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SUMMARY

We analyzed thecdtach ooc ad Reeardoangf dtreest was appl i ec

Wconstructed four models examining effect of speci

di stance from the <colonies, a lunar phase, and c
statistically appropriate modalngkeddwsghowt loftthae
Domi naingablveasr i n commomowiels &aeakytaditade, l ongi tu
from the first day of the year, number of observe:

in thiAd gsetaudy.cndi sen&dD phase weirre rmimommitwivaorht var i ab
to thremomedelasi ables would have the | airtge I mpact
was suggeloed vYahrmitables should be considered in th

thed lcadbor ati on wor k.
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1. I ntroducti on

Particul ar seabird bycatch mitigation measure has b
vul nerable albatros20%pepci Regokcaurohewas (il JCNoduced f
| CCAT conventional area, from July 2014, south of 258
in WCPFC area, which is to choose itguot fsetmtitmg e&andni b
wei gHtiCrCAT -ORBe, @ B10Res 12/ 06, WGEPF)CVLIMIMI 2t0il@&n of ef fect ¢

required within few years in I CCAT and in 1 OTC. 1t is
combi nedodarel ated member country. In this time, it i
and bycatch number is and what kind of framework is n
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We had tried the preliminary analysis with using Jap

hemi sphefwaassnd t hat seabird bycatch rate in that area
ar ea |whregfléisnheeariee soper atesdo by several factors such as
compositi oshp as ethymuiaticghat ion |l meadhiisedocument, we made

factor affecting the bycany hasscrauggielnlce. rAande tpoe rf ian ds e
those factors, we analyzed the model which divided in
bycatch occurrence rate including sdpiesctiaensc egrforuopm tsheea s
which supposed to affect seabird distri budnabhan,cha olfuna

fish whi chresfulpepcots etdartgoet i ng

2. Materi al and met hod
Not only seaibn rfdi sahbilumgd agalccewon dt her sever al factors wol
occurrence. Ramppl loime d atrhees afnaaclaagozre af f ecting seabird byceé

is a developed version of regr eigsipam aamedenepdusitmadt h t C oL
resampoiimgof t hem. Tamouvgahr | jesrmtinerddi@mnasptnrso ngh &avfd ecov, be
considered in Generalizeamdundta &acafée Mo d enliwsa(s®Llt M)a yaonuagl hy stio

constihlentt ersackaronex &a@lpM eg ndlnhy d9iss ,nkkaetdee di &« hragqui red i n a
of | evel bet ween t he i nitntghiamrctte rebne tviaer @ na bsl eeass ownh eann dc oynesai
species group. Howstvedoesheotanegmire data in all com
variables and also it could consider interaction tern
21 Dat a

2. Daxa from observer program

We used operational dat a o b9t7aitnherdo ubgyh s2c0i 1le5n.t iTfhiecs eo bdsaetre
of information. The former was information on operat:.
climat e, hydrographic condition, gear tciogndtiigaur ame @y |
applied. The |l atter was inforaonfatdé¢ @atnc h,ned puddoydnggsh g th hme a't
and body nwaidglitt.i on, the scientific observers took ph
otolith and omwddlnes . opet @8CEBMs tkhkéegvanentiofi c- obser ve
selected distant water ilnonghlei nAgt |vaenss ecl,s ,| nwdh iacnh ampde rPaat
sout hern bluefin tunna |I(C/GATa scaokniv eentt iaoln.al?2 Onmaét)e.r s, 15614
of 20 trips were observed in 2013 aredrald®s, froespgedtailv
sets were 7.0% and 12. 1%, respectively. I n 1 OTC conyv
472, 420 sets from 2010 through 2013, respectively, o
(NRBEF and Fisheries Agency 2015). -bodagdascODbeerffec 8D



take photos of specific regions and whole bodies of

with the photos of as eaHdilrads rbayd eowng hotf tNHRrldFuSgch and Bi r d|
22 Model ingawmdbbrrence rndnteeanavo mhf aseé s11g

