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Performance of Side-setting Method as a Mitigation 
Measure for Reducing Incidental Catch of Seabirds 

on a Large-sized Pelagic Longline Vessel 

Kosuke YOKOTA 1 * and Masashi KIYOT A 2 

Abstract 
Experiments on the side-setting method (setting longline from the side of a vessel) in a large-sized 

pelagic longline vessel (54m, 450GRT) were conducted in the western North Pacific, April-June, 2007 to 
evaluate its performance as a mitigation measure for reducing seabird bycatch. Two sets of line setting 
equipment were installed on the port side of the foredeck (36.5m ahead of the stern; side-setting) and on 
the end of the stern deck (stern-setting). Experimental fishing operations were conducted alternating 
the two setting styles. The side-setting increased 1.2 times greater initial sinking rates of baited hooks (0 
~5m in depth), compared to the stern-setting. The side-setting method suppressed bait-taking behavior 
of Laysan and black-footed albatrosses (Phoebastria illllJllltabilis and P. nigripes) close to zero level. The 
high seabird bycatch avoidance effects of the side-setting were related to improved sinking rates of bait
ed hooks, greater depth of baited hooks at the vessel's stern due to advanced location of casting points. 
and threatening effect of the vessel's hull. However, risks of line trouble were observed in the side-set
ting. These results demonstrate the potential of side-setting method in reducing seabird by catch, but the 
safety of fishing operation, resistance to rough sea condition, and economical cost of deck modification 
should be evaluated carefully before introdUcing the side-setting method to commercial fishing fleet. 

1. Introduction 

Seabirds bycatch in pelagic longline fisheries is con

cerned as one of the various factors affecting seabird 

population, and both global and regional frameworks 

have been constructed to solve issues related to the 

seabirds bycatchl),zl. Mitigation measures for reducing 

seabirds bycatch have been implemented specifically 

in Regional Fisheries Management Organizations 

(RFMOs; e.g., WCPFGlJ, IOTCIJ). 

A variety of mitigation measures have been devel

oped and available to reduce seabird bycatch in pelag

ic longline fisheries5l - 9l , such as bird scaring lineslOl . 

lll, improvement of sinking rate of baited-hookslOl,12)-

15), line setting at night10), 16), or the use of blue-dyed 

baitll) , 17), 18). Kiyota and Yokota9) described a variety 

of those mitigation measures, including their advan-

tages and disadvantages. Scientists should develop, 

evaluate and improve bycatch mitigation measures 

and introduce practical measures to fishermen. Given 

more options for mitigation measures, fishermen could 

adopt suitable measures that fit the operational condi

tion of each fIshing vessel. and as a result, mitigation 

measures would become widespread and operate in 

full force and effect. It is preferable to develop many 

more mitigation measures to open the choices avail

able to fishermen. 

In recent years, side-setting method (setting long

line from the side of a vessel) has been reported as a 

possible mitigation measure in pelagic longline fish

eryI9). Compared to the conventional stern-setting. the 

side-setting method has a large potential in reducing 

seabird bycatch and saving labor related to gear and 

bait transport. However, previous information on side-
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setting were limited to small-sized vessels I9). The 

information of side-setting effectiveness on small-sized 

vessels cannot be directly applied to other scale ves

sels. Effectiveness of mitigation measures has to be 

evaluated for each fleet. which has different style and 

scale of operation. on their bycatch reduction. safety. 

and practical and economic feasibilities. So far there is 

no knowledge about the performance of side-setting 

method in large-sized longline vessels (400GRT class). 

In this study. we conducted fishing experiments on 

a Japanese large-distant-water type longline vessel in 

the western North Pacific to examine the effectiveness 

of side-setting method in reducing seabird bycatch. 

The vessel was installed with both stern and side-set

ting equipment. and sinking rates of baited hooks and 

bait-taking behavior of seabirds were compared 

between the two setting methods. We also discuss the 

practical utility of the side-setting method in large dis

tant-water-type longline vessels. 

