish Rs 1000 Pes. 47.000
Sand Fish Rs 1100 Pes. 3,000
Sand Fish Rs 1200 Pes. 16.000
Sand Fish Rs 1300 Pes. 10.000
Sand Fish Rs 150 Pes. 8.000
Sand Fish Rs 1500 Pes. 130.000
Sand Fish Rs 1600 Pes. 1,000

Figure 5: (A) data from the log books (Mulathivu) and (B) data from Jaffna

Data analysis

Data on species, number of individuals of each species per boat, number of boats operated
per day were extracted from the log book data. The assessments were conducted using
the LeslieDeLury DMs with the Catch and Effort Data Analysis (CEDA) software. The
following indexed recruitment model was used:

Nit+1= eEM(QCPUERMG C ), 2

xEAOA O6O86 EO OEA OEI A ET OAOOAI jxAARAEQqh O.8 ¢
OEA OEIi A ET OAOOGAI Oh O-8 OEA 1 AOOIOBR O# ODAODI
Ol 6A1 AAOAE AOOET ¢ OEA OEI A ET OAOOAI Oh 016

~ N o~ s oA s ~ s A~ N

OEA OAAOOGEOI AT O ET AA@ AT A O#05%086 OEA AAOAE
Effort and the total number of individuals were used as thenput data for the software.

Application of the model relies on a number of assumptions, including constant
AAOAEAAETI EOU AT A 11 OECIEEZEAAT O 11 O0ATATO 1 =4
assumed to be not significantly different from zero over the the period for which the

model was fitted.

For the Mulathivu district, the catch data was scaled up for 13 collection centers. For
Erakkandi area in Trincomalee, sea cucumbers had been collected via scuba diving and
skin diving. Thus the assessment was denfor both fishing methods separately.
Considering the Jaffna district, the effort data could not be obtained as there has been no
well established cucumber fishery in Jaffna thus the collecting company received the
catch by several sukcollectors. Therefae, only the production trend was analyzed. In
Batticaloa district, there were five sea cucumber collectors. They had been mainly
targeting species from night diving. Due to the night diving ban since April, they had not
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carried out the fisherytill then. Thus, due to insufficient data, analysis was not carried out
for Batticaloa district. Stock assessment was carried out for dominant species in the catch
of Mulativu and Trincomalee (Erakkandi) districts.

Microsoft Office Excel 2013 was also used for data analysis.
All the results were expressed by number of individuals per different species.

Results and Discussion

Current status of the sea cucumber fishery in Jaffna district.
Fishery, Fishingseason ananethods.

There was neither sea cucumber collection centers (Waadi) nor well established fishery
for sea cucumbers in the Jaffna district except for fishery for Pawakkai. Few divers in
GurunagarJatty area and adjacent areas involved in scuba diving for migirDisco
(Holoturiaspinifera), Jaffna attaya Klolothuriascabra, Narinool (Holothuriaatra) and
Sangu {Turbinella Sp). In addition to the scuba diving, Jaffna attayaHplothuriascabra
had been harvesting from sea cucumber farms. The harvest had been takiEom
February to April in 2019. For the scuba diving, there was no clear fishing season for sea
cucumbers and chank. When analyzing the catch data, the production had been
continuous during the period of data collection (From January to September) though
there were some fluctuations.

Fishery for Pawakkai Stichopusnasp (Figure 7) was different from the rest of the sea
cucumber fishery in Jaffna district. There were about 80 fishermen involved in the fishery
for Pawakkai. The only known large aggregationf the Pawakkai sea cucumber which
was economically harvestable had been identified close to the Point Pedro in Jaffna
district. The fishing ground for the Pawakkai had been located about 16 km away from
the Point Pedro (Figure 6). The average depth of tteea was around 35 ft.

Figure 6: The fishing ground for Pawakkai sea cucumber off the Point Pedro
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' O OEA EZEOEET C 1 AOET Anh ET OOAAA 1T &£ AEOEIT Ch [E
net (Athanguwa) with OFRP boats for capturing the sea cucumbdrhey had laid the net

in the evening and had collected the net in the morning. Pawakkai sea cucumbers become

active at night. When the net had been collected in the morning, the Pawakkai sea
cucumber had been attached to the net and had been collectedtinthe scoop net while

pulling the net out of the sea (Figure 8). The Pawakkai sea cucumbers start to dissolve

soon after they die thus, as soon as the fishermen had brought the catch to the collection

center, the catch was boiled (Figure 9).

7C
Figure 7: The Pawakkai sea cucumber Figure 8: Fishing method for
in the catch Pawakkai
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9E

Figure 9: Processing of the Pawakkai sea cucumber

The species composition of the sea cucumber fishery in Jaffna district
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The catch wascomposed of Disco floloturia spinifera), Kiri nool (Bohadschiasp.), Nari
nool (Holothuria atra), Pawakkai Stichopusnasy Jaffna attaya lolothuriascabra and
Sangu {Turbinella Sp). Among them Pawakkai $tichopus vnaspwas the dominant
species with 9922% during the study period of January to September, 2019. Figure 10
illustrates the percentage distribution of the recorded species in the catch of the Jaffna
district.

Species composition in the catch DISCO (Holoturia
JAFFNA ATTAYA spinifera)
(SAND FISH 0.11%

Holoth bra)-
(Holo f:;‘jj;a ra) NARI NOOL

0.40% (Holothuria atra)
"7 SANGU (Turbinella 0.00%

Sp.)

0.03%

KIRINOOL
(Bohadschia SP.)
y 0.00%
JAFFNA ATTAYA

(SAND FISH
(Holothuria scabra)
0

PAWAKKAI
(Stichopus naso)
99.22%

Figure 10: Percentage distribution of the species recorded in the catch &dffna district.

Disco Holoturia spinifera), Jaffna attaya Klolothuria scabrg and Sangu Turbinella sp.)
contributed 0.11%, 0.24% and 0.03% to the total catch respectively. Considering the Kiri
nool (Bohadschiasp. and Nari nool (Holothuria atra), their contribution was insignificant
when compared to other species in the catch. In addition to the wild fishery, Jaffna attaya
(Holothuria scabrg from culture farms had contributed 0.40% to the total catch in the
Jaffna district.

Some of the previous fishgy independent surveys had revealed the presence of
Holothuria leucospilotg Stichopus horrensStichopus herrmannin Jaffna district coastal
waters but these species had not been recorded in the commercial catch of the present
study.

The production tredh of the sea cucumber fishery in Jaffna district

A continuous production was observed throughout the period of data collection (January
to September) except for Kiri nool Bohadschiasp.,) and Nari nool Holothuria atra). The
catch of Kiri nool Bohadschiasp.) was 0 from May to August and the catch of Nari nool
(Holothuria atra) was 0 from June to August. The peak PawakkaGt{chopus nasp
production could be observed from May to July. The monthly variations of the production
of the dominant species are ilistrated in figure 11.
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Production trend
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Production trend of JAFFNA ATTAYA (Holothuria scabra)
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Figure 11: Production trend in Jaffna district; A i All species; Bi Pawakkai; Ci Disco;

D i Jaffna attaya; ET Sangu

Current status of the sea cucumber fishery in Mulatdistrict

Fishery, Fishing season and methods

In the Mulathivu district, there was a weltestablished seasonal fishery for sea cucumbers.
In 2019, there were 13 collection centers for sea cucumbers and 2 marine ornamental
fish collection centers (waadi) lo@ted in the Mulathivu coast. According to some previous
studies the fishing season had prevailed from April to October or May to September. But
in 2019, the fishing season for sea cucumbers had initiated since the onset of March to
end of September. Duringhe season, ~ 200 OFRP boats had been anchoring in the coast
even though all of them had not operated in a single day. SCUBA diving was the only
method that had been used for capturing the sea cucumbers in the area. Since the
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implementation of the ban ofnight diving since April, all the fishing activities had been
carried out during the day time.

C

Figure 12: AT a Waadi in the Mulathivu coast; Bi Sea cucumber catch in Mulathivu;

C1i inside a Waadi
The species composition of the sea cucumber fishery in Mulathivu district

According to the results, PunaThelenota ana) was the dominant species in the catch
during the fishing season in 201%ith 76.88% contribution to the total catch. In addition,
Kiri nool (Bohadschiasp.), Disco Holoturia spinifera), Curry fish (Stichopussp.), Sangu
(Turbinellasp.) and Pawakkai Stichopus naspcontributed to the rest of the catch. During
the three months (Julyz September), divers from 4 collection centers had been involved
in harvesting Pawakkai Stichopus naspin Point Pedro area in Jaffna, sailing about 70 km
from Mulathivu to Jaffna. This activity had caused to add the Pawakk&t{chopus nasp
to the total catch of Mulathivu district by large numbers. The magnitude of this
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contribution by the divers of only four Waadi was visualized by PawakkaiStichopus
naso becoming the second highest contributing species to the total catch by 19.04%. The
attempt of Mulathivu divers to enter in to the Pawakkai fishing ground in Jaffna had
caused a dispute with Jaffna fishers who had been fishing Pawakkai by gill nets. The
contribution of Curry fish (Stichopussp.) to the total production was insignificant. kgure

13 illustrates the species composition in the catch of Mulathivu district.

Species composition in the catch

KIRINOOL
(Bohadschia SP.)
3.41%

SANGU (Turbinella DISCO (Holoturia
Sp.) spinifera)
0.03% 0.65%

Pawakkai (Stichopus
naso)
19.04%

CURRY FISH
(Stichopus Sp.)
0.00%

PUNA (Thelenota
anax)
76.88%

Figure 13: Percentage distribution of the recorded species in the catch of Mulathivu

district.

When comparing the results of this study with the results of the study, altation of the
OPAAEAO AT i pi OEOETT AAT AA EAAT OEBamadséhiacl - Ol
marmorata) j webPq xAO OEA 1100 DPOITETAT O OPAAEAO A

F - T sz oA N s o~ A s A A N =

s oA A £ N2 =

had not been recorded in the day time catch.

The poduction trend of the sea cucumber fishery in Mulathivu district

A sudden drop of the production could be observed from the last week of April to end of
May mainly due to the civil unrest of the country. Only three Waadi had been functional
during this period. In addition, unexpected extreme weather (wind) conditions had also
caused to cease the operation during some weeks in this fishing season. Figure 14
illustrates the production trend in Mulathivu district.
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Production trend of KIRI NOOL (Bohadschia SP.)
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Figure 14: Production trend in Mulathivu district. A T Total production; B i
Production trend of Sangu; Ci Production trend of Disco; D- Production trend of Kiri

nool.

Stock assessment

Stock assessment for Kiri nool attaya Bohadschia marmoratd and Puna Attaya
(Thdenota anay was conducted using the CEDA software package.

Kiri nool attaya Bohadschia marmoraja

According to the results, the initial stock at the onset of the fishing season was estimated
as 475048 individuals and the final stock size at the end df¢ fishing season was 40772
individuals (R2 = 0.92). According to the results 91.42% of the stock had been harvested
by the end of the fishing season in 2019. The exploitation trend of Kiri nool attaya is
illustrated in figure 15.
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Figure 15: The exploitdion trend of Kiri noolattaya in Mulathivu.

According to the results, it is proven that there was an intensive fishing pressure on the
Kiri nool attaya in Mulathivu district. It had caused the stock to decline more than 50%
during the fishing season that could lead to a local extinction of the stocklhis
overexploitation of the local Kiri nool attaya in Mulathivu district was further evident by
the attempt of some divers to harvest Pawakkai during the last few months.

Puna AttayaThelenota angx

According to the results, the initial stock at the nset of the fishing season was estimated
as 12996532 individuals and the final stock size at the end of the fishing season was
7772657 individuals (R2 = 0.96). According to the results 40.19% of the stock had been
harvested at the end of the fishing seasan 2019. The exploitation trend of Puna Attaya
is illustrated in figure 16.
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Figure 16: The exploitation trend of PunaAttaya inMulathivu.

According to the results, the fishing pressure had not been severe as more than 50% of
the stock had survived at theend of the fishing season.

P - - - -

(Bohadschia vitiensisin the present study, which had been recorded in 2017 catch, might
be a result of local extinction of these stocks.

Current status of the sea cucumber fishery in Trincomalee district

Fishery, Fishing season and methods

The fishing season for the sea cucumbers in Trincomalee district had initiated from
February and continued till end of September in 2019. Even though the collector at
Trincomalee harbour area had abandoned the trade since the civil unrest in the county in
April, the collector in Erakkandi area had continued the fishery throughout the season.
According to the collector in the harbour area, he had received the catch from a few scuba
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divers as well as from fishermen. The catch had come from different areas buas
07A00CAI 6h O+01 AOEEOOGE AT A O3AAIDPOOES8 )1 %O
mainly by scuba divers. In addition, a few skin divers had been engaged in sea cucumber
collection in shallow waters on a more or less daily basis. In the Erakkanaliea, there

were 15 OFRP boats available for the sea cucumber fishery, though all of them had not
operated in a single day. The third collector had collection centers (Waadi) at
Lankapatuna area and there were 10 OFRP boats involved in the sea cucumbshdry.

A B

Figure 17: Sea cucumber fishery in Trincomalee district. A Boats for diving in

harbour area; B 1 Processed catch in Erakkandi area.
The speciesanposition of the sea cucumber fishery in Trincomalee district

Considering the catch data of the collection center near the harbour area, Nool Attaya
(Bohadschiasp.) was the dominant species in the catch with 67.16% contribution to the
total catch. Gal Alaya (Actinopyga mauritiang was the least abundant species in the
catch with a contribution of 1.24%. In addition, SanguTurbinella sp.), Jaffna Attaya
(Holothuria scabrg, Black Nool, Brown Nool Attaya Bohadschia vitiensijsand Saani
Attaya (Stichopusherrmanni) had contributed to the total catch. Figure 18 illustrates the
species composition in the catch from the collector at harbour area.

Saani Attaya Species composition in the catch

(Stichopus
herrmanni)
2.36%

Gal Attaya

(Actinopyga

mauritiana)
1.24%

Brown Nocl Attaya
(Bohadschia vitiensis)

Black Nool
5.30%

Jaffna Attaya
(Holothuria scabra)
P
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Figure 18: The species composition in the catch from the collector at harbour area.

Considering the catcldata of the from the Erakkandi area, Puna Attayd belenotaanay
was the dominant species in the catch from scuba diving with 91.57% abundance. In
addition, Gal Attaya Actinopyga mauritiang), Nari Attaya (Holothuria atra), Nool Attaya
(Bohadschiasp.) andDambala Attaya Stichopus chloronotushad been included in the

catch. Figure 19 illustrates the species composition in the catch from scuba diving in
Erakkandi area.

: . ) Gal Attaya

Species composition in the catch (Actinopyga
mauritiana)
_3.10%

Nari Attaya
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(Stichopus
chlorenotus)
0.83%

Figure 19: The species composition in the catch from scuba diving in Erakkandi area.

According to the results of the catch from the skin diving, same species composition could
be identified as in the catch of scuba diving but with different abundances. Puna Attaya
(Thelenota ana¥ was the dominant species in the catch from scuba diving witB6.82%

abundance. Figure 20 illustrates the species composition in the catch from skin diving in
Erakkandi area.

Gal Attaya
Species composition (Actinopyga
P P auritian: Nari Attaya
_(Holothuria atra)
0.48%

Nool Attaya
(Bohadschia Sp.)
7.79%

Dambala Attaya

Figure 20: The species composition in the catch from skin diving in Erakkandi area.

The production trend of the sea cucumber fishefyrincomalee district
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As the sea cucumber collection had ceased since May in the collection center near the
harbour, figure 21 illustrates the trend in the production till then.

