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Introduction
The Canadian troll fishery on juvenile albacore tuna primarily takes place in the
Canadian and U.S. exclusive economic zones (EEZs), and adjacent high seas waters, in JulySept. Annual abundances of these albacore tuna appear to be rather variable, as suggested by
variations in Catch-per-unit-effort (CPUE) (Fig. 1). The objective of this working paper is to
examine if the two climatic indices, the North Pacific Gyre Oscillation (NPGO) and the Pacific
Decadal Oscillation (PDO), may have any impacts on the variations in these juvenile albacore
abundances. The NPGO and the PDO were chosen, as they appear to combine to control lowfrequency upwelling and alongshore transport dynamics in the North Pacific sector (Di Lorenzo
et al. 2013). In addition, the role of water temperature as measured by Canadian albacore fishing
vessels was also investigated.
Material and Methods
Catch data from the Canadian albacore fishery in years of 1995-2016 were used in the
study. CPUEs were calculated by dividing total annual catch in metric tons by total number of
fishing days by all Canadian fishing vessels in the Canadian EEZ or US EEZ. A multiple linear
model was applied on log-transformed CPUE values:

log CPUE y = a + b 1´ NPGOy -t + b 2 ´ PDOy -t + b 3 ´ Ty + e
where NPGO and PDO are, respectively, annual means of NPGO and PDO indices, T is the
mean of water temperatures taken by Canadian albacore fishing vessels in July-September, a ,
b 1, b 2 , and b 3 are model parameters, e is a random variate from a normal probability
distribution: e ~ N (0, s 2 ) , the subscript y denotes year and t indicates the number of years (0-5
years) in a time lag. Significance level was set to be 0.05.
Results and Discussion
There were no significant correlations between log CPUE and the NPGO with 0-2 years
in a time lag in the Canadian EEZ (Figs. 2) or 0-3 years in a time lag in the US EEZ (Figs. 3).
However, the correlations were positive and significant with 3-5 years in a time lag in the
Canadian EEZ or 4-5 years in a time lag in the US EEZ (Figs. 4). The NPGO closely reflected
inter-annual variations in salinity, nutrient upwelling, and surface chlorophyll a in the ocean (Di
Lorenzo et al., 2008). As a result, the NPGO may have a positive influence on the survival of
young-of-the-year and one-year-old albacore, which is in turn reflected in the abundance of 2-4
year old juvenile albacore migrating into the Canadian and US EEZs.
There were no significant relationships between log CPUE and the PDO with 0-5 years
in a time lag in the Canadian or US EEZ, although the correlations appeared to be negative for 25 years in a time lag (Figs. 4, 5). No significant relationships between log CPUE and water
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temperatures measured by the albacore fishing vessels (Fig. 6). Estimates of the model
parameters together with 95% confidence intervals are presented in Tables 1 and 2.
Annual means of the NPGO indices started to continuously decrease in 2013, and annual
means of the PDO indices have shown an increasing trend since 2012 (Fig. 7). Coincidentally,
the CPUE in the Canadian EEZ dropped in 2016 relative to high CPUE values in 2013-2015,
and fell in 2017 to the lowest observed level since 1995 (Fig. 1). Similarly, the CPUE in the US
EEZ also dropped in 2016 relative to CPUEs in the previous three years, and further decreased
in 2017 (Fig. 1). The study may highlight the importance of considering environmental factors in
the Management Strategy Evaluation.
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Table 1. Estimates of parameters of the multiple linear model on log-transformed catch-per-uniteffort values in the Canadian EEZ.
Number of Years
in a Time Lag