221 Response variabl e

The data derived from | orfgl waree sesesd caori sttabiust isoallt
Occurrenacoec wrrr ennoctea mofn gb s aico p s r actroiveelrge dobser ver s was u
the response variable. Bycatch of al badasoe siess dainrde ogti ac
to a bait and another case is secondary attacks to th

occurrence of albatrosses and giant petrels e s adief fer

model s into the model of al batrosses and ghearnga fpteerr el
al batross model and petrel model ). Al so, since infornm
2011 i n tdhaetwa, bmed e etrhewhithleri moldedesd i nformation of u.

explanatotherearaleddtersods mitigati on nfocachd)le and petr el

222 Expl anvaaroiraybl es

As achavesng spatialwéeempedal aeiffede, l ongi tude, year,
(her egafttheer day of the year) for expl anatforsyeifviagrrita bodre s
fishing wessedd a number of obsefiveldi md Dukmsxsp learnuaitsoer yl |
variabl es. Fi scheemrr fmMagaunrcthttespiednodpieragar get speci es and s ome
such as the specifikanaotwinom nofprfeisemitnglagdear § hius,umwe use
sl ender tuna, al bacobrley ¢ fyired ,| olwif g eny & utnwan a ,s osuwdred fni s h,
bl ue shark for expk&dhotoifyp fhaintamadee s seds saa atrface
noponwind speed, di stance from a col ony, rate of night
as a factor related to seabird distributg opnetarnadl s yamd/
shear water s, a n dp eatl rbealt & ovelsiecsh acmadu sgeg aamtsecondar-y attac

chinned petrel sf,oodgreay srheetarreMas,erfsl easnld ot her petrels f

model an dnopdeetir.e Al swei gbtedetd LBErepfnumbedyeod kairti, lusg
of underwater setting, use of combi nat i ohneroefafbtiedrd s e
curtain), use oforbyaivtarciaasbtleers fionr ael xbpaltarnoasts mi ti gati on

Species group was employed for explanatory variables
speciess Beoampsevi ded speci et hbeycdearntcihf ioccantwis dreaexbiiene niesdttysei |
l ow and then model performance dierrdiewipdkewales. ulvedemplk
general grouping, such as wadnmdeveidn @l dlabh atorscsrgs®rd@u [ B(E
al batross grtoyuppe (aviNoAa)t,r-bsshayd é 8 YA) pbagr@dyg al P&GHADPs-sBUBLA)



petrelTshI(GR2)By(cat ch foprettr eéscesr Auktal ératlrmwger, taman wteh 3
bycatch ocsodr wehhdmene d WEP) ge b ¥ GRPY) f-ledsthed s(hFeFeSnwat er s

ot her petrels.

Movement from colony during breedinyr sedisoqn ¢ esasddrf.f ef
col oontilelsat r osses alSeufF&al Keandi hs| astdas Diego Ramirez,
I sl aQrdosz,eKer guel en, Campbell Il sl and, Macquarie |Island

calculated a direct distance from nearest colony amon

Ni ghttisnegg, one of the seabir d ibsyeta thenhg hgeli tmibgat isem bme as
ar e -arcd Novte . al | ni diotvaersveepgrn, a mitgiocnapl lleyt e d bHdmwe, sallna ulset e d
rabfoni ght whiontees algifnieagt f o MBews al cul ated sunrise ti me
package RAt mosphere Wwat ht u déagnrsheatr gooftt uildidée ed asteet,t i ng obt
each opealrtatiimnknown t hatncmooml itghhéd shlmdsa nawvd tyie mdfd ruien g
(Yamamoto et al. 2008). To consider thewhfehedtti nef smad @
stabyetthe R package | unar (Lazar/i2zdf ereg (0ffi &)stth gfuene & eerr g

to the 8ulFrBfepbento the |l ast quarter in lunar phase.

223 Configuration of the model

Mt bgorresponding to number of variables randomly samp

f orestVanhoodsesl mp|l iepes s zei areidaceartoc hoxrad ctddamp | i ngl @868, sé600

for albatross model respectivel vy, 270, 340 for albatr
respectively and 90modea&l0 rfegplghettsirvedd yuied qupadt iisoeet per c el
ermaposititvee ca dadac bwveaes number of iterations and set
Al l asn aweyosed uwd ttend R version 3.3.1 (R corestsamad0Ousded

