
UC San Diego
Capstone Projects

Title
Characterizing patterns of opah (Lampris spp.) catch-per-unit-effort in the eastern North 
Pacific Ocean

Permalink
https://escholarship.org/uc/item/21s9n6xk

Author
Cooper, Ross

Publication Date
2019-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/21s9n6xk
https://escholarship.org
http://www.cdlib.org/


Characterizing patterns of opah
(Lampris spp.) catch-per-unit-

effort in the eastern 
North Pacific Ocean

Ross Cooper

June 2019

Master of Advanced Studies
 Marine Biodiversity and Conservation

1



Characterizing patterns of opah (Lampris spp.) catch-per-
unit-effort in the eastern North Pacific Ocean

Ross Cooper

Master of Advanced Studies

Marine Biodiversity and Conservation

June 2019

Capstone Advisory Committee

2



Abstract
This project examines opah catch in the North Pacific. The goal is to visually 

characterize temporal and spatial patterns in fishing effort, catch, and aggregate 
nominal catch-per-unit-effort (CPUE) for the Hawaii and California based deep-set 
pelagic longline fishery to see if it is possible to differentiate the spatial distributions
of both opah species known to be in the North Pacific. It should be noted that the 
two species are not differentiated in the data and are recorded simply as generic 
“opah”. To examine patterns, analyses were performed using logbook data from 
1996 to 2018 to summarize catch and effort information into 5O x 5O spatial blocks 
to form a grid across the fishery range. Average annual number of sets, catch, and 
aggregate nominal CPUE were visualized for the entire time series. The fishery has 
expanded significantly over the last 23 years from just around the Hawaiian Islands 
to encompassing most of the ocean between Hawaii and continental North America,
outside the U.S. exclusive economic zone. Opah CPUE is highest in the northeastern
extent of the fishery range, east of 150O W, with catch and CPUE steadily increasing 
from west to east. Prior DNA studies indicate that most smalleye opah (Lampris 
incognitus) are found near the California coastline and most bigeye opah (Lampris 
megalopsis) are found near Hawaii, which suggests that the North Pacific areas with
high opah CPUE are likely dominated by smalleye opah. 

Introduction
Opah (Lampris spp.) are large laterally compressed fish, reaching upwards of 

200 pounds and roughly 5 feet in length and with silver and orange coloration 
(Hawn and Collette 2012). Opah are found in mesopelagic habitats in many tropical 
and temperate marine regions throughout the world (Hyde et al 2014, Underkoffler 
et al 2018). Like other mesopelagic predatory fish, opah undergo vertical migrations
in the water column to feed on deeper prey and return to warmer, shallower waters 
to regulate body temperature (Wegner et al 2015).

Opah have unique adaptations that give them an advantage in cold and deep
environments. Unlike other fish that primarily use their tail fin to swim in the water, 
opah rapidly flap their pectoral fins on the sides of their bodies to generate 
momentum (Wegner et al 2015). This high rate of constant activity produces heat 
which is retained within the opah’s body due to counter-current heat exchangers in 
the gills and insulating tissue (Wegner et al 2015). This heat gets distributed 
throughout the entire body, effectively making opah full-body endothermic, or 
“warm-blooded” fish, which allows them to feed for longer and more effectively in 
colder deep environments without returning to warmer surface waters (Wegner et al
2015). Despite the recent discoveries into their unique endothermic abilities, there 
are still many biological and ecological unknowns surrounding opah. Studying the 
life history and population dynamics of opah are becoming priorities for scientists, 
but deep-water habitats and sparse data availability makes the fish difficult to 
study.
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Fishery Overview
While recreational catch of opah is still relatively uncommon, commercial 

catch in the North Pacific has steadily increased since the 1980’s. Demand for opah 
has historically been fairly low due to low yields of fish meat, but new culinary 
developments have found ways to make use of the myriad of different cuts and 
loins available in each individual fish to increase the yield. Opah landed through 
commercial or recreational fisheries in the eastern North Pacific are all simply listed 
as “Opah” or “Moonfish” (Lampris guttatus). However, fishermen and scientists 
have long suspected that there are multiple species in the region due to 
morphological variations. Recent research showed that there are in fact six 
genetically distinct opah species, with two present in the NE Pacific Ocean: the 
smalleye Pacific opah (L. incognitus) and the bigeye Pacific opah (L. megalopsis). 
(Hyde et al 2014, Underkoffler et al 2018) As the names suggest, the bigeye opah 
has a larger eye-to-head size ratio than the smalleye opah, as well as larger 
pectoral and pelvic fins (Underkoffler et al 2018).