Parameter Mean 95% Confidence
Interval

0 Year

α

-0.30

-10.78, 10.18

β1

0.04

-0.27, 0.36

β2

0.03

-0.45, 0.51

β3

-0.03

-0.68, 0.62

α

-2.16

-10.61, 6.3

β1

0.12

-0.15, 0.39

β2

-0.06

-0.47, 0.34

β3

0.08

-0.44, 0.61

α

-2.08

-8.56, 4.41

β1

0.18

-0.04, 0.41

β2

-0.13

-0.46, 0.2

β3

0.08

-0.32, 0.48

α

1.83

-3.90, 7.56

β1

0.30

0.09, 0.50

β2

0.03

-0.27, 0.33

β3

-0.17

-0.52, 0.19

α

1.76

-4.12, 7.64

β1

0.29

0.09, 0.49

β2

0.03

-0.27, 0.33

β3

-0.16

-0.53, 0.2

α

2.83

-3.1, 8.76

β1

0.34

0.14, 0.53

β2

0.12

-0.18, 0.42

β3

-0.23

-0.59, 0.14

1 Year

2 Years

3 Years

4 Years

5 Year
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Table 2. Estimates of parameters of the multiple linear model on log-transformed catch-per-uniteffort values in the US EEZ.
Number of Years
in a Time Lag

Parameter

0 Year

α
β1
β2
β3
α
β1
β2
β3
α
β1
β2
β3
α
β1
β2
β3
α
β1
β2
β3
α
β1
β2
β3

1 Year

2 Years

3 Years

4 Years

5 Year

.

Mean

95% Confidence
Interval

-3.79 -11.7, 4.12
0.08 -0.21, 0.38
-0.05 -0.44, 0.35
0.20 -0.27, 0.66
-2.74 -9.17, 3.68
0.16 -0.1, 0.41
0.04 -0.33, 0.4
0.13 -0.24, 0.51
-2.78 -7.82, 2.27
0.11 -0.1, 0.31
-0.21 -0.5, 0.08
0.14 -0.16, 0.43
0.95 -4.51, 6.41
0.15 -0.06, 0.36
-0.15 -0.47, 0.17
-0.08 -0.4, 0.24
0.81 -5.04, 6.65
0.22 0.01, 0.42
-0.01 -0.35, 0.33
-0.07 -0.42, 0.27
0.29 -5.38, 5.96
0.27 0.07, 0.48
0.15 -0.16, 0.47
-0.04 -0.38, 0.29
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Fig. 1. Catch-per-unit-effort (CPUE) of juvenile north Pacific albacore tuna captured by Canadian
harvesters in the Canadian or US EEZ over the years of 1995-2017.
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Fig. 2. Correlation between log-transformed catch-per-unit-effort (logCPUE) of juvenile north Pacific
albacore tuna captured by Canadian harvesters in the Canadian EEZ and annual means of the North
Pacific Gyre Oscillation indices (NPGO) with 0-5 years in a time lag.
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Fig. 3. Correlation between log-transformed catch-per-unit-effort (logCPUE) of juvenile north Pacific
albacore tuna captured by Canadian harvesters in the US EEZ and annual means of the North Pacific
Gyre Oscillation indices (NPGO) with 0-5 years in a time lag.
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Fig. 4. Correlation between log-transformed catch-per-unit-effort (logCPUE) of juvenile north Pacific
albacore tuna captured by Canadian harvesters in the Canadian EEZ and annual means of the Pacific
Decadal Oscillation indices (PDO) with 0-5 years in a time lag.
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Fig. 5. Correlation between log-transformed catch-per-unit-effort (logCPUE) of juvenile north Pacific
albacore tuna captured by Canadian harvesters in the US EEZ and annual means of the Pacific Decadal
Oscillation indices (PDO) with 0-5 years in a time lag.
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Fig. 6. Correlation between log-transformed catch-per-unit-effort (logCPUE) of juvenile north Pacific
albacore tuna captured by Canadian harvesters in the Canadian and US EEZ and means of water
temperature in July-Sept. taken by the fishing vessels.
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Fig. 7. Variations in annual means of the North Pacific Gyre Oscillation (NPGO) and the Pacific Decadal
Oscillation (PDO) indices between 1990 and 2016.
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