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Examination of factors affecting seabird bycatch occurrence rate insouthern
hemisphere in Japanese longline fishery with using random forest

Yukiko Inou€, Minoru Kanaiwg, KotaroYokawa, Kazuhiro Oshima

SUMMARY

We analyzed the factor affectingdatch occurrence ratdRandom forest was applied to analyze

We constructed four models examining effect of species group, season, year, environmental
factors, distance from the colonies, a lunar phase, and catch of fish. Our model was likely to be a
statistically appropriate model because out of bags is an acceptabig though a little high.
Dominant vaiables in common with analyzed fauodels were latitude, longitude, elapsed days
from the first day of the year, number of observed hooks, species group, sea surface temperature
in this studyAlsoyear, cruise ID ad lunar phase were dominant variabia conmon withtwo

to three modelsThose variables would have the large impact on bycatch occurrence rate. Thus,

it was suggested th#ttose variables should be considered in the comparison between CPCs and

in the cdlaboration work.

KEYWORDSandom forest, bycatch occurrence rageabird species group

1. Introduction

Particular seabird bycatch mitigation measure has been required in the southern hemisphere because some
vulnerable albatross species occur here (ILZDW5). Regulation was introduced from July 2013, south of 25S

in ICCAT conventional area, from July 2014, south of 25S in IOTC conventional area, from July 2014, south of
30S in WCPFC area, which is to choose two from three mitigation measure, Toridinesetting and branch

line weighting ICCAT Rec1109, IOTC Res12/06, WCPFC CMM 204%7). Validation of effect of the
regulation is required within few years in ICCAT and in IOTC. It is examined by bycatch number or/and bycatch
rate with using combined tta of related member country. In this time, it is required to consider what factor

affecting bycatch rate and bycatch number is and what kind of framework is needed for the analysis.

1 National Research Institute of Far Seas Fisheries, Japan Fisheries Research and Education Agency, Tuna and Skipj&&-Djvision,
Orido, Shimizu, Shizuoka, 428633. Japan. Corresponding authyainoue@affrc.go.jp

2 Tokyo University of Agriculture, 196 Yasaka, Abashiri, Hokkaido 29493, Japan.



IOTCi 2016 WPEB14 INFO7

We had tried the preliminary analysis with using Japanese seabird bycatch data of high latitude in the southern
hemispherelt wasfound that seabird bycatch rate in that area could be affected not only by seabird distribution
area wherdonglinefisherieswere operatetdut also by several factors such as oceanic condition, seabird species
composition, technigueo useas bycatchmitigation measure In this document, we made the model adding the
factor affecting the bycatch occurrence rate per a setaag as possible. And to find the dominant factor from
those factors, we analyzed the model which divided into the species group. Briefly, we analyzed the factor
affecting bycatch occurrence rate including species group, season, year, environmentatisictocg, from the
colonies, which supposed to affect seabird distribution, a lunar phase which supposed to affect seabird activity,

andcatch of fish which supposed tteflect targeting

2. Material and method

Not only seabird abundande fishing groundbut also other several factors would be related to seabird bycatch
occurrence. Random forest wapplied to analyze¢he factor affecting seabird bycatch occurrence. Random
forest is a developed version of regression tree and it could consider uncerntgiatameterandinput data

with resamplingooth of them. Though interactioasnongvariables sometimedaving strong effecthave to be
considered in Generalized Linear Model (GLM) analyaimount ofdatausedin this studywasnot enough to
considerthe interactiors. For example, ithe GLM analysis,it is heeded thadata is required in all combination

of level between the interaction variables when consigehe interactiors between season and year, or year and
species group. However, the randoorekt does not require data in all combination of the level between

interaction variables and also it could consider interaction term automatically.

