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Executive Summary 
 

On April 29, 2019, National Marine Fisheries Service (NMFS) issued two longline 

Exempted Fishing Permits (EFP) to the fishing vessel owners and operators, for whom we write 

this report. F/V Southern Horizon began fishing on September 4, 2019, and F/V Pacific Horizon 

on October 14, 2019. Both boats continued fishing until pausing on December 11, 2019, 

anticipating the January increase in swordfish (SW) availability off southern California, when we 

intended to resume longline fishing. The EFPs were granted for two years and allowed for a 

large number of sets for statistical relevance; however, a court ruling issued on December 20, 

2019, vacated the permits, stopped further EFP fishing, and prevented us from completing the 

two-year EFP. This court order addressed the potential take of a sea turtle.  

During three months of fishing, we completed eight trips with a total of 79 sets (59 

shallow, 20 deep) fishing 87,292 hooks. The EFP vessels fished in 37 one-degree latitude by 

one-degree longitudes representing over 169 thousand km2 (49 thousand nautical-miles2) outside 

50 miles of the coastline but within the US-exclusive economic zone (EEZ). We started fishing 

to the south and then moved northward off San Francisco to encounter more SW; our last trip 

ended on December 11, 2019. 

                                                                 

1 Senior Marine Biologist Supervisor, California Fish and Game (Ret.) 

2 Senior Scientist Emeritus, IATTC 
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For the analysis, we divided catch into three categories: target – one (or more) species 

that are intended to be caught; incidental catch – species that are not targeted but which we kept 

for market; and bycatch – species that were discarded or kept for personal use. 

We identified 28 species of fish in the catch. The EFP target species was SW, of which 

we caught 661 (634 kept, 24 released alive, 3 discarded dead). Incidental catches included 1,033 

shortfin mako sharks (379 kept, 615 released alive, 39 discarded dead); 5,227 blue sharks (525 

kept, 4,615 released alive, 87 discarded dead); 45 albacore (40 kept, 1 released alive, 4 discarded 

dead); bigeye tuna (20 kept, none released or discarded); and a combined total of six yellowfin 

and skipjack tuna (6 kept, none released or discarded). Our bycatch was 255 fish, of which 52 

were released alive, 21 kept for personal use, and 70 were discarded dead. 

NMFS trained and approved onboard observers monitored all fishing activities. We 

followed seabird and sea turtle mitigation techniques practiced in the Hawaiian longline fishery. 

We did not catch any birds, sea turtles, or marlin, but did catch two California sea lions. 

Although we only fished three months, results suggest a possible fishing method (longline) 

utilizing west-coast EEZ SW, tuna, and shark resources with reduced bycatch compared to drift 

gillnet (DGN) fishing. 
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Background 
 

A longline is a heavy fishing line often as long as 100 kilometers (60 miles), supported 

by buoys floating at or near the surface. The depth at which a longline fishes depends on the sag 

of the mainline between floats, the length of lines attaching the mainline to the floats, and the 

length of lines (ganion/extender) attaching the hooks to the longline.  

The SW stock in the northeast Pacific Ocean (NEPO), which includes the stock in the 

Exclusive Economic Zone (EEZ) of the United States (US), is harvested by high-seas longline 

fisheries of Japan and Taiwan, as well as by US-flagged vessels operating out of Hawaii. The 

results of assessments (ISC 2019, IATTC 2019) of this SW stock are consistent. The SW stock 

targeted by the EFP and in the US-EEZ is not overfished, it is not being overfished, nor are these 

conditions likely to occur3. Two principal incidental catch species we encountered were blue 

(BSH, Prionace glauca) and shortfin mako (SMA, Isurus oxyrinchus) sharks. These stocks also 

are not overfished, and overfishing is not occurring4 (ISC 2019).  

The 2004 Highly Migratory Species Fishery Management Plan allowed swordfish DGN 

fishing under partial federal management within the west-coast EEZ off California, but 

prohibited pelagic longline gear within this region due to bycatch concerns (i.e., mitigation 

measures employed today in U.S. longlining elsewhere were not proposed in the plan). Despite a 

healthy west-coast SW stock, managers imposed restrictive time and area fishing regulations on 

DGN targeting highly migratory species (HMS). They promulgated these regulations to reduce 

the take of thresher shark, marine mammals, and sea turtles. The regulations had the additional 

impact of significantly reducing the harvest of SW due to lack of harvest opportunity when they 

are available to the fishery. As a result, levels of SW catch often do not meet local market 

demand, and markets import SW from various countries. 

