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ABSTRACT:
Skipjack tuna (Katsuwonus pelamis) regarded as cosmopolitan species and distributed
vastly along the Indian Ocean south of Java, Bali and Nusa Tenggara. Known to have
high exploitation by various fishing gear but yet it always managed as a single stock, not
because of scientific evidence but merely based on “a scientific assumption”, so that
vulnerable to subject of overfishing. The objective of this study was to find alternative
tool for identifying the stock structure based on the otolith shape. Otolith samples were
collected from four areas, namely: Binuangeun, Sadeng, Prigi and Labuhan Lombok
during April, August, and September 2016. The otolith shape was reconstructed using
outline analysis with discrete wavelet transformation technique. Multivariate statistic
with cluster analysis using canonical analysis of principal (CAP) and ANOVA-like
permutation test were also implemented to determine the signification among
populations. The result showed that skipjack’s otolith shape was varied from one and
another, especially in rostrum. But it wasn’t statistically different among regions
(p>0.001), which means a single stock for skipjack was defined in the Indian Ocean
(Indonesian territory of FMA 573). This study also proved that otolith shape can be useful
marker tool to identify stock structure for management purpose.
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INTRODUCTION
The stock concept is one of the most fundamental in fishery management (Hussy
et al., 2016). Failure to take stock mixing into account in fisheries management,
particularly when the stocks provide a signification differences in productivity, may lead
to sub-optimal exploitation and ultimately over-fishing of some stock components (Begg
et al., 1999; Heath et al., 2014). Therefore, efficient stock discrimination methods are
needed. Proper identification of population structure is of primary importance for
successful management and conservation of marine fishery resources.
Nowadays, science develops very dramatically, so more and more analytical
techniques have been used to identify fish stocks in marine waters. However, such
methods are expensive and labor intensive, such as molecular genetics and otolith
chemistry, and samples are subject to contamination when collected by field-based
fishery sampling programs (Shepard et al., 2010). Thus, provides an opportunity for
researchers to develop more efficient analytical techniques to identify stock structure,
especially highly migratory species, such as skipjack tuna (Katsuwonus pelamis) which
known as cosmopolitan species and distributed in tropical and sub tropical waters (Arai
et al., 2005).
Among the methods used to identify stocks, the study of the morphological
characteristics of otoliths has been considered an efficient tool for fish stock identification
(Campana & Neilson, 1985). Otolith shape analysis has recently been widely used with
success in stock identification of various marine fish species, including small pelagic fish
such as anchovy (Bacha et al., 2014), Atlantic herring (Burke et al., 2008), and horse
mackerel (Stransky et al., 2008). The aim of this study was to perform otolith-shape

analysis to investigate the population structure of the skipjack tuna, which is still rarely
implemented to assess marine fisheries in Indonesia.
MATERIAL AND METHODS
Sampling and Sample Handling
Skipjack tuna were sampled from four landing ports along southern Java and Nusa
Tenggara during April, August and September 2016, such as Binuangeun, Sadeng, Prigi,
dan Labuhan Lombok (details are summarized in Figure 1 dan Table 1). The sites were
selected in order to cover as much as possible the whole geographical range of the species.
Biological data also collected including fork length (cm, nearest 1 cm), total weight in
gram (nearest 1 gram), sex and maturity visually and histology according to Effendie
(1979) and Davis et al.,(1999). Otoliths, in particular sagittae, were extracted using open
the hatch method (Secor et al., 1992) and collected using fine tweezer, washed and
cleaned in distilled water, and then dried in room temperature. Only the whole and
complete otolith (left and right and no damage) were used in this study.

Figure 1.

