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Tracking Atlantic bluefin tuna
(Thunnus thynnusfrom Jersey waters

Photo (top):Underwater footage oAtlantic Bluefin tunaaptured in Channel Island wateRhoto credit Matthew Stockreiter, Wild Islands
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INTRODUCTION
Atlantic bluefin tuna(ABT Thunnus thynnysare a large(ca. 680 kgscombridfish distributed widely throughouthe

North Atlantic. Thar populationis comprised ofa largeeastern and much smallemwestern-Atlantic sub-population
They are of commercial interest due to a high price for their meat, and by sport anglers for catch and Ré=gse
historic overfishing, the easterABTpopulation is thoughto haveincreagd by as much as 22 recent yeargIUCN,
2021) Consideringhis, theeasternsub-populationwas recentlydown listedfrom endangered to least concern by the
World Conservation Uniofin September 2021IUCN, 2021)Theyhavealsorecently returned to waters off the UK and

Ireland, having been common in the 194@s\d supporting a recreational fishe@Hortonet al., 2021)

ThunnusUK (https://www.thunnusuk.org) is a collaborative research project betwe&he University of Exeter, The

Centre for Environment, Fisheries and Aquaculture Science (Cefas) and the Tuna Research and Conservation Centre of
Stanford University, USS&in@ 2018, ThunnusdUK hagleployed more than 20 state-of-the-art tracking tags o\BToff

the United Kingdonto create a baseline understanding of thecology Researcly ThunnusUK hasevealedthat ABT

tracked fromsouthwest Englandravelled extensively throughout the Chanpand in some cases visited Jersey
territorial waters.ABThave beerincreasingly reported off the Channel Islands since 2016, althatigresentthere is

no baseline understanding of their locabvements and life historyAny future exploitation or other use &BTin the

Channel Islandshouldideallybe informed by data on ABT spatitemporal abundance and distributian the Channel

islands anda scientific programme to gather such informatiovould therefore be beneficial

To provide these baseline data;The University of ExetelJKcollaborated withthe Government of Jersetp deploy
tracking tags ir2021 and 2022

METHOB

ABTwere caught usingurtificial lures(squid spreader barwith single stingers trolled on the surfacen the proximity
of surface feeding shoals ABT(or whereABThadbeen recently sightedreader barsvereusedas the most refined
method to catch ABT. Typically, the spreaderdsartsdragonthe ABT aker they take the hook, limiting how fast they
Oy &a6AY | yR K2 gofteh leddingitdqBcker captuye timdsIimgader bars alsallow for stronge line

to be used and toavoidthe use oflive bait, which is not ethicallyermissibleat the Universiy of Exeter

ABTwere measured (half girth and curved fork lengtiCFL), sampled (fin clip and muscle biopsy)iaattumented

with a Wildlife Computers MiniPAfRg (348F; hereafter referredto asd ( |; Atép€//wildlifecomputers.com/our

tags/popup-satellite-tagsfish/minipat/; n=14, Table 3, which weredirectly attached toABTusing intra-muscular

titanium anchos. Tags record pressure (which can be converted to depth), temperature and light éaezi second.
Depth dataindicatediving behaviour, temperature data describe ttieermal structureof the watercolumn(and can
be useful, for exampldor confirming that a fish enters the Mediterrane&aa), and light levelat dawn and duskre
used to reconstruct thelaily movementsof the fish for the entire deployment period using Light Based Geolocation

(Pederseret al,, 2011) Tags archive these daia their memoryuntil the end of the tracking period.


https://www.thunnusuk.org/
https://wildlifecomputers.com/our-tags/pop-up-satellite-tags-fish/minipat/
https://wildlifecomputers.com/our-tags/pop-up-satellite-tags-fish/minipat/

Figure 1 An Atlantic bluefin tun&arrying aMiniPAT tracking tag (grey bulbous shaped desitghgto the right of the
second dorsal fimnd a MiniPAT attached to the tagging pole on the deck of a vessel before deployhmaotcredit:
Lucy HawkesThe University of Exeter



At a programmed datgypicallyl or 2yearsfollowing deployment the tagsdetach themselves from the fish using a
timed electronicgalvanicrelease.After detachment, tags float to the sea surfaged transmitsummary information

from the data archive over a period d0 to 14 daywiathe Argossatellite systemttps://www.argossystem.org.