2.1 Data

2.1.1Data from observer program

We used operational data obtained by scientific observers fr@mn tt®ough 2015. These data included two
types of information. The former was information on operation including time and position of start and end of
line setting, climate, hydrographic condition, gear configuration, species of bait and seabird bytgatiomi
measures applied. The latter was information including time at loading on bbeatch or bycatchspecies,
bodylength and body weightn addition, the scientific observers took photos of catch and bycatch and gathered
samples of otolith and muscles. Ilbngline operations relevant 8CSBT, the scientific observers boarded
randomlyselected distant water longline vessels, which opeiatdte Atlantic, Indian and Pacific Oceans with
targeting southern bluefin tuna (Yamasaki et al. 2006)CCAT conventional waters, 1564 sets of 30 trips and
1076 sets of 20 trips were observed in 2013 and 2014, respectively (Japan 2016). Those wtesrfgy total
number of sets were 7.0% and 12.1%, respectively. In IOTC conventional waters, the scientific observers
covered 360, 557, 472, 420 sets from 2010 through 2013, respectively, of which the coverage rates were 7.5%,
6.3%, 4.9% and 4.6% (NRSF and Fisheries Agency 2015). Japan Observer Program requiredktbardn
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scientific observers to take photos of specific regions and whole bodies of seabirds bycaught. Species
identification were conducted with the photos of seabirds bycaught thwgtiaboration of NRIFSF and

Birdlife International.

2.2 Modeling of bycatchoccurrence rate with usinghe random forest

2.2.1 Response variabte

The data derived from longline sets carried out south 86 2@ere used for statistical analysis in this study.
Occurrence or nebccurrence of bycatchmong species grolip operationscoveredby observers was used for

the response variable. Bycatch of albatrosses and giant petrels include two types of casase @hélirect

attacks to a bait and another case is secondary attacks to the bait obtained by petrels. In this way, since the factor
of bycatch occurrence of albatrosses and giant petrels is different from that of petrels, we divided the bycatch
occurrene rate models into the model of albatrosses and giant petrels group and that of petrels and shearwaters
group hereafter albatross model and petrel model). Also, since information of use of bycatch mitigation
measure is available from 2011 in the obsedatn,we made the other modeklghich included information of

use of mitigation measure as explanatory variatilese@fter albatross mitigation model and petrel mitigation

models,Table 1).

2.2.2 Explanatoryvariables

As factorshaving spatial temporal effeaive used latitude, longitude, year, elapsed days from the first of the year
(hereafterthe day of the year) for explanatory variables. As variables giving characterifisbiong effort or

fishing vesselwe used a number of observed hooks, cruise ID, observdisiing mastedD asexplanatory
variables. Fisherman change geanfiguration and bait dependingon target species and some of that
information such as the specification of fishing gears ksrawn in present data. Thus, we used catch number of
butterfly tuna, slender tuna, albacore, yellowfin tuna, soutbé&refin tuna, bigeye tuna, swordfish, shortfin
mako, porbeagle, blue shark for explanatory variablesreffeationo f f i s h e ts.ie nsédsseai sarface n
temperatureat noon wind speed, distance from a colony, rate of night time during setting, lunar phase for
explanatory variables as a factor related to seabird distribution and bycatch. And to consider the interaction
between divig petrels and/or shearwaters, and albatrosses andpgiats which cause a secondary attack, we
used bycatch number of whithinned petrels, grey petrels, fleloted shearwaters and other petrels for
explanatory variables in albatross model and petoelel. Also, we used use wkightedbranch line, number of

tori line, use of blualyed bait, use of underwater setting, use of combination of side setting, bird curtain and
weighting branch linehereafterbird curtain), use of bait caster for explamgtvariables in albatross mitigation

model and petrel mitigation model.

Species group was employed for explanatory variables to explain a difference of bycatch occurrence rate among

species group Becauseprovided species identification in detdfie bycatch occurrence rataust beextremely
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low and then model performance decrease, we used species group rathedittdual species. We employed

general grouping, such as wandering albatross group (WAA), -blacked albatross group (BBA),

yellow-nosedalbatross group (YNA), shiype albatross (SYA),grefeaded al batross ( GHA) ,

(BLA), giantpetrels (GP) Table 2). Bycatch occurrence rafer petrels is further lower than thédr albatross,
and we examined bycatch occurrence gatk white-chinned petrel®WCP), grey petreléGRP) fleshfooted

shearwate(&FS)and other petrels.

Movement from colony during breeding season is different from that during thbraeding season. General
coloniesof albatrosses are Falkland Islan@uth Georgia, Islas Diego Ramirez, Tristan da Cunha, Prince
Edward IslandsCrozet Kerguelen, Campbell Island, Macquarie Island, Auckland Island and Antipodensis

Island. We calculated a direct distance from nearest colony among those colonies.