When US domestic seafood supply doesn't meet domestic seafood demand, US markets 

import foreign-caught seafood to meet that demand. Many foreign fisheries do not practice 

conservation standards required of US fisheries, resulting in a net loss of marine resources 

                                                                 

3 https://www.pcouncil.org/status-of-hms-stocks/ 

4 https://docs.google.com/spreadsheets/u/1/d/e/2PACX-

1vRFKwwmh09vHj4fYN9V2GasUYruNkatQ7GaJrYFO9zleAbzialH1jOGMln0E80ixkfC7lBdqR8190gF/pubhtml 

https://www.pcouncil.org/status-of-hms-stocks/
https://docs.google.com/spreadsheets/u/1/d/e/2PACX-1vRFKwwmh09vHj4fYN9V2GasUYruNkatQ7GaJrYFO9zleAbzialH1jOGMln0E80ixkfC7lBdqR8190gF/pubhtml
https://docs.google.com/spreadsheets/u/1/d/e/2PACX-1vRFKwwmh09vHj4fYN9V2GasUYruNkatQ7GaJrYFO9zleAbzialH1jOGMln0E80ixkfC7lBdqR8190gF/pubhtml
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worldwide. This principle is known as the "transfer effect" and is well quantified and 

documented (Helvey et al. 2017, Mukherjee 2015, Rausser et al. 2008). 

In September 2014, the Pacific Fishery Management Council (PFMC) called for 

Exempted Fishing Permit (EFP) proposals to test alternative fishing gears to catch SW. The 

objectives were to evaluate fishing methods that could lead to a fleet of commercial vessels 

sustainably fishing highly migratory species, while significantly reducing the incidental catch of 

non-target and protected species in the contemporary DGN fishery.  

We submitted an EFP proposal to PFMC that called for the evaluation of both deep- and 

shallow-set longline gear within the west coast EEZ, but outside 50 miles of shore. We included 

shallow- and deep-sets to compare catch of SW in the EFP region using traditional SW fishing 

gear and the deeper-fishing gear used to target large bigeye tuna (BET). The council 

recommended NMFS issue an EFP to test longline fishing in the U.S. EEZ under a suite of 

bycatch mitigation measures. NMFS issued the EFPs on April 29, 2019, adding many terms and 

conditions for the fishing operations (see Appendix I). 

Behavior, environmental preferences, and the physiology of swordfish, and some billfish, 

tuna, and shark species allow the fish to inhabit various depths and water temperatures during 

day and night. SW have large eyes and brain heating circulation, which enables them to spend 

time at depth in cold water searching for prey (Fritsches et al. 2005). SW generally make diurnal 

movements, sounding to several hundred meters just before or at sunrise and rise again at or 

shortly after sunset. In most regions that they inhabit, there is a significant difference in water 

temperature between the colder depths at which they spend the day feeding (~4-6C [~39-

43F]) and the much warmer surface mixed layer, where at night they bask and digest food 

(Takahashi et al. 2003; Sepulveda et al. 2010). In a few regions of the world oceans, the 

difference in temperature of feeding and surface waters is too small to allow complete digestion 

during the night-hours. It is in these regions that SW at the surface during daylight hours are 

most vulnerable to daytime harpoon fisheries (Coan et al. 1998). 

For decades the longline fisheries in the Pacific targeted tuna with shallow sets during 

daylight hours when tuna are actively feeding in the mixed layer. SW catches made with this 

gear would be considered an incidental catch. In the mid- to late-1970s Japanese longline 

fisheries developed deep-set longline gear to target large valuable bigeye tuna, which due to 
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body-heating organs, can inhabit deeper, colder waters well below the warmer, shallower surface 

waters. Deep-set longlines have fewer floats and more hooks-between-floats on the mainline 

than do shallow sets, and the use of line shooters for deep sets assists in placing the mainline and 

hooks deeper in the water column than would gear configuration alone. 