Movements of fistare thenreconstructed from data using/ildlife Compiters proprietary software 6GPE8 (assuming
amaximummovementof speed 2.5 m per second)lthough data are transmittetly tags the entire archive of data is
only accessiblé a tag igphysically recovesd. A subset of the fish were also tagged withelrha Biotel HRL6 acoustic
tags(n=7 acoustic tagh4K protocol) After tagging, & fish were returned to the water tafirst and finally released

after an inwater revival and monitoring periodf up to 5 minutesKigure 1).

University of Exeter staff provided trainifig ABTfishing and handling techniqués Government of Jersestaff and
crew from the Anna lll over TFshingdaysin 2021 andb fishing days in 2022ver the coursef sampling refinements

andrepairswere made tareel spools, drag, outriggers and terminal tackés necessary

RESULTS

Fishing was conducteaver 10 days in 2021 and 5 days in 2@22veenwest and nothwest Jerseyand southwest
Guernsey, with limited efforturther west of Guernsey in Novembedfigure 2). During scientific fishing operations,
1,040nautical miles of search effort were undertaken ol@7 hoursof fishing(Table2). ABTwere sighted ori2of 15
days(80% of dayg with a total of402 surface sightings recordedrifure 2). Overall,22 ABTwere hooked andL4 of
those weretagged(hook-up to tagratio of 0.6 tagsdeployedper hookup. TaggedABTranged in size from53-212 cm
(mean + 1 S.D165* 18 cm), and werelikely between4 and 8 years old (based on ICCAT size to age relationship;
RodriguezMarin et al., 201k In the eventhat a MiniPATtag recorded a constant depth (£ 2.5 m) for three days post
deployment the tag software would assume mortality of the study animal, anthgrelease sequenc&ould be
initiated. This condition was not met for amBTinstrumentedwith MiniPATdndicating that all releasefish survived

the procedure.

Tagging data

Movements

At the time of reporting (Feb 2023) five MiniPATs(deployed in 2021 for 1 year) have detached, while afurther two MiniPATs
deployed in 2021 on 2-year scheduleshave yet to release and transmit (due Sept. 2023) In 2022,four MiniPATs with 1 year

schedules weae deployed, and three MiniPATs weredeployed on 2-year schedules.These will be reported on at future date

once data are received (Table J.

Ofthe five MiniPATsabove,two detachedprematurelydue toa hardware issuetérmedd LJA y 6 OhBdn 23&d©of0 =
December2021(and the tag wasecovered andts data downloadedpnd another on the3rd of February 2022These
tagswere subsequentlyeplacedunder warranty by Wildlife Computeesd replacements deployed in 2022. Tdther
three tagsdeployed in 202teported on the 11th of Septemb&022(the programmeddate of detachmen, two from
waters west of Jersefand the tagsubsequentlyrecovered, andthe third (21P0466; Tabld) from an embayment in

GKS ! S3SIy {T&keyca Hokvn wirl daNcBingirea Figure 3inset). This tag failed to transmit a dataset


https://www.argos-system.org/

suitable fortrack reconstructior(likely because the tag was kept indoors to prevent transmisskExgluding this tag,
the other four tagst{vo partial andtwo complete deploymentsijemained attached tABTfor 274+ 131 days (mean +

1 S.D.pnd transmitted sufficient data fat,001 cumulativedays of locatiorestimatesto be generated

After they werereleasael ABT(n=4 CFL = 154 to 179, mean + 1 S. D. =t1B®cm remained in the Channel ecoregion
for at least54 days before dispersirtg the Atlantic,with one tag reporting & Le Havre, France after 111 days (Le.
did not leaveat all during this timg After first leaving the Channel, ofish spent a further 125 days between the Irish
and Celtic Seas and the Channel, before finally dispersing to the Bay of Biscay '®ofthagch 2023Figues 3,4 and
5). ABT disperseds far a®47 km fronthe Channel Islandécumulative alongrack straightline distanceFigures3 and
4), but theyall remairedin the eastern Atlantiéor the whole tracking period.e. remainecdeast of the 45°W meridian).
Two tags provided data over a whole tracking y&xrP0467 and 211341; Table 3, whichrevealed thatthe Bay of
Biscaywasoccuped for the longesperiod. These two tagalso showed that fish maintainedter-annualfidelity to the
Channel, withtags eventually releasing ju48 and 75 km from theioriginalrespective deployment location&igures

4 and 5. Forthesetwo fish, thetotal distancestravelled (estimated alongrack straight line distances) were 8,271 and
10,533 kmin total, all five agsshowed that ABTwere seasonal visitors to the waters of Jersagd spemh much of the

year outside of Jersey watethoughmore data from the tags yet to detach will confirm this furti{Eigure 6.

