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ABSTRACT

Skipjack tuna dominasethe purseseine catchin Papua New Guinedlhe fisheries in the
archipelagic waters and exclusive economic zone are currently managed as a single entity.
However, because of the huge land mass and abundance of food sources provided by the large
river deltas that flow into the Bismarck Sea, the tjaasof whether there is a larger resident
population of skipjack that occurs in archipelagic seas has afieeneforethe movement of
skipjack tuna in the Archipelagic Watgi&W) and he Exclusive Economic Zong&EZ) of

PNGis exploredo deduce whether a considerable amount of stock resides in the Archipelagic
waters.Conventional tagging data from the PTTP and observer sampling data were used to
study 1)the extent of skipjack tuna movement between Archipelagic Waters and Exclusive
Economic Zong?2) to analyze any size difference of skipjack tuna from AW and EEZ waters.
This study showed results where most fish released from central part of the PNG AW were
recaptured close byithin 0-250 days at libertyit is evident that based onhare the fish are
tagged and released the proportion recaptured in the AW versus the EEZ camoslEger,

this study only analgeslocations of release and recapture and does not track the path of
individual fish. Therefore, it is difficult to conclude that these fish reside in the AW during their
entire days at libertyGiventhe high migration speed of tuna, fish could be travelling out to the
EEZ in the interim period and migrating back to AWis recommended that a home range
analysis can be done tlelineate the home range or habitat of the species and the use of archival
tags for further studies is also recommended for better understanding of movement patterns.
Finally, to better the residence times of fish, adveetiffusion reaction models cdre applied

for future work
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1 INTRODUCTION
1.1 Tuna Fisheries

Papua New Guinea (PNG) is made up of the eastern half of the enormous island of New Guinea,
as well as the smaller islands of New Britain, New Ireland, Bougainville, and Martesms

of both size and population, Papua New Guinea is by far the largest Pacific Island country. It
has a population of roughly 7 million people and a landmass of just over 462 80Br&m

the highlands and its steep cordillera to the lowland rainforests, savannahs, swamps, and
mangrove forests of the coastal lowlands, out to the many islands, atolls, and huge fringing and
barrier coral reefs, PNG features a varied range of ecosysiémsvhole length of PNG's
coastline is believed to be around 17 110 km, with an estimated coral reef area of 4% 000 km
(FAO, 2018)

P N G BExzlusive Economic Zon€EEZ) of 2.4 million kn? in extent, is one of the largest and
more productive in the Western and Central Pacific Odeaustrial scale fisheries for tuna
and associated speci es,ardaxcestainoypaesrastnd % sfithe c e
global catch of the ain market species of tuna has been taken within the PNG EEZ. The tuna
fishery is the | argest of PNGO0s fisheries
development and foreign (DWFNjccess arrangementisumoru, 2004unpublishedl. The
purseseine and longline sectors of the tuna fishery are both aBtoraestic longline vessels

fish entirely in PNG seas, and just recen@iNGreopened its waters to foreign longline vessels
after more than two decadd@he purseseine sector ismadeup of domestic and international
access vesselshe domestic sector includes PNG flag vessels and PNG locally based foreign
(LBFV) vessels that are chartered on a domestic basis to service PNG's onshore processing
facilities. The entire estimated catch afget tuna species caught by PNG purse seine vessels
in 2020 was 180,513 niNFA, 2020unpublishejl

1.2 Management of Tuna Fishery

The Fisheries Management Act of 19@8d the Fisheries Management Regulation of 2000 are
two government measures that manage and regulate the fisherieseederprograms need
PNG's fisheries resources to be managed in a way that is both sustainable and equitable for
current and future generatioffhe National Fisheries AuthorityNFA) oversees the fisheries
sector's management and development under the 1998 ectNational Tuna Management

Plan (NTMP), which drives PNG policy, governs tuna fisheries. The plan, which was enacted
in 1999, takes a precautionary approach and emphasizes PNG's obligations in the context of
regional management (ie, WCPFC, FFA and SROmber of permits; total allowable catch

1 PWFNY, Distance Water Fishing Natiomeans any State whose flagged vessels fish in the PNG fishery
management area under the terms of an access agreeragstated in the National Tuna Fishery Management
and Development Plan 2014.

2 Fisheries Management Act 1998 is the legislation that provides for and give effect to the National Goals and
DirectivePrinciples ando promote the management and sustainable development of fisheries, and for related
purposes.

3 National Fisheries Authority (NFéf)Papua New Guinea is a sezoimmercial statutory authority established

and operating under the Fisheries Management Act 1998 mandated to manage the Fisheries of PNG.

GRO Fisheries Training Programme under the auspices of UNESCO 1
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(TAC); restriction of fishing effort (i.e., number of boats/days, fishing days); season closures;
species lengtwveight limits; gear type limits; and designated fishing regions or zones are all
part of the NTMRBailey et al, 2012).

