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Muths et al. (2013) Multi-Genetic Marker Approach and Spatio-Temporal Analysis Suggest 
There Is a Single Panmictic Population of Swordfish Xiphias gladius in the Indian Ocean. PLoS ONE 

Swordfish is a highly migratory oceanic species, currently fully 
exploited by several commercial fisheries in the Indian Ocean. 
The levels of catches in the whole Indian Ocean for 2007–2011 are 

25 461 tons by year.

AA recent study on population genetics using multi-genetic marker 
approach and spatio-temporal analysis suggested there is a single 
panmictic population (i.e. a single stock) of swordfish in the Indian 

Ocean (Muths et al. 2013). 
This study also concluded in the need of using other stock discrimi-
nation approaches to unravel the real stock structure of this species. 
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Mean otolith outline shapes rebuilt from Elliptical Fou-
rier Descriptors (EFDs) of the first 43 harmonics 

showing the overlap and variations between right (dark 
grey dash line) and left (grey solid line) otolith. 

Number of swordfish otolith samples by year, sex (Male, Fe-
melle, Other : no identication of sex) and sampling area.  

Classification matrix of the hierarchical clustering on princi-
pal components for mature swordfish.  

Jackknifed correct classification matrix of the linear function discriminant ana-
lysis for mature swordfish (N=395) between sampling areas based on the first 
normalized 43 harmonics. The percentages in each row represent the classifica-
tion into the sampling area given in columns (correct classification in grey 

square).

Results of RDA : 
variables effect on the otolith shape.

*Only sampling area effect was signi-
ficant (p<0.05)

* The overall jackknife classification 
success was 30%

* Wilks’λ = 0.017; F=1.255; p=0.001
* misclassification explained by all 

sampling areas 

* No geographical sub-structures are distinguisha-
ble in the Indian Ocean swordfish stock.

* Otolith shape approach corroborates genetic ap-
proach on the same dataset.

* Shape otolith study to analyse the 
spatial structure of swordfish among 
Atlantic-Indian-Pacific oceans.

* Among the 99 Fourier harmonics extracted, the first 43 harmonics explained 99.99% of the 
otolith variation. Principal Components Analysis (PCA) was applied to EFDs of otolith contours. 

* The RDA followed permutation test  : 
Otolith shape ~Total fish length (TL)+Sex+Sampling year+Sampling area 

* Linear Discriminant Analysis (LDA) 
jackknife cross-validation +Wilk’s lambda criteria were calculated 
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The dots with sample names 
represent individuals (N=395).

This analysis used 
Ward's hierarchical 
algorithm based on 
the Euclidean dis-
tances performed on 
the matrix of EFDs. 

The hierarchical 
clustering analysis
had identified 3 
clusters.  

This analysis discriminated 3 different 
groups.

However each group was composed by some 
individual samples from all geographical 

areas.
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Map of location of swordfish samples collected between 
2009 and 2014 in the Indian Ocean. Each number corres-

ponds to sampling area (to see table below). 
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-> Only mature fish ranging from 71 
to 164 cm total length (mean 117.5 
cm)were included in this study.

-> 395 swordfish from South Africa to -> 395 swordfish from South Africa to 
Thailand were collected from 2009 
to 2014 by onboard observers on 
commercial fishing vessels or at lan-
ding.

-> Sagittal otoliths were extracted. 

TNPC software
www.tnpc.fr

Sagittal otolith.

* Images of the whole otoliths were scanned  auto-
matically under reflected light using the image analy-
sis system TNPC
* For each otolith, the first 99 elliptical Fourier harmo-
nics (Hi) were extracted and normalised with respect 
to the first harmonic using the TNPC software 
* To determine the number of harmonics required to 
reconstruct the otolith shape, the Fourier Power (FP) 
was calculated for each individual otolith as a 
measure of the amount of contour rebuilt by each 
harmonic:

AHI, BHI, CHI and DHI are the parameters of the HIth harmonic and nk is the total number 
of harmonics included. 

  

N=91

In order to compare left and right otolith shapes, a 
mirror image of left otoliths was used.

Side effect was tested by Redundancy analysis 
(RDA) combined to permutation tests on 91 indivi-
dual samples and showed no significant differences 
in the outline shape between the right and left oto-

liths.