Diving behaviour

Thefour tags that transmitted dataevealed thatABTspent mostbof theirtime in the top of the water columnbetween

0 and 5m (grand mean £ 1 S.D. = 36 + 2&%heir time), andbetween11 and 50m depth (grand mean +1 S.D. =36
20%of their time; Figure 7). On occasion thoughABTdivedmuch deeperto amaximum depth of 1,112 rfrange =156

to 1,112 m) and on35 days (3% of tracking daysBTdived inexcess of500 m depth. Diving behaviour varied both
between region and time of da with shallower maximum daily dives in the Channel (70 £ 23 m) and the Celtic Sea (100
+ 27 m) and deeper maximum daily dives in the Bay of Biscay (181 £ 151 m) North Atlantic Ocean (407 ABT9 m).
spent more time at the surface during the night (gdamean + 1 S.D. between 0 and 1@ might = 62 + 10%; day = 47

+ 15%) and spent more time at depth during the day in all regions.



Tablel. Simmary gatistics for electronic tag deployments off Jersey during 2021 and 2022.
Light grey shaidg denotestags that have poppedp, with darker shaded rowand * also indicating tags that were subsequently recovered.

MiniPAT Acoustic Deployment Popup
Estimated Actual
Deployment Serial Serial ICCAT Date Lat, Long CFLl Half weight, Program date (days Lat, Long Data
Type number number Floy WGS84 WGS84  Girth,cm Ibs Date at lar e}; WGS84 WGS84 days (%)
(age years) 9
- 03-Feb22
1Y MiniPAT  21P0469 - 077675 04-Sep21 49.10 -2.44 154| 49 113 (5) 11-Sep22 (152) 44.71 -2.21 101 (66)
L 23-Dec21
*1Y MniPAT  21P0468 - 077669 04-Sep21 49.08 -2.34 153| 49 112 (5) 11-Sep22 (110) 50.08 -0.57 110 (100)
*1Y MnhiPAT  21P0467 - 077650 05-Sep21 49.07 -2.40 179| 57 117 (6) 11-Sep22 11;;:’?%2 Z 49.27 3.30 371 (100)
. 11-Sep22
1Y MinPAT  21P0466 - 077652 06-Sep21 49.09 -2.37 212| 65 273 (8) 11-Sep22 (370) 38.35 26.40 3(<1)
- 11-Sep22
*1Y MiniPAT 21P0341 - 077676 07-Sep21 49.05 -2.33 154| 52 127 (5) 11-Sep22 (368) 48.99 2.77 368 (100)
5Y Acaistic 2127
& 2Y MiniPAT 20P1145 2768 - 08-Sep21 49.32 -2.34 179| 56 171 (6) 25-Sep23 - - - -
5Y Acoustic 2127
& 2Y MiniPAT 20P1104 2767 - 09-Sep21 49.33 -2.39 177| 55 163 (6) 25-Sep23 - - - -
1Y MiniPAT  21P1997 - 084096  04-Oct22 49.24 -2.35 168| 62 197 (5) 11-Sep23 - - - -
5Y Acoustic 2230
& 1Y MiniPAT 21P0343 6784 - 04-Oct22 49.25 -2.36 164| 57 163 (5) 08-Sep24 - - - -
5Y Acoustic 2230
& 2Y MiniPAT 21P0354 6783 - 04-Oct22 49.26 -2.36 141 48 99 (4) 11-Sep23 - - - -
5YAcoustic 2230
& 2Y MiniPAT 21P0350 6785 - 07-Oct22 49.07 -2.39 152| 51 121 (5) 08-Sep24 - - - -
5Y Acoustic 2230
& 1Y MiniPAT 21P0355 6782 - 07-Oct22 49.05 -2.36 153| 52 126 (5) 11-Sep23 - - - -
5Y Acoustic 2230
& 2Y MiniPAT 21P2252 6772 - 08-Oct22 49.06 -2.43 153| 51 121 (5) 08-Sep24 - - - -
5Y Acoustic
& 1Y MiniPAT 21P0365 - 077637 08-Oct22 49.10 -2.51 164| 55 151 (5) 11-Sep23 - - - -

Total / Mean 14 7 7 165|54 151 (5)




Table2. Survey effortluringscientific fishing operations off Jersey during 2021 and 2022.