Production trend around Trincomalee bay

Individuals
s
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Jaffna Attaya (Holothuria scabra)
Black Nool

Saani Attaya (Stichopus hermanni)

Figure 21: Production trend in the center near harbor in Trincomalee distri¢

Considering the data from the Erakkandi center, higher production from scuba diving
could be observed from April to June. Considering the production trend of the catch of
skin diving, higher production could be observed in May and July. When intervievgrihe
owner of the collection center, he had said that higher production could have been
observed in August. But the unfavourable weather conditions that had prevailed might
be the reason for alteration of the fishing trend. Figure 22 illustrates the prodzion trend

in scuba diving and skin diving.
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Production trend of Skin divers - Erakkandi
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B
Figure 22: The production trend in Erakkandi area. AT Scuba diving; BT skin diving.
Stock assessment

An attempt was made to estimate the stock by the CEDA software package for the species
in the catdh. But the data of the scuba diving did not fit to the model except Puna Attaya
(Thelenota ana¥ and Gal Attaya Actinopyga mauritiang).

Puna AttayaThelenota anax

According to the results, the initial stock at the onset of the fishing season wastimated

as 93126 individuals. At the end of the season the remaining estimated stock was 63244
individuals (R2 = 0.68). Thus during the fishing season, 32.09% of the stock had been
exploited. The trend in exploitation is illustrated in figure 23.
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Figure 23: The exploitation trend of Puna Attaya in Erakkandi (by scuba diving).

Gal Attaya Actinopyga mauritianp

According to the results, the initial stock at the onset of the fishing season was estimated
as 1978 individuals. At the end of the season the maining estimated stock was 988
individuals (R2 = 0.23). Thus during the fishing season, 50.05% of the stock had exploited.
The trend in exploitation is illustrated in figure 24.
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Figure 24: The exploitation trend of Gal Attaya in Erakkandi (by scuba divng).

Considering the data from the skin diving, none of the species data fitted to the model.

Conclusions

Based on the findings of this study it can be concluded that:

1. There was a very high fishing pressure on Kiri nool attBgdn@dschiamarmoratg in
the Mulathivu district which could lead to the over exploitation of the stock

2. Species composition of the catch in Mulathivu district has altered which could be a
result of local extinction and over exploitation of some species.

3. Gal Attaya fActinopyga mauritiangstock in the Erakkandi region should be monitored
closely.

4. Fishery for other species studied in this research seemed to be sustainable in 2019.

Recommendations

1. Immediate appropriate management actions should be applied for protéd¢tierKiri
nool attayaBohadschia marmorajas 91.42% of the stock had been harvested during
the fishing season.

2. Continuous monitoring should be applied in order to maintain a sustainable fishery for
the Gal AttayaActinopyga mauritianpin Trincomale (Erakkandi area) as 50.05% of
the population had been removed by the scuba diving.

3. It is recommended to carry out a fishery independent survey (under water survey) to
assess the available biological stocks and their distribution for formulation and
implementation of the management strategies.

4. It is recommended to carry out an underwater survey in PawaBkah¢pusnaso

fishing ground in order to identify the distribution of the stock.
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5. Further, as there had been some evidence of Pawagkiahdpus nso) being

reproduced asexually, a comprehensive biological study should be carried out.

38



Molecular based studies on feeding predation in commercially
important fish species

Project No: 2.2
Responsible officer/s: Mrs.Deshini Herath
Introduction

Studying the feeding habits of fish is important to understand relationships between the
prey and the predator and how they live together with other marine organisms. These
correlations help in the management of the fisher of the prey organism as well as of the
predatory organism. The feeding patterns of fish depend on the availability of food in the
environment that they live in. If fish are in an environment where food in available freely,
they will feed on specific preyitems favourable to them, but when food is scarce fish will
feed on any available food item (Ahmeét al., 2015).

The feeding habits of fish have been studied by analyzing the contents of the stomachs of
fish. Hynes, (1950)described several methods that are used for studying feeding habits
of fish: the occurrence method, the number method, the dominance method, the volume
and weight methods the fullness method and the points method. The volume and weight
method was used in this study to calculate the percentage of each prey category in the
stomach.

The identification of prey items can be done using morphological features of the prey
categaies. When the morphological features are not available for identification,
molecular methods could be very useful. The identification of the species is then done by
amplifying a particular part of a gene which is then matched with a database for
identific ation.

Objectives of the project

1. Molecular identification of prey items found in stomachs of commercially important
fish species such as yellowfin tuna, neritic tunas, swordfish and sharks using
appropriate primer/primer combinations.

2. Determination oflte praypredator relationships of the species studies.

Methodology

Samples were collected from Negombo, Beruwela and Chilaw. The stomachs of yellowfin
tuna (Thunnus albacoreg skipjack tuna Katsuwonus pelamis swordfish (Xiphias
gladius), kawakawa Euthynnus affini3 and frigate tuna (Auxis thazard were collected
from these fish markets and labelled. The stomachs were transported to the laboratory
on ice and analyzed.

The stomach content was first categorized into prey categories by identifying tharey
morphologically (eg: small fish, crustaceans, cephalopods etc.). The weight of each prey
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category was recorded. Within each prey category, the different species present were
then identified morphologically. Species that were not identifiable using mghological
features were stored in alcohol to be identified by DNA barcoding.

For DNA barcoding, the DNA of the prey items was extracted using the conventional
phenol chloroform method and by using the Promega Wizard genomic DNA extraction
kit. The extraded DNA was run on an agarose gel to quantify the DNA. The mitochondrial
COl PCR was carried out for the extracted DNA using relevant primers. For the
amplification of fish prey species, the universal fish identification primers FISHF15(-

TCAACCAACCACAAACATTGGCAR) and FISHR1 5'-
TAGACTTCTGGGTGGCCAAAGAATTAwere used and for the identification of
invertebrate prey items, the universal primers LCO1490 (5'
GGTCAACAAATCATAAAGATATTEB and HCO2198 5

TAAACTTCAGGGTGACCAAAAAATAvere used the PCRmaplification reactions. The
amplified DNA was then sequenced. The consensus sequences obtained from the
alignment of the forward and reverse sequences using Bioedit software were matched in
the NCBI blast database and the BOLD databadgatnasingham and Heert, 2007) to
identify the prey to the exact species.

Results and Discussion

The stomachs analyzed contained prey items such as small fish, crustaceans (prawns,
shrimps, crabs, etc.) and cephalopods (cuttlefish, squid and octopus) (Figure 1). In
addition, combinations of prey items in one stomach could be seen. Combination of small
fish and crustaceans, small fish and cephalopods and crustaceans and cephalopods could
be seen in the fish stomachs analyzed. In addition, items such as plastics, polythene and
net pieces were also observed.

Lizard fish (Trachinocephalus myops)

Sardinella

Figure 1: Some prey items found within the stomachs of the fish analyzed.
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The percentage analyses of the stomachs analyzed (by weight) are given in figure 2 and 3

respectively for kawakawa and frigate tuna. The stomachs which contained completely

digested prey material were not included in this percentage calculation.

Figure 2: Percentages of different prey categories in kawakawa stomachs analyzed.

Figure 3: Percentages of different prey categories in frigate tuna stomachs analyzed.

Fish, cr

and cephalopods
o.ulz%

ustaceans

Others
5.21%

Table 1: Species of prey identified by using molecular methods.

Prey category | Common name| Species name Sample types in
which prey were
found

Fish Sardine Sardinella longiceps | Skipjack tuna,
Kawakawa, Frigate
tuna

Hurulla Amblygaster sirm Skipjack tuna

Big eye scad | Selar Kawakawa, Frigate
crumenophthalmus | tuna

Lizard fish Trachinocephalus Frigate tuna
myops

Crustaceans | Indian prawn | Penaeus indicus Kawakawa

Kadal shrimp | Metapenaeus dobson| Kawakawa
coastal mug Solenocera Kawakawa,
shrimp crassicornis Frigate tuna
zebra  mantig Lysiosquillina Kawakawa
shrimp maculata

Crab Percnon guinotae Kawakawa
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Squat lobster | Munida iris
Cephalopods | Cuttlefish Sepia pharaonis Kawakawa, Frigate
tuna
Sandbird Amphioctopus aegina| Kawakawa
Octopus

The prey species identified by using molecular methodsheren in Table 1The major prey

item for kawakawa was small fish, followed by crustaceans and cephalopods. For frigate tuna
the major prey item was crustaceans, followed by small fish and ceptaldpome stomachs

of both kawakawa and frigate tuna showed the presence of a combination of prey items, such
and fish and cephalopods, fish and crustaceans and crustacean and cephalopods. Some
stomachs showed the presence of all 3 types of prey categathés a single stomach. For
skipjack tuna, small fish was the major prey item observed. As most of the stomachs of the fish
species other than kawakawa and frigate tuna contained mainly digested material, the
percentages could not be determined for th@sleer items such as polythene, plastic and net
pieces were also detected in certain stomachs. The stomach analysis revealed that kawakawa
and frigate tuna have been feeding on small fish, crustaceans and cephalopods. This indicates
that they are noselective feeders, feeding on any prey item abundantly available in the

surrounding environment.
Conclusions

The results indicate that the commercially important fish studied, namely skipjack tuna,
kawakawa and frigate tuna are all nonspecific feedergngedt prey that is freely available in

the surroundings.
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Bio zphysical monitoring of coral reefs and DNA bar -coding of coral
species

Project: 2.3

Officer/s Responsible: Mr. K.G.S Nirbadha, Dr. S.S.K.Haputhanthri, Mrs. D. R.
Herath, Dr. R.P.P. K. Jayasinghe, Mrs. Y.C. Aluvihare

Introduction

The Kayankerni reef s a little known reef and itis amajor ornamental fish collection site

in the Eastern coast of Sri Lankalhe reef is located Between Valachchane and Vakare
North of Batticoloa (goprox 7° 59.500 N, 81° 32.000 E This reef contains high diversity
of coral and associated habitats. The reef compares with other marine sanctuary and
national parks and is avery diverse and sensitive reef habitat. Th&eef and the adjacent
marine habitats have been gazetted as a new Marine Sanctuary orf"1April 2019. The
main part of the reef is roughly 2.5 km inength along the coast at the &thern end of
the Vandalous Bay. The water within the inner area of the reef is on average2% m in
depth while the outer ends of the reef may fall down to about-% metres.

Table 1: Protected Marine areas in Sri Lanka

Materials and Methodology

Name Year (ArealResponLegis(Permitt (Prohi bi
decl at agencyBody activitjactivit
Hi kka(l1979* ({104 |[DWLC FFPO |Recreat |Fishing
Nati o activitiextract
par k ot her
resour g
Pigeol2003 471.|DWLC FFPO |Recreat |Fishing
Il sl an activitiextract
Nati o ot her
Par k resour g
Bar 1992 30, 6|DWL C FFPO Recreat ([Commer g
Mar in activiti|fishing
Sanct Arti s resour g
fisheri(extract
Rumas|2003 1707/ DWL C FFPO Recreat ([Commer g
Mar i n activiti|fishing
Sanct Arti san{resourdg
fisheri(extract
Kayan(2019 953 |[DWLC FFPO |Recreat |Commer @
Mar i n activiti|fishing
Sanct Arti saniresour (@
fisherilextract

Kayankerni marine sanctuary (Figure 1) was selected for the study. Five belt transects
were conducted in outer and inner sites and most of these sites were shallow >3m (Table
2).
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Study sites

Table 2: Characteristics of the study sites

Figure 1: Study sites at Kayankrani Marine Sanctuary

Google Earth

Google Earth

T.number

Transect 1

Transect 2

Transect 3

Transect 4

Transect 5

Transect 6

Coordinates

7°55'29.14" N

7°25'29.34" N

8°00'27.02" N

7°55'22.16" N

7°59'09.33" N

7°55'22.16" N

81°35'34. 01"E

81°1024. 10"E

81° 28'34. 59"E

81°33'24. 22"E

81°30'28. 93"E

81°33'34. 22'E

Depth

2m

3m

2.5m

3.5m

2m

2-3m

Place

Inner

Quter

Inner

Outer

Inner

Outer

Underwater visual census was conducted, following Engligt al., (1997). Fish abundance
and speciesrichness were quantified using50 m x 5 m belt transects andishes were
encountered within 2.5 m on either side and above the 50 m transect line and they were
identified to the lowest taxon. Fish identification followed that of (Collins pocket Guide
1994) and Fish Base (ver. 06/2011) a shown in the Fig. 2. Mean fish density was
calculated per site. Species richness and density indices were compared with Hilomesn
al., 2009
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Figure 2: Use of the belt transect

Results and Discussion

Live corals were dominant in the inner areas wihke outer areas of the reefs had coral
rubbles mainly (Figure 3). Acroporasp. was the most abundant coral.
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Figure 3: Substrate coverage of the study area
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Figure 4: Live coral coverage of the study area
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Table 3: Dominant fish families foundduring the survey

Apogonidae Apogon sp 88
Apogon aureus 38

Caesionidae Caesio cuning 32
Chaetodontidae Chaetodon decussatus 30
Labridae Labroides dimidiatus 22
Leognathidae Leiognathus sp 65
Lutjanidae Lutjanus fulvus 22
Pempheridae Pempheris sp 67

Pomacentridae Abudefduf vaigiensis 169
Chromis dimidiata 24
Chromis virides 4
Pomacentrus indicus 23
Pomacentrus similis 37

m Outer

Heniochus singularius m Inner
Heniochus pleurotaenia
Forcipiger flavissimus
Chaetodon vagabundus
Chaetodon trifasciatus ——
Chaetodon trifascialis
Chaetodon plebeius
Chaetodon meyeri
Chaetodon lunula

Chaetodon guttatissimus

Chaetodon decussatus

Chaetodon citrinellus

—
Chaetodon auriga —
0

0 1 20 30 40

Figure 5: Relative abundance of butterfly fish species

a. Abundance Index

Inner Reef Fish Density *1500/1000m? = Moderate
Outer Reef Fish Density 1200/1000m? =Moderate

(Abundance index Hilomen et.al 2009)

Fish Density (no. of fish/1000m?2)

Very Poor Poor Moderate High Very High

0 - 201 202 - 676 677- 2,267 2,268 - 7,592 | >7,592

* Statistically higher abundance within inner reef ( p<
0.05)
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Discussion and Conservation

A total of 108 fish species representing 30 familiesuch as Acanthuridae, Apogonida,
Balistidae, Blenniidae, Caesionidae, Cargidae, Chaetodontidae, Cirrhitidae,
Diodontidae, Fistularida, Gerridae, Gobiidae, Holocentridae, Kyphosidae, Labridae,
Leiognathidae Lethrinidae, Lutjanidae,Mullidae, Muraenidae,Nemipteridae,Ostraciidae,
Pempheridae, Plotocidae, Pomacanthidae, Pomacentridae, Scaridae, Serranidae,
Siganidae and Zanclidae were recorded during the survey in the inner reef area and 70
species were recorded in just outside reef area. The results of the study showed that the
estimated mean fish density (1500/1000m 2) was significantly different from the
estimated mean reef fish density just outside the reef 1200/1000/4 | E .Ho®emas,
the estimated target species density between inside and outside the reef showed no
significant difference at 0.05.Smilarly the density of non target species inside and just
outside also showed no significant difference. These results indicate that target fish
densities inside and outside the marine sanctuary were more or less same. The study
emphasises the need of imbduction of further conservation and management measures
in order to improve the reef fish populations of Kayankerni reef.
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Assessment of the blue whale population living in the South coast of Sri
Lanka and studying the interaction of marine  mammals with fisheries.