1.3 Fishing Waters

The EEZ is the primary fishing ground for industrial tuna fleet and these are managed under
Total Allowable Effort (TAE) through a Vessel Day Scheme (VDS), a system controlled by the
Parties to the Nauru Agreement (PNA). Foreign and domestic fishingwvegsehte here under

strict licensing conditionsThe purse seiners that are based at processing facilities in PNG tend
to fish more in PNG watetghan outside. The locally based longline vessels fish exclusively

in PNG watergFAO, 2018) Purse seiners operata free-swimming (or unassociated) skipjack

and mediurdarge yellowfin schools, and schools associated with floating objects such as
drifting logs and anchored or drifting fish aggregation devices (FADs) (SPC, 2006
unpublishegl The Archipelagic Waters (AW) of Papua New Guinea are classified as internal
waters, granting the country full sovereignty over their management.

1.4 Rationale of study

Within thearchipelagiavaters lies the Bismarck Sea, where tuna fishing is primarily conducted
by the domestic fleet and localhased foreign vessels (LBFV®lost large fleet maintain

rather high levels of effort in Bismarck Sea archipelagic waters, which overlaps with these
FADs (Kumasi et al, 2010npublished)The Bismarck Sea, which is one of the most diverse
and important tropical marine habitats the Western Equatorial Pacific Oceianlocated
between Latitude -2and 5degrees South of the Equator, 1?2 degrees EadiCheshire,

2010) It is PNG's largest sea, andibere most of the fishing takes plaéglling et al 2014)

Due to the vast landmass and the rich food supply from large river deltas flowing into the
Bismarck Sea, speculation has emerged regarding the possibility of a larger resident population
of skipjack tuna within these archipelagic wat@athority, 2021unpublishedl

In 2010, a preliminary analysis of length frequency for FAD associated catch was carried out
using portsampling data. With the installation of associated fads in archipelagic waters, the
port sampling program in that year detected a significant difference in the mean lengths of
skipjack and yellowfin caught in the archipelagic waters of PNG compared RNtBeEEZ.

The study suggested that the skipjack and yellowfin in the archipelagic waters of PNG grow at
a faster rate than those occurring in the rest of the PNG EEZ (Kumasi, et airpdlishegl
Therefore,the purpose of this paper i® explorethe movement of skipjack tunan the
Archipelagic Waters and the Exclusive Economic Zone of PNG to deduce whether a
considerable amount of stock resides in the Archipelagic waters.

4 PNG waters refers to the fishing waters of Papua New Guinea which comprises of territorial waters,
archipelagic waters and the EEZ as described in the National Seas Act 1977.

GROFisheries Training Programnu@der the auspices of UNESCO 2



Kwapena

1.5 Obijectives

The objectives of this study are as follows:

1 To study the extent of skipjack tuna movement between Archipelagic Waters and
Exclusive Economic Zone usimmgnventionatagging data
1 To analyze any size difference of skipjack tuna from AW and EEZ waters.

Specific Objectives:

1 Map the tagging datdo understand the movement patterns of the tuna in the
Archipelagic waters and Exclusive Economic Zone.

1 Plotand compare length frequency distribution of fish in AW and EEZ of PNG using
length data from the tagged fish and observer sampling programme.

2 LITERATURE REVIEW
2.1 Biology

2.1.1 Distinctive Features

The skipjack tuna like other tunas, has a sphstii@ped body. These strong, torpstiaped

fish are built for speed and agility and has two dorsal fins. The first fin with spines and the
second without. The second dorsal fin are followed by 7 to 9 finl¢isseparate rays useful

in decreasing turbulence and retaining directional control when swimming at elevated speeds.
Followed by 7 or 8 finlets, the anal fin placement starts under the second dorsal fin. At the far
end of the fish is the caudal pedund&e caudal peduncle has three sets of keels; a large one
on the base of the peduncle inserted between two smaller pairs. Keels are ridges that also help
the fish keep its position in the water when moving quickly. The mouth of the skipjack expands
to themiddle of its eye with a single row of miniature pointed teeth. All skipjack do not have
swim bladders. These tuna species is unique as it has a system for partly regulating the body
temperature, known as counlt eo@erdiedf,R2)g t hem p

On average the skipjack i 40KkBofrans.elnigadarelluer 6 s |
or purple on top, dwindling to silver below. There are several dark lines along its sides and the
belly (Gardieff, 2021) These stripes differentiate this tuna from other scrombrids inhabiting

the same waters

GROFisheries Training Programnu@der the auspices of UNESCO 3
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]
interpelvic process

Fao

Figure 1: Showing the body shape and fins of Skipjack t8oarce:(Colette, 1995)

2.1.2 Food Habits

Small fishes, crustaceans, and mollusks are the main diet of skipjagkeyltonsists of fishes

such as herrings, anchovies, and sardines. Since cannibalism is a trait; the diet appears to be
highly distinct suggesting an opportunistic technique of feeding. Around dawn and dusk are the
peaks of foraging and this could be ispense to the diurnal and vertical migrations of another
organism. Other suggestions may mean, skipjack sate their food drixaayni€éurthermore,

since skipjack seem to depend on vision when feeding, it is harder for them to look for food
during the nigh Groups of skipjack are always discovered near convergences and upwellings.
This is where distinct bodies of water, often with different temperature, meet with one another.
When foraging for food, they compete with other organisms such as the whaleyshaviin,
albacore, frigate tuna, dolphin fish, rainbow runner and sealtsaislieff, 2021)