Night sdting, one of the seabird bycatch mitigation measures, niggnsettingin thenight time when seabirds
are nonactive.Not all night settinghoweverare notpracticallycompleted before sunrisdence we calculated
ratio of night time againsivhole linesetting timeas follows We calculated sunrise time and sunset time by the

R package RAtmosphere with information of dééfude, longitudeandstart timeof line setting obtained from

each opearationlt is known that moonlight has an infue e on t he shear water 6s act

(Yamamoto et al. 2008). To consider the effect of moonlight, we calculated lunar phase fromhelatine

E

settingstarteth y t he R package lunar (Lazaridise2014t Quret e

refers to the full moon, 3 /2 refers to the | ast quar

2.2.3 Configuration of the model

OMtryo, corresponding to number of variabl es randoml

random forest modeValuesof sample sizén positive catchandin zero catchfor randomsampling was sedt
1000, 1500 for albatross model respectively, 270, 340 for albatross mitigation model respectively, 250, 360 for

petrel model respectively and 90, 130 for petrel mitigatitodel respectivelyThis value was sdb equalize

percentage ofrroratpositive catcho zero catctdataé nt r eed was number of i terati

All analyses wereconductedwvith R version 3.3.1 (R core team 2016). For the random forestsisalye usea

f unct raodomForésin® packag® frondomForesi(Liaw and Wiener 2002).

2.2.4 Variable selection

I ndi cators of degree of 6i mportanced and Ovariati

response veriable®/e regarded the variatldevith high importance and high variation as dominant variable.

We showeddegrees of importancmeasured byhe Mean Decrease Accuracy atie Mean Decrease Gini

(hereafter, Gini coefficientjseeFig. 2 in result3. In this studywe employed importance froMean Decrease

on

onoé
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Gini asanindicator of the impastof variables, because importance frtm Gini coefficientwasgenerally used
for analysis. Also, it shoad appropriate importance when one uses data, which does nobthsesations inall
possiblecombination oflevel under a condition where many interaction effegése possible We regarded the
variables of top 1015 and 20f importance from Gincoefficientas high impact and dominant variables (see

modeldiagnais).

In addition variation, an another indicator, were defined aarge of variation of partial dependenbergafter
variation)estimated for eacéxplanatory variable. This is because if the range of variation of partial dependence
was small, the variableauld not have a large impact on bycatch occurrence rate, even though importance from
mean decrease Gini is high. In this study, if the variation was higher than 0.08, it was regdadgelimpact
and dominant variables and if the variation was highan .2, it was regarded as strontdygeimpact and

dominant variablegTable 3).

3. Result

3.1 Modeldiagnoss

Out of bag (OOB) were 0.269, 0.265, 0.188 and 0.193 in albatross model, albatross mitigation model, petrel
model and petrel mitigation modeg&spectively Fig. 1). OOB became stabley 2000 iterations in all 4 models

(Fig. 1). In all models, since a large number of zero catch was recorded, TRUE of data was vdigbfewl)(

Also, since positive catch in petrel model and petrel mitigatiodel was fewer than that in albatross model and

albatross mitigation model, TRUE of data was extremely feablé 4).

Variables were selected from those in top 10, top 15, top 20 or top 25 in the degrees of importance based on the
Gini coefficient calclated from the albatross model, albatross mitigation model, petrel model and petrel
mitigation model. The model was constructed with these selected varib2800 iterations and then OOBs

were calculated. OOBs were the smallest at top 10, 0.247 ar@l i0.2/batross model and albatross mitigation

mode| respectivelyTable 5. OOB waghesmallest at top 15, 0.184, in petrel model. In petrel mitigation model,
there is little difference between OOB at top 20 and OOB at topatig 4). From these resuylvariablesn top

10 in the albatross model and the albatross mitigation model, vari@btep 15 in the petrel modeind

variablesin top 20 in the petrel mitigation model were regarded as dominant variables.