Project No: 2.5
Officer/s Responsible: Mr. U.S.P.K. Liyanage
Introduction

Cetacean diversity within the EEZ of Sri Lanka is very high compared to the other
countries in the region, but their diversity, distribution and abundance arenot well
studied. Since these creatures are threatened worldwide, national and international
attention has been given strongly within past few years towards their conservation and
management. The Blue whales are the most threatened cetacean species in.&nka and
they are facing multiple threatssuch as ship strikes, disturbances due to the commercial
whale watching industry and environmental pollution associated with maritime
transportation etc. Intentional killing and landing of small cetaceans could & stopped
with awareness building among the fishes and consumers with strict implementation of
the regulations by relevant authorities. Increasing cetacean population and growing
trend of fisheries and marine mammal interactions within and outside of the [EZ has
been reported.Sri Lankan fishermen who are engaged in the long line fishery complained
regarding the depredation issue specially related to the yellowfin tuna.

For implementation of a proper management plan for the blue whales, their population
size is very important. Further, since there is no any recent previous study on the fisheries
and marine mammal interactions, this study is of utmost importance to update the
knowledge and improve the status of management levels in relation to the internati@h
standards.

Methodology

To study the fisheries and marine mammal interactions, questionnaire survey was
carried out based on the major fisheries harbours in Sri Lanka aiming to:

Estimate the amount of loss (Financial)
Type of loss and damage net damageand depredation etc.

Suspected fisheries and responsible marine mammal species for depredation.

Boat owners or crew members ofOFRP and multiday fishing boats (IMUL) were
surveyed. Information was collected regarding the last fishing trip they had completed.
In OFRP boats information was collected based on the past fishing year.
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The blue whale population size of Sri Lanka is estined using the mark and recapture
method through photos which are collected on a daily basis in collaboration with the
commercial whale watching operators.

Results

Through the questionnaire survey of IMUL boats, three marine mammal species damaged
to the hooked yellow-fin tuna, skipjack tuna, marlin and sailfish have been identified.
These species are

A. False killer whale-Pseudorca crassideng20 % of the interviewee identified)
B. Pigmy killer whale-Feresa attenuate(21 % of the interviewee identified)

C. Melon headed whale- Peponocephala electra(19 % of the interviewee
identified)

Some interviewees not properly identified.

IMUL boat operators use three fishing gears types separately or in combinations

1. Longline 41% 4. Long-line and Gill net 4%
2. Ring net 21% 5. Ring net and longine 2%
3.Gillnet 17% 6. Gill net and Ring net 15%

Long-line operators are more vulnerable to marine mammal attacks rather than other
gear qoerators. 51 percent of the longline operators were subjected to the depredation
losses accounting to Rs. 969,374 per boat per trip. Ring net operators were rarely affected
by depredation, but blackfish (medium size whalesypecies are dispersed fish schds.
Attacks on the gill net entangled tuna are rarely recorded.

Types of damage

1. Hooked yellowfin tuna fish ruptured completely except their head. Since the longline
is very long (450 nautical miles) fishermen are unable to collect line. Frequently
fishermen found only heads of yellowfin tuna but not seen marine mammals.

2. Eating bait
3. Tuna and other fish species disappear when blackfish species come close.

4. Extra running cost to find new fishing areas
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Depredation of yellowfin tuna in longline fishery is a severe case which make
considerable economic loss compared to the other varieties because it is the major target
species with high market price.

Actions taken by the IMUL operators avoid depredation.

Action Long-line Gill net | Ring net

operators operators operators

Stop fishing operation & leaving away X X X
Mixing burn oil into the water X
Mixing diesel into the water X
Switch off light X X

Majority of long liners have no action against depredation since their long lines ag0-
50 nautical miles long.

According to the interviewed FRP boat operators (n=100) who use gillnet for fisheries,
fisheries and marine mammal interactions are severe during the calm season of the sea.
Further, fishermen who used FRP to catch sardines, scdnd other coastal species have
suffered due to net damages and predation of the entangled fish by bottlenose dolphins
and medium size whales. 24 percent of the interviewed fishes identified bottlenose
dolphin as a suspected species, but the majority have idea about the species.

Study on blue whales

In addition to the current surveys, the Dr. Fridjtof Nansen survey provided an excellent
opportunity to study the distribution and abundance of the marine mammals throughout
the waters of the island at a prticular time period for the first time in history. Marine
mammal stranding data were also collected throughout the coast of Sri Lanka with the
support of field data collectors of NARA, Department of Wildlife Conservation and some
other agencies in Sri Laka. By the opportunistic survey platform 13 species of cetaceans
were identified from the Southern coastal region. Blue whaleBalaenoptera musculus
was the most dominantthreatened and economically important cetacean species found
in the waters of SriLanka, which are aggregated on the dense shipping lane from Dondra
head to Galle and are more dangerous and vulnerable to ship strikeBopulation
assessment result of the blue whale during the Southwest monsoon of the 2018 revealed
that 633 (95% confidene interval Low 285 Max 1405) CV 41.19 %. Further, results
revealed that the blue whales are aggregated along the sub marine canyons in the South,
Southwest and Northwest coastal regions during the Southwest monsoon period. Blue
whale distribution and abundance have correlation with the SST, Chlorophyll and
density.
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By photo identification from January to December 2019, 21 blue whales were found with
damages to their fluke and body by the fishing gears, including two whales with long lines
attached to theibodies.

From January to December 2019, 330 blue whale individuals (includisightngs) were
identified from South coast area. These data (photo) is being shared with the Southern ocean
blue whale catalogue to study their worldwide migration pattern.

Table 1: No of blue whale individuals identified monthly

Jan Feb Mar Apr May Sep Oct Nov Dec
32 71 46 66 2 37 17 28 19

Recommendatiors

It is very important to launch research towards the use of dolphin pingers to repel the
harmful cetaceanspecies.

Awareness building among the fishes on marine mammal conservation.

52



Spiny lobster fisheries management and in -situ conservation of
berried spiny lobsters

Project No: 2.6
Officer/s Responsible: Mr. U.S.P.K. Liyanage Ms.Udeshika Wimalasiri

Introduction

Commercial exploitation of the spiny lobsters has accelerated worldwide with the high
demand and lucrative prices received for them as a luxurious food commodity. The
coastal stretch of theSouth coast (Galle and Matara districts) of Sri Lanka provides a
favourable environment to five species of spiny lobsters. Majority of the smaticale
artisanal fishes who do not have enough capital to harvest deep sea fishery resources are
engaged in thespiny lobster fishery. Over exploitation of the resources are not
exceptional to the spiny lobsters. Declining catch per unit effort (CPUE), changes of the
species composition and large amount of small lobsters represented in the catch reflect
the threatened level of the natural stocks. Stock enhancement and strict implementation
of the management regulations are most important steps to conservation and
management of the fishery. Current status of the fishery is of utmost important to
understand the exploitation level and to adjust the available regulations to emphasize the
healthy stock.

Major lobster landings sites and collecting centers in the South (Weligama, Tangalle,
Hambanthota, Kirinda, Amaduwa) were visited once a month for fisheries and biological
sampling. Carapace length, total length, sex, species composition, presence or absence of
external eggs or spermatogonia, craft type, gear and catch volume were recorded. In
addition to the field sampling, berried lobsters were kept in the cage constructeat the
Matara and Polhena seas until they released their external eggs. This programme is
continuing in collaboration with the Polhena fisheries cemanagement committee.

Species composition

Among the five species of lobsters represent in the catch, Sopikd spiny lobster P.
homarug contributed 85.2 percent to the catch. Second major species, the Painted spiny
lobster (P. versicoloy represented 10% of the catch. Since the majority of Ornate lobster
(P. ornatus live in deeper waters (below 30 m) and tle fishing operations are conducting

in shallow waters their representation of the catch is small but the species is not under
threat.
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Figure 2: Length frequency of (A) Carapace iength of P. homarus and (B) Carapace

length of P. versicolor.

Length frequencies of the major species (scalloped spiny lobster) are quite good
compared to the past years. It appears that there is an increasinghd in the mean size

of lobsters (7.42 cm carapace length), less number of individuals in small length classes
and high frequencies of larger length classes. Mean carapace length for both seeB.of
homarusis 7.42 cm, which is 1.42 cm higher than the mimum legal size. Further,
number of undersize lobsters (carapace length below 6 cm) is 3 percent of the total catch.
According to the length frequency distribution chart,P. versicolorstock is healthier than
the P. homarusstock. Few individuals ofP. orratuswere found in the catch but all of them
were below the minimum legal size. Mean length of the catch has been increasing to
significant levels and it has been revealed that the fishing pressure on the stock is less
than in the past years.

Catch Per Unit Effort (CPUE)
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Three types of crafts and two types of gears are mainly used by the lobster fishermen in
Hambanthota district. Catch per unit effort for the net operating fishermen argiven in
Table 1.

Table 1: Catch per unit effort for the net operatin g fishermen

Kg/net
Craft Net Piece/Craft | Kg/craft/Day piece/day
FRP 12.58+5.5 1.506+1.288 0.119.7138
MTRC | 9.4+4.4 1.566+0.810 0.166.5957
NMTC | 6.86+4.41 1.269+0.827 0.184.9854

There is a significant difference between the catch of the OA £0O j OEm8coph
landing sites (P=0.314). Data frequency is not enough for calculate the CPUE for the
lobster rings.

Conservation of the berried females

The community based conservation programme launched for the berried females till they
released their eggs, is very successful. Fishermen of the Polhena fisheries management
society had stocked 45 female lobsters during the year (2019) and released
approximately 11,250,000 (250000 X 45) larvae to the ecosystem.

Figure 3: Lobster rearing ca ge at Polhena

Conclusions

55



Spiny lobster resources of the Hambanthota district is growing.

Fishermen are not respecting the current regulations yet and are catching berried
females in large scale.

A large number of berried females were contained in the cdtcduring the month of
November.

Bottom set gill net is the main fishing gear used to catch lobster and is a prohibited gear
set on the coral and reef areas.

Recommendations
Strict enforcement of the regulations for egg removing are needed
Introduction of eco-friendly fishing gear on behalf of the bottom set gill net

Amending of the second closed season (the September and October months should be
declared as October and November).
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Biological, Fisheries and other aspects in shark fishery in Sri Lanka

Project No: 2.7
Officer/s Responsible: Mrs.D GT C Balawardhana, Dr. S.S.K.Haputhantri

Introduction

Sharks are migratory carnivorous fish and play a crucial role in the ecosystem as top
predators. They arehighly vulnerable to increasng fishing pressure in many oceanic
regions. Studes about sharks in the Indian ©ean are limited, despitethey being
frequently caught asby-catchmostly in tuna longlines by thetuna fishing fleets.

As a small island stateSri Lanka is highly dependent on its marine living resources. The
island is endowed with a 1340 km long coastal line and enjoys a relatively large EEZ with
a surface area of 517 000 ki(FAO, 2016), which is only interrupted in theNortheast,
adjacent to hdian territorial waters. The Fisheries sector in Sri Lanka plays an important
economic role, contributing US$ 338 million, or about 1.2% of the total Gross Domestic
Product, to the country, and providing direct employment to 56,000 people. Importantly,
more than 2.5 million people in coastal communities depend directly and indirectly on
fisheries (Fisheries Outlook, 2016).

According to Joeph (1999), the fisheries sectorof Sri Lanka changed significantly with
the introduction of motorized fishing vessels, synthetic fiber fishing gea and
establishment of Exclusive Economic Zone (EEZ) in the 1970sFishing activities
expandedoutwards, leading to arapid development ofthe offshore fishery (Hasarangi&

Maldeniya, 2012) Theshark fishery, which isa substantial fishery, capturescoastal and
bottom living species in localized coastal area®reviously, ottom trawl, large-mesh gill
net and hook and line were the major fishing gears used faatching sharksin coastal
areas. But #ter the introduction of synthetic gill nets in 1970 pelagic shark landings
increased more rapidly than that of coastal and demersal shark§Joseh.1999). In the
1990s, the major fishing gears used for shark fisherypecame thedrift longline and drift

gill nets.

35001

Figure 1: Trends in shark catch in
Sri o Lanka (1950-2016) Source: IOTC

database

Shark landing in Sri Lanka declined drastically after the peak landings in 1999, probably
as a result of the development of more profitable tuna fisheryAt the same time, several
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regulations taken by the government have contributed to thiglecline (Hasarangiet al.,
2012). Despite the decline, in 2013, Sri Lanka was the top ".6n the world ranking of
shark fishing country (Lack & Sant, 2003) Shark catch was, however, reduced to 2% of
the total pelagic shark production after 1999, and sharks were mostly caught and landed
as bycath production of tuna fishery. According to statistic§{Balawardhanaet al.,2018),
silky shark was the dominant species unit2017, followed by Blue shark. Since 2018, the
Blue shark has been the dominant species, followed by silky shark and hammerhead
sharks (NARA, PELAGOS database).

This declining trend could be mainly attributed tothe recently implemented rules and
regulations for conservation and management of sharks in Sri Lanka. This stuaiynedto
investigate the existing fishery and reproductive biology of sharksin Sri Lanka.

Method

The data collection was carried out ora monthly basis in Negombo, Beruwala, Mirissa,
Dondra and Tangalle fisheries harbors from February to Decembey2019 (Figure 2).
Fisheries data including type of fishing vessel, fishing gear, fishing operation details,
fishing location and target fishing group were colleatd during the survey. Landed shark
species were identified up to species level using shark identification guides. In addition,
morphometric and meristic characters were recorded and measured. Bycatch fishery and
target shark fishery was recorded with the ishing operation details. In addition,
information on the shark fin trade was collected from shark fin collectors.

‘Negomoo Fisheries Harbor

‘Beru\-la\a Fisheries Harbor

LELCEN ieries harbor;
Dondra Fisheries Harcoz. gissa'Fisheries Harbor

Tangalle

Figure 2: Fishery harbors which collected shark landing data

Results

A total of 1,237 individuals belongng to 14 species and 6 families were recorded during
the survey. Silky shark Carcharhinus falciformi$ and Blue shark Prionace glauca were
the dominant shark speciesrecorded followed by Scalloped Hammerhead §phyrna
lewini), Smooth Hammerhead $phyrna zgaeng, Longfin Mako (surus paucu¥ and
Shortfin Mako (Isurus oxyrinchu} (Figure 3). Pelagic longline, gill net and ring net were
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responsible for the shark by catch landing in Sri Lanka. According to the results of the
survey, the highest shark landing was recorded in Negombo fishery harbar followed by
Mirissa, Beruwala, Tangalle and Dondreespectively (Figure 4).

m Silky shark
m Blue shark
m Longfin Mako
Shortfin Mako
m Scalloped Hammerhead

m Smooth HH

m Others

Figure 3: Percentage composition of different shark species recorded during the
survey.

= Negombo

m Mirissa

m Beruwala
Dondra

m Tangalle

Figure 4: Shark landings in different fishery  harbors

Sex ratio of the landed sharks was recorded as 1:1 during the study for Silky sharks and
Blue sharks which is similar to previous studies inthe Indian Ocean. Maximum total
length recorded for Silky shark, Blue shark, Scalloped Hammerhead, Sntoot
Hammerhead, Shortfin Mako and Longfin Mako sharks were 2@@n, 183cm, 218 cm, 280
cm, 190cm and 138cm respectively. During the surveyfour pregnant silky and blue
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sharks were recorded. Maturity stages of the female sharks were not possible to analyze.
But male sharks were categorize@s either mature or immature according tothe length
and the level of rigidity of the clasper.Accordingly, 55% of the male sharkswere
recognized as mature.