2.1.3 Reproduction

Known to be oviparous; spawning is yg&aund but limited to the warmer months. Most fish
appear to mature at larger sizes but on average, sexual maturity may occur as small as 40
centimeters in length. An average female adult produces 80, 000 to 21\raghs per year. It

is seen that the larger the female, the more eggs. Approximately these eggs are 0.94 mm in
diameter, with a transparent shell. Hatching of larvae is at a size of 3.0 mm. The larvae have
large heads and jaws and lack body pigmentati@haag often distinguished from closely
related larvae by their pigmented forebrgi@ardieff, 2021)

GROFisheries Training Programnu@der the auspices of UNESCO 4
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2.1.4 Tagging Work in the region

Migration is a typical feature of marine and freshwater fish populations, and it involves
traveing between different habitat$hey have a wide geographical scale when compared to
their travels within theaquatic species’ home randa. aquatic systems, migration is an
important and integral part of the life history of many fish species. The necessity of obtaining
resources such as food, shelter, or partners is often linked to the way fisiTagyiag studies

have recently become more prevalent as a source of information aboulidtargce animal
movements(Rattankul et al, 2019) Several dedicated, largscale conventional tagging
programs have been done in both the WCPO and the EPO with the majooricskipjack
yellowfin and bigeye tunalrhese investigations began in the 1970s at the WCPO, with the
skipjack Survey and Assessment Programme (SSAP:193%).The Regional Tuna Tagging
Programme (RTTP:1990996), which operated in waters between the Philippines and the
Pheonix islands of Kiribati, including off the east coast of Australia, and the Pacific Tuna
Tagging Programme (PTTP: 20@6esent), which operad in waters 10°NLO°S, 120°E-
130°W, have tagged large numbers of skipjack tdiese three progranmbinedhave
tagged over 469000 skipjack tuna, with over 65,000 recoveries reported by June 2018, including
about 47,000 skipjack tuna tagged through the PTTP alone (Moore, et al., 2020).

3 MATERIALS AND METHODS
3.1 Study Area

This study focused on the Exclusive Economic Zone of Papua New Guinea including the
Archipelagic waters.The EEZ of PNG lies between latitudes 2° N and 15° S and longitude
140°E and 164° E and the Archipelagic waters lies between latitltlés andi 11° S and
longitude 140°E and 157° E (Figure 2).

GROFisheries Training Programnu@der the auspices of UNESCO 5
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Papua New Guinea (PNG)
Study Area: EEZ and AW Regions

20

10

Latitude
Lan]

120 140 160 180
Longitude
Papua New Guine Exclusive Economic Zone and Archipelagic Waters.

Figure 2: Area of study. The dark blue shaded area is the exclusive economic zone (EEZ),
and the archipelagic waters is the light blue shaded area inside the EEZ.

3.2 Description of Data

To conduct this studytagging data and length frequency data were used.
The data used in the analysis were:

1 release and recapture data of skipjdakm conventional taggo understand the
movement patterns of the tuna in frehipelagic waters and Exclusive Economic Zone
collected during the Pacific Tuna Tagging Program (PTTP).

GROFisheries Training Programnu@der the auspices of UNESCO 6
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1 Release and recapture lengths of tagged fish in AW and EEZ from the tagging
programme to compare the difference in length frequency distributions.

1 length frequency data of skipjafdom observer spill sampling programme to compare
the length distribution of fish in the EEZ with AW.

3.2.1 Tagging Data

In this study lhe tagging datased isfrom the Pacific Tuna Tagging ProgrdfTTP)which

was a joint research project implemented by the Oceanic Fisheries Programme (OFP) of the
Secretariate of the Pacific Community (SP@hd the PNG National Fisheries Authority
(NFA). Themajor objective®f that project were:

1. To obtain information on the larggzale movement of tuna in, and from the PNG EEZ

2. To obtain information on the current exploitation rates of tuna in the PNG EEZ

3. To obtain information on the dynamics of tuna associations with FADs, in particular

speciesspecificinformation on residence times, vertical and horizami@ayementsand

FAD interactions

To obtain data that will contribute to regional tuna stock assessment

To obtain information on the trophic status of fss@mming schools of tuna, and tuna

associated with FADs, other floating objects and seamounts.

6. To characterize the variability and extent of catches afdigh species from purse seine
catches in PNG.

ok

The tagging data was collected from sonic tags deployed in skipjack tuna duriegetitage.
Because of the nature of the objees of that programmost of the tagging took place within
close vicinity of monitored FADs. These monitored FADs were equippedrectiversand

all receivers picked up at the end of each crlibe.PTTP had two cruises inside the Bismarck
Sea located in the AW waters. In cruise @heof that program, a total df3, 946skipjack tuna
were tagged and released and during cruis€2jya total of26,212skipjacks were tagged and
released. Sonic tags weregioally implanted within the peritoneal cavity of selected tuna. The
relatively small tag sizes allowed sonic tagging of tuna as small as 40 cm Fork(lBR@th
2007unpublishedl

