ISC/20/BILLWG-01/02

Review of horizontal migration of swordfish, striped marlin and
blue marlin using electrical tags.!

* Akira Kurashima, *Hirotaka Ijima and *Yasuko Semba

*National Research Institute of Far Seas Fisheries, Fisheries Research and Education
Agency 5-7-1, Orido, Shimizu, Shizuoka, 424-8633, Japan

This working paper was submitted to the ISC Billfish Working Group Intercessional Workshop, 30th January -
3rd February 2020, held in National Taiwan University, Taipei, Taiwan.

1



ISC/20/BILLWG-01/02

Abstract

The billfish is a highly migratory fish, and their stock assessment has been performed in
each RFMOs. However, there is no consensus about their population structure although population
structure is important for stock assessment. The information of horizontal movements is one of key
factor for recognizing of population structure. In this study, horizontal movement pathways estimating
by electrical tags about swordfish, striped marlin, and blue marlin were summarized for the purpose
of clarifying the task of further study. Tagging studies of swordfish have been performed in the
worldwide. In some individuals, return migration likes seasonal migration were observed but not
return individuals also observed. Their pathways don’t overlap among each research fields, i.e., the
North west Pacific, the North east Pacific, the South west Pacific, off South Africa, and the North
Atlantic. In striped marlin, tagging studies were limited in the East Pacific and the South Pacific, were
not overlap among these areas. As well as swordfish, return and non-return migration was reported. In
blue marlin, tagging studies was most limited than the other two species, and there was only report
from the central Pacific and the Atlantic. In the Pacific, blue marlin showed widely migration beyond
the equator. In the Atlantic, almost blue marlin in the Gulf of Mexico or the Caribbean Sea stay within
this area, while widely migration observed in open water. These observed movements are narrow than
range of genetic population structure in almost cases, they do not across each research field. More
extended observations or tagging studies at boundary of previous studies area is necessary to resolve

the actual population structure.

Introduction

The billfish is a highly migratory fish and important species as target of commercial fishery
and sportfishing. Their stock assessment has been performed in each RFMOs. It is important to
understand population structure for appropriate evaluation and effective management. There is some
hypothesis about population structure, but not consensus has not been obtained in billfishes. For
example, a single panmictic population to four subpopulations have been proposed in swordfish within
the Pacific (Bartoo & Coan, 1989; Nakano, 1998; Hinton & Deriso, 1998; Sosa-Nishizaki & Shimizu,
1991; Chow & Takeyama, 2000; Hinton, 2003; Ichinokawa & Brodziak, 2008). In striped marlin,
several stocks in a single panmictic population have been proposed (Shomura, 1980; Kamimura &
Honma, 1958; Graves & McDowell, 1994; McDowell & Graves, 2008). In blue marlin, a single
panmictic population have been proposed but Atlantic clade also observed with ubiquitous clade
including worlds (McDowell et al., 2007; Chang et al., 2016). It needs to study the relationships among

these clades and their population.
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Population structure was explained by various information. Among them, genetic research
and tracking research are a useful to study to understand population structure. Genetic research is to
be clear population structure beyond generations. On the other hand, tracking research is provided
contact among each individual although limited information among a generation or several months.
This information is direct evidence of relationships, existence of contact strongly supplements or
rejects for other results of population analysis. Recently, detail of their movements is resolved
gradually by the developments of electrical tags. Braun et al. (2015) summarized previous studies
using pop-up satellite archival transmitting tags (PSATs) in billfishes, showed each release and pop-
off position into a map. After them, the tagging study was advanced, and additional data about their
movements have been accumulated about their movements.

In this study, we summarized horizontal movement pathways about stock assessment species
in ISC, i.e. swordfish, striped marlin, and blue marlin, based on the previous reports using PASTs,
archival tags, and Smart Position and Temperature tags (SPOT) for the purpose of considering the
population unit and clarifying the task of further study.

Materials and Methods

The review of horizontal movements was performed, focusing on scientific papers and
meeting document papers in which electric tags was used, i.e. archival tags, SPOT, and PSATs. Each
movement pathways were traced from the figure in these reports and putted together on a single map
per each species. Detailed information on locality of study, number of tags deployed, days at length

(DAL) and body length or weight of billfish tagged were summarized by each study and species.