Shark fins export is the main use of shark landings. Statistics of the Export Development
Board (EDB) revealed that Hongkong is the main country which export fishery by
products including shark fins (HS CodeH.030571) followed by Malaysia, Singapore and
Vietnam. But there is no separate HS code for the shark fin. Hence, exact quantity of shark
fins exported has not mentioned in EDB record3.here are several shark fin collectors in
each fishery harbors and they buy whole sh& from the auctions. Then they remove
shark fins and flesh is sale for meat or dry fish. Shark fin collectors sell dried shark fins
directly to shark fin exporters in Sri Lanka.

Discussion

According to the study, most of the landed sharks were maturduvenile shark landing
was very low. Silky sharks and blue sharks have been the common species found in Sri
Lanka for many years. Hence, detail studies about these common species are important.
Most of the shark landings are due to the bycatch of tuna lolge. But there are very few
numbers of boats in Negombo and Beruwala which target sharks. Shark longline is used
as the fishing gear for catching shark. In addition, there are very few numbers of boats
which target deep water sharks in Sri Lanka. Deep wat shark fishery (Katu moru
fishery) can be seen in Thalawila, Beruwala and Mirissa areas, but this fishery is highly
seasonal.

The commercial important parts of the sharks in Sri Lanka are fins, skin and jaws. The
liver oil is extracted from deep sea sarks for the export market, and meat is consumed
locally. Demand is high for the collagen and elastin fibers of the dried shark fins, which
are used for the shark fin sougSamaraweera & Amarasiri, 2004) Silky sharkand blue
shark are the dominant speciesn the fin trade and the fins areexported mainly to Hong
Kong, Korea, Maldives, Singapore and TaiwdDepartment of Agriculture, 2009). Since
sharks are generally vulnerable to overexploitation because of the late maturity, low
fecundity and slow growth, unregulated fishing and increasing demand for shark fins
were the reasons for implementation of managem#& plans by many international
agencies(Jayathilaka & Maldeniya, 2015)Implementation of policies and regulations
enforcing Monitoring Control Surveillance (MCS)to combat lllegal, Unregulated and
Unreported (IUV) fishing,as well as theprohibiti on of shark fining at seaand of the catch
of three vulnerable thresher shark species, whale shark and oceanic white tip shankere
the key featuresimplemented to bring the shark fishery under control (Jayathilaka &
Maldeniya, 2015)
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There isalack of knowledge about status othe shark fin trade in Sri Lanka. Shark fins
export trends, cawversion factor analysisneed to be done in addition to aletailed study
on the biology and ecology ofkey shark species in order to manage thehark fishery
resources.

Recommendations

Detailed study about Silky sharks and Blue sharks stock status in $ankan waters.
Long term monitoring of shark landing in Sri Lanka.

Conversion factor analysis for shark fin exports.

Research on ecological aspects of major shark species in Sri Lanka.
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Sea urchin fishery development in Sri Lanka (Continuation)

Project No: 2.8

Officer/s Responsible: Dr. S.S.K. Haputhantri, Ms D. Herath, Ms D.G.T.C
Balawardhana ,Ms H.B.U.G.M. Wimalasiri

Introduction

Sea Urchins are high demandea food in countries like United States of America, China

and Japan. The important part of their body is their gonad. These gonads are known as
021 Ao s 4EA 21 A E A O Aes AcomiEd t0 rededdch todeO® #adoad 1 Al
authors all around the world.

Sri Lanka has not yet considered commercial exploitation of Sea Urchin. But there is a
possible international market for Urchins. Therefore, it is important to study the
distribution of edible sea urchin species in Sri Lanka.

Last year MBRD conducted a study to investigate reproductive cycle and feeding behavior
of common sea urchin found in South and East cost of Sri Lanka. This study will be a
continuation of that study to identify other sea urchin abundant areas and their
nutritional values.

Objectives
1 To identify distribution of the edible sea urchin around Sri Lanka.
1 To identify the nutritional composition of different sea urchin species around Sri Lanka.

1 To identify thepopulation genetics of the sea urchin around Sri Lanka.

Results

Sea urchin distribution

Around the country, 22 areas were so far identified as sea urchin abundant areas. From
those areas 4 common edible species were found. Among those most abundant edible
species of sea urchin was Stomopneustesriolaris. Details of distributed areas and

estimated abundance were given in the table 01. Midigama was the highest
Stomopneustesvariolarisabundance location followed by Koggala.

Table 1: Sea urchin dominant leations and their abundance
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Estimated abundance
(individuals/m?)

| 0 s | E
Species Q = )
found 2 v 7] © 3
25| & 7| B
o= 9 X
o .8 @ 7 =
, £ | © 2 £
Location S > A Q o
wn g— e
=8
Arugambay 5
Peanut point 6
Panama 7
Kudumbigala 9
Okada 4
Lanka Patuna temple 6
Verugal 5
Kayankerni 8
Punnakuda 6
Alampil 5
Pulmudei 11 2
yala 8
Hambantota 9
Ambalantota 10
Ussangoda 8
Kalametiya 7
Kudawella 12
Nilwella 17 3 4
Hiriketiya 15 1 2
Midigama 22 4 3
Seethagalla 15 3 3
Matara 18 2
Koggala 20 1
Hikkaduwa 19 3 2
Dehiwala 12
Morawala 18
Trincomalee Harbour 12
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Figure 1: Abundance offour commonly found edible sea urchin species in Sri Lanka
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Fat content analysis

Fat content analysis indicated high gonad fat content in Kottegoda and Midigama area
samples.

Table 2: Mean total fat % found in different sea urchin species from differentdcations

Place Species Mean  Total | SD
Fat % (W/W
wet)

Kokilai Fire  Urchin  @stropygal 3.137 0.070
radiate)

Trinco Diadima Urchin Diadema| 1.187 0.153

Harbour sp)

Midigama Sand UrchinTripneustesp.) | 2.586 0.010

Pulmudai Black Urchin Gtomopneuste 3.003 0.021
variolaris)

Nayaru Black Urchin| 1.935 0.074
(Stomopneustesariolaris)

Sallikovil Black Urchin Stomopneuste 2.526 0.031
variolaris)

Midigama Black Urchin| 3.421 0.068
(Stomopneustesvariolaris)

Kottegoda Black Urchin Stomopneuste 4.327 0.013
variolaris)

Kottegoda Black Urchin Stomopneuste 3.382 0.031
variolaris)

Nilwella Black Urchin Stomopneuste 4.550 0.001
variolaris)
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Gut content analysis

Gut content of black sea urchins inhabited in Negombo aMileligama areasvas analyzed.
The results indicated that gut content of black sea urchin was different in these locations
during the study period. In NegomboPhyllodictyorsp. was the most abundant seaweed
found in black sea urchin stomach while in Weligam&llva sp. was the most abundant
species (Figure 2).
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Figure 2. Percentage abundance of seaweeds found in the guts of black sea urchins

found in Weligama and Negombo area.

Recommendations

1. Wild harvesting of sea urchins should not be promoted.

2. Availability of sea urchin in shallow sea areas of Sri Lanka is not enough for
commercial extraction. Therefore, culture practicesshould be encouraged in order to
avoid the over exploitation in natural stocks.

3. Sea urchin mariculture should be started inl%nka as a pilot project under the
guidance of NARA and NAQDA.
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4. Most abundant edible sea urchin species in Sri LanRavaiolaris.but there are other
economically important edible species of sea urchins suthmseustesgratillaywhich
could be attempted as a potential culturable species.

5. A nutritional analysis and an analysis to find out the concentration of heavy metals
accumulated within the gonads are recommended to carry out furthermore.

6. Further studiesra also recommended to identify other sea urchin abundantareas around

the country.
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Sri Lanka z Norway Bilateral project to improve the management of fish
resources of Sri Lanka (Continuation)

Project: 2.9

Officer/s Responsible: Dr. S.S.K. Hapthantri , Dr. R.P.P.K. Jayasinghe,Mr.S.S.
Gunasekara

The bilateral project between Sri Lanka and Norway commenced in late 2016. In the
beginning of October 2018, an addendum to the contract with the Norwegian Embassy in

Colombo was signed extending the project ti31.12.2019.

The projectuntimid-¢c mtpy EAA Ox1 [ AET x1 OE DPAAEACAON O
AT 11 AAGETT 1&£ 1ATAETC AAOAG AT A O4AAET EAAI
&EOEAOEAO 2A0AAOAEG68 | #OAO OEA AopOké OET T h |
- AT ACAT AT 66 xAO ET Al OAAAh AT A EO xAO AAAEAA]
fisheries to cover all Sri Lankan fisheries.

WP 1. UPGRADING COASTAL FISHERIES SAMPLING PROGRAMS AND DATA
MANAGEMENT

Introduction

The Work Package 1(WP1) was initiated with the aim of improving the fisheries data
collection system for marine fisheries in Sri Lanka to provide reliable statistical landing
data covering the entire country for sustainable management of theoastal fisheries.
Three local partners are responsible for the implementation of this work package: MBRD
of NARA, Department of Fisheries and Aquatic Resources (DFAR) and the Statistics Unit
(SU) of Ministry of Fisheries and Aquatic Resources DevelopmemMERAD).

Methodology

In the work package 1, baseline survey data has been evaluated and improved. The report
from the baseline survey conducted by DFAR and NARA in 2017 was completed in 2018
and a sampling strategy was under development in 2019 tensure representative and
reliable statistics for all fisheries, including coastal fisheries. A lot of effort has gone into
improving the quality of the baseline data, as errors occurred partly due to missing
automatic validation when registering data Enhancing data quality has been considered
important, since development of sound sampling design depend heavily upon baseline
data analysis and the quality of these data.

Landing data is planned to be part of an integrated fisheries data system, which
incorporates other data sources as well, for example vessel registry, licenses, and
AEOEAOI AT60 OACEOOOU8B8 )1 OACOAOQOEIT 1T &£ AEEEAO
considered a major strength, since it will enable coherent validation of data and more

flexibility to analysis and reporting outputs.
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The format of the data collection sheets developed in 2017 has been agreed on by all
parties. With the ongoing development of new database these data collection sheets were
transferred into software applicationsfor tablets, in order to register data electronically

at the landing sites using tablets. The tablet application interface was developed based on
developed paper sheets and database design. In the beginning of data collection, mainly
paper data sheet willbe used. Tablet application will be introduced in a second phase for
data collectors, but will be used for entry into the database, based on the completed paper
sheets.

Fisheries Independence Surveys

Data Collection Form

General details

Fisheries District [
Fl division {

Name of the
landing Place

Type of the O Harbor
landing Place O Anchorage
O Landingsite

Figure 1. Tablet application interface developed based on data collection sheets
pre pared by NARA, DFAR and MFAR

Meetings and workshops

A workshop was held 2%t to 25 January 2019 to discuss data infrastructure and how
landings database will be integrated with other data sources within the system, and also
discuss data registration inteface, database maintenance (coding tables etc), corrections,
access and output facilities. That meeting was held at NARA premises with the
participation of NARA, DFAR and MFAR/SU officers (Figure 04).

A series of video meetings between Norway team andi®ranka project partner agencies
(NARA, DFAR and MFARD/SU) was held to discuss the WP 1 activities and the progress
etc. A series of regular internal meetings was held between NARA, DFAR and MFARD/SU
for preparing the data collection forms & data collectio manual and for discussing other
matters related to other components of WP1.
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Figure 2: Meeting conducted from 21 st to 25t January 2019 at NARA premises.

(First picture shows the Norway officers and 2 nd picture shows the workshop

participants)

I OOAAAOCOADOI OOAETEIC xI OEOEI P 11 thdn2sr pOI CO
November 2019 at Paradise beach hotel Negombo (ligg 03). Two Norwegians
participated the workshop as resource persons. During this fouday residential

workshop the participants (NARA, DFAR, MFARD/SU) learned key features of R such as

data structures, calculations, tabulating and aggregating data, mengj data, looping,

descriptive statistics, graphics and map creation etc.

S&ECOOA oq 40AETEITC xI1 OEOEI DB 11 O2otoBOI COAI I
November 2019 at Paradise beach hotel Negombo.
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A training programme was conducted at NARA premises o209t December, 2019 for
MBRD Research Assistants and Field Research Assistants. The objective of the training
programme was providing basic training for them about new port sampling data
collection, which is going to implement in 2020. They were mainly tiaed on new
software application which has been already incorporated into data collection tablet.
Moreover, they were trained on morphological identification of different groupers found

in Sri Lankan waters.

Project continuation

At the moment, sampling @sign, tablet registration software and database are in
finalization stages, and the goal is to have the new data collection programme tested and
piloted by the end of the year. There will also be carried out a WP1 data training
workshop in Sri Lanka in tre end of the 2020, based upon test data from the new
database, in order to familiarize and strengthen the knowledge to these data, and how to
retrieve and analyses them. This will be an initial start to strengthen the capacity to use
the data for various purposes, enabling flexible use to meet the requirements of Sri
Lankans fisheries management and science. Along with this, DFAR has also planned
introduction and training of the data collectors, on how to use the new software for data
registration, and howto comply with the sampling programme.

Hence, within current project period and phase, the system will be established and up
and running.

In order to settle the system within the related institutions, both for the collectors that
going to carry out the important task of collecting the data (data input), but also for
efficient use of the data generated (data output), the project team stronglguggest to
continue the evaluation, refinement, administration, maintenance, quality enhancement,
and analysis in a new project phase 2 from 2020022.

This will also make sure that the new system is properly implemented on a permanent
basis, so that SrLanka can make efficient use of these data on a long term run.

WP2: TECHNICAL ASSISTANCE AND COMPETENCE BUILDING IN FISHERIES
RESEARCH

Overview:

The main achievement has been preparation and training to undertake data analysis and
reporting from the R.V.Dr Fridtjof Nansen survey in 2018. This has been carried out in
close cooperation with the EAF Nansen programme. All formalised training activities
agreed to in the project document have been finalized in 2018, and advanced training has
been provided both in swept area abundance estimation and acoustic abundance
estimation on board the Dr. Fridtjof Nansen. As part of this, a workshop was carried out
to compare the data with historical information and create a document with scientific
recommendations from the survey. The planned general competence building from
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lectures are completed in this component of the project. The theoretical competence of
NARA personnel has been tested at sea and in laboratory work during the Dr. Fridtjof
Nansen survey and to some egnt during surveys with the local research vessel, RV

Samuddrika. New survey training in 2019 are supposed to advance and consolidate the
training completed so far in the project. Work on a data policy and data management plan
to ensure safe data storageniNARA has started.

The project has helped in upgrading the data and instrument infrastructure on board the
local research vessel as well as advice on the routine running of the vessel. Most of the
recommended adjustments to the deck arrangement of Samud#a was completed early

in 2018. A Benthic video sled was made and tested during a trial survey where NARA
scientists have shown that they are fully capable to run such a survey. However, the
survey was terminated early due to technical problems with the lEp. NARA is still
struggling to make the vessel operational and is not able to run research surveys on a
routine basis.

Activities conducted in 2019
Establish time series data collection at NARA

Since NARA is needed time series data, under WP2 it was ddaesed to establish time
series data collection system.

A workshop was held at NARA in February to decide initially what are the parameters to
be considered in time series data collection

An Acoustic Survey for pelagic fishes was conducted in the Northeasiast at the first
time series data collection in Sri Lanka

Implementation of a data policy and data management at NARA
NARA is lacking of proper data policy and data management system

A workshop was held at NARA in February 2019to initial a data policand data
management system

Drafts of these two documents were completed.

Conduct benthic video survey in selected areas

A frame (video sledge) was constructed at NARA.

Surveys to be conducted in October to estimate the benthic animal abundance.

Acoustic suveys on commercial small pelagic species Northeast coast and Southwest
coast
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First acoustic survey for pelagic fish was conducted in the Northeast coast in August 2019
and in Southeast coast in December 2019

Research Vessel Sammuddrika was used.