Sampling location for skipjack tuna (K. pelamis) otoliths : (1) Binuangeun,
(2) Sadeng, (3) Prigi, dan (4) Labuhan Lombok. The dots were representing
fishing ground where Binuangeun (red), Sadeng (green), Prigi (purple), and
Labuhan Lombok (blue)

Image acquisition and shape analysis
The otoliths photographed with AxioCam 5MP camera connected to Carl Zeiss
Stemi 2000C stereo microscope. The microscope magnification was adjusted to the same
level i.e 6,5 times. The otoliths were placed on a microscope plate on dark background
with the sulcus acusticus facing down (Figure 2a). High contrast images were obtained
using transmitted light, resulting two dimensional objects with a dark background
transformed to grey-scale on *jpg format. Manipulation on contrast and brightness of the
image also implemented using ImageJ and GIMP2 are open source software on
http://rsbweb.nih.gov/ij/ and http://gimp.org/downloads respectively.
Table 1. Data collection of analysed otolith samples of skipjack tuna (K. pelamis) caught
from small-scale tuna fisheries
Location

Gear

Binuangeun (BIN) Handline,
Purse Seine
Sadeng (SAD)
Handline,
Purse Seine
Prigi (PRI)
Handline
Labuhan Lombok Handline
(LOM)

Sampling
time
Apr, Aug,
Sep
Aug, Sep
Sep
Sep

Number
of fish
56

Size
(cmFL)
37,5-58,0

53

34,0-54,0

37
80

35,0-51,0
41,0-63,5

Weight
(gram)

Otolith shape, in terms of outlines of otoliths, was collected from the digital
images (Figure 2a) with functions written in the programme R and using the ShapeR
package (Libungan & Palsson, 2015). Otolith shape measurement consisted from
morphometry data including otolith length (OL), width (OW), perimeter (OP), and Area
(OA) as described as Figure 2b. To remove size-induced bias, otoliths were normalized so
that the otolith area would be equal in all otoliths by dividing the co-ordinates of each
otolith with the square root of the otolith area.

Statistical analysis
Shape differences among populations were evaluated visually by plotting the
average otolith shape for each stock by using means of the reconstructed outlines of the
normalized Wavelet coeffcients. Independent Wavelet shape coeffcients were obtained
by conducting a discrete Wavelet transform on the equally spaced radii using the
wavethresh package in R (Nason, 2012) already included in ShapeR package. To estimate
which areas and coeffcients on the outline contributed most to the difference between
populations, mean shape coeffcients and their standar deviaton were plotted as x and y
coordinate matrix against the angle which representing otolith morphology nomenclature
according

to

http://isis.cmima.csic.es/aforo/oto-glo.jsp

including

Rostrum

(R),

Antirostrum (Ar), Postrostrum (Pr), and Excisura Major (Ej).

Pr
R
Ej
Ar
(a)
Remarks:

(b)

Figure 2a. Ootlith morphology nomenclature: Rostrum (R), Antirostrum (Ar), Postrostrum (Pr), dan Excisura
Major (Ej);
Figure 2b. measurement axes of otolith morphometry: otolith length (O L), otolith width (OW), otolith
perimeter (OP), dan otolith area (OA)

Figure 2.

(a) Otolith position for outline analysis and its morphological nomenclature;
(b) measurement axes for otolith morphometry of skipjack tuna (K. pelamis).
The result of otolith outline extraction using “ShapeR” package shown as the
red line to determine variation within and among populations.

Canonical analysis of principal coordinates (CAP) based on wavelet coeffcients
was used to determine differences between populations (Anderson & Willis, 2003) using
the capscale function in the vegan package in R (Oksanen et al., 2013). An ANOVA-like

permutation test (using 1000 level of permutations) also implemented to assess the
significant difference among populations.
RESULT
Average shape of otoliths differed among the four populations, in particular on
outer outline represented morphology of otolith, such as postrostrum (Pr), rostrum (R),
antirostrum (Ar), and excisura major (Ej). The postrostrum (Pr), are the region
represented at angles from 0 to 45 degree, while rostrum (R) at angles 160 to 200 degree,
the excisura major (Ej) at angles 220 to 230, and antirostrum (Ar) at angles 230 to 250,
show also the variation visually (Figure 3).
Further investigation of the mean shape of otolith shows that at the postrostrum
part, population Labuhan Lombok (LOM) has the longest distance to centroid, while the
others population had relatively same. At the rostrum, population Binuangeun (BIN) and
Prigi (PRI) had the longest and closest to centroid. Then, from the excisura major point
of view, population BIN furthest away from centroid, otherwise LOM has closest to
centroid. Meanwhile, at the Antirostrum (Ar), four populations had relatively same
distance.