A portion of the Japanese fishery has targeted SW with deep sets during daylight hours 

(Hinton and Maunder 2011) in regions of the eastern Pacific Ocean (EPO) where there were 

conducive oceanographic conditions and SW distributions. However, this portion of the fisheries 

remained small in scope and had relatively low catch rates compared to other fisheries for SW. 

The principal longline fishing technique for swordfish remains shallow-set gear fished at night, 

and that is the typical fishing method used in US swordfish fisheries. Since shallow-sets fish at 

night, fishermen also take advantage of the diving patterns of SW. Fishermen deploy hooks in 

the upper-mixed layer during night hours and also take advantage of SW vision by utilizing 

fluorescent light sticks attached to gangion/extender lines along the mainline to attract SW and 

increase encounter rates.  

In most fisheries, market value, along with hold capacity, determines catch retention 

decisions. Fishermen also base retention on other factors, e.g., fuel load, total and available well 

capacity, the estimated value of catch to date, distance from port, and time at sea (Sun et al. 

2016). The skipper's decision whether to retain fish will also depend on their judgment of 

maximum net return; as a result, the skipper may keep species readily available even if market 

prices are lower than those of the target species. 
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Data, Results, and Analyses 
 

General Information and Data Sources 
The F/V Pacific Horizon and the F/V Southern Horizon conducted all fishing operations. 

Each trip carried NOAA trained and approved scientific observers.5 They were responsible for 

recording the information needed to accomplish this EFP, including date, time, and location of 

all fishing events, following procedures outlined in the Hawaii longline observer field manual 

(NMFS 2017). They also recorded details on the vessel and gear characteristics, including vessel 

well capacity, the number of hooks and floats used during a set, catch and disposition of catch, 

and all interactions with protected species. Data also included fish condition at retrieval: alive or 

dead; and disposition: kept, released alive, or discarded dead. For our analysis, in cases of 

missing disposition data, we assumed fish released alive were living at retrieval, and we 

considered those with no disposition information to be dead discards. Though there were 

occasional missing data in a number of the data fields, we used all records with complete data for 

specific analyses in our study. 

We compiled landings data from sales records (fish tickets) for each trip; however, sales 

record formats were inconsistent. The vast majority of landings had no condition indicated, and 

in those cases, we assumed that buyers purchased all fish for the same price. Records showed 

variations in price across date landed. On most records, the price paid for landings, particularly 

those of SW varied by condition and by categories of fish size. This variation held for some 

landings of tuna and sharks. We computed price-per-pound by species for each landing receipt as 

the weighted-average price. 

 

Protected species 
These EFP operations had little to no impact on sea birds, turtles, or marlins. We either 

encountered none or, if observed (sea birds recorded as present), there was no interaction or 

catch. Please see Appendix I, pages 3-7, for details of avoidance measures. For example: to 

discourage or distract seabirds from diving on the baited hooks, we towed tori lines with ribbons 

                                                                 

5 Observer expenses were paid under contract to Frank Orth Associates by Hanan & Associates and by the NMFS. 

Hanan & Associates paid $50,000 from their NOAA Bycatch Reduction Engineering Program grant. The remainder 

of the observer costs were paid by NMFS. 
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of surveyor's tape attached, and we used line shooters to send the baited hooks away from the 

boat and cause the lines to sink faster during sets. We also followed other seabird mitigation 

techniques practiced in the Hawaiian longline fishery, such as floating boxes of offal and blue-

dyed mackerel bait (see Appendix I).  

The only marine mammals with which our fishing interacted were two California sea 

lions in two separate incidents. We hooked the first on the back of the neck. During gear 

retrieval, the hook dislodged, and the sea lion swam rapidly away from the vessel. We caught the 

second California sea lion in the lower jaw. Deckhands attempted to remove the hook using a 

dehooker, however when that failed, they cut the line, and the sea lion swam away with less than 

a foot of trailing monofilament line. 