Norwegian Scientist Mr. AtleTotland guided the survey (NE survey) and it was a good
opportunity to capacity building of NARA Scientists on Acoustic surveys

EK 15 Echosounder and LSSS software was used

The survey estimated that the total biomass of small pelagicsh (PEL1) and medium
pelagic fish (PEL 2)were 164 tons and 7280 tons respectively.

Obgctives of the Acoustic Surveys

The main objective is to establish a time series on pelagic resources with the main aim of
producing indices on the status anddevelopment of the pelagic fish resources after

AT 1T OET OAOCETT 1T &£ OOOOGAUET C & O T ATU UAAOOS
scientists for acoustic estimates (instrument arrangements, calibration, acoustic data
collection, data processing, abundancestimation, survey and sampling design, reporting

and survey planning) of pelagic resources. Since this is the first acoustic surveys with RV
Samuddrika, how the facilities can be improved for acoustic surveys are also considered.

Methodology
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Acoustics
Survey design and acoustic sampling

A survey plan was made prior to the survey (Figure below). The plan originally indicated
one stratum along the coast north of Trincomalee. A random, systematic zgg transect
design was chosen as the available surveynie was limited and this is the most time
efficient design. It was decided to attempt a survey coverage of no less than 7 if possible.
As the coverage of the northern strata went smoothly, a new stratum south of
Trincomalee was planned during the first stréaum coverage. Unfortunately, it was not
possible to cover the southern strata due to lack of permission to survey this area. We
had not foreseen the quick and smooth execution of the coverage of the first stratum and
the application to expand the coveragéto a new area came too late,

The StoX application was used to define the strata boundary definitions bases on
available previous depth strata from the RV Dr. Fridtjof Nansen survey of 2018 to coverer
the depth range 10z 75 meters. This is assumed to c@r the main range of distribution

of coastal small pelagic fish.

Figure 4: Survey tracks in the NE Coast
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Figure 5: The NARA towed body for echosounder transducer

Results

The total biomass in NE was estimated in to 7280 tons, with a sampling variance
expressed as Coefficient of Variance (CV) of 34%. These were estimated by mean and
standard deviation of 500 bootstrap replicates. 90% of the bootstrap replicates were
between 3655 ton and 11946 tons.

Conclusions

The study reveals that the highest concenttéons were found towards the southeast, but
particularly close to the northern border of the survey area. This gives a clear indication
that the area coverage was insufficient to measure a distinct part of the pelagic fish stock.
If the survey was to be p# of a timeseries, a shift in the coming years fish distribution
xI Ol A ET 001 AGAA A EOCA AEAO8 &Oii OEEO
cannot be used to evaluate the trends in stock development as part of a timeseries.
However, NARA is @nning a more extensive coverage of the east coast soon.

WP 3 BRINGING SCIENCE TO MANAGEMENT

Work Package 3 (WP 3) has been in operation since February 2019. Three workshops
have been conducted to establish a common understanding of the situation in Sarka
based on available data and relevant experience from fisheries management both in
Norway and in Sri Lanka was presented at the first workshop. Two important fisheries,
in terms of their role for food supply and income, were identified as candidates ffahe
development of management plans: the fisheries for small pelagics on the west coast and
demersal species in the soutfeast region. Draft management plans have been developed.
Assistance from WP 1 was useful for the work on the draft management plapg, among
other things providing inputs to the improvement of questionnaires to obtain more
information as inputs to the management plan.
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Given the limited data availability for Sri Lankan fisheries, and the limited use of
regulation so far, phase Il of e bilateral project aims towards gradually developing
management plans and more specific regulations, where the management advice is based
on the best available knowledge. As the data situation is improved through the work of
WP 1 and WP 2, the increasednowledge base will be used in the development of
management advice.

Project No. 2.9 (b): Genetic study of marine biological resources in Sri Lankan
water

Introduction

Sri Lanka is an island irthe Indian Ocean rich in biodiversity in both fauna and floraThe
land is richin marine diversity due to the tropical climatic conditions inthe ocean around
the country. Nearly 2500 fish species out of 31 100 extant fish specieave beerrecorded
in the Indian subcontinent (Froese andPauly, 2009). Hence, the study odliversity among
fish species isreally essential to strengtren the knowledge inthe fishery sector. Due to
this reason, this research was targeted to study the genetic level variation of sorkey
species collected during the Dr. Fridtjof Nansen survey in Sri Lankan watefdoreover,
the findings will help to fill the knowledge gap ofgenetic basis of fishkcomposition in Sri
Lankan marine waters.

DNA barcoding haseenused as an efficient toofor the identification of existing species
and also to find cryptic speciegDonaet al., 2015). DNA barcodinghasprovided an added
advantage forthe identification of biodiversity in global fauna in recent yearsFish DNA
barcoding by using Cytochrome COxidase type | CO) gene has been used for
identification, authentication, and phylogenetic analysis (Ward et al, 2005,
Ratnasingham andHebert, 2007). DNA barcoding using COIl gene has been used to
discriminate closely related animal species, speciallynarine and freshwater fishes
(Hajibabaeiet al., 2005; Ward et al., 2005; Lakraet al., 2009). Recently the identification
of fish and fish related products has becomenaimportant topic for the authentication
process due toadulteration. Furthermore, barcode basd fish identification systems
provide a path for detection of phylogenetic relationships among the species and to
identify taxonomic status of the species. DNA diversity among species is helgo resolve
taxonomic ambiguties andto discover new species among the morphologicigl similar
individuals in a fish stock (Hebertet al., 2003). For instancerecord of cryptic species of
Lethrinus nebulisusn Indian waters and the same results were obtained as the presence
of a cryptic species in Sri Lankan waters. Finallyall theseaccurate details of fish species
would help to manageasustainable fishery whilemaintaining amaximum harvest andto
improve ecosystem research and conservation.

Objectives

Study the genetic structure of keyspecies dstributed in Sri Lankan marine waters
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Identification speciesstructure of fish populations
Study the polygenetic relationship of fish species

Identification of sequence variations of fish species due natural mutations

Materials and methods

Collection of fish samples : Samples were collected from different points in the
ecosystem survey by the Dr. Fridipf Nanson research vessdllables 1, 2 and 3)

Genetic Analysis: 4T OAT  $. ! x AO A@0OOA AnN&asy Tissle KhOET C
Al 11T xETC OEA | AT OEZAAAOOOAOBE O bedad AdRIiwas $ . !
carried out with the universal COlprimers.

FishF1-TCAACCAACCACAAAGACATTGGCAC
FishF2TCGACTAATCATAAAGATATCGGCA
FishR1-TAGACTTCTGGGTGGCCAAAGAATCA

FishR2ZACTTCAGGGTGACCGAAGAATCA@VE et al., 200b).

This primer pair amplified a COlfragments of 550-600 bp length of the mitochondrial
genome. PCR was performed in a final volume of 50 pl containing 5 pl 10x TatyRwrase
Buffer, 5 ul (25 mM) MgdJ, 5 pl 0.5 mMAINTPs, 1 unitTaq polymerase (Perkin Elmer) and
0.5 pl each of 25 pmol/ulFishF1 and FishRL PCR products wre check for positive
amplification in 1% agarose gel with 100 bp DNA ladder. Purified PCR produetere sent
directly to Macrogen (Korea) for sequencing.Sequences were analyzed by using
appropriate bioinformatics methods. Sequences werealigned with ClustalX Multiple
Sequence Alignment Program version 1.7 (Thompsacet al., 1997) and Bioedit software.
Further analysis was carried out for the aligned sequence®hylogenetic analysis was
carried out using MEGA software and polymorphic sites and haplgpes were detected
by using DnaSRversion5.0 software.Phylogenetic relationships among sequences were
assessed using maximum likelihood (MLinethod and Kimura two parameter model in
MEGA v7.0.21 (Tamurat al., 2013).

The L.lentjan fisheswere found in fish catch ofseventrawling stations (Table 1).

Table 1: Station number, GPS location and the name of the station

Station number GPS ceordinate Region Number of
samples

11 9.803 80.76 North East 1

19 9.0025  81.0023 Central East 1

26 8.2835  81.5105 Central East 6

40 6.8792  81.9035 SouthEast 7



The L.nebulosesvere found in fish catch ohine trawling stations (Table 2.

Table 2: Station number, GPS location and the name of the station

The

Station GPS cenrdinates Region Number of
number samples
11 9.803 80.76 North East 4

13 9.6443 80.837 North East 3

19 9.0025 81.0023 Central East 1

20 8.8635 81.1462 Central East 1

27 8.3193 81.5505 Central East 1

40 6.8792 81.9035 | South East 6

44 6.5813 81.8455 South East 2

45 6.4945 81.741 South East 1

78 7.1463 79.715 South West 2

Decapterugussellifisheswere found in fish catch ofseven trawling stations (Table 3.

Table 3: Station number, GPS location and the name of the station

Station number GPS ceordinate Region Number of
samples

9 9.8542  80.4955 North East 6

14 9.5792  80.7403 North East 6

26 8.2853 81.5105| Central East 4

28 8.1517  81.657 Central East 5

33 7.7057  81.8307 South East 7

52 5.9225  81.1907 South region 2

67 6.0805 80.0518 South region 2
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Results

NE-1 Group
SU-1
SU-2
SE-2
SE-3
SE-4
SW-1
SE-7
SE-8
SE-9
CE-7
CE-8
SE 1
SES  gup Group I
SE 6
CE-9 Crann

Figure 1: K2P distance neighbour -joining tree of L. lentjan species collected from
Sri Lankan waters. NE-north east, SE- south east, SU South, SWsouth west, CE
central east region.

The multiple sequence analysis olL. lentjan CQ region resulted in 81 nucleotide
polymorphisms in COI sequence region andseven haplotypes Average number of
nucleotide differences between populations is 66.125Average number ofnucleotide
differenceswithin group I is 17.61 and no difference within group IlI.

Group I

SE-1
SE-2

SE-5
SE-6
SE-7

SE9

SE-10
SE-11
SW-2

SE-3 SE-12
NE2 Group Il

0.020
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Figure 2: Kimura two parameter ( K2P) distance neighbour -joining tree of L.
nebulosus individuals collected from Sri Lankan waters. NE -north east, SE- south
east, SWsouth west, CE-central east region.

CE8
ST4

NE9
NE1

CES

CE7

b NE7
NE1
NE2

NE8
NE10
NE12

ST3

Figure 3: K2P distance neighbour -joining tree of Decapterusrusselli species
collected from Sri Lankan waters. NE -north east, SE- south east, ST South, CE
central east region.

The multiple sequence analysis oDecapterugusselli COI region resultedin 114 single
nucleotide polymorphism in COI sequenced region and nine hiapypes. Average number
of nucleotide differences between the two groups was 87.667.

DNA bar-coding method for identification of fish species

DNA barcoding haseenused as an efficient tool for the identification of existing species
and also to find crygic species.Fish DNA barcodingy using Cytochrome C Oxidase type
| (CO) gene has been used for identification, authentication, and phylogenetic analysis.
DNA barcoding usingCOlgene has been used to discriminate closely related animal
species, special marine and freshwater fishes Furthermore, barcode basd fish
identification systems provide a path for the detection of phylogenetic relationships
among the species and to identify taxonomic status of the specids. this study the
morphologically difficult to identified samples collected during the Dr. Fridtjof Nansen
survey were used to identify by using DNA barcode techniques.

Table 4: Collected unidentified samples during Dr. Fridtjof Nansen Survey and the DNA
bar-coding of list of fish species

80


http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=2102
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=34546
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=2102
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=34546

Station
numbe
r and
the ID

Collected unidentified

sample

Species name

Morphology of the fish

St711D
147

Acanthurus mata

St50 ID
92-1

Torquigener brevipennis

St48 1D |

105

Bythaelurus hispidus

St 48 ID
110

Gephyroberyx darwinii

St39 1D
81-1

Conger japonicus
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St 39 ID ‘ ; Hoplolatilusfronticinctus
81-2 p
St39 D[ Scolopsis xenochroa
, .

St39 ID Pseudamiagelatinosa
81-4
St39 ID Dactyloptena orientalis
81-6

E
St 60 ID Acanthocepola indica
67
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St 76 ID
140

Histiopterus typus

St 80 ID
152

Tetragonurus cuvieri

St 67 ID
128

Bregmaceros sp

St 67 ID
132

Minous coccineus

St 76 ID
134 s

Cubiceps squamiceps

St 76 ID
135

Cubiceps pauciradiatus
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St 48 ID

90 a :

Chlorophthalmus corniger

St 65 ID
125

Psenesara furensis

St 67 ID
127

Ophichthuspolyophthalmu
S

St48 ID Polyipnuspolli

106

St73 1D Nasovlamingii

149

St48 ID Physiculusmicrobarbata
107

St73 1D Cubiceps pauciradiatus
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St 77 ID Tripterodon orbis

144

St 48 ID : Ostracoberyx dorygenys
102 i

St76 ID Trichiurus lepturus

124

St48 ID Diaphus watasei

89

St 48 ID Apterichtus klazingai
103

St 67 ID _ - Sirembo jerdoni

St 67 ID Dipterygonotusbalteatus
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St721D| Echeneis naucrates
150

St 48 ID
75

Zenopsis conchifer

St79 1D
70

Aprionvirescens I

St- Station number, ID -given identity number for the collected fish sample
Discussion

The mitochondrial COI gene sequence analysis clearly defined two main phylogenetic
groupsin L.lentjan. In group | (Figure 1) there is a subgroup which waslassificed based
on COI sequence variarion. The fish collected frormouth east area showed slight
nuclotide variation to other individuals of group | and clusterd as a subgroup within
group |. A divergert group with individuals from central east region seperatly and
distantly clustered as group Il (Figure 1), vinich provides information on the existance of
two cryptic species seperated from main speciess reef fishes are normigratory fishes,
there is alimited breeding between populations. Due to this reason diverse species can
be identify within the population. In a long period of time it can develop divergent group
with huge neuclotide variations to the main species. Based on this priliminary study, it
can be recommended to conduct stock assesment of the species with more stations and
with more number of samples in future.

According to the results there were two distinct phylogenetic groupswhich clearly
separatedthe L. Nebulosupopulation in Sri Lanka (Figure 2). The two groups are highly
divergent which meansthat there are two cryptic species. The sequence divergent of the
two cladesand average nucleotidedifferent was 56.139 Huge nucleotide diversity was
observed among the two groups with 116olymorphic sites. Even though, there were
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high polymorphic sites observed, onlydur haplotypes were recorded. This implies that
most individuals shared common single nucleotide polymorphism regionsThe two
groups showed theclear geographical differentiation. Individuals collected from south
east and southwest regions were clustered in group | and north east and central east was
clustered in group Il. This analysis provides the ecological and evolutionary
diversification and clear separation of two cryptic species bases on the regiofhe
occurrence of two cladesof L. Nebulosusdased on the geographical distributionwas
described in Healeyet al., (2018) andBorsaet al., (2013).

The Decapterugusselli species distributed in Sri Lankaclearly separate in totwo
phylogenetic groups (Figure 3) and within the group there are subgroups developed
based onnucleotide variations. This study provides evidence on the presence dWwo
cryptic species ofDecapterugrusselliin Sri Lankan waters.The mitochondrial COI gene
sequence analysis clearly defined two main phylogenetic groupghe fish collected from
south area showedslight nuclotide variation to other individuals of group | and clustered
as a subgroup within group | Individuals from all regions were grouped in to group I. A
divergent group with individuals from central east region was seperatly and distantly
cluster as group Il (Figure 3).