Data for years 2006, 2007, 2011, 2012, 2013 and 2016analgzedThis data frame consist

of year, cuisenamereleasdength (he length of fish at reledseelease latitudandlongitude
(thelocationof fish releasey release EEZ{regionfish was releasgdrelease dateecapture
length {ength of recaptured fighrecapturdatitude and longitude (location of recaptured fish),
recapture dateind recapture EEZ

5 Secretariate of thd?acific Communit¢SPCis the principal scientific and technical organisation in the Pacific
region. It is an international development organisation owned and governed by 27 member countries and
territories with PNG been onénttps://www.spc.int/
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3.2.2 Length Frequency data
These data were frotwo (2) sources. Length frequency data from the released and recaptured
fish and from the taggingrogramme

Additionally, length frequency data from observer spill sampling onboard the fishing vessels
were used. This included data for years 2010 to 2020. Observations were grouped into caught
in AW or outside AW. Frequency of lengths were available by monthgyaaders for the
observer sampling data.

4 ANALYSIS

4.1 Tagging data

All data analyses were conducted in R statissofiware(R version 4.1.2 ©202yhich was
downloaded from thevebsite: https://cran4project.org/bin/windows/baseThe release and

recapture latitude and longitude were converted from degrees decimal minutes to decimal
degrees. The O6tidyversed and stringrd packag

The AW region was divided into six (6) study areas; Bismarck- &et and Central,47.5°

E, 152° E-6°S,-2.5°S.Bismarck SeaNortheast147.5°E, 152°E-2.5° S, 0°Bismarck Sea
Northwest, 140°E, 147.5°E-2.5°S, 0°.Bismarck Sea Westl40°E, 147°E,-6°S, -2.5°S.
Bismarck Sea East52°Eand Bismarck Se8outh -6°S. This was done to study whether the
movement of the fish differed according to where it was released from. Summary tables were
generated to calculate how many fish were released and recaptured by each cruise, year, and
study area. Only fish tagged and reke@ within the AW of PNG were usdelurther, days at

liberty was calculeed ie number of days that passed between when the fish was released and
when it was recaptured. The recapture points were -colded by days at liberty. The
proportion of fish that stayed within the AW was also calculated.

The map of the study area was plotted together with demarcations for EEZ and AW. The release
locations were overlaid on the map to create separate maps for release data by the six study
areas defined within the AW. Recapture maps were then created iitaa sianner for the six

areas. The recapture points weodour-coded by days at liberty.

To study in which direction the fish migrated, displacement maps were plotted by each study
area. These maps plot a straight line between the release and recapture location to indicate the
possible direction in which the fish travelled. These were alsmeobded by days at liberty.

To visualize the proportion of recaptures by areas, pie charts were plotted and overlaid on the
map of the study area.
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The following R packages were wused for ma p
Omapt ool so, Omaps 6. An i mportant feature re
boundaries whilst plotting maps are the shapefiles of the exclusive economiarzbriee
archipelagic waters. These shapefiles wéaken from the marineregions.orgwebsite
(https://lwww.marineregions.ofg/Thefollowing function readOGRf r o m Irgd&bwasr vy 06
usedto read the shapefseinto R.The function reads an OGR data source and layer into a
suitablespatial vector object. It can only handle layers with conformable geometry features (not
mixtures of points, lines, or polygons in a single layer). It will set the spatial reference system

if the layer has such metadaRelease and recapture maps by cruises can be found in the
appendix of this reporAppendix).

4.2 Length Frequency datafrom Port Sampling

Length distribution of recaptured fish in AW were compared against length distribution of
recaptured fish in the EEZ and represented in plots by the six study areas defined within the
AW.

5 RESULTS
5.1 Taggingdata

It was seen that more than 90% of the recaptures were w2 @ays (Figur&). Bar plot

in Figure 3 shows a rug at theaxis indicating where most of the data is aggregated. This is
observed to be in the category of days at liberty betw&&500T herefore, analysegasfocused

on these datdt was also observed that there were a few fish seen to be recaptured after 1000
days at liberty or more (Figure 3). However, due to the very few numbers observed, these were
considered outliers?When looking at the proportion of fish caught withi¥r2®0 days it is
observed that 50 % are caughthing 50 days (Figure 4).
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Figure3: Bar plot showing the frequency of days at liberty with a rug at the bottom showing where the observations are.
Most of the fish are recaptured withing 250 days and the analysis was focused on these data.
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Figure4: Proportion of days at libertigy 50-dayintervals showing that 50 % of the fish withi¥x2B80 days are caught in the
first 50 days.

Total number of fish released in the East and Central of Bismarck Sea was ZBhi624as
the largest in all area$otal fish recaptured was from this agg@946. From the total number

GROFisheries Training Programnu@der the auspices of UNESCO 10



Kwapena

of recaptured fish, 3274 fish were captured inside the AW which was 80% of all fish recaptured.
Median displacement was 160km and median days wds Bismarck Sea (North East) area,

a total of 2136 fish were released and 208 recaptured. From the 208 fish recaptured, 101 were
from the AWforming approximately 49% of the total fish recapturigiddian displacement

was 356 km and median days was 58.6otal of 7549 fish were released from the Bismarck

Sea, NortHWest area. 1071 fish were recaptured from the total released. 764 Ti@kowere
recaptured in the AW from the total number of recaptéistd Median displacement was 186

km and median days were gbable 1).