functd andohFor s tpoafic G age nif & easvt an2d0O V& ener

224 Variable selection

I ndi cat or & nopfo rébeagraceei GeoEfr enappl i ed to determine i mpact s

veri &bl esgar dedwitthle Iviagh aibhpor t ance and high variatio

We shdadwgdees ofmeiampoatetddelacye Decr eas et deawmr abceyc r e@racs e Gi
(hereafter, (GemigioRkefebiukit shhwe empldegyed Memmo rDteanm eea sfer
Gi niamandi cat or soff v darei abnpas,t betchdd @® eif frivp aog eenaetr cael [fyr ouns e
for anal ysies&aap Arl apr, i dtte sihmpvor t ance whe no bovneat iuaneds idmat a

p os scdmbei nateiwoend orf a condition wheeegomasilicegar daedi o



variabl es 15 afogpi A@ort arcoe fffawmei@gmi i mpact and domi na
mo dail agiho

|l addi,y aminati on, an anotherangdi ohtoevari wer emdared a fptaairt a a
vari atsit o mat eedx gfloan ataccrhy variable. This is because if
was small, ouhe wvaoni alalve w | arge i mpact on bycatch oc
mean decrease Gini is high. I n this stutgj gnpfacttheanwdar

domi nant variables andniD.2heivawnatanogeowdeédlamegh & mbdim
vari @abée 3

3. Resul t

3. Modeil agmos

Qut of bag (0OOB) were 0.269, 0.265, 0.188 and 0.193 i

and petrel nTi & 9 pgeackti igwme 14@oCdBe |b,e b MO Os tiakelreat i omisg.i nl al |

I'n all model s, since a | arge number offabdro Ad stogch swarg

positive catch in petmedehmowak &erWwepethah mhatgani an

mitigation model, TRUEBE abfledalt a was extremely few (

Vari ables were selected from those in top 10, top 15,
Gini coeflfatca dnftr cmltchue al batross model, al batross mit
model . The model was consthwc2a0d0 wittehr athiesres sar ke ctt heedn
OOBs were the smalle$timtaltpt mdss Omed&gl aamrdeGsadzddcatt ir woesl
(Tabl)e 50B hwas!| | est at top 15, 0.184, in petrel mo d e

di fference between OOB daablepF20mahnte ®©OBadeps eOo pi n2 5t h(
al batross model and the ailthapr b5 si mi tainedagy é abe pme@d@d el v

in the petrel mitigation model were regarded as domin

3. Al batross model

The i mpovdrainglehedsrafdom forest is i ndliOcatned niprorRiag cZ.
mean decrease Gini (variation) were species group (O
temperature (0.15), |l vemgvaedideodlos 060, OB lumbeér stodnod f |

phase (0.08), observEirganmdapOe2B, cruise I D (0.22) (

Partial dependence FoDpgBdeaclateanmi ahréashowedfapredicte

i nddwalr i abl e. Parti al dependence is an indicator of



increase when partial dependence decrease and bycatch
We focused on ptahd ivadr idelpleedsd,endf owhi ¢ h nv arhiea tsipoenc i veass |
variabl e, bycatch ®mcaxlubatemecesasatandfgiBadtl epetrel s wer
groupsvathabhedesfremaphedtfhyeessr , ddaycafch occurrence r
January to March. Bycatch occurrence rate increased v
athe sea surfodc®@CtemWidnat unar phase was aatnee wwanso olnow.b
Bycatch occuramaclks earasteByl@lRt ed occurrence rate was hi

it did not vary in other cruise |D.

33 Al batross mitigation model

Vari ablbepsil®poftance from mean delcapasde Gawns f(vamitah e o
yedn0. 2), latitude (0.23), species group (0. 2), di st e
temperature (0.12), n u merr @fh ashkes g rOv. ildu, é facieadt sc(hQ 1f 1 )s,ocua
of blue)BlgT&RIJ® .4