3.2 Albatross model

The importance o¥ariables othe random forest is indicated in Fig 2. Variables at td® In importance from

mean decrease Gini (variation) were species group (0.3), a day of the year (0.2), latitude (0.25), sea surface
temperature (0.15), longitude (0.05), number ofeslied hooks (0.06), distance from the colony (0.03), lunar
phase (0.08), observer ID (0.2), cruise ID (0.Ry(2 andTable 6).
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Partial dependence for each variable showde€igg indicate a variation of predicted value against variation of
theindividual variable. Partial dependence is an indicator of bycatch occurrence rate and bycatch occurrence rate
increase when partial dependence decrease and bycatch occurrence rate decrease when partial dependence
increase.

We focused on partial dependenttioé variables, of which variation was higher than 0l@8he species group
variabl e, bycatch occurrence rate of Buller6s albatr«
groups. In thevariable of elapsedays from the first day othe year, bycatch occurrence rate increased during

January to March. Bycatch occurrence rate increased when latitude increased. Bycatch occurrence rate was high
atthe sea surface temperatafed to 1£C. When lunar phase was a new moon, bycatch occurrategvas low.

Bycatch occurrence rate varienongobserver 13. Bycatch occurrence rate was high at particular cruise ID

and it did not vary in other cruise ID.

3.3 Albatross mitigation model

Variablesin top 10 ofimportance from mean decrease Gini (variation) veta@sed days from the first day of

the year(0.2), latitude (0.23), species group (0.2), distance from the colony (0.1), longitude (0.08), sea surface
temperature (0.12), number of observed hooks (udgr phase (0.4), catch of southétaefintuna (0.1), catch

of blue shark (0.1(Fig. 2, Table 6).

Partial dependence for each variable showeHBi@t 4. We focused on partial dependent of the variables, of

which variation was higher than 0.(Bycatd occurrence was high around 20W and around 150E in longitude.

Bycatch occurrence increased when latitude increased and the variation range of partial dependence was high
0.23. Bycatch occurrence was high from January to March and the variation waszhiglydatch occurrence

increased when the number of observer hooks increased. Inlis@aekd albatross group, bycatch occurrence

was high and in Bullerds al batrosses andenceiraterwas petr el
high atthe sea surface temperatureSato 11°C. Bycatch occurrence rate was high at near the colmoyind

1000km from the colonywWhen catch of the southebfuefin tunaand blue sharkicreased, bycatch occurrence

rate increased.

3.4 Petrel model

Variablesin top 15 of importance frorthe Mean DecreagBini (variation) wereelapsed days from the first day

of the year(0.6), longitude (0.3), latitude (0.14), cruise ID (0.25), observer ID (0.2), distance from the colony
(0.07), species group (0.25), numberatifserved hooks (0.1), sea surface temperature ((ifBng master
ID(0.1) lunar phase (0.07), year (0.15), wind spe®®)) catch number of southertuéfin tuna (0.07), catch
number of blue shark (0.055i.2, Table 6).

Partial dependence for eaghriable showed afFig. 5. We focused on partial dependent of the variables, of
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which variation was higher than 0.0Bycatch occurrence rate was high around 20W while bycatch occurrence
rate was low around 150E, and the variation range of partial depsnddnlongitude was 0.3. Bycatch
occurrence rate was higher in the south than in the north, especially around 35S and 45S. Bycatch occurrence
rate was high in 2015. Bycatch occurrence was high from November to March, and the variation range of the
partial dependent was high 0.6. Bycatch occurrence was high when the number of observed hooks was
2500-3000. Bycatch occurrence rate of the wiukénned petrel was high, that of the grey petrel was middle and

that of the fleskfooted shearwater was low. Bycatctcarrence rate varied among cruise ID and though it was

high in particular IDs, it was similar level in other IDs. Bycatch occurrence rate varied among observer ID and
fishing masterlD. Bycatch occurrence rate was highthe sea surface temperature oft@® 13C. Bycatch

occurrence rate was high at a wind speedioban/s.

3.5 Petrel mitigation model

Variablesin top 20 of importance frorthe Mean DecreagBini (variation) wereslapsed days from the first day

of the yearn(0.35), latitude (0.25), number of observed hooks (0.18), observer ID(0.25), sea surface temperature
(0.15), longitude (0.1), cruise ID (0.Mfjshing mastedD (0.12), lunar phase (0.1), distance from the colony
(0.05), wind speed (0.07), albacore (0.1)uthern Bluefin tuna (0.05), species group (0.06), porbeagle (0.13),
rate of night setting (0.07), blue shark (0.07), year (0.12), weighting branch line (0.1), butterfly tuna Fog07). (

2, Table 6).