In Bismarck Sea West, a total 1 662fish were released in this area and 937 were recaptured.

A total of 755 were recaptured in the AW which was 80% of all fish recaptivtedian
displacement was 89.6 km and median days wer&4&. of Bismarck Sea had 10 365 fish
released and 672 recaptured. From the recaptured fish, 233 were captured in the AW which was
approximately35% of the proportion of fish caugttledian displacement was 617 km and
median days were 7& Area, South of Bismarck Sea, 1920 fighre released and a total of

119 recaptured. From the recaptured fish, 94 were captured in the AW which was 79% of
proportion of fish caughtMedian displacement was 528 km and median days wer€l 4k

1).

Tablel: Total numberof fish released and recaptureahd Proportion of recaptured fish in AW by the six study areas.

Bismarck Sea (East 29624 3946 3274 0.830 196 60
and Central)

Bismarck Sea (North 2136 208 101 0.486 356 56.5
East)

Bismarck Sea (North 7549 1071 764 0.713 186 22
West)

Bismarck Sea (West) 10662 937 755 0.806 89.6 16
East of Bismarck Sea 10365 672 233 0.347 617 78
South of Bismarck Se: 1920 119 94 0.790 528 148

The frequency distribution of days at liberty shows areas; Bismarck Sea (East and Central),
Bismarck Sea (North West) and Bismarck Sea (West) had most of the fish recaptured within O
T 50 days (Figure 5). Areas East of Bismarck, Bismarck Sea (North EdsSoath of

Bismarckhas mostecaptured within 0 100 days.
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Figure5: Frequency distribution of days at liberty by Areas.

5.1.1 Spatial Mapping

Spatial maps of release and recapture of skipjack tuna were generated to ulsstaliye
individual location®f release antecaptureAll fish in this study were releadénside the AW
waters (Figure 6A, 8A, 10A, 12A, 14A and 3A). Recapture maps show most fish were
recaptured between-Zb0 days(Figure 6B, 8B, 10B, 12B, 14B and5B). Some fish are
observed to be recapturedinthee i g h b o r and ljgh E€A< 6 s

Observations from the displacement maps show fish travel in all directions after release but
most are recaptured within the AW close to their area of release. Fish tagged and released from
the east and central area travel in all directions (Figure 7A)e3wmenseen to travel to the high

seas and into the Indonesian EEZ to the West. Some travel far to the southeast into the EEZ of
Solomon Islands. However, the proportion of recapture is the highest in the AW (Figure 7B) as
indicated by the size of the pigagh. The pie distribution maps are a representation of the
distribution of proportion of recaptured fish in the AW versus EEZ. The size of the pie
represents the number of recaptures and the segments. Within each pie proportion caught by
days at liberty @ represented where (A) represents days at libertysfl (B) represents days

at liberty of 50i 100, (C) represents days at liberty of 2080, (D) represents days at liberty

of 1501 200, and (E) represents days at liberty of @3B0 days. A muchrsaller proportion
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is caught in the EEZ and beyond. The proportion travelling to the southeast and to the west is
very small and hence does not appear on the map. It should be noted that the proportion
recaptured is calculated as within AW and outside of AW, therefore EBAigh seas are
represented together.

Fish tagged and released from the novdst area travel in all directions (Figure 9A). Some are
seen to travel to the high seas and into Indonesian EEZ to the West. Some travel north to
Micronesia. However, the proportion of recapture is the highesteiAW (Figure 9B) as
indicated by the size of the pie graph and close to where they are released. A much smaller
proportion is caught in the EEZ and beyond.

Fish tagged and released from the naxist area travel in all directions (Figure 11A). Some

are observed to travel southeast to Solomon Islands EEZ, west to Indonesia and north to
Micronesia and the high seas. A few are seen to travel east beyond thehegxoportion of
recapture is higher in the EEZ as indicated by the size of the pie graph (Figure 11B).

Fish tagged and released in the west area travel in all directions (Figure 13A). Some are seen to
travel southeast to the Solomon Islands EEZ, west towards Indonesian waters, north towards
Micronesia and the high seas. However, the proportion of recaphighest in the AW (Figure

13B) as indicated by the size of the pie graph and caught close to where they were released
from.

Fish tagged and released in the south area are dispersed mostly towards the north and west
(Figure BA). Some are observed to be dispersed towards east to the Solomon Islands EEZ and
northeast beyond the EEZ to the high seas. The proportion of recapture is highest in the AW
(Figure BB) as indicated by the size of the pie graph.

