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Summary

The growth of shortfin makd<gurus oxyrinchus) is variable depending on study not only within
the North Pacific and among Oceans. In the WestathCentral north Pacific Ocean (WCPO), the
growth rate based on size data of juveniles apprately smaller than 150 cm precaudal length (PCL)
was faster than that based on vertebrae. BetweeRQV&hd Eastern North Pacific Ocean (EPO),
different hypothesis of periodicity of band paimpdsition has been proposed. The disagreement of
growth within WCPO was investigated based on aimfgs band pair for small juveniles100 cm
PCL) which was scarce in the past study. The resuipport annual band pair periodicity for small
juveniles and suggest that difference in growtle tatween study could be explained partly by the
aging for additional samples with size range betw&Eand 100 cm PCL. Filling the gap of size range
and application of several approach other than lzanoht (e.g., size frequency data analysis, tag-
recapture data, and chemical analysis of centruith)mprove the accuracy of growth parameter for
this population.

Introduction

It is urgent to obtain reliable growth curve of gfio mako (surus oxyrinchus) representative in
the North Pacific population and to apply it to #teck assessment. However, the growth of this
species is variable depending on study not onlgiwithe North Pacific (Figure 1) and among Oceans.
Regarding the publicly-available study on the ageé growth of shortfin mako in the North Pacific,
four studies are known from the EPO (off Califorrtailliet and Bedford. 1983, Welkt al. 2013,
Kinney et al. 2016, off the Mexican coast: Ribot-Carbabahl. 2005) and two studies from WCPO
(Sembeet al. 2009, Kaiet al. 2013). There are many differences such as sasiggeand size range,
material of analysis, enhancement method, and hggat of band pair deposition (Tablel).

Regarding the difference within WCPO, Semabal. (2014) investigated the effect of difference
of birth month and periodicity of band pair depisit It was suggested that the effect of differeince
the birth month would not be major factor to expltie difference in growth between studies. The
assumption of periodicity of band pair depositiooud be more influential and the difference smaller
got smaller if growth based on biannual depositi@s applied. However, centrum edge analysis for
juveniles € 150 cm PCL) and those between 100 and 150 cm B@itosted annual deposition with
uncertainty left for individuals 100 cm PCL. Moreover, the sample of juven#@@ cm PCL) in
Sembaet al. 2009 was scarce and thus further investigatios lefh to be done. In this context, the
collection of juvenile vertebrae in each month basen launched since autumn in 2013 with high
priority.

In this document, | focused on the growth band peairodicity for juveniles€100 cm PCL) and

update of growth curve based on band counts.
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Materialsand Methods

In this work, vertebrae from juvenileX50 cm PCL) were newly added and processed follgwin
the procedure described in Sengbal. (2009). Most of the samples were collected fradividuals
smaller than 10@m PCL throughout year since 2013. For the analysgcribed below, data from
Sembeet al. (2009) and newly collected sample were combined.

In this document, the comparison of growth curvesig other study was conducted after
converting each body length (i.e., FL and TL) iR©L using the conversion equation in Seretoal.
(2009).

Centrum edge analysis

For the periodicity of growth band pair depositithe most peripheral structure on each centrum
was classified as either concave or convex stracithie ratio of convex structure was calculated by
month after year was aggregated. Same calculatanoenducted for individuals smaller than 100
cm PCL to compare the pattern of periodicity forafier juveniles. The periodicity of growth band
pair deposition was evaluated using the method®kgmura and Semba (2009). Individual before

the birth band is completed was removed from ttadyais.

Estimation of growth curve

Based on the results of centrum edge analysisrieddoelow) and the assumption of month at
which growth band is formed in Seméiaal. (2009), decimal age was assigned for each indatjd
following the procedure described in Senebal. (2009).

After estimation of decimal age, a modified formtbé& von Bertalanffy growth equation was
fitted to the length-at-age data independentlyrfedes and females to ensure that the curve passed
through the known size at age at birth (Simpferefatfal.2002, Chidlowet al. 2007).