Partial dependence FogWedtbhcuvaedabhepahowald dépendent
variati on wa sByydlgthmecrc utrbraemn cOe. O0W8a.s hi gh around 20W and :
occurrence increased when [ atitude increased and the
occurrence was high from Janua2y Byca#Mack hoaaur nt drrec e air
the number of obser vebrr ohweak salibrad rreasse dg.r olump, b lbayacka t ¢ h
Buld eal batrosses and giant petrelmnsr drycatrcatteahccw asserae in g k
surface tOm@aéx.atBuyrceatocth occurrence rnatag owas HIOPW kant fm

col.onWhen catchblode¢tiihed shuideseasld, bycatch occurren

34 Petrel mod e |

Vari albhloggs 15 of imber Maan&Derco@muaceelaapoend dvadyse from th
of t heO.y&e)ar | ongitude (0. 3), latitude (0.14), crui se
(0.07), species galosuepr v(edd. 2600 k sn u(mb.er) ,o0ffea hsongf aast €
I D(O0. 1) l unar phase (0.®&%), ogeaetach (rOdniBgri novit nd@wstpBerdry
number of bl BHiegTsa2bd)rek 6( 0. 05) (

Partial depemddmndbd eFshWeneidbcautsed on partial dependent
variation wasBydagthehr ddawnr rOe8Be rate was high around
|l ow around 150E, and t he cvearoifatlioonng irtaundgee woafs pOar3t.i aBy cdz
hi gher in the south than in the north, especially ar«
Bycatch occurrence was high from Novenbepende Marwas h

0. 6. Bycatch occurrence was high -@Bé6f6.tBgcaumbepbcotbr



of thehwhined petrel was high, t hat of -ftdchoet egdr esyh epaert w aet
was | ow.cBycmaewhe orate varied among cruise I D and tho
l evel in other | Ds. Bycatch octushengPmaByeatvahi edcan
rate watshsehagbhuaface ttoeGipleBprt arehobdbc8urrence rdte was

5 m/ s.

35 Petrel mitigation model

Vari alhlops 20 of imber Maan&Dbrco@muaceelaadpoead dvayse from th

of t h(e0.y3®5B)r, |l atitude (0.25), number of observed hook
(0.15), |l ongitudfei (Mi.nligD mecGriudi 2s)e, IlDun(adr. lIpphase (0. 1), di
wind speed (0. 0Os70)u,t haelrbna cBolruee f(iOn. 1t2uyn,a (0. 05) , species

night setting (0.07), blue shark (0.07), Fiegalral2(l . 12) ,
6) .

Partial dependence FogWeétbcuvaedabhepahobowald dépendent
variation wasThhea ghwoattcmern ®e 0rBat e was Thhrgat earwaisn dh il
in the south than in the northpn esapegei afl y heh@ahi glaés
0. Zheate was HWihghckmitnc h2 Oolcbc.urrence rate was high from
range of the partial dependence was Q@ .h#pcatWhltecne ¢ dier meau
rate increased300e0s phetcggkath.i ghavc@500Dence rsatebsarved hbD
anfdi shi nigERTmagtmt ch occurremnisee ar astue fwae -HEgIpeataycuaecbf

occurrence atattehewarsevhimdon and | ow at the full mo o n .
bycatch occurrence rate was | ow. When catch number of
When weighting branch |l ine isdused, bycatch occurrenc

4, Di scussi on

4. Response variabl e: bycatch occurrence rate

Althobhg®EESEO recommerdadni ne factors affecting bycatch |

as a response variable. We decide to use bycatch occu
because zero catch is too masry bayrcdattcthu g atteq samal Idiisnfr
rate i Onskewedt her hand, because the bycatch -number

94% of total number of Talbhd)er biptavbohf oc ougrhe irtesl e rasght ¢ecC |
examination of dominant factor affecting seabird byce:e
pattern in high |l atitude ar ea idélx atnhien es oeustthiemmant i hoenmiosfp

bycatchf mumbleycatch ocickelkeehoe eatéemaandnwof bycatch



forest by the accumulation of the data.

4. Model diagnosi s

TRUE (-1) oif nOour model has very small sinacegepoHotwiewerg
OOB of FALSE was similar to that of TROEZ8agpd 100©B of
model was |l ikely to be a statistically appropriate mo

Factors affecting to bycatch occurrence ratfactarpetr e

affecting to bycatch occurrence rate in petrel mi tiga
be rel ated tsa ttilwvee fcadtc ht hant ppea r el mod el was small er
related to the fact that data of petrel mitigation mc
that number of dominanatiwvani abtlks vary in the coll abo

4. Pominant factor affecting bycatch occurrence rate

Domi nant variables in common withelhaptgdedays modemst k
of thenwenbrer of observed hooks, isipediess sqguadyp, Theaesu
have the | arge i mpact on bycatch occurrence rate. T h
bet weesan@PCn the coll aboration wor k.