Fish tagged and released in the East area dispersed in all directions (Figur8dme are

seen to travel north to Micronesia and the high seas, west towards Indonesian waters and
southeast towards the Solomon Islands EEZ. The proportion of the recapture is highest in the
EEZ (Figure ¥B) as indicated by the size of the pie graph.
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Bismarck Sea (East and Central)
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Figure6: Release (A) and recapture (B) of skipjack tumthe Bismarck Sea (East and CentfEte dayst liberty as shown in
the legend of recapture map colour coded whickhows most skipjacks spending around 250 days before recapture.
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Figure7: Displacement map (A) showitlie movement pattern of fish after release from Bismarck Sea (East and CentraRcoaledrby
days at libertyThe pie chart represents the pafion of recaptures by AW and EEZ (B). Wiglaich pie proportion caught by days at
liberty are represented where (A) represents days at liberty5 (B) represents days at liberty of &000, (C) represents days at liberty
of 100-150, (D) represents days at liberty of X5200, and (E) reprensés days at liberty of 20§ 250 daysThe fish disperse in all
directions, but most are recaptured in AW.
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Bismarck Sea (North West)
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Figure8: Release (A) and recapture (B)kipjack tunan the Bismarck Sea (Northwest) of the AW wat8kdpjacks release
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in the legend of recapture map shows most skipjacks spending around 250 days before recapture.
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Figure9: Displacement map (A) showitite movement pattern of fish after release from Bismarck Seetli Wes} colourcoded by day:
at liberty. The pie chart represents the papion of recaptures by AW and EEZ (B). Within each pie proportion caught by days at lib
represented where (A) represents days at liberty-600(B) represents days at liberty of &000, (C) represents days at liberty of 1080,
(D) representsdlays at liberty of 15@ 200, and (E) represents days at liberty of 2230 daysThe fish disperse in all directions, but mo
are recaptured in AW.
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Bismarck Sea (North East)
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Figurel0: Release (A) and recapture (B)kipjack tunan the Bismarck Sea (Northeast) of the AW wat8képjacks

released in the Northeast are recaptured almost all around the AW waters including the rest of the EEZ and neighbouring
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recapure.
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Figurel1: Displacement map (A) showitite movement pattern of fish after releaem Bismarck Sedprth Easy colourcoded by days .
liberty. The pie chart represents the parion of recaptures by AW and EEZ (B). Within each pie proportion caught by days at liberty .
represented where (A) represents days at liberty-600(B) represents days at liberty of &000, (C) represents days at liberty of 1080,

(D) representslays at liberty of 15@ 200, and (E) represents days at liberty of 2250 daysThe fish disperse in all directions, but most

recaptured ireEz
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Bismarck Sea (West)
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Figurel2: Release (A) and recapture (B) of skipjack tuna in the BismarcW8sf) ¢f the AW waterfRecapture map shov
fisncaughtin 2 ¢+ G SNE Ay Of dzRAY 3 i K &t liberd/ asIsKoivi idzNNefeid récaptae indp ¢
shows most skipjacks spending around 250 days before recapture.
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South of Bismarck Sea
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Figurel4: Release (A) and recapture (B) of skipjack tuna in the BismarcB@e}§ 6f the AW waters. Skipjacks release
Southare recapturedn the Central and West areas of the ATtie days at liberty as shown in the legendegtipture map

shows most skipjacks spending around 250 days before recapture.
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Figurel5: Displacement map (A) showitlie movement pattern of fish after release fr@outh ofBismarck Sea colowoded by days a
liberty. The pie chart represents the pmpion of recaptures by AW and EEZ (B). Within eacprpj@rtion caught by days at liberty are
represented where (A) represents days at liberty-600(B) represents days at liberty of &000, (C) represents days at liberty of 1080,
(D) represents days at liberty of 16@00, and (E) represents dagtsliberty of 200 250 daysThe fish disperse in all directions, but mo
are recaptured in AW.
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East of Bismarck Sea
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Figurel6: Release (A) and recapture (B) of skipjack tuna in the Bismarck&ja{ the AW waters. Skipjacks released i
Southare recapturedn the Central and West areas of the AWide days at liberty as shown in the legendectipture map

shows most skipjacks spending around 250 days before recapture.
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Figurel7. Displacement map (A) showitite movement pattern of fish after releaem Eastof Bismarck Sea cologoded by days at
liberty. The pie chart represents the paion of recaptures by AW and EEZ {Bithin each pie proportion caught by days at liberty are
represented where (A) represents days at liberty-600(B) represents days at liberty of &000, (C) represents days at liberty of 1080,
(D) represents days at liberty of 16@00, and (Ejepresents days at liberty of 2@®50 daysThe fish disperse in all directions, but most
are recaptured ifcEZ
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The mean length of fish released was 43(grey histogram) and recapturissh was 49 cm
(blue histogran) (Figure18). The spread of fish released ranged from 25 &6 cm. For the
recaptured fish, spread ranged from 30ich®0+ cm. This indicates growth during days at
liberty between release and recapture.

5.1.2 Release and recapture lengifoportion
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Figurel8: Proportion of mean length of release and recaptured fish.