It is difficult and probably not appropriate to compare three months of longline fishing 

bycatch to many years of DGN bycatch. Hanan et al. (1993) report 14 marine mammal and two 

sea turtle species caught in DGN from 1981 through 1991. Julian and Beeson (1998) estimated 

29 different marine mammal, three sea turtle, and one unidentified sea bird species mortalities in 

DGN for six years (1990-1995). Carretta et al. (2019) report 19 marine mammal taxa and one sea 

bird taxa bycatch in 29 years of DGN fishing.  

 

Live releases of sharks 
Our deckhands followed well-defined handling procedures (also used for other live-

caught incidental or bycaught species) that emphasize shortening the time that a live shark, 

intended to be released, is kept at the surface or on deck. We used de-hookers, but if they 

couldn't de-hook the shark, they used line cutters to cut the line as close as possible to the hook. 

Deckhands did not remove most BSH from the water (skippers' estimated 67%); instead, the 

deckhands de-hooked them in the water next to the ship. They raised some smaller BSH onto the 

vessel, de-hooked them, and returned them to the sea alive. We assume a high survival for these 

released sharks (Hutchinson and Bigelow 2019), especially considering the handling procedures 

that we followed. 
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Effort 
The EFP designated fishing area was within the US 200-mile EEZ offshore of California, 

outside 50 miles of shore and some restricted regions (Appendix I, Figure 1). Vessels fished in 

37 different one-degree latitudes by one-degree longitudes (1x1; 49,373 square nautical miles or 

169,344 km2) areas. Vessel fishing locations were confirmed to be within the United States EEZ 

(Pers. Comm., R. Sarazen, IATTC 200 mile program, March 31, 2020). Sets were made in an 

area running relatively parallel to the coast of California and in general along with the interface 

of the relatively cold southern flowing California Current and the warmer North Pacific gyre 

from 30N to 40N (Fig E-1). 

 

 

 FIGURE E-1. Areas fished by one-degree squares and locations of SW catch. 

 

From September 5, 2019, to December 11, 2019, we completed eight trips during which 

we made 79 sets (20 deep and 59 shallow) and fished 87,292 hooks. We set 16 of the 20 deep 

sets during the day, as are sets for tuna. Most of these 16 deep sets were made between 0600-

1300 hrs, though most were between 0900-1000 hrs. The remaining four deep sets were made at 
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or shortly after 1500 hrs. and fished during the night. Of the 59 shallow sets, only two fished 

during the day as would be a set for tuna. We set these at 0600 and 0800 hrs. (Figure E-2). The 

average trip length was 17 days (range 11 to 22). There was no significant difference (p<= 0.7) 

between the average trip lengths of the two vessels. Each vessel usually made one set per fishing 

day. Sets-per-trip ranged from 7 to 14 and were positively correlated (p< 0.01) with trip length. 

 

FIGURE E-2. Sets by set type and time of day. 

 

EcoCast 
We attempted to use EcoCast to inform decisions on fishing locations. Both vessels had 

difficulty connecting to the EcoCast website while at sea, and as a result, had no direct real-time 

information from EcoCast. We also tried emailing the EcoCast charts to the vessels but were not 

successful mainly because of file size. Skippers made calls to shore via satellite phone to try and 

obtain EcoCast information, including calls to spouses and Dr. Hanan, but this proved 

inefficient, and skippers stopped our attempts to use EcoCast. 

Catch 
We identified 28 species of fish in the catch (Table C-1). This table does not include data 

from catch records without valid species codes or those with missing or inconsistent retrieval or 

disposition codes. It also does not contain mahi-mahi (Coryphaenus spp.), for which a sale of 55 

lbs. appears on a fish sales ticket. 
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TABLE C-1. The number of fish caught by species, retrieval condition (alive or dead), and disposition 