Figure 3.

Mean otolith shape based on Wavelet reconstruction integrated with angle in
degrees (o) as unit

The variation also confirmed by the mean of wavelet coefficient plotted on each
coordinates. The wavelet coefficient has the highest at 192 to 204 degree represented the
rostrum part (Figure 4). So, it means rostrum was the most varied among populations.

Figure 4. Mean ± standar deviation of Wavelet coefficient for all combined otoliths
integrated with angle in degrees (o) as unit

Variation on the otolith shape also were examined among populations using
multivariate test the canonical analysis of principal coordinates (CAP). The first
discriminating axis explained 66.1% of the variation between population, meanwhile the
second axis explained 22.9%. According to the first axis, population from BIN different
from the rest, otherwise population SAD, PRI and LOM were close from each other, even
SAD and LOM are overlapped. While examining the differentiation along the second
axis, the population from PRI is different from BIN, SAD, and LOM (Figure 5). Variation
of otolith shape was also performed by ANOVA-like permutation test (n = 1000). It shows
there were not significantly different among populations (P> 0,001) as presented in Table
2.

Figure 5. Canonical score of wavelet coefficients on discriminating axis 1 and 2 for
each skipjack tuna population (K. pelamis)
Table 2.The result of ANOVA-like permutation test of the otolith shape among four
skipjack tuna populations (K. pelamis).
Metode
df
Var
F-value
P
Semua populasi
Model
3
0.06063
2.3247
0.002
Residual
222
1.93007

DISCUSSION
Variation of otolith shape, especially on rostrum, from 4 populations were not
significantly different statistically. It means there was single stock of skipjack tuna
appeared in southern Java and Nusa tenggara waters. Variation of otolith shape impacted
by combination between genetic diversity (Cardinale et al., 2004) and environment factor
(Campana & Casselman, 1993; Campana & Neilson, 1985), while environmental factor
may lead the differentiation such as water temperature and food availability (Vignon,
2012; Cardinale et al., 2004).
Referring to skipjack tuna characteristic as highly migratory species, there was
suspected a movement of the fish following the current movement. Although, this has not
been proven by tagging. Kunarso et al., (2011), reported that oceanographic conditions

and primary productivity characterized by increasing sea surface temperatures and
chlorophyll-a, namely upwelling. Upwelling has evolved in southern Bali in June and
then moves to the west to West Java in October. Eventually, abundance of skipjack is
influenced by increasing chlorophyll-a and sea surface temperature (Mugo et al., 2010;
Setiawan et al., 2013; Setiyawan et al., 2013).
In conclusion, otolith shape can be used as an effective tool for identifying stock
structure. These results mirror some other studies, where otolith shape also proven
effectively for anchovy Engraulis enrasicolus, (Bacha et al., 2014; Zengin et al.,2015),
herring Clupea harengus (Burke et al.,2008; Libungan et al., 2015), horse mackerel
Trachurus trachurus (Stransky, 2008), northern atlantic mackerel Scombrus scombrus
(Turan, 2006), and red snapper Lutjanus johnii (Sadighzadeh et al., 2014). Eventually,
this result can be used as entry point for other analysis to strengthen stock investigation
of skipjack tuna to decide proper harvest strategy for sustainability.
ACKNOWLEDGEMENT
This research is funded by national budget of Research Institute for Tuna Fisheries
(RITF) in 2016. The authors would like to thanks to Dr. Lisa Anne Libungan from
Department of Life and Environmental Science, University of Iceland, Reykjavik, Iceland
who develop “ShapeR” package for R statistical software program and valuable inputs
for paper preparation.
REFERENCES
Anderson, M. J., & Willis, T. J. (2003). Canonical analysis of principal coordinates: a
useful method of constrained ordination for ecology. Ecology, 84, 511–525.
Arai, T., Kotake, A., Kayama, S., Ogura, M., & Watanabe, Y. (2005). Movements and
life history patterns of the skipjack tuna Katsuwonus pelamis in the Western Pacific,
as revealed by otolith Sr:Ca ratios. Journal of the Marine Biological Association of
the
United
Kingdom,
85(5),
1211–1216.
https://doi.org/10.1017/s0025315405012336