2. Materials and Methods 

1) General methods for experiments 

A large-sized longline research vessel (R/V 

Kurosaki; total length 54m. 4.50GRTl was used for the 

Stern setting 

Branch line 

Line hauling 

Side setting 
36.5 m 

Mainline ......;---------__ 

Fig.l General configuration of stern (conventional) 
setting and side (experimental) setting in 
experiments. 

experiment. The vessel was originally installed with 

conventional stern-setting equipment. We added other 

line shooter and main line delivery channels on the 

port side of the foredeck. General configuration of 

stern (conventional) and side (experimental) setting 

is illustrated in Fig.I. By switching the main line chan

nel and line shooter. we could set the longline either 

from the side or from the stern of the vessel. 

Experimental fishing operation was conducted in the 

western North Pacific (30~39°N. 141 ~ 144°E) from 16 

April to 7 June. 2007. Two species of albatrosses. 

Laysan albatross PhoebaSlria illllJlulabilis and black-foot

ed albatross P. nigripes were expected to appear in the 

area20). 

Shallow-set pelagic longline fishing gears were used 

in the experiments. Each basket had four branch lines 

and hooks. Float lines were made of polyester. and 

10m in length. Branch lines were made of polyester 

and polyamide attached with 2.0m nylon monofilament 

leaders had a total length of lS.5m. Sinking rate of 

baited hooks is related to branch line specificationI5). 

Conventional 3.S-sun tuna hooks. and mackerel Scomber 

japonicus and Japanese common squid Todarodes pacifi

CliS bait were used. Vessel speed during line settings 

were set at 9 knots. Branch lines were thrown into the 

sea by hand. The baited hooks touched water at about 

40m ahead of the stern during side-setting. but in 

stern-setting baited hooks were thrown in line with 

the stern (Fig.1). We carried out two types of experi

ments; 1) to determine the difference in sinking rates 

of baited hooks between stern and side-setting. and 2) 

to compare the bait-taking behavior of seabirds 

between stern and side-setting. 

2) Measurement of sinking rates of baited hooks 

in side and stern-setting 

To compare sinking rates of baited hooks between 

side-setting and stern-setting. we conducted line set

ting experiments of two setting styles. repeating side

setting and stern-setting within the same days. We 

only used thirty baskets in a setting. Each setting took 

about 15min and the line was hauled after soaking 

time of 60min. A total of 10 line settings (5 for each 

setting style) were carried out during three days. 

Miniature time-depth loggers (diameter lSmm. 

length 93mm. limit of resolution 5.0cm; Alec electron

ics. Kobe. Japan) were attached to the four hooks of 

one basket in the middle of the experimental line. We 

only used mackerel bait for the sinking rate experi-
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ments, and the loggers were implanted into the 

abdominal cavity of mackerels and attached to fishing 

hooks. The in-water weight of the data logger was 

adjusted to zero gram weight (gw) according to the 

method of Hu et al.15). The in-water weight of macker

el bait was 7.8 ± 1.99gw, and those of branch line 

(including leader and hook) were about 92gw. Depth 

measurement intervals were set at 1 s. 

Since initial sinking rates of baited hooks vary with 

sea condition of the experimental day, it is better to 

compare the sinking rates between the two setting 

styles for each experimental day. We therefore ana

lyzed the logarithmic sinking rates of the two setting 

styles using a linear mixed model with experimental 

days treated as random effects2Il. We assumed a 

model of the log (mean sinking rate Ii), with normal 

distribution error structure, 

log (fLs)=ao+a\ 55 + daYi+ error 

daYi~ N (0, (j~a)' error~ N (0, (j2) 

...... ( 1) 

where 55 is the line setting style (stern setting=O and 

side setting=ll. The daYi is the random effect for 

experimental days i. The error is the error term. The 

ao and a\ are the estimated parameters. Using this 

model we evaluated whether a\ is zero or not; this 

means the sinking rates of the two setting styles are 

equal or not. The exp (a\) directly indicates the ratio 

in sinking rate between the two setting styles. We 

performed the analysis of initial sinking rates for two 

surface layers, i.e .. from 0 to 5m and from 0 to 10m. 