Al so, domi nant var ioablneosdeilnsr odwsnachddawil t h a2 batross mit
model and petrel mitigation model were year, cruise |
I D was not appropriate because it trarcwids e elab, elfdrear
are considered in the analysis of observer dat a.

Ot her dominant wvariables were master BIDy ¢ fwihml usep eed,

shar k, use of weighting branchofl ithhees élNev avroiud il ¢ § kien tho

4. Dominant factor in spatial and tempor al factors

4. 4Lbdngitude

Longitude affected bycatch occurrence rate in albatro
(Tabl,Ris®h, 54 n8 . Bycoatuaclr ence rate was high off Cape and |
This high owoculrdr ernecfel ercatt et he fact that bycatch occurr
of f Cape, it would reflecttitvled yf éndtght Haetvedcdlbhmrroamgdhe ar
from albatross model was different from the result f
1997 to 2015 was wused for a20bla5t rwasss unsoedde lifgoarh i dolab adtardoasl

t hus, the area where bycatch occurrence rate increas



mitigation model . I n other words, the di stirs btuhauwghtpa
todbhbétefem@mm that from 2011 to 2015.

4. 4Latitude

When | atitude increased in the sout hTearbd hsgMsapder e, b
6). This is Ilikely to be related to fobpewhbh@dnehsaen;]
caused by the distribution pattern of albatross and
number of ismethsi gmclreetaisteumlieghtnh caumee ytelae ,vami ati on of
|l atitude. And also, the distribution pattern of albat
grdegaded albatross, b$ WwhiftganbygthedhaHboatad oesds easr o un d
2012b). Thus, number of sets and distribution of seab

di stribution and bycatch occurr®nkApepernadtiex i n each seab

4. 4Y8ar

Bycatch occurrence ratTeabilfeisthaa@ddiisnr26lLitacdece2@ero@r

the bycatch occurrence rates in the Tasman Sea in 201

Thiweul dabkgata i mdr @@&didngnd h20bhyeatwhebpecurrence r at e

high, such as the water in the south of the Tasman Se

4. 4Eldapsed days from the first day of the year

Bycatch occurrence rateri icomadadubregmTdbMaisEHO0Oi dagns )
5ang . Data used in our study covered the foraging ran
breeding season during January to Maz2rOclh2 f( AGAP, 2 021021g2)a.,
al batr os stetsdiormdr damand during timieghbtr efdfi echty siaemmeshaas e

occurrence.

4. 4 NGEmber of observed hooks

When the number of observed hooks elmbe Bbes@dadq . byhat ch
chance of bycatch would increase, when the number o]
decreased before 1500Thosks sandoaigher t300@ kaaled by
and a00ehoB8Rs, where observation was rare. It is di

Il imitation.

4. £Fffect of Cruise I D, observer | D and fishing master



Cruise | D, observer | D and ufrirsehnichegb inetss 486a nE)D aEfffeecctte d
of cruise I D and fishing master I D would be related
measure and use of mitigation measure by eacbnuvessel
ratSenal | valbsieswerf reBpondegbstédred Din recent year and

occurrence rate was indneasegoissidedrivhend 20 Itercadddyge

4. ©ceanographic environment effect

4. 6Séa surface temperature

Thegclatch occurrence rate increasdd oirkh 8nT@bhldeisspe 8 sur f ¢
4,5an@ . Several al batross use current of the southern
f oragi ng hweaanndgeer ionfg al batross was rel az@®@@3)t .o -hPhdnatdaggdcd y c
al bawut ioAsrstzaer ct iocl adi rQGurmpent , t h et rSoopuit cheelr-AR teaxrt tetnit & wWHEr oS
Antarctic Pol ar fr e&rOtS, awhdi chh gihs blyacaatcend hiere-adhQ W al det ¢
petrel Ants&r ctic water, Pokar whir oht aaped-4Bb kapaet Faer odn teat| o
2000) . Pol araafrroaumtd i45 SI avchdtcehd i s hi gh bycatch occurren
t hat temperature of foraging area rnencd brrdtressEbe aad

Japanese longline bycatch seabird is suggested to be

4. 6Wend speed

Bycatch occurrence epatei 8ablifFg B55..€ Iwth eins wii mdli st ed t hat

varies according to wind direction in past paper (Spe
for flight, al batrosses asntdemprtoe¢esoaiplul ala qiod o ifacpmp a rotai
dependent in petrel mo d el is higher than that in al be
thus petrel is more easily influenced by wind speed.