Bacha, M., Jemaa, S., Hamitouche, A., Rabhi, K., & Amara, R. (2014). Population
structure of the European anchovy, Engraulis encrasicolus, in the SW Mediterranean
Sea, and the Atlantic Ocean: evidence from otolith shape analysis. ICES Journal of
Marine Science, 110, 2429–2435. https://doi.org/10.1093/icesjms/fsu097
Begg, G. A., Friedland, K. D., & Pearce, J. B. (1999). Stock identification and its role in
stock assessment and fisheries management: an overview. Fisheries Research, 43(1–
3), 1–8. https://doi.org/10.1016/S0165-7836(99)00062-4
Burke, N., Brophy, D., & King, P. A. (2008). Otolith shape analysis: its application for
discriminating between stocks of Irish Sea and Celtic Sea herring (Clupea harengus)
in the Irish Sea. ICES Journal of Marine Science, 65(1670–1675).
https://doi.org/10.1093/icesjms/fsn177
Campana, S. E., & Casselman, J. M. (1993). Stock discrimination using otolith shapeanalysis. Canadian Journal of Fisheries and Aquatic Sciences, 50, 1062–1083.
Campana, S. E., & Neilson, J. D. (1985). Microstructure of fish otoliths. Canadian
Journal of Fisheries and Aquatic Sciences, 42, 1014–1032.
Cardinale, M., Doering-Arjes, P., Kastowsky, M., & Mosegaard, H. (2004). Effects of
sex, stock, and environment on the shape of known-age Atlantic cod (Gadus morhua)
otoliths. Canadian Journal of Fisheries and Aquatic Sciences, 61, 158–167.
https://doi.org/10.1139/f03-151
Davis, T., Farley, J., Bravington, M., & Andamari, R. (1999). Size at first maturity and
recruitment into egg production of Southern bluefin tuna. Final Report Project No.
1996/106. (p. 76). Hobart: CSIRO Marine Research.
Effendie, M. I. (1979). Metoda Biologi Perikanan (p. 112). Bogor: Yayasan Dewi Sri.
Heath, M. R., Culling, Mark, A., Crozier, W. W., Fox, C. J., Gurney, W. S. C.,
Hutchinson, W. F., … Carvalho, G. R. (2014). Combination of genetics and spatial
modelling highlights the sensitivity of cod (Gadus morhua) population diversity in
the North Sea to distributions of fishing. ICES Journal of Marine Science, 71(4),
794–807. https://doi.org/10.1093/icesjms/fst185
Hussy, K., Mosegaard, H., Albertsen, C. M., Nielsen, E. E., Hansen, J. H., & Eero, M.
(2016). Evaluation of otolith shape as a tool for stock discrimination in marine fishes
using Baltic Sea cod as a case study. Fisheries Research, 174, 210–218.
https://doi.org/10.1016/j.fishres.2015.10.010
Kunarso, K., Hadi, S., Ningsih, N. S., & Baskoro, M. S. (2011). Variabilitas suhu dan
klorofil-a di daerah upwelling pada variasi kejadian ENSO dan IOD di perairan
selatan Jawa sampai Timor. Ilmu Kelautan, 16(3), 171–180.
Libungan, L. A., Oskarsson, G. J., Slotte, A., Jacobsen, J. A., & Palsson, S. (2015). Otolith
shape: a population marker for Atlantic herring Clupea harengus. Journal of Fish
Biology, 86, 1377–1395. https://doi.org/10.1111/jfb.12647
Libungan, L. A., & Palsson, S. (2015). ShapeR: An R Package to study otolith shape

variation among fish populations. PLoS
https://doi.org/10.1371/journal.pone.0121102

ONE,

10(3),

e0121102.