We used the [me functions in R version 2.11.0 to esti

mate the parameters2Z1 . 

3) Observation of bait taking behavior of seabirds 

To evaluate bycatch reduction performance of side

setting, we conducted 21 longline operations switching 

the setting style daily. We used 240 baskets and 960 

hooks for each operation. Mackerel and squid baits 

were alternated every 30 baskets in each line. Maximum 

efforts were made to search areas with high concen

tration of the two albatross species before line setting. 

All seabirds observations were conducted on the 

upper stern deck by a expert seabirds researcher. Line 

setting was started in the evening and completed 

before sunset; this process took about 2 hours. We set 

10-min observation session per 30 baskets with one 

bait type and recorded the species composition and 

maximum number of seabirds (abundance), and fre

quency of bait-taking behavior of Laysan and black-

footed albatross during the observation session within 

500m radius behind the launch points of the baited 

hooks. Wind speed and wave height were recorded for 

each fishing operation. 

4) Analysis of seabirds bait-taking behavior 

In data analyses, Laysan and black-footed albatross

es were pooled together as 'albatrosses' because of 

insufficient data number for each species, especially 

for black-footed albatross191 . Data with "zero" abun

dance of albatrosses for the observation sessions were 

excluded from the analyses. Other than albatrosses, 

"smalier petrels" such as northern fulmar Flilmal'lls 

giacialis, streaked shearwater Caiollectris ieucomeias, 

sooty shearwater PlIfjillllS grisclIs, and short-tailed 

shearwater P. tellllirostris, also appeared. We did not 

analyze the bait-taking behaviors of these smaller 

petrels because these species rarely exhibited bait tak

ing behavior. 

We calculated the 'bait-taking rate' as observed 

total number of bait-taking behavior per abundance 

and per 10-min observation session for albatrosses 

because it was difficult to distinguish individual 

seabirds in the observations. We modeled the frequen

cy of bait-taking behavior of albatrosses using a gener

alized liner model (GLM)z:l). The frequency of bait

taking behavior of albatrosses per the observation ses

sion was set as the response variable. Because the fre

quencies are count data, we assumed the frequency F; 

had a negative binomial (NB) distribution with the 

expected mean frequency fLi as follows: 

"""(2) 

The parameter () is a dispersion parameter2!). The 

NB distribution is often suitable in considering data 

with many zeros and large variances251 . 

We assumed an initial model of the expected mean 

frequency Pi using log link, 

log (Pi) = (30 + (3 \ 55 + (32 BS 

+ (3:1 log (NA) + (3\log (NP + 1) 

+ (35 W5 + (3(j WH + (3,55*log(NA) ...... (3) 

where SS is the line setting style (stern-setting and 

side-setting), B5 is the bait species (mackerel or 

squid), NA is the maximum number of albatrosses in a 

observation session (as continuous variable), NP is 

the maximum number of smaller petrels in a observa

tion session (as continuous variable), W5 is the wind 

speed (as continuous variable), WH is the wave 
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height (as continuous variable). SS*log(NA) is the 

interaction between SS and 10g(NA). (3()~(37 are the 

parameters of interest. We used the glm.nb functions in 

R version 2.11.0 to estimate these parameters22). We 

performed model selection based on Akaike' s 

Information Criteria (AIC) to identify factors affect

ing the frequency of bait-taking behavior of albatross

es26). The model with the smallest AIC value was cho

sen as the best-fit model. We then evaluated the effect 

of explanatory variables based on the increments of 

AIC (flAIC) by removing variables one by one from 

the best-fit mode!27l . 