Date Start End Fishingeffort (hh:mm) Distancecovered (nm) Area Sightings Hookups Tagged
26-Juk21 07:00 18:30 10:00 80 SW Guernsey 0 0 0
27-Juk21 06:30 14:30 06:00 60 West ofJersey 0 0 0
04-Sep21 08:00 17:45 08:00 60 SW Jersey 100 3 2
05-Sep21 07:15 16:15 08:00 60 SW Jersey 0 (fogay) 2 1
06-Sep21 08:30 18:30 09:00 60 SW Jersey 19 1 1
07-Sep21 08:30 19:30 10:00 60 SW Jersey 20 2 1
08-Sep21 08:30 17:00 07:00 60 NW Jersey 11 3 1
09-Sep21 08:30 19:30 10:00 70 NW Jersey 11 2 1
08-Nov-21 06:45 18:30 04:00 80 SW Guernsey 18 1 0
09-Nov-21 06:30 17:00 09:00 80 SW Guernsey 9 0 0
03-Oct-22 08:20 17:40 08:30 80 SW Jersey 16 0 0
04-Oct-22 08:40 18:40 09:00 80 W Jersey 25 3 3
06-Oct-22 07:00 17:30 10:30 80 SW Jersey 57 0 0
07-Oct-22 08:30 16:20 07:00 50 SW Jersey 32 2 2
08-Oct-22 07:10 18:50 10:30 80 SW Jersey 84 3 2

Totals 127 h 1,040 nm 402 22 14
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Figure2. Vessel trackésolid line) sightings oABT(white circlesland tag deploymentgblack squares)ff
Jersey in 2021 and 2022xclusive economic zones are overiailold solid black ling
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Figure3. Dispersal behaviour of ABT tracked fraderseya) Map showing modelled daily locations fimur ABT. Grey
shaded area denotes the 99% probability surface for all tags combfiekishaded polygon denotes the exclusive
economic zon®f Jersey and Guerag. Insetmap showsthe tagging and pojup locatiors of onetag thattransmitted
from Turkish waters, but whictlid not transmit enough data for track reconstructidy). Gantt chart showing
movements of individual ABT (ofish per row) over time summarigeby IHO regiothat the fishoccupied. Inset
barplot showghe grand mearpercentof time in each IHO region.



21P0341 I 21P0467
54°N
52°N
50°N
48°N

/
46°N f
\
\
44°N
42°N
154 cm 179 cm

40°N 368d 371d

21P0468 l 1 |21P0469
54°N
52°N
50°N
48°N
46°N
44°N
42°N %

153 cm 154 cm ;

40°N 110d 152d ]

20°wW 15°W 20°W 15°W 10°wW 5°W 5°E 10°E

Figure4. Movements of four ABWwith points coloured byseasonaperiod. Length (CFL) at release and the days at

Period
Aug-Nov
Dec-Apr

& May-Jul

Action
O Tagged

A Pop-up

large are shown in the bottom lefiand cornerDashed polygon represents ti99% probability surface

21P0341 ' 21P0467 E\ )
54°N &
o
A%
Fi%E
52°N Fe
&
50°N
48°N
46°N
44°N - f,f"\-.
R L
as
42°N &
154 ¢cm 179 cm
a0°N | 368d ar1d
21P0468 4 |21P0469
54°N
52°N
50°N
48°N
46°N k.
I .
44°N e ] o 3
:;;ﬁ i P = i
42°N 14 o {} .
153 cm " ;’J a/\ 154 cm
a0°N -| 1104 } Vo L 152d
20°W  15°W  10°W 5w 0° 5°E 10 20°W  15°W  10°W 5w 5°F 10°E

Figure5. Movements of four ABBummarised as kernel densityontours. Length (CFL) at release and the days at

large are shown in the bottom leftand corner.
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Figure6. Seasonal movements and geopolitical space uséBfthat were tracked for more than 300 daysc) Kernel density estimations of modelled daily locationstiom

ABT in three periods of the yedn) Augustto November- late Summer and Autumifb) Deemberto April - Winter and Springand (c) May to JWy - late Spring and Summg(d-f)
Boxplotsshowingoccurrence probability for ABT in geopolitical regi@iRd = Ireland, JEY = Jersey, GGY = Guernsey, GBR = Great Britain, FRAIS Er&figh,SeadsSP = Spain,
PRT = Portuggior respectivemaps abovehe boxplots. Red points denotetatistically outlyinglata points