DNA barcoding method proves the effective and efficie method for identification of
morphologically unfamiliar or difficult to identify species. The samples collected during
the trolling are mostly deep water fishes and they are not commonly seen in fish catches
around coastal areas in Sri Lanka. Theefore, DNA bawding method provided their
correct species level identification and those samples can be used as a guide for future
studies and to get knowledge of rarely seen deep water fishes in the ocean.
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Economics and strategies for profitable sea bass culture in lagoon net
cages

Project No: 3.1

Officer/s Responsible: Dr. D.A. Athukorala

Asian Sea basgulture has been identified as a profitable business due to its high export
demand. Asian Sea Basd. dtes calcarife) culture is most popular in South Asian
countries. As sufficient brackish water esources, there is a good potential to develdpea
bassculture also in Sri Lanka and some farmers are already engagediea bas$arming,
Most of the sea bass farmers presently earn less profit due to the absence of proper
strategies for the culture of €a bass in lagoon net cages. This project is aim to recommend
proper strategies for profitable culture of sea bass in lagoon net cages.

Objectives

Perform a costbenefit analysis for small sale sea bass culture methodgractice
presently in Puttalam lagmn of Sri Lanka, to compare the economics of different small
scale sea bass culture methods in Puttalam lagoon of Sri Lanka and recommend proper
strategies for profitable sea bass culture in lagoon net cages.

Activities carried out

Awareness meetingst Frame surveys for farmers at Gangewadiya and Serakkuliya area
were conducted.Questionnaire surveys for 22sea basdish farmers at Gangewadiya and
Serakkuliya were completed.Thirty seven sea basscages were monitored and data
collected in28 net cages andish growth data were collected in 18 sea bass cages

Results
Tablel. Summaryof the results of frame survey obea basgarming at Serakkuliyaand

Gangewadiya

Serakkuliya Gangewadiya
Number of Sea bas$armers 74 6
Number of part time Sea bas$armers|50 4
Number of full time Sea bas$armers |24 2
Number of Sea basgages observed [123 27
Number of Sea basgsages operating |48 27

Average Cage Size (Stage 1)

1.9m x 1.9m x 1.3m

1.9m x 1.9m x 1.0 n{

Average Cage Size (Stage 2)

3.4m x1.9m x 1.3m

1.9m x 1.9m x 1.0 n{

Cage mesh size (Stage 1)

8 mm

8 mm

Cage mesh size (Stage 2)

25 mm

25 mm
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Average initial stocking density 40 fish/m3 70 fish/m3

Main feed type used Trash fish Formulated feed
Cage Frame Material PVC PVC

Cage Net Material Plastic Plastic

Anchor Material Wooden poles Wooden poles
Feeding Frequency lor2 2

Average sea bass selling price Rs. 450550 Rs. 450550

Table 2.Economic analysis of Sea Bagdture / net cages

Details of Costs and Returns Value
Cage Construction Cost per culture cycle (Rs|2894.00
Fingerling cost (Rs.) 3600.00
Feed Cost (Rs.) 24676.00
Total Production Cost (Rs.) 31170.00
Average Yield of Fish (kg) 80.60
Fish Selling Price (Rs./kg) 500.00
Total Revenue (Rs.) 40300.00
Net Income (Rs.) 9130.00
Production Cost (Rs kg) 387.00
Net Income (Rs kd) 113.00
Outcome:

Status of the economic viability obea bassage culture in lagoons

Output:

Economically feasible strategies developed faea bassage culture in the lagoon
Recommendations:

-Use net cages about the size of approximately8 wi @ p8wi @ p8m |

50A ¢ I 1 OEUA | BOHINOED® A OERAOADIQOCOOA AT A
1 @ADBZIZEAT 1T A0 AACAO Bl AATAOBOAARKE AEA ADDOOD OA
1 AOAOS

Z- AET OAET OEA ET EOEAI A&ZEOE OOi AEEI ¢ AAT OEOU



- Provide balance formulatedSea bas$eed or balance formulatedSea bas$eed with trash
fish.

-Feeding the fish twice a day.

-Keeping watch on the possible disease conditions during rapid salinity fluctuation
seasons and apply suitable treatments on time.

Conclusion:

By placing 1.9m x 1.9m x 1.0 m net cage with 40fish/infed with, 2% protein feed for 9
months farmer can get around Rs.9000/cage net income. It can be recommended as
strategically best practice
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Study of optimal micro -habitat features for mariculture of sea
cucumber, Holothuria scabra in coastal waters of Sri Lanka

Project No: 3.2
Officer/s Responsible: Mr. P. A. D. Ajith Kumara and Mr. C. B. Medagedara

Introduction

Tropical sea cucumbers in geeral occupy a wide variety of habitats, including coral reefs,
coastal lagoons and sea grass beds. Most of the commercially exploited species (Order:
Aspidochirotidg are deposit feeders, consuming organically rich detritus mixed with
inorganic sediments. Earlier studies showed that juvenile sandfish can be found in
shallow seagrass beds, but the optimal habitat features within these macrbabitats were
largely unstudied.

Objectives

We aim to determine the conditions for a range of key habitat featurethat would
produce the best stocking success, measured by survival, growth and behavioural
responses of sand fishes.

Activities Carried Out:
Community-based sea cucumber farming

Establishment of hatchery facilities for H. scabra, collection and conditioning of
broodstock, induce breeding and larval rearing

Monitoring of sea cucumber farming in Northern coastal waters
Conducting an awarenesand other extensionprogrammes
Results

1. Community-based Sea Cucumber Farming

A study was carried out to evaluate the growth and survival ofl. scabracultured in two
selected sites, Serakkuliya and Illipantivu in Puttalam lagoon with the active participation
of community. Mean growth of H. scabrarecorded for Serakkuliya (520.37+31.34) is
significantly higher than Illipantivu (410.37£46.57g, ANOVA p< 0.05) Maximum body
weight of H. scabrecultured in Serakkuliya and lllipantivupens were 570.86 g and32.68
g, respectivey. Minimum and maximum daily growth rate of sandfish in Serakkuliya was
0.32g and 1.1g whereas that of lllipantivu site was 0.21g and 0.91g. But the particular
months of which minimum and maximum daily growth rate recorded, did not coincide
for two sites. The survival rate ofH. scabran two sites, llipantivu and Serakkuliya were
40% and 75% respectively. The mean salinity and mean water temperature were
31+2.26 ppt and 29.22.94°C for Serakkuliya site. Those values for lllipantivu site were
28+3.00 ppt ard 28.2+ 3.65°C respectively.
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Fig.1 Mean growth ofH.scabrain two culture sites
Establishment of hatchery facilities, collection, conditioning of broodstock

Three broodstocks were maintained in fiber glass tanks and two lagoon pens (in front of
NARA Kalpitiya station and Serakkuliya) in order tgproduce quality broodstock. They
were fed with formulated feedswhile live feed cultures were maintained at the beginning
of each breeding trials. Brooders suitability for artificial seed production wasréquently
checked. Severabreeding trials were performed first quarter of the year.

3. Monitoring of sea cucumber farming in Northern coastal waters
&EEOAAT pu 1160 AT i i AOCAEAT OAA AOQOAGdNkO
2 month interval in Northern Province. Several maps were produced so as denote existing

farms, abandoned farms, juvenile collection grounds and suitable areas for further
expansion of the industry

Soil characteristics, micrehabitat conditions and selected water quality paameters were
analyzed in respect to stocking densities.

Farms were clustered according to habitat typesizh OAACOAOO AAAO
TT1T680Qqh Aaiolsj t E Baifbent quality of soil samples in each farms were
analyzedby standard sieve fractionation methodand results are given irtable 1.

Table 1 Grain sizes of sediment (% sd) in Holothuria scabrafarms in different habitats.

Particle Component Habitat type
diameter (mm) Seagrass beds Sand beds Micro-
atolls

0-0.63 Silt and clay 2.71 0.90 0.72 T U 0.04 0.01

0.63-0.125 Very fine sand 6.10 p&p 6.76 pd 1 0.71 ™ X

125-250 Fine sand 37.81 4.52 49.72 U8 o 14.63 o x

250-710 Medium sand C&C o T TA&T o | 0@ ¢ WR O

710-1400 Coarse sand X v p& X PR T o8to| Cc@p @3to

1400-2000 Very coarse| 3.13 1.03 920 cq® T 13.91 5.63
sand

>2000 Gravel 0.59 0.22 489 1.20 8.18 3.71
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Organic content of the sediment samples was determined by combusting weighed
samples Initial stocking size, and weight gained of animals were measured by sub
sampling 20 juveniles from each pen and then pooled according to habitat typtsble 2

Table 2.Some selected parameters measured afolothuria scabrafarms in different
habitats in the Northern Province (The values are given in minimum and maximum
rangeAT AA AT T s@addérd deviation).

Parameter Unit of | Habitat type

measurement Seagrass beds Sand beds -

atolls

Organic matter | (%) (in  dry | 4.97-9.32 0.68-1.80 1.01-3.21
(initial) weight)
Organic matter | (%) (in dry | 3.07-6.61 0.72-1.97 1.83-2.19
(final) weight)
Salinity (ppt in range) 28-36 30-34 32-34
Initial stocking | (Q) 80.0 10.52 100.0 20.82 110.0 1831
size
Stocking 1606 1 2.53 2-4 12-20
density
Mean growth | g day? P& L P X T 0 T& W M1 T
rate

4. Awareness & Training Programmes:
(a). For Community People:

Community people in Serakkuliya and lllipantivwillages in Puttalam district were given
training on sea cucumber growout farming techniques.

(a). For University Students:

One residential breeding programme was conducted for University Vocational and
Technical College (UNIVOTEC) Anuradhapura (22.02.29)1 They were given first hand
on experience on different aspects of sea cucumber maricultukgz broodstock handling
& preparation, spawning tank preparation, induced breeding, egg collection, incubation,
preparation of larval rearing facilities, live feal culture, nursery tank preparation and
feeding.

Conclusions/ Recommendations:

When compare ten months of culture period between two selected culture sites, there is
a significant high growth observed in Serakkuliya CommunigBased Farm (CBF) site
than lllupantivu CBF site. From June to November, remarkable salinity fluctuations were
observed in Puttalam lagoon and that would cause lower growth rate in Illlupantivu pen
rather than Serakkuliya.
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According to the final results newly selected Serakkuliya and llipantivu areas in
Puttalam lagoon are suitable for sea cucumber farming in futuréNlevertheless, elatively
low survival rate was recorded in both sites.

Sea cucumber juveniles whose weight below 10.0 g is not suitable to direct introduce to
grow out farming.

Highest observed growth rate was recorded when sea cucumbers were cultured in sea

grass habitats and that means they are more preferred to these environment. Because.

silt clay substrate may facilitate them tograsp organic matters from bottomsediments

when feeding could result in higher growth rate when compare to other habitats.

4EAOA xAOAT 60 AT U OAI AOET T OEEDPO xEOE DPAOAAI
with the time (or growth of animals). But the results could be changed when furthre

growth of animals.

If sea cucumbers are cultured in sandy habitats they will have to give supplementary
feeds because low growth rate was recorded in these habitats in present study.

Output:

Built up awareness among fishing communities, university studes and Governmental
officials on sea cucumberartificial seed production, feed preparation and grow-out
farming

Training fisher-folks on community-based sea cucumber farming

Identified some suitable areas for sea cucumber farming in Puttalam lagoon

Mapping of sea cucumber farming areas in Jaffna lagoon

Identified micro-habitat features for sea cucumber farming

Dissemination of the technicaknow-how by preparing reports and scientific publications
Outcome:

Draft protocol develop for monitoring of sea ceumber commercial farming

Identified most suitable habitat features for sea cucumber farming in NortherRrovince
Farming potential of sea cucumbers in Puttalam lagoon was technically verified

100



Improving spat collection methods for commercial scale oyster
farming and experimental reef restoration for enhancing the spat
availability

Project No: 3.3
Officer/s R esponsible : Mrs. A.S.ILE. Coreaand Mr. C. B Medagedara
Introduction

Edible oyster culture hascommenced in the Puttalam district and few community
projects are ongoing. Main problem for expanding the culture activities is unavailability
of spat. Presently spat collection is from the wild. But sufficient spat of suitable size,
cannot be collected his way for commercial culture. Therefore, using spat collectors
during breeding seasons near natural oyster beds is being carried out.

Increase the commercial bivalve culture among fisher communities was the major
objective of the project. This would be ehieved by building more oyster reefs so that a
steady breeding population is established in areas suitable for culture, to collect sufficient
spat for commercial oyster culture and Disseminate technical knowhow among oyster
farmers

Results
Aiding commercial oyster culture

Community based commercial oyster farms in Kandakuliya, Anawasalad, Janasavipura
were monitored and provided spat for culture. Kandakuliya lagoon is a small lagoon and
has a good breeding population of oysters therefore the communitg selfsufficient with
spat. But as Anawasala and Janasavipura did not have a breeding population nearby, spat
were provided for culture activities by using spat collectors. For this purpose, spat
collectors developed using PVC plastic and plastic casingre deployed as these proved

to be good attachment material and easy to remove spat from the collectors.

Spat attachment material

Two new types of spat attachment material has been tried out as spat collectors and were
compared with the previously used méerial. The two new materials used were used
vehicle tyres, and plastic shells. Spat attachment has been low in both materials compared
to the pvc collectors. These had an attachment density of 3/ 100ém

Shifting oyster reefs to new locations

Two reefs were shifted to new locations and were monitored for their growth and
survival the survival was affected by fouling organisms at Kalpitiya. The shifted reefs
were of the size 2 x 1 x 0.25 m size. Number of live oysters were counted in a 0.5 x 0.25 x
0.25area for monitoring the survival and growth of the new reefs and a control reef kept

in the original site. The numbers in shifted reefs declined after shifting but now has
settled and is increasing.
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Knowledge dissemination- Awareness program (Illupanthive I1dand)

One awareness program was carried out to inform about developments on oyster culture
and spat collection to the community. It was participated by 10 members

Topics covered were Oyster production in Puttalam lagoon and community based
farming in Kandakuliya, Anawasala and Janasavipura, Oyster rack culture and culture
structures, Oyster spat collection through collectors, Sustainable oyster production and
manual cleaning with depuration procedure, Dispatch to market .

Maintenance of d@uration plant and improving hygienic conditions

3,783numbers of oysters have been depurated and earned Rs 18,915.00 per year of 2020.
The first batch of oysters depurated in month of June due to replace of old wooden racks
with newly developed PVC racks

Out put

2 new oyster reefs in Kalpitiya area (Kalpitiya and Janasavipura)
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Integrated approach to efficient and sustainable intensification of food
fish;Tilapia culture with aquatic plants (edible/ornamental) relation
to different formulated feed regimes.

Project No: 3.4

Officer/s Responsible: Dr. M.G.1.S. Parakrama

Small scale pond culture systems limited to confinedrea for fish and also it could be
accumulatd too much waste andgollutants very frequently, causing tothe poor growth

of fish. As such high nitrate levels occurs in such pond systems can be absorbed by plants
if those are in the system. Also the plant can filter the water, supplying better
environment to the fish to grow. Using this theory, an experiment to compare the NARA
formulated experimental feed with recently manufactured commercial Tilapia feed for
small scale Tilapia cum ornamental/ edible plant culture will be investigated.

Objectivesare to compare nutritious feed for Tilapia farming and to Intensification of fish
farming with aquatic plant culture.