Partial dependence for each variable showeHBi@t 6. We focused on partial dependent of the variables, of
which variation was higher than 0.0Bhe bycatchoccurrence rate was high around 100E and 130 rate

was higher in the south than in the north, especially the highest at 45S and thenveaizg® of the partial
dependence was 0.Zbhe rate was high in 2015.he kycatch occurrence rate was high from February to April

and the variation range of the partial dependence was 0.35. When the number of observed hooks thereased,
bycatch occurrese rate increased, especially at 28000 hooksThe bycatch occurrence rate varied among
cruise IDs, observer 1B, andfishing masteriDs. The kycatch occurrence rate was highthé sea surface
temperature of 6°C. The bycatcloccurrence rate was higit the new moon and low at the full moon. When

catch number of albacore is high, bycatch occurrence rate was low. When catch number of porbeagle was high,

bycatch occurrence rate was high. When weighting branch line is used, bycatch occurrence rattidecrea

4. Discussion

4.1 Response variable: bycatch occurrence rate

Althoughthe SCECO recommendetb examine factors affecting bycatch rate, we used bycatch occurrence rate

as a response variable. We decide to use bycatch occurrence rate as a response variable, which is simpler

structure, because zero catch is too many and thus too small informatise bycatch rate, and distribution of
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the bycatch rate is skewe®n the other hand, because the bycatch number per a set was 1 in most cases,
accounting for 684% of total number of observation for positive cat€able 7), bycatch occurrence rate is
emough reliable for examination of dominant factor affecting seabird bycatch and general description of seabird
bycatch occurrence pattern in high latitude area of the southern hemisphere. In futurd| wramine
estimation of total seabird bycatch numbem bycatch occurrence rate, anidl vexamine estimation of bycatch

rate with using random forest by the accumulation of the data.

4.2 Model diagnosis

TRUE (1 of 1) in our model has very small since positive catch was small and zero catch isrgery la
However, OOB of FALSE was similar to that of TRUE, and OOB of TRUE was low level such a8.28¢ig.

1). Our model was likely to be a statistically appropriate model because OOB is an acceptable range though a
little high.

Factors affecting to bycatch occurrence rate in petrel model was more than these in albatross méatgbrand
affecting to bycatch occurrence rate in petrel mitigation model was more than these in petrel model. These might
be related to the fact that gitive catch in petrel model was smaller than albatross model. Also, these might be
related to the fact that data of petrel mitigation model is smaller than petrel model. It should be paid attention to

that number of dominant variables vary in the collation work.

4.3 Dominant factor affecting bycatch occurrence rate

Dominant variables in common with analyzed 4 models were latitude, longitlagsed days from the first day

of the year number of observed hooks, species group, sea surface tempérahise study. Those variables

would have the large impact on bycatch occurrence rate. Thus, those variables should be considered in the
comparison between CB@nd in the collaboration work.

Also, dominant variables in common witho2 3 models of albi@oss model, albatross mitigation model, petrel
model and petrel mitigation model were year, cruise ID, observer ID and lunar phase. In these variables,
observer ID was not appropriate because it traced year effect (see below). It is agreeable thratsgedd, ¢

lunar phase are considered in the analysis of observer data.

Other dominant variables were master ID, wind speed, catch number of albacore, sdufartunaandblue

shark, use of weighting branch line. We would like to discuss the vatifithese variables in below.

4.4 Dominant factor in spatial and temporal factors

4.4.1 Longitude

Longitude affected bycatch occurrence rate in albatross mitigation model, petrel model and petrel mitigation
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model (Table 6, Figs. 4, 5 and 6). Bycatchoccurrence rate was high off Cape and in the Tasman Sea. In the
Tasman Sea This high occurrence ratgould reflect the fact that bycatch occurrence rate increase in 2014 and

in 2015, while off Cape, it would reflect the fact that occurrence rate wasetehigh level through analysis

year. The result from albatross model was different from the result from albatross mitigation model. This is
because, data from 1997 to 2015 was used for albatross model while data fre2®281itas used for albatross
mitigation model, thus, the area where bycatch occurrence rate increased during 1997 to 2010 were not reflected
in the albatross mitigation model. In other words, the distribution pattern of bycatch occurrence rate from 1997
to 2010is thought to bdifferert from that from 2011 to 2015.