Results and Discussion

Swordfish

The studies of movements in swordfish were performed in worldwide (Tablel and Fig.1).
Although short-term movement dominated, long-term observation (over 300 days) were limited in
several individuals (Takahashi et al., 2003, Abscal et al., 2015, Evans et al., 2012; 2014, Neilson et al.,
2004, Tanaka & Yamaguti, 2017). According to previous results, the movement area doesn’t overlap
among several areas, i.e., the North west Pacific, the North east Pacific, the South west Pacific, off
South Africa, and the North Atlantic.

Return to release point after long distance migration were observed in several reports.
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Takahashi et al. (2003) reported seasonal migration using an archival tag in the North west Pacific,
i.e., migration among Oyashio area (summer) to subtropical area (winter). Evans et al. (2012; 2014),
West et al. (2012), and Abscal et al. (2015) also reported similar migration patterns (see Blue line in
Fig. 1). However, this behavior is not a typical pattern, because the non-return movement pattern is
also observed (see Red line in Fig. 1). It is not clear whether they have seasonal migration.

Although the tagging studies of swordfish is most are enriched among billfishes, the amount
of information is not enough to resolve population structure, because the days at liberty is limited.
There is no study in the central Pacific and thus the boundary of each area is uncertain. Further, the
tagging studies using electric tags in the Indian Ocean and the South Atlantic are not conducted at all,
and so the movement among three oceans were not resolved.

A part of the result of the tagging study may be supported the genetic study. No movement
was observed from the North Atlantic to the South Atlantic (Abscal et al., 2015). This is consistent
with the results of the recently genetic population analysis (Smith et al., 2015). On the other hand, the
genetic population structure in the Indo-Pacific has not been clarified, and it is unclear that swordfishes

living each area consist of independent population.

Striped marlin

The studies of movements in striped marlin have only been performed in the South Pacific
and the North East Pacific (Table2 and Fig.2). There is no long-term data of PSAT, and the longest
case is 259 days (Domeier, 2006; Table 2). On the other hand, Domeier et al. (2018) have succeeded
in obtaining the long-term observation (1.1 to 7.7 years) using archival tags.

However, the survey area is too narrow compared to their distribution. There is no confirmed
overlap in the pathway among the South Pacific and the East Pacific at present. As well as swordfish,
two migration patterns have been observed. Domeier (2006) observed the return pattern to release
point (see Blue line in Fig. 2) and non-return pattern (see Red line in Fig. 2).

According to the recent genetic studies, the individuals of Oceania population appeared in
the North west Pacific, and high gene flow among the East Australia (Pacific) and the West Australia
(Indian Ocean) were estimated in the Oceania (Mamoozadeh et al., 2018). It is possible that they have
more wide migration patterns than range observed by tagging study. Further tagging research is

essential to resolve the population structure.

Blue marlin

The studies of movements in blue marlin were mainly performed in the Gulf of Mexico and
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northwestern Atlantic (outside the Gulf of Mexico). In the Pacific, there is only a report is limited in
the central Pacific (Hawaii and Tahiti). Although short-term data are predominant, long-term data
(maximum of 334 days) is also obtained (Table 3).

Different migration patterns were observed among the Pacific and the Atlantic (Fig. 3). In
the Pacific, Carlisle et al. (2015) released tagged blue marlin from Hawaii and Tahiti, and they showed
wide migration beyond the equator (i.e., from north to south movement) was observed.in Pacific
widely. On the other hand, in the Atlantic, Karus et al. (2011) reported that most blue marlin released
in the Gulf of Mexico stayed within the Gulf of Mexico or the Caribbean Sea.

From the perspective of genetic population structure, blue marlin genetically exhibits two
separate clades, i.e., Atlantic clade and a ubiquitous clade including three oceans (Chang et al., 2016).
These two patterns by tagging studies may reflect a difference of genetic population structure, however,

coverage of tagging study is limited and needs to be improved especially in the Indian Ocean.