DNA analysis from the study showed initial ranges of each species (Figure 1). 
The majority of bigeye opah were found west of the 150O W meridian near Hawaii, 
and the majority of smalleye opah were found east of 150O W extending to the U.S. 
West Coast (Hyde et al 2014). The 150O W meridian also happens to mark the 
division of management in the North Pacific; the Inter-American Tropical Tuna 
Commission is responsible for management east of the meridian and the Western 
and Central Pacific Fisheries Commission is responsible for management west of the
meridian (NOAA 2019).  Additional research is needed to fill gaps in data collection 
and determine if this pattern changes temporally.

Purpose of Project
Opah caught on a longline is considered a secondary target of fisheries 

targeting either swordfish or tuna. Despite the increase in local landings and their 
common occurrence in markets, opah are not listed in the fisheries management 
plan (FMP). This is likely because there has been no targeted fishery for opah, and 
until recently, the landings to California have been relatively low. Largely because 
they are not listed on the FMP and they are not a primary target of fishery, limited 
research has been conducted on opah spatial and temporal distributions. 

A previous study examined trends of catch-per-unit-effort (CPUE) in the large-
mesh drift gillnet fishery in the US EEZ off California (almost exclusively smalleye 
opah) (Walker 2016). Based on that study, the abundance of opah in California 
waters appears to have been increasing over the past 3 decades (Walker 2016). 
However, the limited extent of the drift gillnet fishery prevented an examination of 
the opah distribution and abundance trends over its entire range. Therefore, 
expanding analysis to other data sources and fisheries will create a more 
comprehensive overview of opah distribution.

The overall objective of this study is to examine the spatial and temporal 
distribution of opah in the central and eastern North Pacific, using the CPUE of the 
pelagic longline fishery as a proxy. This overall objective has multiple parts.  Firstly, 
large-scale differences in the spatial distribution of opah were identified. Based on 
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this, large areas with relatively coherent patterns in opah CPUE were grouped. 
Secondly, the seasonal changes in opah CPUE in these areas were examined and 
compared. Lastly, these areas with coherent CPUE were compared with preliminary 
population genetics studies identifying the distribution of smalleye and bigeye opah 
in the central and eastern North Pacific

Materials / Methods
Data

The data used in this project are logbook data from Hawaii or California-
based pelagic longline fisheries provided by the Pacific Islands Fisheries Science 
Center (PIFSC 2019). This fishery is a federal limited access program and is 
managed by the Western Pacific Fishery Management Council. The pelagic longline 
fishery can be divided into deep-set and shallow-set longline gear. 

Deep-set gear is used to target bigeye tuna (Thunnus obesus) at an average 
depth of 400 meters (Bigelow et al 2006). Deep-set gear has a mainline that spans 
an average of 65 kilometers containing between roughly 750 and 2750 total hooks 
for an average of 1700 total hooks. (Bigelow et al 2006). The mainlines are divided 
into sections between floats with single hooks hanging off individual branch lines, 
and an average of 27 hooks per float (Bigelow et al 2006). The hooks are baited 
with either Pacific saury or sardines and generally set in the morning and hauled in 
the afternoon or evening (Bigelow et al 2006.) The other gear used in the fishery is 
shallow-set gear, used to target swordfish (Xiphias gladius) between 30 and 90 
meters (Bigelow et al 2006). These mainlines span 75 kilometers with between 700 
and 1000 total hooks and 5 hooks per float (Bigelow et al 2006). The hooks are 
baited with mackerel and generally set at night during nocturnal feeding times for 
swordfish (Bigelow et al 2006)

There are currently an estimated 22 vessels using shallow-set gear and an 
estimated 143 vessels using deep-set gear in the North Pacific, and some of these 
vessels land their catch in San Diego (NOAA 2019). Given the larger size of the fleet,
and that it operates closer to the West Coast exclusive economic zone (EEZ), the 
catch from the deep-set fishery will be the main focus of this project.

Since 1990, captains of vessels in the pelagic longline fishery have been 
required to fill out logbooks detailing the catch and effort of each longline set 
deployed by the vessel (50 C.F.R. § 300.20 – 29). Importantly for this study, the 
logbooks include information on the catch (number of opah), date of the set, effort 
(number of hooks), number of hooks per float which impacts fishing depth, set and 
haul times, and the location of the set (longitude and latitude coordinates).  

Two main data filtering steps were required before the logbook data could be 
used for analysis. First, the deep-set longline sets were identified and retained for 
further analysis while the shallow-set longline sets were discarded. Second, sets 
with missing values, errors, or outliers were removed prior to analysis. Deep-set 
longline sets were identified based on the hooks per float, with sets having 19 to 32 
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hooks per float being retained for the second data filtering step. In the second data 
filtering step, longline sets were retained for further analysis based on the number 
of hooks per set (500 to 3500 hooks) and minimum soak time (time from when the 
fishing gear is fully set out to when the hauling process begins, or the duration in 
which the full amount of fishing gear is submerged; 2 to 8 hours)

The full dataset included data from 1990 to 2018, however data from 1990 to
1995 was removed through the filtration process, as it fell outside the selected 
parameters for either hooks per set, hooks per float, or soak time. The final dataset 
used for analysis included data from 1996 to 2018.