4.4.2 Latitude

When latitude increased in the southern hemisphere, bycatch occurrence rate indeased Figs. 3, 4, 5

and6). This is likely to be related to following reason; 1) this is caused by variation of numbeeraftions 2)

this is caused by the distribution pattern of albatross and petrels, 3) this is caused by both 1) and 2). Sometimes
the number of sets increasehigh latitude in some year, siomight cause the variation of bycatch occurrence

rate by latitude. And also, the distribution pattern of albatross and petrels might cause that. For example,

distribution of greyheaded albatross, of which bycatch nunibéarge than other albatrosséds located around

45S (ACAP 2012b). Thus, number of sets and distribution of seabirds might cause the pattern. The relationship

between seabird distribution and bycatch occurrence rate in each seabird species gramdispasadix 1.

4.4.3 Year

Bycatch occurrence rate increased in 2014 and 204l 6, Figs. 5 and6). This result is relevant tmcrease

of the bycatch occurrence rates in the Tasman Sea in 2014 and 2015.

This would becausé by data increasingf 2014 and 2015n the area wheréycatch occurrence rate was

relatively high, such as the water in the south of the Tasman Sea in first quarter.

4.4.4 Elapsed days from the first day of the year

Bycatch occurrence rate increased from 1 to 100 aayfspm January to March in all mod@able 6, Figs 3, 4,

5 and6). Data used in our study covered the foraging range of breeding albatrosses. Albatrosses and petrels are
in breeding season during January to March (ACAP, 2012a, 2012b, 2012c, 2012d,220P2egnd 2012g).

Most albatrosses increatieeir food demand during the breeding season. Tight affect increase dfycatch
occurrence.

4.45 Number of observed hooks

When the number of observed hooks increased, bycatch occurrengecradsed Table 6, Figs. 4, 5 and6).
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The chance of bycatch would increase, when the number of observed hooks increase. Bycatch occurrence rate
decreased before 1500 hooks and after 3000 hddiks.is thought to be caused by data limitation before 1500
and after 300 hooks, where observation was rare. It is difficult to discuss those situations because of data

limitation.

4.5 Effect of Cruise ID, observer ID and fishing master ID

Cruise ID, observer ID and fishing master ID affected bycatchiroecce rateTable 6, Figs. 3, 4, 5 and 6).

Effect of cruise ID and fishing master ID would be related to fishing gear, target species, a specification of
mitigation measure and use of mitigation measure by each vessel. Early Observer ID tended to be high bycatch
occurence rateSmall values obbserver IDcorrespond to the IPegistered in recent year and simultaneously
bycatch occurrence rate was increased in 2014 and 2015.ifTisyspssible that effect afbserver ID trace year

effect.

4.6 Oceanographic environment effect

4.6.1 Sea surface temperature

The lycatch occurrence rate increased when the sea surface temperaiufdi€ ®r 81 13°C (Table 6, Figs. 3,

4, 5 and6). Several albatross use current of the southern sea for a foraging area. For example, it is known that
foraging range ofthe wandering albatross was related to Antarctic Polar front (Xavier e20fl3). The
greyheaded albatrossitilize Antarctic Circumplar Current, the Southern extent of Sutpical Front,
SubAntarctic Front, Antarctic Polar front, which is located in 4I¥ and high bycatch area (Nel et al. 2001).

Also, the whitechinned petrel useAntarctic water, Polar Front and Polar Frontal&amhich are a temperature

of 0-10°C (Catard et al. 2000). Polar front is locagtdround 45S which is high bycatch occurrence area in this
study. Thus, it is indicated that temperature of foraging area in albatrosses and petrels relate to bycatch
occurence rate. The area where Japanese longline bycatch seabird is suggested to be north edge of the foraging

area of many albatross species.