4. 6LABnar phase

Bycatch occurrence r atien dael chraetarsoesds TrmibtliiEgedtn eomh msoadred s U |
agreed with past findings (Jimenez et al. 2009, Me |l v
decreased in the full moon and i nc KTeasbs,&d @i..n Tthhies nreews un

did not agree with past knowledge that shearwater f1l e

on the night with a full moon (Yamamoto et al. 2008).

4. 6DAdstance fyom the col on



Bycatch occurrence rate was hi Dab lvigi efhT hdiiss twaonucled fbreo nb etc

adult breeders forage around colony during brieseding

relatively high around colony while bycatcbnpabl. of
datTah)us, bycatch occurrence rate of i mmature and juven
small varimai twoinalr achgmpemdence in effect of distance fr

4. Ef fect of fish species

When catch number of albacore i ncr eaTBeabdl,kil@y.caHahi toatc u
of almarcpexubt omptic atle mpéemmat € mpoefe-alf0u ( &i shbase 2016b) ,
di fferent from sea surface temperatures of bycatch oc
When catch numbbelrueoifina hien csroaugasheegmbgcatth DocTaalbblaet r os s
6,Fi . Temperatur ® ocfobbhabiuimmtnge5Ctr®®8@ (Fi shbase 2016¢c)

(parti alsleya) souwrefralcaep t emperatures of the bycatch occur

When catch numbers of porbeagle and bl uEisgilaa@®k incre
The bycatch occurrence rate in albatroasesndamnd5s>Ppetr
Appendi X1 PBvhg.lporchead! @efand bl ue sAb&rikg (4Mactrseuansaegda aarnod
Nakano 1996, Semba et al . 2013 amnihdeikair i ptordleagd®@1 m)n.d

bl ue osvheatriikep di stri beaandnpetrreelbesatvhgsat ch occurrence.

4. &f fect of bycatch mitigation measur e

When weighting branch | ine were UakHURi 6.y catSchncoec chuarirte
quicker by weighting dbmaintcé Lynpgpetcoeaseada . ofThatst delads
occurrence rate. I n the albatross model , webiygchatticnhg br
occurFegde (s pobei bfbethatdof wei ghtwonegkl basa na hs il g mief iaqg
in the petrel mitigdtviongmoadelur bechupetoél sleep

4. Effectiveness and | i mit of random forest mo d e |

This study indicated that random forest wor ked eff ec
occurrence rates, even though many wvariables with t
complicated mechaniesmndadf chweatagle ocadwer rodnd he observer

high in high I atitude of southern hemisphere.

I n addition, it was indicated that the effectiveness
measure edqdecti ficedlwi th using partial dependence. |In

of the current regul ations and integration of data a
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Tabl e 1.

Data sources and applied

explanatory wvali

model examined species data Appled explanetory valiables | Added explanetory valiables
Albatross model 1997-2015 . Bycatch number of petrels
albatrosses and CruiselD observer ID,
Albatross mitigation| ~ giant-petrels 2011.2015 masteriD, longitude, latitude, | gycatch number of petrels,
model year, day of the year, species | se of mitigation measure
group, catch number of fish
Petrel model 1997-2015 |  Species, environmental
shearwaters and variables, number of observed
Petrel mitigation petrels hooks, night setting rate L
9 2011-2015 g g Use of mitigation measure
model
Table 2. Seabird species included in each group an
Group name Species name 1997-1999 | 2000-2004 | 2005-2009 | 2010-2014 2015
Wandering albatross
. Tristan albatross
Wandering albatross group Antipodean albatross 56 134 89 114 45
Gibson's albatross
Black-browed albatross group Black-browed albatross 143 166 150 163 80
Campbell albatross
Yellow-nosed albatross group Atlantic yellow-nosed albatross 68 154 164 90 18
Indean yellow-nosed albatross
Shy albatross
Shy-type albatross White-capped albatross 67 98 135 115 164
Grey_headed albatross 525 269 272 288 168
Buller's albatross 1 47 6 158 129
. Southern giant-petrel
Giant petrel group Northern giant-petrel 60 111 88 76 11
White_chinned petrel 15 251 106 35 76
Grey petrel 44 38 41 35 11
Flesh footed shearwater 18 16 29 26 4
Other petrel 36 54 20 61 28
Number of observed hooks 7846135 7699110 6673402 7844876| 2105996