(released alive or discarded dead).* 

  Disposition   Disposition 

Species 
Retrieved 

Alive 
Kept 

Release 
Alive 

Discard 
Dead 

 
Retrieved 

Dead 
Kept 

Discard 
Dead 

Albacore 20 18 1 1  25 22 3 

Bigeye Thresher 1  1   1 1  

Bigeye Tuna 14 14    6 6  

Blue Shark** 4655 35 4615 5  572 490 82 

Bluefin Tuna      1 1  

Brama Promfet      2  2 

Bullet Mackerel      1 1  

Common Mola 8  8      

Common Thresher 23 8 9 6  10 10  

Escolar 2 2    2 1 1 

King of the Salmon 1   1     

Lancetfish 27  24 3  42 3 39 

Longfin Mako 1  1      

Oilfish 21  21   1  1 

Opah 68 60 8   77 74 3 

Pacific Fanfish      1  1 

Pacific Pomfret 2  2      

Pelagic Stingray 6  6      

Rough Pomfret 2  2      

Rough Triggerfish      1  1 

Ribbonfish NEI*** 1  1   3  3 

Ribbonfish, Scalloped 1  1      

Ribbonfish, Tapered 42 6 33 3  85 85  

Shortfin Mako 771 156 615   262 223 39 

Sickle Pomfret 1  1      

Skipjack Tuna      2 2  

Swordfish 302 278 24   359 356 3 

Thresher NEI*** 1  1      

Velvet Dogfish      1 1  

Yellowfin Tuna 1 1    3 3  

Total 5954 564 5374 19  1448 1273 175 

* Does not include records with invalid species code. 

** Does not include one blue shark without information on retrieval, release or discard. Includes as 

discarded dead one shark with retrieval code dead and release code alive. 

*** NEI: Not elsewhere included. Shown here for counts of fish but not in number of species. 
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BSH was the most significant incidental catch by number (5,227), and of these, we 

retrieved 4,655 (89%) alive. Studies show that longline catch and release has very low mortality 

for BSH (Hutchinson and Bigelow 2019). Musyl et al. (2011) reported: “Meta-analysis of 

published reports and the current study (n=78 reporting PSATs) indicated that the summary 

effect of post-release mortality for blue sharks was 15% (95% CI, 8.5–25.1%) and suggested that 

catch-and-release in longline fisheries can be a viable management tool to protect parental 

biomass in shark populations.” This EFP released 4615 (99%) of the BSH retrieved alive, kept 

525 (35 retrieved alive, 490 retrieved dead), and discarded 87. In this EFP, some sharks, 

particularly the highly abundant BSH, were retained and sold as we were trying to establish and 

maintain that market. In Table C-2, we show the catch and discards of economically valuable 

species in our fishery based on retention rates and the number of fish retained by shallow- or 

deep-set. Our bycatch (Table C-3) was 255 fish, of which 96 were released alive, 29 retained for 

personal use, and 130 were discarded dead. 

 

TABLE C-2.  Catch of economically valuable species, and catch-per-set (CPS) by deep- and shallow-set 

longlines. 

Species 
Retained 

(n / %) Discard 
no. 

Deep 
no. 

Shallow 
CPS* 
Deep 

CPS* 
Shallow 

Albacore 40 89 5 7 38 0.4 0.6 

Bigeye Tuna 20 100 0 2 18 0.1 0.3 

Bluefin Tuna 1 100 0 -- -- -- -- 

Swordfish 634 96 27 53 608 3.1 9.8 

Yellowfin Tuna 4 100 0 -- -- -- -- 

Opah 134 92 12 46 100 2.7 1.6 

Blue Shark 525 10 4,702 901 4,326 53.0 69.8 

Mako Sharks 379 37 655 63 971 3.7 15.7 

Thresher 
Sharks(pooled 
species) 

19 53 17 7 29 0.4 0.5 
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Table C-3.  Catch and discards of bycatch by species, set type, and disposition.  