3. Results 

1) Sinking rates of baited hooks 

The parameter al of the initial sinking rates from 0 

to 5 m was significantly different from zero (al=O.l67, 

S.E.=0.059, (=2.86, P=0.007). That means the mean O~ 

5m sinking rates of the baited hooks in side-setting 

was 1.2 times greater than those in stern-setting. 

However, no significant difference was observed 

between the sinking rates of the baited hooks from 0 

to 10m in the two setting style (al=0.050, S.E.=0.043, ( 

= 1.15, P=0.26). 

2) Bait-taking behavior of Albatrosses 

The observed maximum numbers (abundance) of 

albatrosses during observation sessions varied greatly 

among the experimental day (0-61). Figure 2 shows 

the bait-taking rates for each setting style. In the side

setting, the bait-taking rates were close to zero. In 

addition, the bait-taking behavior of albatrosses was 

not observed within the zone where baited hooks 

passed along vessel's hull in the side-setting. 

The best-fit model selected by AIC is shown as fol-

(]) ....... 
ro 
'-
0) 
c: 

:.52 
ro 
~ 
ro 

CO 

<q 
a 

-.:t 
c:i 

N 
c:i 

a 
c:i 

0 

N=63 

0 

0 

0 
0 
0 

Stern 
setting 

N=80 

o 

~ 

Side 
setting 

Line setting style 
Fig,2 Box plots of bait-taking rate (frequency of 

bait-taking behavior per abundance and per 10 
minutes) of combined albatross species 
(Laysan albatross and black-footed albatross). 
N indicates the number of observation session, 

lows: 

log (,ui) = (30+ (31 55 + (3;) log (NA) + (3s WS + (3" WH. 

The best-fit model showed marginally-smaller AlC 

value compared to the initial model (fl AlC=3.7): this 

decrease approximately corresponds to the rejected 

parameter numbers [ES, 10g(NP+l), and NA*log(NA)). 

The selected explanatory variables were 55 (line set

ting style), NA (maximum number of albatrosses in 

observation session), WS (wind speed), and WH 

(wave height). 

The estimated parameters and increments of AlC 

Table 1 Parameter estimates in the generalized linear model (GLM) with a negative 
binomial distribution, Ll AlC indicates the increment of Akaike information 
criteria if the explanatory variable is removed from the best-fit model. 

Parameter Estimate S. E. Wald statistic p 

fio [Illtercept] 5.400 1.420 - 3.802 <0.0001 

fi l [SS ; relative to Stern-setting] Side-setting L>AIC = 59.6 
- 3.818 0.543 -7.029 <0.0001 

fi:; [log (NA) J 

fi5 [IVS] 

number of albatrosses 

observed in observation sessions during line setting; IVS, wind speed; TV}f. wave height. 
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from the best-fit model are shown in Table 1. The 55 

had large effect on frequency of bait-taking behavior 

of albatrosses (6. AIC=59.6), and the coefficient esti

mate for 55 indicates a negative effect of the side-set

ting method on the bait-taking behavior of albatrosses. 

The NA had the largest effect (6. AIC=73.l). and the 

coefficient estimate for NA indicates the bait-taking 

behavior of albatrosses increased with their abun

dances. In environmental conditions, W5 and WH also 

had effects (6. AIC=20.9 and 18.6. for W5 and WHo 

respectively) . 

As a result of the series of experimental operations. 

total numbers of Laysan albatross caught incidentally 

were 11 in the stern-setting. and 0 in the side-setting. 

Those of black-footed albatross (and smaller seabirds) 

were 0 in both setting styles. 

4. Discussion 

Results of our experiments indicated that the side

setting method increased the initial sinking rates of 

baited hooks compared to the stern-setting. A possible 

explanation for this is the avoidance of propeller tur

bulence. In stern-setting. baited hooks were sometimes 

blown up by propeller turbulence. and thus took 

longer time to start initial precipitation. In side-setting. 

baited hooks already started sinking in a position ante

rior to the propeller turbulence zone. and so the pro

peller turbulence had less effect on initial precipitation. 