Table 3. Valiatiors iwnf etaltdhv pxiptl mlma.tiomgyortanc

Albatross model Albatross mitigation model
Explanatory variables Variation |Explanatory variables Variation
Species group 0.3|Latitude 0.225
White-chinned petrel 0.28|Species group 0.2
Latitude 0.25|Day of the year 0.2
CruiselD 0.22|Observer ID 0.15
Day of the year 0.2|Porbeagle 0.14
Observer ID 0.2|Sea surface temperature 0.12
Sea surface temparature 0.15|Nuber of observed hooks 0.1
Porbeagle 0.12|Distance from the colony 0.1
Year 0.08|Southern bluefin tuna 0.1
Lunar Phase 0.08|Blue shark 0.1
Rate of night setting 0.07|Bigeye tuna 0.09
Blue shark 0.07|Longitude 0.08
Number of observed hooks 0.06]Year 0.08
Yellowfin tuna 0.06|Butterfly tuna 0.08
Longitude 0.05|Wind speed 0.06
Wind speed 0.05]Cruise ID 0.05
Master ID 0.05]Master ID 0.05
Grey petrel 0.05]Rate of night setting 0.05
Bigeye tuna 0.04]White-chinned petrel 0.05
Distance from the colony 0.03|Lunar phase 0.04
Southern bluefin tuna 0.03|Flesh-footed shearwater 0.04
Flesh-footed shearwater 0.03] Yellowfin tuna 0.03
Albacore 0.02|Weighted blanch line 0.03
Butterfly tuna 0.01]Bird curtain 0.03
Swordfish 0.01|Bait caster 0.03
Slender tuna 0.01}Albacore 0.02
Shortfin mako 0.01} Swordfish 0.02
Other petrel 0.01}Shortfin mako 0.02
Grey petrel 0.02
Other petrel 0.02
Tori line 0.02
Slender tuna 0.004
Underwater setting 0.004
Blue dyed bait 0.0005




Tabl e 3. Continued.

Petrel model Petrel mitigation model
Explanatory variables Variation |Explanatory variables Variation
Day of the year 0.6|Day of the year 0.35
Longitude 0.3|Latitude 0.25
Species group 0.25|Observer ID 0.25
Cruise ID 0.25|Nuber of observed hooks 0.175
Observer ID 0.2|Sea surface temperature 0.15
Porbeagle 0.2|Porbeagle 0.13
Year 0.15|Year 0.12
Latitude 0.14|Master 1D 0.12
Number of observed hooks 0.1|Albacore 0.12
Master ID 0.1|Longitude 0.1
Rate of night setting 0.1|Cruise ID 0.1
Albacore 0.1|Lunar phase 0.1
Sea surface temperature 0.09|Bigeye tuna 0.1
Wind speed 0.08|Weighted blanch line 0.1
Butterfly tuna 0.08]Wind speed 0.07
Lunar phase 0.07]Rate of night setting 0.07
Distance from the colony 0.07|Butterfly tuna 0.07
Southern bluefin tuna 0.07|Blue shark 0.07
Slender tuna 0.05]Species group 0.06
Blue shark 0.05|Distance from the colony 0.05
Bigeye tuna 0.03] Yellowfin tuna 0.05
Yellowfin tuna 0.02| Southern bluefin tuna 0.05
Swordfish 0.02| Swordfish 0.03
Shortfin mako 0.02|Underwater setting 0.02
Shortfin mako 0.009
Bird curtain 0.008
Bait caster 0.008
Slender tuna 0.005
Tori line 0.004
Blue dyed bait 0.0003