Experiment plan is as follows;

Treatment Feed A (20%| Feed B(25%| Feed C(30%| Feed D
protein) protein) protein) (control/cattle
feed)
Stocking 5ms3 |[10/m3 |5/m3 |10/m3 |5/m3 10/m3 [ 5/m3 10/m3
density

Pond part|10m3 [10m3 |10m® [(10m3 ([(10ms |10m3 |10 m3 10 md
Volume

No. stocked |50 100 50 100 50 100 50 100
Feed cost 105/= 117/= 120/= 50/=

Time period | 120 days

Fee:dmg Twice a day (57% body wt)

regime

Ave. initial

wi/ fish 2.3-3.4

Ave. weight| 195¢g 128g 190g 113¢g 203g 1269 1329 90g
gain/juvenile
fish

FCR 1.6 1.9 1.5 2.9

Results:
Aquaphonicsystem (fish/ plant culture)

Floating bed size | 2.1np |
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Total beds 8 (Area appx. 17m)
Plant wet weight harvested from one bed 2 kg (4 bundles)

Total harvest 16 kg ( 32 bundles)
Selling price Rs.30/ bundle
Total income (RS) 32 x 30 (960/=)
Harvesting time 2 weeks

No of Plant harvests for one fish culturg 12 (for 6 months)
cycle

Total income from plants for one fish| 12 x 960.00 = 11,520.00
culture cycle ( No soil/ no fertilizer/less
labour)

Recommended area for culturing plantg 2500 m?
(floating beds) in 1 ha fish pom
Total income calculated for plant harvest 11,520.00/17m2 x 2500m?=1,694,117.00
in | hectare fish pond per 6 months fish
culture cycle (Rs)

Conclusions

According to the experiment, 20% protein is enough for tilapia grow out culture.
Bed experimental feed in the trial is- Feed A (lowest price)

Intensification can be done using simple and low cost aqua phonic plant culture
techniques.

Recommendations
Fish cum aquatic plant culture is very profitable practice.

Floating plant culture beds can be recommended for fish ponds using aqua phonic
techniques.
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Outcomes

Low cost feed for Tilapia culture.

Introducing low cost simple aquaphonic systems to small scale farmers

Increasing the total income of farmers through fish cum plantuiture
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Assessment of Fisheries and Aquaculture potential in floodplain
ecosystems of Nilwala river basin.

Project No: 3.5
Officer/s Responsible: Mr. K.W.R.R. Amaraweera

Nilwala is one of the longest rivers (78 km) in southern Sri Lanka flowinthrough Matara
District. During the rainy season low lands of river basin are inundated by floods and
render the land unavailable for crop production. According to the Department of
irrigation Inundation area map Nilwala ganga basin in May 2017, 12.6% of the total land
area of Matara District. Flood water and lands are considerably underutilized and can be
used for aquatic productivity (Dey M. Met. al(2006)). According to a studyconducted by
IUCN Sri Lanka (2005), 25 species of fishhabit Kirala Kale wetland in Nilwala river
basin. Therefore, it is worth to carry out a survey on aquatic biodiversity and assess the
fisheries and aquaculture potential in those flood affecting aresato uplift the economic
and social status of the local community.

The main objective of this study is to asses fisheries and aquaculture potential in
Thihagoda, Malimbada, Athuraliya, Matara and Kamburupitiya where the most inundated
flood DS divisions of Matara District in Nilwala river basin, as a potential economic
compensation for the flood affected local community. Under that, specific objectives were
to asses waterguality, aquatic biodiversity, ecosystem services and land use patterns in
Nilwala flood plain, to asses temporal variations in flood effect, assess fisheries potential
in Nilwala river basin and to get the maximum utilization from flood plain water bodies
for aquaculture production.

To fulfill the project objectives, a preminary surveywas carried out to demarcate flood
plain aras of Nilwala river basin and suitable sampling locations was selected for
collecting environment data,flood inundation data, water availability and rainfall data
(Department of Irrigation). Water quality parameters tested were Temperature, pH, DO,
salinity, Turbidity, Nitrate, Phosphate, chlorophyll a, and Heavy metal€Cd, Pb, As, Hg
while the soil quality was assessed by solil textural group and pH. Survey on Secio
economics & land used patterns was conducted for vulnerable families in 20 DS divisions
in Matara District Reverine fishery monitoring were initiated and mapping of aquaculture
potential areas is in continuation. Awareness workshops were conducted for relevant
groups.

MajorFindings

Thihagoda, Malimbada, Athuraliya, Matara and Kamburupitiya are thenost flood
inundated DS divisions of Nilwala river basin for example at least 30% of total lands in
each DS division was inundated by floods in May 2017(According to the site survey and
Literature survey).

106



Water quality parameters and soil qualities inselected sites in Nilwala floodplain arein
the suitable rangefor fish culture development.

According to the prepared GIS map calculated potential aquaculture area is 9 Kmin
Matara

DS Division & it is 50% of total flood inundation area in Matara DsdBsion.

According to the socieeconomic survey vulnerable families in 20 GS divisions more than
60% paddy lands were banded due to the floods and failures of Nilwala scheme. It was
recorded that vulnerable families have knowledge or experience in fish keem (< 5%).
Most farmers in Matara DS Division use abandoned paddy field for farming green leaves.

In revarine fishery, Tilapia, Giant gouramy, Loolla, are the preferred fish species & the
most demand species is freshwater prawn.

Outputs-

Baseline database of water quality in selected sites of Nilwala floodplain
GISMap for potential 20 aquaculture sites in Nilwala Flood plain

Baselinedata ofa riverine fishery useful for recommendations for management
Recommendations:

Selected 20 sampling sites suitable for fish culture development and abundant flood lands
can be used for Aqua culture devefament.

According to the prepared GIS map calculated potentialquaculture areais 9 km?2 in
Matara

DS Division & it is 50% of total flood inundation area in Matara Ds division.
Constraints:

First five months in 2019 unable to carry out field works propely because of | have to
travel long distance from Colombo to Matara Nilwala areas.
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Study on climate change impact on selected vulnerable endemic fish
species & their ecosystems and develop ex-situ conservation strategies.

Project No: 3.6
Officer/ s Responsible: Mrs. R. R. A. R. Shirantha

Objectives of the project wereto propose mitigation and climate change adaptation
strategies for vulnerable endemic fish species, conserve rare threatened fish species,
study the effect of climatechanges on fish breeding efficiency and to identify important
ecosystems outside the protected area net work.

To fulfill the objectives,literature surveys on climate condition impact on localized fishes
and micro habitats and climate data of the selectetesearch areas collection were
initiated and in progress.

Study of the water quality and the habitat conditions ofMalpulutta kretsiri at
Bambarawana Mapalagama stream (Gin river basing,. cumingiiat Gilimalee (Kalu river
basin), P. bandulaat Galapitanada (Kelani river basin) Puntius titteyaat Waharaka
(Attanagalu river basin), Systomus asokat Kutlgala (Kelani river basin) andDawkinsia
srilankensisat Kubalwela (Aban Ganga basin) were monthly monitored with records of
length data and population sze of each species at each stream site studied.

Six captive breeding trails ofPethia melanomaculataand P. cumingiiC P. revalwere
completed by giving water stress as a spawning inducer. The water quality parameters
i.e. Dissolved Oxygen content (mg)] pH, TSS, Alkalinity (mg/l), water temperature iC)
and conductivity (us/m.) etc at each breeding and larval rearing tank were collected and
data analysing is in progress. An experiment to develop colour intensity oP.
melonomaculataunder three different tank conditions; covered tank of granite substrate
with enough cervices, open tank with granite, sand substrate with water plant cover and
gravel substrate with adequate 24 hour aeration was completed.

Study on most critically threatened wild populatons outside protected area network,
wild specimens collection, conditioning and rearing them were done while providing
specimens for national exhibition and awareness programs.

Last year initiated study on the population composition and distribution patern of
Systomous asokdn Kelani river basin was completed. The survey area covered the
Makandawa Forest Reserve, Girankiththan Oya, Siri Oya, Haneklta, Markethi-Ella in
Kitulgala and Kiri Oya, a tributary of Rakwana Oya, and Aratha Oya,; a tributary Magal
Oya and Seethawaka Ganga in Deraniyagala. The population count was taken through
direct observation made with naked eye and snorkelling.

Conducting awareness programs & technology transferring were performed through the
ornamental fish faming and culture training programs.
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Major Findings

The colouration ofP. melanomaculataan be intensified in captivity withgravel substrate
and adequate (>18 hrs) Oxygen supply. Under this condition this species can be promoted
as a candidate for the tropicabrnamental fish industry.

Yatiyantota Pallewattahena stream at® wdé T mo@wd.8n@ opaf) A 1 AEOD
Kelani proper river was identified as the stream that is of >500/km river reach oPethia
reval. It is an important ecosystem outside protected area network of the country that to

be protected for future of the ornamental fish industry.

Systomus asokpopulation size was approximately 30 in Deraniyagala, 348 in Girankittha
Oya and 25 in Makandawa Forest Reserve. Only viable population is found in Girakittha
Oya at Kitulgala that needs conservation measures.

Outputs
One endemic common species introduceatornamental fish industry

Population distribution map and population size data of the critically endangered fish
speciesSystoums asoka

One year baseline data for climate change impact assessment on the selected endemic
fishes.

Recommendations
Tic-tac barb is a good candidate for tropical ornamental fish industry.

Systomus asokpopulation in Deraniyagala and Kitulgala. It needs immediately adopted
conservation measures as mini hydro power dams has already brought negative impacts
due to alteration ofwater regime.

It appears that southwest monsoonal rain pattern change has impact on the breeding and
recruitment of Pethia bandula in Galapitamada Pellegama stream anddawkinsia
srilankensisin Aban Ganga as these species showed one recruitment (in Sepber) in
2019 despite of their usual two recruitments per year. However, longerm studies are
needed to make a definite conclusion.

Constraints:

Lack of enough marpower, extreme weather condition at the study locations in several
months

109

OE A



Monitoring disease conditions of shrimp aquaculture industry in Sri
Lanka

Project No: 3.7
Officer/s Responsible: Dr. P.P.M. Heenatigala

Marine black tiger shrimp,Penaeus monodaris one of the most economically important
native cultivated species of Sri Lanka due to the bigger size and high demand as food
delicacies across the globe. They contribute to nearly 99% of the total production of the
captured and cultured shrimps in Srianka. However the production of cultivated shrimp
has been hampered by periodic losses due to diseases. A global shrimp survey by the
Global Aquaculture Alliance (GAA) in 2001 revealed a rough overall loss of cultured
shrimps due to disease, approximatgl 22% in a single year. With respect to disease
agents, GAA survey revealed that 60% of losses were attributed to viruses and about 20%
to bacteria. Thus, the majority of our effort on disease control (80%) should clearly be
focused on viral and bacteriapathogens (Flegekt al,2005).

More than 15 viruses have been reported to infect marine shrimp. They cause disease in
shrimp specially penaeid shrimp family. Viral infection found not only in cultivated
shrimp but also in wild shrimp and other crustaceansWhite Spot Syndrom¥irus (WSSV)

is the causative agent of widespread disease related with high mortality rate in cultured
shrimp. It causes up to 100% mortality in commercial shrimp farmhouses, resulting in
huge losses to the shrimp farming industry.

However most are giving less concern forhte bacterial diseases compared to the viral
infections in the sector. Apart from indigenous bacteria in estuarine water, application
of artificial feed and fertilizers, high stocking density and shallow nature of water in
intensive and semi intensive farns leads to high bacterial population and they compete
with shrimps for food and oxygen, causing stress and disease (Moriarty, 1997).

Among water and food borne pathogens in coastal ecosystelti® members of the family
Vibrionaceaecontribute 60% of the total bacterial population (Simidu and Tsukamoto,
1985). A sudden increase of bacterial load in culture systems could develop bacterial
infection directly and making shrimps susceptible to infection indirectly.Vibrios in
Penaeus monodoaccurs due to stresshigh stocking density, unstable environment and
Virion particles. Vibrios can also act as primary pathogen to White Spot Disease as
population of the bacterial species increases with the onset of the viral disease. Also, the
bacterial species might havedcilitated WSSV to enter the chitinous body of shrimp due
to its chitinolytic activity (Joseet al., 2009).

Serious viral and bacterial disease outbreaks in shrimp culture systems revealed that the
shrimp industry had to be better prepared with moreknowledge about shrimp and their
pathogens so that disease prevention methods could be improved.
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Objectives of the project were to ronitor the disease outbreaks in shrimp culture
industry in Sri Lanka and identify the WSSV resistant shrimps while identifipg the
associated factors (environmental and microbiological) which affect for the disease
spread. Also aim to develop a data base of current usage of chemotherapeutant in shrimp
hatcheries and their efficacy.

To identify WSSV resistant shrimps followingctivities were carried out:

Twenty two WSSV outbreaks reported samples were collected (With disease
symptoms:34 numbers; without disease symptoms: 14 numbers )for PCR confirmation
and screening for the WSSV resistant genefrom Naguleliya, Muthupanthiyg
Madurankuliya, Bangadeniya and Kottapitiya area.

PCR analysis was conducted for the shrimps with WSSV disease symptoms to confirm the
WSSV infection. At the same time PCR analysis was carried out for the apparently healthy
shrimps collected from the WSS infected ponds to screen the WSSV resistant gene.

Results:

PCR results confirmed that the WSSV infection of the all shrimps collected from WSSV
suspected ponds. All apparent healthy shrimps also confirmed as WSSV infected shrimps
by PCR. Thus further aalysis to screen for the WSSV resistant gene was not carried out
and the study will be continued for next year.

Identification of underline courses for luminescent Vibriosis

Post Larvae and Shrimps were collected fromLuminous disease infected shrimp
hatcheries and ponds in Western and North western province of the country. During the
year 18 Luminous disease outbreaks were reported. One outbreak was reported in
shrimp pond cuture system and other were (17) reported from shrimp hatcheries. 23
samples (Shrimp and PLs) were collected to isolate the luminous disease causing bacteria
in Naguleliya and Ambakandawila area.

Isolation of luminous Vibrio species and obtaining pure culires were achieved using
TCBS selective medium, Tryptic Soy Agar (TSA) and Tryptic Soy Broth (TSB). Spread plate
method and streak plate method was used to isolate the luminous bacteria and to obtain
pure cultures. Cultures were incubate at 28°C and Stodultures were prepared as
glycerol stocks and stored iry 80°C refrigerator till further analysis. Water quality of the
pond water was analyzed when required.

During the early part of the year, with the low temperature (24 £ 4C) in the night
luminous disease outbreaks were common in shrimp hatcheries. In the middle of the year
the luminous disease outbreaks were again observed with the high salinity (28.0 + 3.0
ppt) However luminous disease outbreak was commonly reported in hatcheries (17
incidences) and occasionally in farms (01 incidence)

Recommendations:
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Among the samples collected the WSSV resistance shrimps were not identified. Thus
screening should be continued with more samples with different sampling strategy.

Detailed study on causative baerria species and the approved drug suitable to control
the Luminous disease should be identified. Study should be continued for the next year.

Outputs
Data base initiation on viral and bacterial pathogens in the shrimp farming industry.

Aware farmers regading the proper use of chemotherapeutants for disease management
in shrimp culture.

Reporting on disease conditions
Constraints:
Delay of purchasing chemicals.

Lack of staff for lab work
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Surveillance of Tilapia Lake viral infections in Wild and Farm
species in selected farming areas.

ed Tilapia

Project No: 3.8

Officer/s Responsible: T BEEEE n En Rnes 06

Aquaculture has significantly contributing to the global food security and provide vast
amount of employment opportunities during the pastthree decades. However, disease
outbreaks have significantly  impacted the growth of aquaculture by reduction of
production. One of the main routs of pathogen spread is clearly associated with trans
boundary movements of live aquatic animals for the purpse of improvement of
aquaculture. According to recent records, Tilapia Lake Virus (TILV) has become a
emerging causative agent of a significant disease of wild/farmed tilapia in many countries
(Israel,

Colombia,Ecuador, Thailand,Malaysia,Peru,Indonesia,Miawar,VietNam,Philipines,Egypt
,Tanzania,Uganda and IndiaAs the surrounding countries are already affected by this
pathogen, Sri Lanka has a great risk of entering the pathogen. Tilapia pond culture is been
practiced mainly in these two provinces and diffeent varieties of tilapias have been
cultured. Consequently this project was initiated to surveillance in order to control and
management and to get emergency preparedness on TiLV.

