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Estimated growth rate based on otolith data
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Schaefer and Fuller (2006): 𝐿𝐿∞ = 400.3, 𝐾𝐾 = 0.108, 𝑡𝑡0 = −0.398

𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0



Estimated growth rate based on otolith data

𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0
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Schaefer and Fuller (2006): 𝐿𝐿∞ = 400.3, 𝐾𝐾 = 0.108, 𝑡𝑡0 = −0.398
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Tagging data for EPO bigeye: release and recapture

463 recaptured bigeye were released at ~95W
586 recaptured bigeye were released at ~140W



Tagging data for EPO bigeye

The von Bertalanffy growth curve: 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐿𝐿∞ − 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟

Fish
Number

Release
Date

Release
Length

Recapture
Date

Recapture
Length

363 5/6/2000 112 8/4/2000 120
425 5/7/2000 106 7/11/2000 107
455 5/8/2000 106 9/13/2000 115
917 5/12/2000 114 7/13/2001 137

1412 4/15/2000 102 7/1/2001 135

n=1049

Schaefer and Fuller (2006)



Tagging data for EPO bigeye

The von Bertalanffy growth curve: 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐿𝐿∞ − 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟

Fish
Number

Release
Date

Release
Length

Recapture
Date

Recapture
Length

Adjusted Recapture
Length

363 5/6/2000 112 8/4/2000 120 122.32
425 5/7/2000 106 7/11/2000 107 109.09
455 5/8/2000 106 9/13/2000 115 117.23
917 5/12/2000 114 7/13/2001 137 139.63

1412 4/15/2000 102 7/1/2001 135 137.60

n=1049

we used the adjusted length
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Growth rate based on tagging data at 95W AND 140W

The von Bertalanffy growth curve: 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐿𝐿∞ − 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟

where 𝐿𝐿∞ = 208.8 and 𝐾𝐾 = 0.313

Bigeye were tagged at 95W and 140W

Not flexible enough!



Growth rate based on tagging data at 95W AND 140W

The von Bertalanffy growth curve: 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐿𝐿∞ − 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟

where 𝐿𝐿∞ = 208.8 and 𝐾𝐾 = 0.313

Bigeye were tagged at 95W and 140W
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Growth rate based on tagging data at 95W OR 140W

The von Bertalanffy growth curve: 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐿𝐿∞ − 𝐿𝐿𝑟𝑟𝑟𝑟𝑟𝑟 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟−𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟

95W: 𝐿𝐿∞ = 210.1 and 𝐾𝐾 = 0.315; 140W: 𝐿𝐿∞ = 179.3 and 𝐾𝐾 = 0.413
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Growth rate based on tagging data at 95W AND 140W

von Bertalanffy: 𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0 , where 𝐿𝐿∞ = 208.8 and 𝐾𝐾 = 0.313
Richards: 𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0 /𝑝𝑝

𝑝𝑝
, where 𝐿𝐿∞ = 201.9, 𝐾𝐾 = 0.387, and 𝑝𝑝 = 1.49

Richards-2 (up-weight >150cm fish by 25X): 𝐿𝐿∞ = 197.8, 𝐾𝐾 = 0.498, and 𝑝𝑝 = 7.04

No obvious reduction 
in the residual pattern
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Comparison of estimated growth rate

Otolith-VB: 𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0 ; 𝐿𝐿∞ = 400.3 and 𝐾𝐾 = 0.108
Tagging-VB: 𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0 ; 𝐿𝐿∞ = 208.8 and 𝐾𝐾 = 0.313
Tagging-Richards: 𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0 /𝑝𝑝

𝑝𝑝
; 𝐿𝐿∞ = 201.9, 𝐾𝐾 = 0.387, and 𝑝𝑝 = 1.49
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(VB) fitted to tagging or 
otolith data suggests 
different growth rates



Only fit to bigeye samples with length < 150 cm 

𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0

• Otolith:
𝐿𝐿∞ = 400.3 and 𝐾𝐾 = 0.108

• Tagging (95W):
𝐿𝐿∞ = 304.5 and 𝐾𝐾 = 0.167

• Tagging (140W):
𝐿𝐿∞ = 179.3 and 𝐾𝐾 = 0.413
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Only fit to bigeye samples with length < 150 cm 
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Schaefer and Fuller (2006) 

Bigeye tagged at 95W and 140W 
may have different growth patterns

Otolith sample locations



Only fit to bigeye samples with length < 150 cm 
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Bigeye tagged at 95W and 140W may 
have different growth patterns



Silva et al. (2015): integrating the two data sources



An improved growth model for EPO bigeye

• The growth cessation model 
(Maunder et al. 2018): “A 
linear relationship between 
length and age followed by a 
near cessation in growth, 
typically after the onset of 
sexual maturity.”

• The growth cessation model fits 
data best.



Summary

• Minor residual pattern in fit to the otolith-based length-at-
age data

• Notable residual pattern in fit to the tagging data
• Length-at-age data and tagging data suggest similar growth 

rates for 95W-released bigeye (consistent with Schaefer and 
Fuller 2006)

• Tagging data suggest a spatial pattern in growth: larger 𝐾𝐾
and probably smaller 𝐿𝐿∞ at 140W in comparison to 95W

• 𝐿𝐿∞ is informed by samples released only at 95W



Thank you!



Daily increment counts from EPO bigeye otolith

Otolith daily increments (see Schaefer and Fuller (2016))

fluorescent 
mark at release

Schaefer and Fuller (2006)



Daily increment counts from EPO bigeye otolith

• Bigeye (38cm-135cm) produce 
one otolith increment per day.

• If the deposition rate holds for 
other lengths, the increment 
count is a observation of 
absolute age (in days)

• Counting increment is difficult 
after age 4 yrs (150cm)

Schaefer and Fuller (2016)



Length-at-age data for EPO bigeye

• Length-at-age data based on 
daily increment counts

• The von Bertalanffy growth 
curve fits best to this data   
𝐿𝐿𝑡𝑡 = 𝐿𝐿∞ 1 − 𝑒𝑒−𝐾𝐾 𝑡𝑡−𝑡𝑡0

• Growth rates of the two sexes 
are not significantly different Schaefer and Fuller (2016)



Residuals for 140W tagging data



Hampton et al. 2018 (CAPAM spatial workshop)
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