Table 4 Cross varidation table obtained
Albatross model Albatross mitigation model
FALSE | TRUE FALSE |TRUE
FALSE 21625 7985| | FALSE 2924 2141
TRUE 277 7731 | TRUE 80 241
Petrel model Petrel migation model
FALSE TRUE FALSE | TRUE
FALSE 13946 3336| [FALSE 3840 883
TRUE 49 189| [TRUE 17 92
Table 5. Out of bags estimate
Gi hn Al batross model, Al batross
Albatross AIl_)gtro_ss Petrel Pe.t.rel.
out of bags model mitigation model mitigation
model model
top 10 0.247 0.249| 0.187 0.223
top 15 0.256 0.252| 0.184 0.209
top 20 0.194 0.192
top 25 0.191
Full model 0.270 0.265| 0.192 0.189

mitigation

using

test

olfmpearrrtoarn o e tferso m f Md aIt

model ,



Table 6. The explanatory variables which affected
Effect
Albatross model Albatross mitigation model Petrel model Petrel mitigaiton model
category Explanatory variables - — —] o
Impo .VanatDirection Import| Variati st Impor |Variati e Import|Variati Biasiiar
tancelion ance_[on tance [on ance_|on
. . High at -20 .
Longitude 5 |0.05 5 0.08 |High at -20 and 150 2 10.30 Low at 150 6 0.10 [High at 100-150
Latitude 3 | 0.25|Strongly negative 2 0.23 |Strongly negative 3 | 0.14 [Strongly negative 2 0.25 [Strongly negative
Basic Year 12 | 0.15|High in 2015 18 | 0.12 |High in 2015
information [Day of the year 2 [ 0.20[High in Jan.-Mar. 1 0.20 [High in Jan.-Mar. 1 0.60 [High in Nov.-Mar. 1 0.35 |High in Feb.-Apr.
- High at High at
Number of observed hooks | 6 | 0.06 7 0.10 |Positive 8 |0.10 2500-3000 hooks 3 0.18 2500-3000h00ks
Species group 1 [ 0.30|Highly variable 3 0.20 [Highly variable 7 | 0.25 [Highly variable 14 | 0.06
Recording Cruise ID 10 | 0.22 Hiq_hly variable 4 0.25 Var?able 7 0.10 Viariable i
oo s Observer ID 9 [ 0.20|Vvariable 5 0.20 |Variable 4 0.25 |Highly variable
Master 1D 10 | 0.10]|Variable 8 0.12 |Variable
Sea surface temperature 4 | 0.15[High at 9-11°C 6 [ 0.12 [High at 9-11°C 9 |0.09 [High at 8-13°C 5 |0.15
Wind speed 13 | 0.08 |Hight at 2-5m 11 | 0.07
Environmen|Lunar phase 8 |0.08|Lowatnewmoon | 8 |0.04 11 |o0.07 g | 0.10 [High atnewmoon
Low at fullmoon
Distance from colony 7 10.03 4 0.10 [High near the colony 6 0.07 10 | 0.05
Rate of setting at night 16 | 0.07
Slender tuna
Butterfly tuna 20 | 0.07
Albacore 12 | 0.12 [Negative
Yellowfin tuna
Southern bluefin tuna 9 0.10 |Positive 14 | 0.07 13 | 0.05
Catch o
Bigeye tuna
Sword fish
Shortfin mako
Porbeagle 15 | 0.13 [Positive
Blue shark 10 | 0.10 |Positive 15 | 0.05 17 | 0.07
White-chinned petrel
Impact of
secondary Crey petrel
e— Flesh-footed shearwater
Other petrel
Weighted blanch line 19 | 0.10 |Negative
Tori line
Mitigation [Blue dyed bait
measure |Under water setting
Bird curtain
Bait caster
Table 7. Frequencybydcatchbontmbespabileacdpresepmei rd

Catch 0
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Wandering albatross 12777
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53655 13

Yellow-nosed albatross 12826
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Shy-type albatross 12697
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Buller's albatross 12899
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(o]
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Table 8 Number of set in each year

Number of
Year

set
1997 690
1998 918
1999 1543
2000 948
2001 619
2002 524
2003 172
2004 695
2005 890
2006 804
2007 472
2008 250
2009 287
2010 119
2011 900
2012 942
2013 786
2014 1172
2015 959
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