Although the full dataset included sets ranging from roughly the equator to 
45O N and from roughly 180O W to 110O W, the fishery is known to operate primarily 
between 10O N to 35O N and between 170O W to 125O W, and thus the data were 
filtered by these spatial parameters. The data was then summarized into 5O x 5O 
spatial blocks to form a grid across the fishery range. Blocks containing less than 3 
vessels in a given time period were removed for confidentiality purposes, and 
blocks containing less than 20 total sets were removed to ensure sufficient sample 
sizes.

Table 1: Number of sets remaining after each filtration stage, and how much of the 
original dataset the filtered data includes.

Original
Dataset

Deep-set
Gear Filter

Hooks and
Spatial
Range
Filters

Soak Time
Filter

Number of
Sets

Included
446,805 368,343 356,395 327,046

Percentage
of Data

Included
100% 82.4% 79.7% 73.2%

Spatial and Temporal Patterns
Total number of sets, catch, and aggregate CPUE (opah caught per 1000 

hooks) were calculated for each month, quarter, and year for each spatial block 
over the entire time series. Aggregate CPUE for each spatial and temporal strata 
was calculated by dividing the total opah catch by the total amount of hooks used 
within a specific spatial and temporal block. 

The 150O W meridian is important, as that meridian serves as the 
approximate boundary between the spatial distributions of smalleye opah and 
bigeye opah populations (east and west, respectively) (Hyde et al 2014). The 
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number of sets, opah catch, and CPUE in these two areas were compared. However,
there was limited fishing and sparse data in areas east of 150O W prior to 2014. 
Therefore, only data from 2014 to 2018 was used for this analysis. 

The monthly and seasonal patterns of opah CPUE in the two areas (east and 
west of 150O W) were compared from 2014 to 2018. Quarters were categorized as 
four tri-monthly periods (January – March, April – June, July – September, and 
October – December) with aggregate monthly CPUE averaged from 2014 to 2018.

Results and Discussion
Table 2: Total number of sets, catch, and average CPUE according to spatial ranges 
(Full extent, west of 150O W (West), or east of 150O W (East)) and temporal blocks 
(1996 – 2018 or 2014 – 2018).

Years Region Total Sets Total Catch
Average

CPUE (per
1000 hooks)

1996 - 2018 Full 313,797 343,702 0.7
1996 - 2018 West 260,835 206,081 0.4
1996 - 2018 East 43,607 135,922 1.6
2014 - 2018 Full 89,372 126,322 1.0
2014 - 2018 West 66,346 44,567 0.3
2014 - 2018 East 23,026 81,755 1.9

Fishery Distribution
The pelagic longline fishery expanded from just surrounding the Hawaiian 

Islands in the mid 1990’s to encompassing most of the North Pacific between Hawaii
and continental North America outside of the US EEZ by the late 2010’s (Figure 2). 
The majority of effort is still located around Hawaii, with areas west of 150O W 
accounting for 83% of the total sets from 1996 – 2018 (260,835 out of 313,797 sets)
and 74% of the total sets from 2014 – 2018 (66,346 out of 89,372 sets) (Table 2). 

Despite significantly less effort in areas east of 150O W, the catch of opah was
much higher in this region. From 2014 – 2018, areas east of 150O W landed 65% of 
the total amount of opah caught (81,755 out of 126,322 landings) whereas areas 
west of 150O W landed 35% (44,567 out of 126,322 landings); areas east of 150O W 
had double the landings with only one third of the effort compared with areas west 
of 150O W (Table 2). 

CPUE
From 2014 onwards, CPUE is notably higher east of 150O W (Figure 3). In 

areas west of 150O W, CPUE ranges between 0 and 1 opah per 1000 hooks, with an 
average of 0.3 opah per 1000 hooks (Table 2, Figure 3). In areas east of 150O W, 
CPUE ranges between 1 and 8 opah per 1000 hooks, with an average of 1.9 opah 
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per 1000 hooks (Table 2, Figure 3). The full dataset also confirms this geographical 
disparity, as catch and CPUE steadily increased as the fishery moved from west to 
east throughout the entire 1996 – 2018 time period (Figure 2). While data east of 
150O W from 1996 – 2014 is sparse and not used for primary analyses, CPUE from 
east of 150O W is higher than areas west of 150O W and shows similar patterns 
compared with data from 2014 – 2018 (Table 2). It is notable that there is not a 
bimodal pattern with a regional peak in the bigeye opah dominated area, but 
appears to be more of a gradient increasing eastward.