L, =L, + (L, —Lo)A-exp{(-K) t}]
whereLt= PCL at time t (cm)to= size at birth (cm) (74 cm TL) given by Joung &l (2005);
L., = asymptotic length (cm); arlg= brody growth constant (yedc
The nonlinear least-squares method was used tmadstithis modified von Bertalanffy growth
equation for each sex (Haddon 2001).

Growth curves were compared to that of Keal. (2015) after converting the values for body
length (i.e., TL or FL) into PCL.

All statistical analyses were conducted using thesttistical software (R 3.2.2: R

Development core Team 2009).

Results
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In this analysis, 116 sample£ (00 cm PCl. were newly added through the sampling program
between 2013 and 2015. The analysis was conduitegccambining corresponding data from Semba
et al. (2009).

Centrum edge analysis

For the centrum edge analysis, a total of 135 idd&ls was available. The occurrence pattern
of convex structure was shown in Figure 2. Theorafi convex structure was above 0.5 between
October and December and then ranged between 0.8.aibetween January and March. It was less
than 0.2 between April and September. The modél annual periodicity was selected with the lowest

AIC among three models (model with no trehfl7.8, annuall41.3, and biannual periodicit¥68.3).

Estimation of growth curve

The estimated growth equations are as follows;

Males L, =60+2306{1-exp(-016t)} (n=181),

Females L, =60+2796{1-exp-011)} (n=209),

wheret is age (years). The estimated S.E. (standard)efol , for females was larger than that for
males, while S. E. df for males was larger than for females (Table 2).

The growth rate in the updated equation was sldlsaer that estimated based on size frequency
data in Kaiet al. (2015) as observed in the past analysis, howdverpbservation (i.e., individual
length-at-age data) based on juvenil&s100 cm PCI.was much closer to the growth by Keial.
(2015) as shown in Figure 3. Compared to estintateSemba et al. (2009), the parameters for male
was almost same between past and current estirhatesyer, L, andK got smaller and larger than

past estimates for females.

Discussion

Based on current and past document (Seehbh 2014), the periodicity of band pair deposition
for small and large juveniles in WCPO was suggestetle annual. Although this has not been
investigated for adults yet, | applied annual gtolénd periodicity for estimation of decimal age fo
individuals from WCPO. In EPO, different periodichypothesis was proposed based on validation
for juveniles (Wellset al. 2013) and adult (Kinnest al. 2016). In order to investigate for the mismatch
between areas, cross-reading has been conductedatifierent enhancement methods.

Regarding the difference in growth rate within WCR®., Sembaet al. (2009) and Kaet al.
(2015)), estimated growth was still different, hee length-at-age (i.e., decimal age) for newly
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added samples were closer to growth bydal. (2015). In this context, the revised growth pagten

K for females was slightly higher than past estimakeés result is suggested to be caused partly due
to the improvement of size range especially betwdeand 100 cm PCL, which was scarce in Semba
et al. (2009).

In case of Japan, direct validation of band papodéion using injection of chemical agent such
as OTC is difficult due to regulation food safetguie and appropriate sample for bomb radiocarbon
is not available. In this situation, NRIFSF launglesearch program to validate the growth estimated
based on band pair counts. Except for collectiomestebrae from young juvenile (outcome of the
present document), the program consists of 1) gia collection for juvenile£100 cm PCl.
between 2014 and 2015, 2) tag-recapture researcfjudeniles since 2014 with PR activity to
fisherman, 3) application of EPMA to survey itseetiveness as tool for validation.