Species Catch 
Discarded 

Kept 
Dead Alive 

DEEP SETS 

Brama Pomfret 2 2 0 0 

Bullet Mackerel 1 0 0 1 

Common Mola 4 0 4 0 

Escolar 3 0 0 3 

Lancetfish 11 10 1 0 

Oilfish 12 0 12 0 

Pacific Fanfish 1 1 0 0 

Pacific Pomfret 4 0 0 4 

Ribbonfish NEI* 3 2 1 0 

Rough Pomfret 2 0 2 0 

Scalloped Ribbonfish 1 0 1 0 

Tapertail Ribbonfish 68 45 23 0 

Total Deep 112 60 44 8 
     

SHALLOW SETS 

Common Mola 4 0 4 0 

Escolar 1 1 0 0 

King-of-the-Salmon 1 1 0 0 

Lancetfish 58 22 23 13 

Oilfish 10 1 9 0 

Pelagic Stingray 6 0 6 0 

Ribbonfish NEI 1 1 0 0 

Rough Triggerfish 1 1 0 0 

Sickle Pomfret 1 0 0 1 

Tapertail Ribbonfish 59 43 10 6 

Velvet Dogfish 1 0 0 1 

Total Shallow 143 70 52 21 

* NEI – not elsewhere included 

Biological data 
Scientific observers collected biological data from catch samples following procedures 

outlined in the Hawaii longline observer field manual (NMFS, 2017). The number of samples 

taken was sufficient to present size distributions of catch for BSH, SMA, LAG (opah), and SW.  

We compared statistics for catch distribution by fishing depth on deep and shallow sets 

(Figure BD-1). Control of fishing depth is accomplished principally by putting more (deep), or 
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less (shallow) mainline between floats. The number of hooks between floats (HBF) describes the 

configuration of the longline because they attach at set intervals along the line. The higher the 

HBF, the greater the length of mainline between floats, and the deeper the longline fishes in the 

water column. We made shallow sets with HBF between 3 and 7, and deep sets with HBF 

between 13 and 25. We calculated the approximate depth of hooks on the line using a 

mathematical model (Suzuki et al. 1977). We assumed that all hooks on shallow sets were 

equally likely to hook a fish. Based on the model, the number four hook on a set with HBF = 7 

fishes at a depth deeper than that of all other hooks fished on shallow sets. We used this depth to 

estimate which hooks on deep sets were shallower than the relative depth of the number four 

hook on the HBF = 7 set. We did not try to calculate the actual depth of individual hooks; 

instead, we used the model to estimate relative fishing depths of hooks. The real fishing depth of 

longline hooks deviates from the model due to current shear and internal waves and as well gear 

design, e.g., mainline material. Only sets with HBF <= 7 and HBF = 15 had sufficient numbers 

of sets and hooks to estimate catch rates and comparative statistics by HBF. 

 

 

FIGURE BD-1. Illustration of deep (10 HBF) and shallow (3 HBF) configuration longline gear. 

Note extender/ganion lines not included to simplify the illustration. 

 

SW 

We caught 661 swordfish in 63 (80%) of 79 sets and 18 (49%) of 37 one-degree latitude 

by one-degree longitude (1x1) square areas fished (Table SW-1). In the 18 1x1 areas where we 

caught SW, we deployed 61,133 hooks (70 % of total hooks fished). We set sixteen deep sets 

(28,952 hooks, 33% of total hooks fished) as daytime typical of tuna sets. Since SW shoal during 
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nighttime hours, we did not expect high catch rates on these deep sets. On these sets, we caught 

only 53 swordfish (8% of the total catch of SW), along with nine tuna, and many sharks and 

opah (LAG, Lampris guttatus) (TABLE SW-2) all of which, we sold. The catch-per-set for deep 

daytime sets was about 3.1 SW, about one-third the catch rate (9.8 fish) of shallow night sets. 

 

TABLE SW-1. Swordfish catch (numbers) and hooks fished in 1x1 areas with swordfish catch > 0.  

North 
Latitude 

West 
Longitude 

Catch Hooks 

31 119 3 725 

32 119 1 1520 

33 122 2 725 

34 124 2 1678 

35 123 3 765 

35 125 5 1826 

36 123 2 595 

36 124 4 1432 

36 126 6 1776 

37 126 16 1460 

37 127 7 725 

38 125 60 5917 

38 126 49 4047 

39 126 76 5512 

39 127 113 9791 

40 126 136 8581 

40 127 164 11788 

40 128 12 2270 
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TABLE SW-2. Catch by species from twelve tuna sets.  