Seasonality
In the area west of 150O W, CPUE is highest in quarters 2 and 3, and lower in 

quarters 1 and 4, though notably lower than the area east of 150O W in all quarters 
(Figures 4 & 5). The spatial distribution of the fishery in the area west of 150O W is 
nearly identical in all four quarters (Figure 5). While the area east of 150O W 
appears to have highest opah CPUE in quarters 3 and 4, the shape and range of the 
fishery fluctuates each quarter, which limits interpretations of the data.

The opah CPUE of the area west of 150O W shows a clear seasonal pattern, 
with peak CPUE from roughly June through October (Figure 6). In contrast, the CPUE 
of the area east of 150O W appears higher but more variable. This variability is likely
due to a smaller sample size (i.e., less effort) in this area and the changing spatial 
range of this fishery over time. Peak landings for bigeye tuna on pelagic longlines 
are from October through April, so the opah CPUE peaks in the western region may 
be related to the tuna “off-season” (Hawaii Seafood 2015). More work is needed to 
determine if there is a consistent seasonal pattern east of 150O W and whether the 
pattern west of 150O W is associated with fisher behavior or natural patterns.

Conclusion
This project provides an initial view into the patterns of catch of opah across 

the North Pacific in the deep-set longline fisheries. In the Hawaiian and California 
based deep-set pelagic longline fisheries, overall opah CPUE is highest in the 
northeast extent of the fishery range east of 150O W. Since the data used in this 
paper does not indicate the species and there are no obvious bimodal patterns, we 
cannot make definitive statements on species-specific distributions or CPUE. 
However, when used in conjunction with previous studies showing increasing opah 
CPUE near the CA coastline and DNA analyses showing initial species range 
estimates, this paper shows that opah CPUE appears to be higher in areas 
associated with higher proportions of smalleye opah (Walker 2016, Hyde et al 2014,
Underkoffler et al 2018). This suggests that smalleye opah may be more abundant 
relative to bigeye opah in the sampled area. 

One caveat is that this assumes vulnerability and availability to deep-set 
pelagic longline gear is the same for both species, as bigeye opah are expected to 
live in generally deeper environments (Underkoffler et al 2018). However, it is 
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currently unclear if this assumption is valid. Fishery dependent data limits 
interpretations on whether fishery or biological factors are influencing the results, 
but initial emerging patterns provide useful information. 

There are a number of ways to expand this research to address additional 
questions about the fishery, as well as temporal and spatial patterns in opah 
distribution. In the future, it would be important to understand how environmental 
conditions influence opah distribution in the North Pacific. Previous studies have 
shown that environmental factors, including temperature, salinity, and chlorophyll 
content can influence the distribution, foraging grounds, and spawning grounds of 
other large pelagic teleosts (Bigelow et al 2002, Chen et al 2004, Druon 2010, 
Zagaglia et al 2004). A similar analysis on the spatial and temporal patterns of opah
CPUE from the shallow-set gear will also be useful.

While there is still much to be done in order to conduct formal opah stock 
assessments, this project suggests spatial and temporal patterns that can 
contribute to subsequent research. If opah demand and landings continue to 
increase, it is critical to include them in the PFMC FMP to properly manage their 
fishery which cannot be done until we better understand their populations and 
distributions in the North Pacific.
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Figure 1: Preliminary spatial visualizations of bigeye opah (L. megalopsis) and 
smalleye opah (L. incognitus) distributions based on DNA samples from opah 
caught in the North Pacific. Pie charts represent species proportions in 5O x 5O 
blocks. Adopted from Hyde et al 2014, Figure 1.
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Figure 2: Average annual aggregate CPUE, opah catch, and number of sets for each 
5O x 5O spatial block from 1996 to 2018. Blocks with less than 3 vessels were 
removed for confidentiality purposes.
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Figure 3: Average annual number of sets, opah catch, and aggregate nominal CPUE 
for each 5O x 5O spatial block from 2014 to 2018. Blocks with less than 3 vessels 
were removed for confidentiality purposes. 

13



Figure 4: Quarterly aggregate nominal CPUE patterns east of 150W for each 5O x 5O 
spatial block from 2014 to 2018. Blocks with less than 3 vessels were removed for 
confidentiality purposes.
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Figure 5: Quarterly aggregate nominal CPUE patterns west of 150W for each 5O x 5O 
spatial block from 2014 to 2018. Blocks with less than 3 vessels were removed for 
confidentiality purposes.

15

Q1 Q2

Q3 Q4



Figure 6: Monthly aggregate CPUE of all spatial blocks east of 150O W versus all 
blocks west of 150O W from 2014 to 2018.
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