Thelength distribution andnean lengths afecapturedish were compared between AW and
EEZ for the six studyareasNote that the study area is defined by the area of release i.e. the
recaptured fish were released from these aBiamarck Sea (East and Central) area had AW
mean length of approximately 49 cm arg&ich for EEZ.The gpreadof the distributiorfor the

AW in the Bismarck Sea (East and Central) was within 32 ¢dcm and EEZ was 35 cin

75 cm.The two distributions do not overlap, and it is evident that more of the larger fish are
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recaptured in the EE&ean lengths for Bismarck Sea (West) were 49 cm for AW dnthd

for EEZ. The spread of length distribution of AW ranged fréwe®i 72cm and EEZ ranged
from 37 cm1 101cm. A similar pattern is observed here, where the two distributions do not
overlap and more of the larger fish are recaptured in the EEZ. Fish recaptiisdbyck Sea
(North East)eleasearea, hach mean length of 54 cnf recaptured in EEAnd48 cm when
recaptured ilAW. The rangdor AW recapturesangedrom 35 cm-72 cm and 40 cr@1cm

for EEZrecapturesEast of Bismarck had mean lengths of 53 cm for AW and 54 cm for EEZ.
The spread of length distribution for AW in this area was from 37 &¢@ilcm andd2cm and

95 cm for the EEZ. South of Bismarck Sea had mean lengthé ahSor AW and ¥ cm for

EEZ. Spread of length distribution for AW ranged from 35icf cm and 4 cmi 70 cm for

EEZ (Figure19). North -Westof Bismarck had mean lengths 4t cm for AW and49 cm for

EEZ. The spread of length distribution for AW in this area was fr8en8 90cm and 3 cm
and78cm for the EEZ.

The differencen mean length and length distributions are bigger in fish from East and
Central, NorthREast and Wesil he bigger fish released from these regions tend to travel to the
EEZ From these 3 areas, where consideraldedifferences exist, only dith Eastregion

show a high proportion of EEZ recaptures.
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Figure19: Proportionaldistribution of histogram plot with mean lengths compared between AW and EEZ by the six study
areas.
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5.2 Length Frequencyfrom observer sampling

The size and mean length comparison between samples collected in AW and EEZ of observer
sampling data(Figure D) shows fish from both these regions do not have considerable
differences in sizeln some years the mean length differs slightly such as 2010, 2011, 2012,
2018, 2019 and 2020 but other years are very similar. Larger proportions of bigger fish are
observed in the EEZ in some years such as 2010, 2011, 2015 and 2020.
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Figure20: Length Frequency distribution of skipjack tuna from years 2@0200f Port SamplingSize mean length
comparisonsnade between the AW and Efet year.
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It is seen that fish travel furthest in the first® daysapproximately (Figure ). From there
the distance travelled by days levels @tfie distance histogram (Figur2)dy area, shows that
most fish in the Bst andCentral West North Westwhere therearehigh proportions of AW
recaptures, also coincide that the fish don't travel far and are mostly caught witbid 19
distance, whereas those from south and east travel far.

Log of mean displacement distance

80 00

Days at Liberty

Figure21: Log of mean displacement distance versus days at liberty
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Figure22: Distance histogram by area

6 DISCUSSION
6.1 Release and recapturén the study areas

Levin (1992) in his studyThe Problem of Pattern and Scale in Ecologynphasized that
understanding patterns through the processes that create them is fundamental to science and
essential for developing resource management principles. He further noted that behavioural
ecologyexamineghe interactions between animals and their environment, highlighting that a
key objective in fisheries science is to use knowledge of ssualé behaviour to explain large

scale movements and distributidn this study visual illustrations were usedtody the extent

of skipjack tuna moveant between Archipelagic Waters and Exclusive Economic Zone using
conventionaltagging dataand to analyze any size difference of skipjack tuna from AW and
EEZ waters.

Tagging studies are commonly used in fisheries rese@@ute et al 2011) to improve
estimation of animal population size, mortality, movement and grdwta.study conducted
by (Sibert & Hampton, 19999 n t he AMobi |l ity of tropical t
fisheries management 0; data from three tuna
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Pacific Ocean (WCPO) westudied Displacemenin that studywas defined as the net distance
moved by each fisilhey estimate@nly 50% of fish move beyond the median displacement
distance. The remainder apparently peesigt an area closer to the place where they were
tagged This study shows a similar result where most fish released from central part of the PNG
AW are recaptured close by. The Bismarck Sea is also known for its high concentration of
FADs. According to SPC, 2007, anchored FADs were lyidestributed in the Bismarck area

i approximately 700 FADs. This could explain the high amounts of catch in the AW. These
FAD act as hotspots for tuna aggregation as they create a suitable feeding environment
potentially altering the habitat preferendele fish.

If the location of the recaptures can be seen as a proxy of habitat, then it can be inferred that
most of these fish reside in the AW. Except the fish that are tagged and released at the outer
edges of the AW tend to travel to the EEZ. There are also pA&ent on the eastern side of

the EEZ which could be attracting the fish.

There were fish observed to have travelled f
may be attributed to the skipjackDzoneadyi | ity
1978) Another interesting observation was that fish released in the South travelled all the way

up to the west and central area of the AW. Their movement coincide with greater days at liberty
because they cover longer distances when travelling from the south.

Nonetheless, it cannot be ruled out that this fish that are recaptured in the AW could be
travelling into the EEZ in the interim period and migrating back to the AW given the high speed
at which tuna travelOn the other hand, fish recapture could be more indicative of where the
fishing effort is applied and not so much of the actual distribution of the fish {isklfgan,

2011) reported that fishing captains rely on echo sounders, sonar, prior knowledge of tuna
species' depth distributions and behaviour, as well as visual observations ofspexezs
aggregations to estimate the number and size of fish around Fish AggregaticesPEADS)

before deploying nets.