In addition to the difference in initial sinking rates. the 

side-setting method had an advantage in placing the 

line shooting point 36.5m ahead of that in the stern 

setting. These two factors in concern make the side

set baited hooks already reach a certain depth at the 

vessel's stern. where seabirds interaction is most likely 

to occur. Bait-taking behavior of seabirds would be 

suppressed due to the deeper vertical position of the 

side-set baited hooks at the stern. 

Behavioral data indicated that the side-setting 

method was actually successful in suppressing bait

taking behavior of seabirds. Within the side zone 

where baited hooks passed along the vessel's hull in 

the side-setting method. Laysan albatross and black

footed albatross could not get close to baited hooks. 

Previous reports on small-sized longline vessels also 

indicated high seabirds avoidance performance of side

setting method in the North Pacific. even compared to 

other seabirds mitigation measures such as under 

water setting and blue-dyed bait19). In the small-vessel 

experiments side-setting was coupled with additional 

equipments such as bird curtains and weighted 

branch lines to enhance seabird avoidance effects19). In 

the present study. we examined the performance of 

side-setting method without additional equipments and 

demonstrated sufficient seabird avoidance effects of 

side-setting alone on a large-sized vessel. The size 

effect of vessel's hull could have enhanced the seabird 

avoidance effects in our experiments. Many of the 

technical specifications of seabirds conservation and 

management measures in RFMOs require the com

bined use of bird curtains and weighted branch lines 

with side-setting method:)). Additional use of these sup

plementary mitigation measures would further 

improve the effectiveness of the side-setting. 

Geographical variation in seabird species composi

tion also affects the performance of bycatch mitigation 

measures. The present experiments were conducted 

in the western North Pacific, where deep diving 

seabirds are not abundant. Laysan and black-footed 

albatross observed during the experiments were most

ly gliding. and could not dive deep nor turn quickly 

during flying. In contrast, in the Southern Ocean. as in 

the fishing ground for southern bluefin tuna ThulllIllS 

llIaccoyii. more interactions occur between longline 

fishery and deep-diving seabirds. such as white

chinned petrel Procellaria aeqllilloctiaiis. which can dive 

to more than 10m in depth28). In situ examinations of 

seabirds avoidance effect would therefore be neces

sary before adopting the side-setting method to other 

fishing areas with different seabird fauna. 

Other than seabird avoidance performance. the side

setting method has specific operational features. Side

setting from the foredeck provides an operational 

advantage in improving work space and saving labor. 

In conventional stern-setting. fishing gear and fishing 

bait (the latter is usually stored in the freezer near 

the foredeck) have to be carried from the foredeck to 

stern deck before line setting. In side-setting, the labor 

of transporting fishing gear and bait is not necessary 

because both line setting and hauling are conducted 

on the same foredeck. Meanwhile. we found potential 

risk of side-setting. Once the vessel went astern dur

ing line setting due to line shooter trouble, the main 

line tangled with the propeller. In addition. we did not 

confirm the resistance of side-setting against harsh sea 

condition. If we consider application of the side-setting 

method to longline fleets operating in rough sea condi-
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tion. such as southern bluefin tuna fishery or the 

North Pacific tuna fishery operating at higher latitude 

during winter. careful and strict examination of its 

practical feasibility and safety is necessary. 

The present study was the first trial of the side-set

ting method in a large-sized pelagic longline vessel. 

Although our results indicated the potential of side-set

ting method in reducing seabird bycatch. the equip

ment and its placement were still prototype design 

and cannot be applied to commercial fleets as it 

stands. The safety of fishing operation. resistance to 

rough sea condition. and economical cost of deck modi

fication should be evaluated carefully and improved 

before introducing the side-setting method to commer

cial vessels. 
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