Objectives of the project were to understand the establishment of TiLV coitidn in
Western, North Central area, reduce the risk of disease introduction to the island and to
improve the protection measures for viral infection

Results

Clinical symptoms were not recorded in each ponds and Tanks throughout the sampling
period. Accading to the histopathological data all the samples were negative for the Ti
LV(Fig.1 & 2). RNA extraction should be done for PCR analysis.

Water Quality in 5 pondszGampaha District

Site DO pH Water Tc® | Air Tc® Salinity
Gl 1.26-9.4 6.73-8.56 28.5-30.5 |26731.3 0

G2 3.81-13.9 |6.31-6.76 29.5-33.3 |28.2-31.5 0

G3 4.76-125 |4.67-8.38 |30 -33.6 |29.1-32.2 0-10
G4 2.88-9.9 4.96-7.53 29.6 -34.2 |29.9-31.2 0-10
G5 3.30-9.2 6.74-7.38 | 30.2 -34.5 26.8-31 |0-9

Clinical Observation of 6 Tanks

Tank No.of Samples
Kalawewa 36

Clinical symptoms
Not detected
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Balaluwewa 34 Not detected
Nuwara Wewa 26 Not detected
Nachchaduwa wewa 30 Not detected
Mahakanadarawa wewa 25 Not detected
Rajanganaya wewa 28 Not detected

Figure 1. Brain of the tilapia Balalu wewa Figur@ Liver section of the tilapia in
Rajanganaya Wewa

Conclusions:

According to the histopathological evidence 6 tanks in Anuradapura distt and 5 ponds
in Gampabha district are free of TiLV.

Recommendations

Surveillance programme should continue for the confirmation of TiLV free country.
Out puts

Histopathological evidences for not occurrence of TiLV infections in study area
Aware of Fisherman and tilapia farmers on Tilapia Lake Virus disease.

Constrains

Not received the RNA extraction kit on time.
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Biofloc Technology as an Integral Approach to Enhance Production and
Ecological Performance of Sri Lankan Ornamental fish Aquaculture

Project No: 3.9

Officer/s Responsible: Mr. E.D.M. Epasinghe (Activities 2, 3 and 5)

Mr. E.D.M. Epasinghe and Dr. Prajani Heenatigala (Activity 4)

Mr. E.D.M. Epasinghe and Dr. A.A.D. Amaratunga andMrs. S.R.C.N.K. Narangoda
(Activity 1)

Mrs. A.M.A.N. Adikari (Activity 6)

Maintenance of existing ornamental fish breeding unit of IARAIDevelopment project

Objective

Explore the possible contribution of BFT application to ornamental fish aquaculture
production, while maintaining sustainable practces

Activities carried out

Studied water quality parameters of the BFT system with different carbon sources.
Evaluated reproductive performance of female guppiedPecilia reticulata) in BFT
Evaluatedlarvae performanceof guppies Poecilia reticulatg in BFT

Studied stress resistance through the salinity stress and starvation tolerance of male
guppies and fry stages in BFT

Studied stress resistance of male guppies for packing stress in a export packing system
(Lim et al., 2003 and effect on dead on arrival during 7 days (DA7) in BFT

Maintained existing ornamental fish breeding unit of IARAD
Major findings

Based on the results of this project, locally availablearbon sources as rice polish powder
(RPP), wheat flour (WF), molasses (MOL) can successively be used to control total
ammonia nitrogen (TAN) in the biofloc (BFT) system. During the experimental period,
water changes were not done and guppies were grown same water for more than 60
days. This result is similar as the experiment conducted in 2018 with same carbon
sources.

Survival rate is over 90 % in all locally available carbon sources. In 2018, same
experiment results were obtained except WF, because rsival rate was 63.3 %. The
highest survival (96 .0 %) was observed at MOL and RPP treatments.
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Highest body weight and length could be achieved by using RPP as a single treatment.
Therefore, it can be identified that RPP is the most performed ones under eh
experimental condition.

Liver histopathology revealed that numerousntracellular fat depositions compared with
the control treatment. Histopathology slides revealed that normal cellular structure in
control treatments. This result is same to th&018 results in histopathology of liver.

Reproductive performance studies exposethose females grown in biofloc systems have
higher number of fry compared to the control. Fry stages showed that are came from
biofloc treatments had more resistance to thealinity test compared with the control.

Output
Biofloc technology is introduced to the Sri Lankan ornamental aquaculture industry.
Recommendations

BFT can successively be adopted to grow guppies without changing water for 60 days.
Rice polish powder is he most performed C source therefore it can be recommended for
using in BFT. Further studies require investigating the effect of BFT on health condition
of guppies, especially for fat depositions in the liver.

Constraint

Packing trial did not perform.
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Modification of features of selected aquatic plants using somatic
hybridization technique and in  vitro propagation of seaweeds

Project No: 3.10
Officer/s Responsible: Mrs. D.M.S.Sugeeshwari andDr.V.Pahawattaarachchi
Introduction:

To increase the value of exports and to cope with international market demand, the
improvement of new aquatic plant varieties for desirable traits such as variable color, and
form are the key to success. Reladeor relevant genera of cultivated crops contain a large
reservoir of genes covering a variety of desirable traits. However, reproductive
incompatibility generally prevents simply hybridization between taxa. Somatic cell
fusion enables nuclear and cytoplasic genomes to be combined, fully or partially, at the
inter specific and inter generic levels to circumvent naturally occurring sexual
incompatibility barriers. Therefore, in this study willing to conduct experiments to
develop new traits of Cryptocorynewendtii and Anubias baarterivar.Nanaby applying
somatic hybridization techniques.

Scientific research on seaweed development is particularly timely: the potential for
expansion of seaweed cultivation depends on the sector's capacity to produce seaweeds
with modified morphological features (e.g. thicker blades), higher growth rates or
delayed (or even no) fertility. In macro algae, the development ah vitro culture systems
facilitates mass proliferation of biomass all year round for the production of valuable
compounds under controlled conditions. Culture systems are also a source ofvabd
genetic variants with useful traits arising from somaclonal variation. The techniques for
somatic embryogenesis or dedifferentiation of somatic cells often induce morphological
variants in seaweeds. Such morphological and developmental variation hasvaatages
for genetic improvement programs and also can be used as an efficient means of
germplasm storage and selection. The new variation can be transient, reversible or
permanent. Thus, in this studyn vitro propagation of seaweed and somatic hybridizébn
technique are going to be study.

Objectives were to develop protocols foMicrosorium pterous Anubias baartewar.Nana,
Kappaphycus alvarezii and tdevelop a morphologically modified aquatic plants

Activities carried out were develop protocols for the Microsorium pterous Anubias
baarteri var.Nana, Kappaphycus alvarezin produce highest numbers of shoots or callus
from explants, genetically modified of aquatic plants. isolation of protoplast for
Cryptocoryne wendtiiand opening of new plant housemaintenance; conducted studies
on Anubias barteri var nanaotissue cultured plants in aquaculture waste water based
media.

Major Findings :

Java fern callus initiation was able to get by using 4 mg/2,4- Dichlorophenoxyacetic acid
with MS medium with 1g/L activated charcol.
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Highest number of sphorophytes was generated by adding 0.5 ppm giberalic acid to the
water. The average number of 12pghorohytes/leave was initiated.

Sterilization of Anubias ex plant was give 80% survival by using 70% ethanol 30second
and 6% clorox for 15 minutes and 4% clorox 10minute and five times washed with
strilized distilled water.

Maximum shoot initiation was &le get by suplementing2 mg/LBAP and 0.5 IBA.

Maximum number of shoot multiplication was able to get by using 2mg/L BAP added to
the MS medium.

Maximum root initiation was done by using 0.5 mg/L IBA in MS medium.

Maximum number of thallus of Kappaphycus barezii initiation could be achieved by
using 4mg/L BAP and 0.5 mg/L IBA in sterilized sea water culture media.

The proptoplast isolation was done by using 0.2% (w/v) pectinase and 2% (w/v)
cellulose digestion.

The best Growth performance ofAnubias barteri var nanawas showed in the used of
0.05g/L artificial fertilizer in hydrophonic tank.

Output

Providing best protocol for micro propagation of Aquatic plants, better growth of the
aquatic plant ailture industry

Conclusions:

1. Callus initiation ofMicrosorium pterougJava Fern) could achieve with MS medium
supplemented with 4 mg/L 2,Dichlorophenoxyacetic acid.

2. Highest number of sphorophytes was generated by adding 0.5 ppm giberalic acid to the
water. The average number of 12 sphorohytes/leave was initiated.

3. Explant sterilized with 70% ethanol 30 seconds followed by 6% clorox ( liquid soap)15

minutes, 4% Clorox 10 minutes five times with sterilized distilled water was able to

give 80% survival bex plants.

Shoot initiation was with 2mg/L BAP and 0.5 IBA Ahubias barteri var nana.

Shoot multiplication was 2 mg/L with BAP é&hubias barteri var nana

Root initiation was 0.5 mg/L IBA with MS medium for tA@ubias barteri var nana

N oo g &

Maximum number of thallus initiation could be achieved by using 4mg/L BAP and 0.5

mg/L IBA in sterilized sea water culture media.
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Empirical modeling of benthic species distribution, abundance and
diversity in Rekawa lagoon: scope for the future culture  base fish
production

Project No: 3.11
Officer/s Responsible: Mr. J.S. Jayanatha and MrsW.K. Suwandahannadhi

Benthic species are main factors for fish production in the shallow coastal lagoons.
Habitats losses and the impacts from the climatehanges driven factures also critically
influence on the distribution and abundance of benthic orgasm in shallow costal lagoons.
There are future possibilities to develop several aquaculture practices (mud crabs,
seabass) in this particular lagoon area.niportantly, the results of predictive modeling of
communities can also enhance our understanding of how various environmental
variables influence the distribution of communities. This may influence directly on
natural shrimp and fish production. This studywill be provided helpful to minimize any
adverse changes from the effluent and expansion of the culture in future.

Rekawa lagoon is small coastal lagoon connected to the sea with a 3 km narrow inland
waterway (Gunarathna et al, 2010).It has an area abo®30-250 ha with an average
depth of 1.4m. Kiramaoya (Tangaluoya) is mentioned as main fresh water influx to the
lagoon and other two small freshwater streams take water during rainy season. Most
parts of the lagoon are encircled with a mangrove belt.

Objectives of the project is tocomprehensive asses of the overall species distribution
changes with other environment factors; such as, sea grass meadow, mangroves and
seasonal influx. Also identify zoo benthic relationship with fish production, shell fish
distribution the lagoon. The study is to assess the quality benthic habitats by the applying
the empherical modeling of the macrozoobenthose species distribution.

Main strategies for spatial allocation of sampling sites are systematic sampling based on
a regular distribution of the sampling sites over the whole lagoon area, random sampling
sites were randomly distributed over the whole area for this study used random sampling
method. Van Veen grabs (215 cthwas used to collect benthos sample from the random
sampling location in whole lagoon area. Four replicates were engaged to collect benthos
from each sampling point.

Samples were sieved in order remove fine sediments other extraneous materials.
Samples were gently removed. When the clay sediments are pees in that samples that
were bracken up the sediments in water inside the bucket by adding filteredeawater.
To performed sieve used 0.5mm sieving set

Shannon index can be used to study diversity in each study sites. H =ilbpi
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Evans and dominance arsimply two side of the same coin. The Simpson index is based
on probability of any two individuals drawn at random from an infinitely large
community belong to the same species.

$E 2 D
$ E T H)ININELD)
D is increases, diversity decreases that value tigpically between 0-1

Equitability=H/Hmax

#1 I PAOET ¢ Aii i OTEOEAO AU *AAAAOAGO )1 AA@
the site. It can be fraction of the species they share

J=9Sa+S5+S

SaabdSb are the numbers of species unique to sample a and b

S is the community species tow samples

Results

The benthic sampled about 486 sampling to identify and calculated diversity and their
distribution in the community, ecosystems. All 1739 species individuals were identified
under the 11 genera. The highest aimdance was recorded from the Family Gammaridae
followed by the Chironomidae (midge fly larvae). The most abundance mollusk species
was Mactra stultorum recorded in all sampling site except site number 15 in fresh water
canal.

According to diversity calcuhtion the Shandon diversity index rerecord as (H) 2.38182,
this value referred to as they community have highest diversity than the other costal
lagoons. Equitability is 1.034, typical values for the Equitability are 1, and these vales
mean the community has highest diversity. Community organism really diverse typically
one is high diversity, abundance of individual is diverse. Typical value generally between
1.5 to 3.5 in most ecological studied, and index incorporates both components of
biodiversity can be seen as both strength and weakness.

Output

Diversity in each locations were studied, further aquaculture possible sites can be listed
and drainage from the crab city can be monitored base on the diversity in benthos
organism. In Future any changes of theater flow could be compared with this study.

Constraints- During the flood some location could not be reached due to the water level.
Several locations were removed.
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Establishment of seaweed farming by increasing culture diversity and
ensuring mother stock availability

Project No:3.12
Officer/s Responsible: Mr. J.S.JayanathaMr. Upul Liyanage, Dr. P. Jayasingha and
Dr. V. Phalawattarachchi

Objectiveswere to increase quality seed stock availability to carter demand from both
North and South, maintain both green and browrK. alvarezii varieties and monitoring
different environmental condition and their growth , variation of carrageen content and
introdu ction of community base culture for the Northern coastal area.

Activities carried out:

Continuation of seed propagation through mass selection using existing cages ; Post
harvest analysis for seasonal variations of carrageen content; Mapping culturedestand
potential areas and selected new location to increasing community base culture in
southern region; Development of community base culture siteKudawella, Polhena,
Unakuruwa

Results:
Mother stocks maintain and Growth study

Mother stocks maintaining ativities and growth study were carried out during the study
period. Growth study was conducted in several trails during the rough and calm session.

Water quality parameters were collected during the study, Tem, pH, TDS also measured.

Within 2019 seed sock management, growth of seeds in 2 week was nearly 2 times and
in the 7 weeks it was 5to 6 times from the initial weight. The highest TDS (g/L) recorded
during the rough condition from AugustzOctober; however, due to the high mixing this
was not effecton growth.

The highest pH values are recorded during the rough season, Temperature has not
significantly changes during the growth trials Quantity of good quality seeds delivery to
Community Base Culture sites from the seed stock is nearly 1 tone
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Figure 1. K. alvareziibrown and green varieties
Community base culture development activities

Community base culture activities started in Southern in fist time by the NARA, 6Six
members from this area were we selected for the initial stage. Carrying cagty of the
site is about 1000Kg initial seeds which would be 5068000Kg after 45 days.

| e T

—

Outputs

First ever community based farming in Sothern region initiated.
Expected production from that site will be 4000Kg 5000Kg per cycle.
Seed gaden with a propagation protocoal & capacity 2000Kg at Dondra.
Constraints:

During the rough season expansion of culture trial are limited.

Ice-ice disease herbivores fish
Ice-ice condition due to the water quality and climate changes

herbivores fish grazing sharp propergules

Assess the present level of harvesting of finfish/shell fish in Negombo
lagoon for developing relevan t fishery management strategies

Project No: 3.13
Officer/s Responsible: Mr. M. Gammanpila

Reliable and updated information on fishery resources in Negombo lagoon is a major
deficiency. National Biodiversity Strategic Actio Plan 20162022 has reviewed in

122









































































































































































































































































































































































































































































