6.2 Archival tagging

The actual path a fish takes during liberty can be studied using archival tags. To date, there are
only 3 archival tag data available for skipjack tuna for this rediochival tags are inserted in

the fish body cavity through a small incision made in the ventral bodyaiihg the Pacific

Tuna Tagging Program excursions inside PNG watersmajority of the fish tagged were
captured using jigging lures and rods at night around FAIEch mostlyenablel larger
yellowfin and bigeye tunbeing mostly capture(GPC, 2006)Using archival and conventional

tags, the movements, dispersion, and mixing of bigeye flinanfus obesusyas studied
(Schaefer, et al., 2014In that study, data indicated that there were significant differences in
the linear displacements by release locations, days at liberty, and fish length at release. An
unscented Kalman filter model with sea surface temperature measurements integratsdiwas
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to process 48 archival data tags from big eye tuna at liberty for 30 days or longer to obtain most
probable tracks, improved estimates of geographic positions, and movement parameters.
Constrained latitudinal dispersion, some regiofidelity, broad eastward longitudinal
dispersion, and substantial mixing of bigeye tuna between release longitudes were all observed.
The degree of mixing of bigeye tuna between these release locations in the equatorial central
Pacific Ocean and those in nearbgeas of the agptorial eastern and western Pacific Ocean is
depenénton distances between areas, with the closest areas mixing thé€Sctustfer, et al.,

2014) A similar approach can be taken for the skipjack tuna in the two regiarchipelagic

waters and Exclusive Economic Zone.

6.3 Feeding and spawning grounds

Skipjack tuna reproduce in places whitre sea surface temperature (SST) is generally greater
than 24°C. Skipjack tuna larvae can be found all yeandin tropical Pacific Ocean regions,

and their density is higher in the WCPO than in the eastern Pacific Ocean, indicating that
tropical regions are the primary spawning grounds for skipjack tuna in the {/&3Plaet

al, 2017) In a study by(Nakamura, 1969, on food and feeding habits of skipjacks from
Marquesas and Tuamotu Islands, it was observed that larger skipjack ate comparatively more
fish and less crustaceans when examining the stomach cofftakamura, 1965)explained,
skipjacks from inshore areas ate more reef originating organisms than those from areas farther
offshore. It was also seen thiere wereno differences found in food of the two different sexes.
Heavy feeding periods were observed to be in midmornings and in late afternoon hours with
slack periods during middays. Such a feeding pattem be related to, 1) the distribution and
availability of forage organisms and zoolankton as well as their daily migrations 2) a midday
satiation of the eating desire

6.4 Influence and Management of FADs

There are two ganal types of fish aggregating devices (FADs): anchored ordriétng and
floating objects Understanding fish behavior and the spatial structure of fish communities
around FADs is critical to proper management of tuna fisheries. It is generally believed that
fish use floating objects primarily for protection from predators, as source of Yaddlity,

as a meeting location and to increase survival of eggs, larvae and juybdtokgsn, 2011)
(Leroy, et al., 2012noted a significant increase in purse seaehes on floating objects in the
Western and Central Pacific Ocean, driven by the rapid expansion of both fixed and free
floating FADs. Examining the ecological impacts of drifting and anchored FADs, the study
found that FAD fishing has influenced the stock status of the three primary target tuna species
in the equatorial WCPO, with skipjack being the most frequently caught by pense.
Additionally, the findings indicated that FADs affect thehaviourand movement patterns of
these target specieBecause of such factors, it is imperative to have in place regulatory
measuregMorgan, 2011gxplained that within the coastal waters of individual countries, tuna
fisheries are managed by national governmestavever, in the high sedsareas beyond

GROFisheries Training Programnu@der the auspices of UNESCO 32



Kwapena

national jurisdictiod regional fisheries management organizations oversee the management of
many tuna species. As a member of the Western and Central Pacific Fisheries Commission
(WCPFC), Papua New Guinea falls under this framework, where the &dafin the high

seas and beyond national jurisdiction is regulated bZtmemission.

7 CONCLUSION AND RECOMMENDATIONS

Data showed that most fish were recaptured within280 days and a high proportion were
caught in the Archipelagic waters overall. It is evident that based on where the fish are tagged
and released the proportion recaptured in the AW versus the EEAffeanTchis study only
analyzeslocations of release and recapture and does not track the path of individual fish.
Therefore, it is difficult to conclude that these fish reside in the AW during their entire days at
liberty. Given the high migration speetitana, fish could be travelling out to the EEZ in the
interim period and migrating back to AW.

It isrecommended that a home range analysis can be done to delineate the home range or habitat
of the species asSolmundsson, et al., 2018)plained. A fish that stays yesound within a
spawning area is said to display site fidelity, whereas fish that leave the spawning area but
return in subsequent spawning seasons display homing.

The use of archival tags for further studies is also recommended for better understanding of
movement patterns. To better the residence times of fish, advéiffiasion reaction models
can be applied
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APPENDIX

Mapsin this appendix aref thetunatagging(catch and releasexercisethat were
undertakerby the research teams. The top map indidaessspotsvhere the tunas were
caughttagged and released.hEbottommap indicate¢as per legendyhere they were
captured and after how many dagsper the tags that were retrieved
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