Mugo, R., Saitoh, S.-I., Nihira, A., & Kuroyama, T. (2010). Habitat characteristics of
skipjack tuna (Katsuwonus pelamis) in the Western North Pacific: a remote sensing
perspective.
Fisheries
Oceanography,
19(5),
382–396.
https://doi.org/10.1111/j.1365-2419.2010.00552.x
Nason, G. (2012). Wavethresh: Wavelets statistics and transforms, version 4.5. R
package. Available at http://CRAN.R-Project.org/package=wavethresh.
Oksanen, J., Blanchet, F. G., Kindt, R., Legendre, P., Minchin, P. R., O’Hara, R. B., …
Wagner, H. (2013). Vegan: Community Ecology Package, Version 2.0-7. R
Package. Available at http://CRAN.R-Project.org/ Package=vegan/.
Sadighzadeh, Z., Valinassab, T., Vosugi, G., Motallebi, A. A., Fatemi, M. R., Lombarte,
A., & Tuset, V. M. (2014). Use of otolith shape for stock identification of John’s
snapper, Lutjanus johnii (Pisces: Lutjanidae), from the Persian Gulf and the Oman
Sea. Fisheries Research, 155, 59–63. https://doi.org/10.1016/j.fishres.2014.02.024
Secor, D. H., Dean, J. M., & Laban, E. H. (1992). Otolith removal and preparation for
microchemical examination. In Otolith microstructure examination and analysis
(pp. 19–57). Canadian Special Publication of Fisheries and Aquatic Sciences
Volume. 117. Ottawa, Canada: NRC Research Press.
Setiawan, A. N., Dhahiyat, Y., & Purba, N. P. (2013). Variasi sebaran suhu dan klorofila akibat pengaruh Arlindo terhadap distribusi ikan cakalang di Selat Lombok. Depik,
2(2), 58–69.
Setiyawan, A., Haryuni, S. T., & Wijopriono. (2013). Perkembangan hasil tangkapan per
upaya dan pola musim penangkapan ikan cakalang (Katsuwonus pelamis) di
Perairan Prigi, Provinsi JawaTimur. Depik, 2(2), 76–81.
Shepard, K. E., Patterson III, W. F., & De Vries, D. A. (2010). Trends in Atlantic
contribution to mixed-stock king mackerel landings in South Florida inferred from
otolith shape analysis. Marine and Coastal Fisheries, 2(1), 195–204.
https://doi.org/10.1577/C09-014.1
Stransky, C., Murta, A. G., Schlickeisen, J., & Zimmermann, C. (2008). Otolith shape
analysis as a tool for stock separation of horse mackerel ( Trachurus trachurus) in
the Northeast Atlantic and Mediterranean. Fisheries Research, 89, 159–166.
https://doi.org/10.1016/j.fishres.2007.09.017
Turan, C. (2006). The use of otolith shape and chemistry to determine stock structure of
Mediterranean horse mackerel Trachurus mediterraneus (Steindachner). Journal of
Fish Biology, 69, 165–180. https://doi.org/10.1111/j.1095-8649.2006.01266.x
Vignon, M. (2012). Ontogenetic trajectories of otolith shape during shift in habitat use:
interaction between otolith growth and environment. Journal of Experimental
Marine
Biology
and
Ecology,
420,
26–32.
https://doi.org/10.1016/j.jembe.2012.03.021

Zengin, M., Saygin, S., & Polat, N. (2015). Otolith shape analyses and dimensions of the
Anchovy Engraulis encrasicolus L in the Black and Marmara Seas. Sains
Malaysiana, 44(5), 657–662.