In summary, this work reports the result of indirealidation of band pair periodicity of small
juveniles and re-estimated the growth curve baseahmual periodicity of band pair deposition. The
results indicate that difference between past workVCPO might be explained by the paucity of
observation of band counts for particular sizerofreals (70-100 cm PCL) rather than hypothesis of
band pair periodicity. As reflected in the modifigwth parameters, additional analysis for missing
size admit of improvement (change) of growth cuime WCPO individuals. Further work which
incorporates several approrch indicated above pvidigress the estimation of reliable growth of
shortfin mako in WCPO.
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Tablel. Summary of age and growth study reportéddrNorth Pacific Ocean.

range of | enhancement band pair
Author Area covered sample size Material
samples method validation
Cailliet& NE Pacific (off 44 Vertebrae 90cm- | wholecentra: x- modal
Bedford southern 321cm TL| radiography frequency
1983 California) analysis
Ribot- NE Pacific (W 109 Vertebrae 77cm- | whole centra | edge analysis
Carballal et coast off Baja 290cm TL stained w/
al. 2005 California) silver nitrate
Semba et | NWC Pacific (10- 275 Vertebrae | 53 cm-300 half-cut centra] edge analysis
al. 2009 40N,140E-140W) cm PCL | w/ shadowing
method
Wells etal.| NE Pacific (off 14,720 for Size data OTC, modal
2013 southern size analysis tag- frequency, and
California) 62 for tag- recapture na tag-recapture
recapture data data
analysis
Kai etal. | NWC Pacific(west 138,604 Size data 57-300cm na
2013 of 160W) PCL n

Table 2. Updated von Bertalanffy growth paramestineates and standard errors (S.E.) for male and

female shortfin mako in WCPO. The figures in panests denote estimates in Sereta. (2009).

Sample size Le (cm) K (year'l) Lo (cm)
Estimate 231.0 0.16 60.0
Males (231.0) (0.16)
181
S.E. 9.9 0.02 -
(15.5) (0.02)
Estimate 279.6 0.11 60.0
(308.3) (0.09)
F I
emales 209
S.E. 12.0 0.01 -
(21.7) (0.01)

1 Working document submitted to the ISC Shark Working Group Workshop, 28
November-4 December, 2017, NRIFSF Shimizu, Shizuoka, Japan. Document not to be
cited without author’s permission.



D
~ (@)
(=]
o -
o~
[m]
— 0
—
5
0
O
o =)
=
=
= Semba(Feb)_WCPO
Cailliet&Bedford_EPO({=ex combined)
o
[To I == QRibotCarballal EPO(=2ex combined)
= Kai{Feb)_WCPO
Wells(tag-recapture)_EPO(sex
combined)
o Wells(size-freq)_EPO(sex combined)
I I I I I I I
0 2 4 6 8 10 12
Age (year)
=
@ |(b)
o
o -
o
o
IS
o~
£
=] (=]
— D -
a =
o
=]
2 = Semba(Feb)_WCPO
Cailliet&Bedford_EPO({sex combined)
o _| == QRibotCarballal EPO(=2ex combined)
w
= Kai{Febk)_WCPO
Wells(tag-recapture)_EPO(sex
combined)
L= Wells(zize-freq)_EPO(zex combined)
I I I I
0 ] 10 13
Age (year)

Figure 1. Growth curve estimated for (a) male and (b) fensalertfin mako in the North Pacific

1 Working document submitted to the ISC Shark Working Group Workshop, 28
November-4 December, 2017, NRIFSF Shimizu, Shizuoka, Japan. Document not to be
cited without author’s permission.



Ocean.
(o]
‘Q - 9 15 T 1 13 23 T 4 13 19 11 13
o
[1n]
2 o
i [{n]
@
=]
[
o
(=]
5
S o
] =
i
[
™
o A

Month

Figure 2. Monthly occurrence pattern of convexdtre observed on the periphery of the centrum
for juvenile shortfin mako£ 100 cm PCL) collected in WCPO. Sample size in eaochth was

indicated on the top of the bar.
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Figure 3. Comparison of revised growth curve araviin by Kai et al. (2015) with observation of
length at age (circle) from 181 males (a) and 208dles (b).
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