4.6.2 Wind speed

Bycatch occurrence rate decrease when wirggdps high Table 6, Fig. 5). It is indicated that optimal wind
speed varies according to wind direction in past paper (Spear and Ainley 1997). Since too high wind speed is not
optimal for flight, albatrosses and petrels could not approach astand of longlinevessel. Variatiomange of
partial dependent in petrel model is higher than that in albatross model. This is because body size of petrel is

small and thus petrel is more easily influenced by wind speed.

4.6.3 Lunar phase
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Bycatch occurrence rate decreased in the new rmoalbatross mitigation modeTdble 6, Fig. 3). This result

agreed with past findings (Jimenez et al. 2009, Melvin et al. 2014). On the other hand, bycatch occurrence rate
decreased in the full moon and increased in the new moon in petrel mitigation (Tetalel 6, Fig. 6). This

result did not agree with past knowledge that shearwater flew for longer periods and landed on the water more
frequently on the night with a full moon (Yamamoto et al. 2008). This requires investigating the reason in the

future.

4.6.4 Distance from the colgn

Bycatch occurrence rate was high when distance from the colony is Gklde 6, Fig. 4). This would be

because adult breeders forage around colony during breeding season and utilize fishing vessel. Bycatch rate of
adultis relatively high around colony while bycatch rate of juvenile and immature is relatively high in Inoue
(unpubl. data)Thus, bycatch occurrence rate of immature and juvenile would not increase at near the colony and

this reflect small variation range pértial dependence in effect of distance from the colony.

4.7 Effect of fish species

When catch number of albacore increased, bycatch occurrence rate in petrels detabbs€dHig. 6). Habitat

of albacoreranges fronsubtropical are¢o temperate areia temperaturgof 10-25°C (Fishbase 2016b), which

is different from sea surface temperatures of bycatch occurrence area in petrels. And thus they related negatively.
When catch number of the southdsluefin tuna increase, bycatch ocoence rate in albatrosses increased
(Table 6, Fig. 4). Temperatures of habitatf southernbluefin tunarange froms°C to 20°C (Fishbase 2016c),

which (partially) overlapsea surface temperatures of the bycatch occurrence area of albatrosses.

When catch numbers of porbeagle and blue shark increased, bycatch occurrence rate {iRégsagexhd 6).
The bycatch occurrence rate in albatrosses and petrels was estimated to be relativatpumngh358$15S
(Appendix1 Fig. 7), while catch oforbeagle and blue shark increased around43&gFig. 4) (Matsunaga and
Nakano 1996, Semba et al. 2013 and Kai et al. 2015). It would be causttkttiatribution ofporbeagle and

blue sharloverlapthe distribution of albatrossand petrels waselevantto bycatch occurrence.

4.8 Effect of bycatch mitigation measure

When weighting branch line were used, bycatch occurrence rate was deciedded,(Fig. 6). Since bait

sinks quicker by weighting branch line, chance of at@atkaits by petrelés decreased. This leads decline of
bycatch occurrence rate. In the albatross model, weighting branch line was not dominant variables but it
decreasgbycatch occurrencd=(g. 4). It is possible thathe effect of weighting branch line against petvetked

as a significant one in the petrel mitigation model because ofdieiygy nature of petrels.

4.9 Effectiveness and limit of random forest model
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This study indicated that random forest worked effectively to examine the factors affecting seabird bycatch
occurrence rates, even though many variables with their interactions should be considered in the light of
complicated mechanism of bycatch occureeaod coverage rate of the observer for total fishing effort was not

so high in high latitude of southern hemisphere.

In addition, it was indicated that the effectiveness of each variable, such as year effect and bycatch mitigation

measure effect, couldquantified with using partial dependence. In future, data accumulation after

implementation of the current regulations and integration of data across countries and member concerned might

contribute to analyze the bycatch occurrence rate/bycatch rater furthetail.

Random forest model could not estimate the area of interaction, where data does not cover. Thus, final
evaluation of effectiveness of regulation would need to be evaluate with combination of other analysis. For
example, by regulation analgswith using the GAMegstimation of bycatch occurrence rate could be done by

compensating the area where data does not cover.
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Table 1. Data sources and applied explanatdighlas used in each model.

model examined species data Appled explanetory valiables | Added explanetory valiables
Albatross model 1997-2015 . Bycatch number of petrels
albatrosses and CruiselD observer ID, y p
Albatross mitigation |~ giant-petrels 20112015 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 o
et emogljatlo 2011-2015 9 9 Use of mitigation measure

Table 2. Seabird species included in each group and the number of bycatch

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

Black-browed albatross group Campbell albatross 143 166 150 163 80

Atlantic yellow-nosed albatross

Yellow-nosed albatross group 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
Giant petrel group Southern giant-petrel 60 111 88 76 11
Northern giant-petrel
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
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Table 3. Valiations of the partial importanin each explanatory variable.