It is a little puzzling that movement across each Ocean has not been observed frequently in
tagging study despite wide and continuous distribution in billfishes. It is possible that period of the
observation is too short and thus we have not captured the large-scale movement among regions within
the limited period at less than a year. More extended observations or tagging studies at intermediate
points (for example, boundary among each migration area) of previous studies area is necessary to

resolve the actual population structure in the future.
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Reference Tag types  Locality NT DAL Size
N. W. Atlantic 71-183 cm
Sedberry & Loefer., 2001 PSATSs ) 29 29-100
(Gulf of Mexico) (LJFL)
) Archival N. W. Pacific 190 cm
Takahashi et al., 2003 1 345
Tag (Japan) (EFL)
N. W. Atlantic 81-183 cm
Loefer etal., 2007 PSATSs ) 15 5-123
(S. Caroline) (LJFL)
E. Pacific 140-220 cm
Abscal et al., 2010 PSATSs ) 21 3-166
(N. Chile) (LJFL)
N. W. Atlantic 11-77 kg
Dewar etal., 2011 PSATSs . 9 15-120
(Caribbean) (BW)
C. Pacific 20-135 kg
PSATs B 30 5-245
(Hawaii) (BW)
E. Pacific 45-114 kg
PSATs . 23 10-106
(Mexico) (BW)
) E. Pacific 45-140 kg
Abecassis et al., 2012 PSATs ) 43 10-180
(Mexico) (BW)
Indian Ocean 140-220 cm
West et al., 2012 PSATs . 11 1-91
(S. Africa) (LJFL)
S. Pacific 50-240 kg
Evans et al., 2011 PSATSs ) 10 4-57
(E. Australia) (BW)
S. Pacific 50-200 kg
Evans et al., 2012 PSATSs ) 54 59-302
(E. Australia) (BW)
S. Pacific 56-130 kg
PSATs 19 67-236
(New Zealand) (BW)
W. Pacific 53-108 kg
PSATSs . 13 44-312
(Polynesia) (BW)
W. Pacific 65-130 kg
PSATs 9 99-351
(Cook Islands) (BW)
E. Pacific 76 kg
PSATs - 21 49-166
(Chili) (BW)
N. Atlantic 109-249 cm
Lerner etal., 2013 PSATs . 10 1-133
(Florida) (LJFL)
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Reference Tag types  Locality NT DAL  Size
S. Pacific 50-200 kg
Evans et al., 2014 PSATs . 55  41-362
(E. Australia) (BW)
S. Pacific 56-130 kg
PSATSs 19 67-236
(New Zealand) (BW)
W. Pacific 53-108 kg
PSATSs . 13 44-312
(Polynesia) (BW)
W. Pacific 65-130 kg
PSATSs 9 99-351
(Cook Islands) (BW)
E. Pacific 43-78 kg
PSATSs . 21  49-166
(Chili) (BW)
N. W. Atlantic 81-152 cm
Neilson et al., 2014 PSATSs . 12 31-123
(S. Carolina) (LJFL)
N. W. Atlantic 124-263 cm
PSATs 17 77-411
(Canada) (LJFL)
. 109-208 cm
PSATs N. Atlantic 9 57-135
(LJFL)
. 135-215cm
Abscal et al., 2015 PSATs N. Atlantic 21 2-365
(LJFL)
) N. W. Pacific 20-200 kg
Tanaka & Yamaguti, 2017 PSATSs 18 11-300
(Ogasawara) (BW)
E. Pacific 75-148 kg
Sepulveda et al., 2018 PSATSs ) ) 13 2-150
(California) (BW)

NT; number of tags, DAL; days at liberty, EFL; eye-fork length, LJFL; lower jaw-fork length,
BW; body weight.
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Reference Tag types  Locality NT DAL  Size
) E. Pacific 41-84 kg
Domeier et al., 2003 PSATSs ) o 80 3-93
(Baja California) (BW)
E. Pacific
Saito &Yokawa, 2005 PSATs ) 5 9-32 -
(Mexico)
) S. Pacific 45.5-130 kg
Domeier, 2006 PSATSs . 24 Max:134
(E. Australia) (BW)
E. Pacific 54.6-159.1
PSATs 34 Max:226
(New Zealand) kg (BW)
E. Pacific 40.9-81.8 kg
PSATs ) 130 Max:259
(Mexico) (BW)
E. Pacific 40.9-79.6 kg
PSATs . . 17 Max:153
(California) (BW)
E. Pacific 40.9-100.0
PSATs 33 Max:134
(Ecuador) kg (BW)
E. Pacific 79.6-102.3
PSATs 3 -
(Panama) kg (BW)
E. Pacific 81.82 kg
PSAT . 1 62
(Costa Rica) (BW)
C. Pacific 22.7-36.4 kg
PSATSs N 6 Max:122
(Hawaii) (BW)
) E. Pacific 70-140 kg
Sippel et al., 2007 PSATSs 5 22-60
(New Zealand) (BW)
SPOT E. Pacific 26 0.5- 60-110 kg
Holdsworth et al., 2008
&PSATSs (New Zealand) 122 110.6 (BW)
) SPOT E. Pacific 70-110 kg
Sippel etal., 2011 28*  15-133
&PSATSs (New Zealand) (BW)
Archival E. Pacific 400- 150-228 cm
Domeier et al., 2018 .
Tags (Mexico) 2795 (LJFL)