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 0.01jAlbacore 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
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Table 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
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Table 4 Cross varidation tabdbtained using test data in four model.

Albatross model Albatross mitigation model
FALSE | TRUE FALSE |TRUE
FALSE 21625 7985| | FALSE 9924 2141
TRUE 277 773 | TRUE 80 241
Petrel model Petrel migation model
FALSE TRUE FALSE | TRUE
FALSE 13946 3336| [FALSE 3840 883
TRUE 49 189| |TRUE 17 52

Table 5. Out of bags estimate of error rates of top 10, 15, 20, and 25 usimgptiteance from Mean
Decrease Ginin Albatross model, Albatross mitigation model, Petrel model and Petrel mitigation model.

Albatross Petrel
Albatross | .. . Petrel L
out of bags mitigation mitigation
model model
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
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Table 6. The explanatory variables which affected occurrence rates of bycatch and detailed outlines of

effects.
Effect
Albatross model Albatross mitigation model Petrel model Petrel mitigaiton model
category SPLETIVEES ImporVariat .. . Import|Variati| .. . Impor Variati| . . Import|Variati| . .
A Direction Direction Direction Direction
tancelion ance_[on tance [on ance_|on
Longitude 5 |0.05 5 | 0.08 [High at-20 and 150 | 2 | 0.30 [';%C‘;‘l'gg 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_hlv variable 4 1025 Var?able 7 0.10 V§riable i
e Observer ID 9 [ 0.20|Variable 5 0.20 Var!able 4 0.25 quhlv variable
Master ID 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|Low at new moon 8 0.04 11 | 0.07 9 0.10 High at newmoon
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
Catch Sputhern bluefin tuna 9 | 0.10 [Positive 14 [0.07 13 | 0.05
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 Grey petrel
Flesh-footed shearwater
attack
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. Frequency distribution table for the bycatch number of each seadiids group.

Catch 0 1 2 3 4 5
Wandering albatross 12777 319 30 7 3 1
Black-browed albatross 12532 536 55 13 3 1
Yellow-nosed albatross 12826 236 42 18 7 5
Shy-type albatross 12697 361 49 19 10 2
Grey-headed albatross 12348 540 133 46 19 13 10
Buller's albatross 12899 178 45 8 3
Giant-petrel 12818 304 14 3 O
White-chinned petrel 12811 243 50 21 7

0

1

1

\'
(o0}
o

10 >10
0

Grey petrel 12989 135 14 2
Flesh-footed shearwater 13065 64 5 5
Other petrel 12989 116 25 8
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Table 8 Number of set in each year

Number of
Year

set
1997 690
1998 918
1999 1543
2000 548
2001 619
2002 524
2003 172
2004 695
2005 890
2006 804
2007 472
2008 250
2009 287
2010 119
2011 550
2012 942
2013 7186
2014 1172

20195

959
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Fig. 1-d Petrel mitigation measure model
Fig. 1 The number of trees for out of bags error estimates (OOB). Green and red plots mean error estimate
which is TRUE and FALSE, respectively. The X axis indic#tesnumber of trees.
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Fig. 3 Albatross model. Figures show that the partial dependences associated with changes of each variation.

The Y axis indicates the partial dependence. The larger value means lower probabilities of bycatch.
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Fig. 4 Albatross mitigation model. Figures show that the partial dependences associated with changes of
each variation. The Y axis indicates the partial dependencdanges value means lower probabilities of

bycatch.
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Fig. 5 Petrel model. Figures show that the partial dependences associated with changesapiatanh

The Y axis indicates the partial dependence. The larger value means lower probabilities of bycatch.
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Fig. 6 Petrel mitigation model. Figures show that the partial dependences adssitlatthanges of each
variation. The Y axis indicates the partial dependence. The larger value means lower probabilities of

bycatch.
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