* including Holdsworth et al. (2008), NT; number of tags, DAL days at liberty, LJFL; lower jaw-

fork length, BW; body weight.
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Reference Tag types  Locality NT DAL  Size
N. E. Atlantic 125-425 1b
Graves et al., 2002 PSATs 9 5
(Bermuda) (BW)
120-350 1b
Kerstetter et al., 2003 PSATs N. Atlantic 9 6-35(h)
(BW)
. ) 70-200 kg
Saito et al., 2004 PSATs C. Atlantic 12 8-180
(BW)
N. E. Atlantic 58.97 kg
Prince et al., 2005 PSATs 1 40
(Dominica) (BW)
. ) 70-200 kg
Saito & Yokawa, 2006 PSATs C. Atlantic 12 6-32
(BW)
) 36-227 kg
Goodyear et al., 2008 PSATs N. W. Atlantic 40 2-93
(BW)
82-181 kg
PSATs N. E. Atlantic 5 15-154
(BW)
45-363 kg
PSATs C. Atlantic 5 4-44
(BW)
N. W. Atlantic 45-250 kg
Karus etal., 2011 PSATs ) 42 4-334
(Gulf of Mexico) (BW)
C. Pacific 45-136 kg
Carlisle et al., 2015 PSATs Ny 29 9-180
(Hawaii) (BW)
C. Pacific 57-318 kg
PSATs 5 115-181
(Hawaii) (BW)
C. Pacific 45-125 kg
PSATs 7 5-243
(Tahiti) (BW)

NT; number of tags, DAL; days at liberty, BW; body weight.

This working paper was submitted to the ISC Billfish Working Group Intercessional Workshop, 30th January -

3rd February 2020, held in National Taiwan University, Taipei, Taiwan.
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Fig.1 Horizontal movement of swordfish. Circles show release points, Stars pop-off points. All lines

were traced each pathway from figure of following reports, Sedberry & Loefer (2001), Takahashi et
al. (2003), Abscal et al. (2009; 2015), Dewar et al. (2011), Abecassis et al. (2012), West et al. (2012),
Evans et al. (2011; 2012; 2014), Loefer et al. (2007), Lerner et al. (2013), Tanaka & Yamaguti (2017),

and Sepulveda et al. (2018). Red lines show non-return individuals, blue line return individuals, break

line indicate the individual estimated two pathways. Blue mask show distribution of swordfish.

Fig.2 Horizontal movement of striped marlin. All lines were traced from figure of following reports,
Domeier et al. (2003; 2018), Saito & Yokawa (2005), Domeier (2006). Sippel et al. (2007; 2011),
Holdsworth et al. (2008). Red lines show non-return individuals, blue line return individuals. Blue

mask show distribution of striped marlin.

This working paper was submitted to the ISC Billfish Working Group Intercessional Workshop, 30th January -
3rd February 2020, held in National Taiwan University, Taipei, Taiwan.
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Fig. 3 Horizontal movement of blue marlin. All lines were traced from figure of following reports,
Graves et al. (2002), Saito et al. (2004), Prince et al. (2005), Saito & Yokawa (2006), Goodyear et al.
(2008), Hoolihan et al. (2009), Karus et al. (2011), Kerstetter et al. (2013), Carlisle et al. (2015). Blue
lines show the movements of individual staying in the Gulf of Mexico and the Caribbean Sea. Blue

mask show distribution of blue marlin.

This working paper was submitted to the ISC Billfish Working Group Intercessional Workshop, 30th January -
3rd February 2020, held in National Taiwan University, Taipei, Taiwan.
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