 

Species Number 

Albacore 7 

Bigeye Thresher Shark 1 

Bigeye Tuna 2 

Blue Shark 761 

Brama Pomfret 2 

Common Mola 4 

Common Thresher Shark 6 

Escolar 1 

Lancetfish 11 

Longfin Mako Shark 1 

Oilfish 11 

Opah 79 

Pacific Hake 1 

Ribbonfish NEI* 3 

Rough Pomfret 1 

Scalloped Ribbonfish 1 

Shortfin Mako Shark 54 

Swordfish 53 

Tapertail Ribbonfish 65 

Unidentified Shark 2 

* NEI: Not elsewhere included 

 

We used eye-fork length (EFL) measurements (n = 583) from swordfish to estimate the 

weight frequency distribution of the swordfish catch. We obtained dressed weight (kg) from 

length measurements using the relationship: 

Round weight (kg) =   𝑎𝐸𝐹𝐿𝑏  where a = 7.96012e-6, b = 3.1307, EFL = eye-fork-length 

(cm) (from Table 3, Uchiyama et al. 1999) 

Table SW-3 and Figure SW-1 provide the number of fish sampled by observers by 20 cm 

length bins and estimated dressed weight for the midpoint length of each bin. 
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TABLE SW-3. Estimated round weight (RW) and eye-fork-length (EFL) of swordfish caught in the EFP 

by 20 cm length bin. 

 

EFL (cm) RW (kg) No. of fish 

80 9 1 

100 18 4 

110 24 9 

120 32 23 

130 41 25 

140 51 58 

150 63 71 

160 77 86 

170 93 98 

180 111 74 

190 131 55 

200 154 34 

210 178 28 

220 206 14 

230 236 2 

240 269 1 

 

 

 

FIGURE SW-1. Size-frequency distribution of SW (both sexes) caught in the EFP. On-board 

observers took all measurements. 

 

BSH  

The area of our catches is a region frequented by subadult BSH (Nakano and Stevens 

2008). We found that of the length measurements taken by observers, fork-length (FL, cm), and 
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approximate length (AL, ft.), only FL was sufficiently precise to allow an analysis of size 

distributions by sex. We compared measures of FL and AL of 311 BSH males and 167 females. 

There was a significant difference (p < 0.01, t-Test and z-Test) between their distributions. Mean 

FL of males was 143 cm, and females, 132 cm (Figure BSH-1). We obtained AL from 1,447 

BSH (males n = 960, females n = 487). There was no significant difference (p < 0.44, t-Test and 

z-Test) in the distributions of AL of males (n = 960) and females (n = 487). We pooled male and 

female measurements of AL (ft.) and converted them to centimeters. We present them below 

(Figure BSH-2). 

 

  

FIGURE BSH-1.  Distributions of fork-length (cm) of male and female BSH caught by longline 

operating under the EFP. On-board observers took all measurements. 

 

  

0

30

60

90

120

60 80 100 120 140 160 180 200 220

N
u

m
b

er
 o

f 
Fi

sh

Fork Length (cm)

Blue shark
Males

Females



20 

 

 

FIGURE BSH-2.  Distribution of pooled male and female approximate lengths of BSH taken by 

EFP longline. Approximate length estimated to the nearest ft. by on-board observers. The original 

measure, ft., was converted using 1 ft. = 30.48 cm.  

 

There were 5,105 records of BSH catch from shallow (4,232) and deep (873) sets for 

which the number of floats, numbers of HBF, and the hook number within HBF are known. 

Primarily, BSH inhabit the upper levels of the water column throughout the day and are most 

active at night. We caught most BSH (83%) on shallow sets at night. We show the distribution of 

BSH by hook number for deep sets in Figure BSH-3, and we note that even during daylight 

hours, we caught BSH primarily on the more shallow hooks. 

 

  

FIGURE BSH-3.  Distribution of BSH catch by the hook on sets with HBF = 15. 
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BSH & SW 

Catch rates of both BSH and SW were highest in shallow sets, with a 0.14 ratio of SW to 

BSH. The number of shallow hooks, complete sets, and total hooks is shown in Table BSH-1, 

along with catch and catch rates of BSH and SW by HBF. 

 

 

TABLE BSH-1. Comparison of BSH and SW by hooks between floats. 

 

HBF 
Shallow 
Hooks Sets 

Total 
Hooks BSH 

BSH 
per 
100 

Hooks SW 

SW 
per 
100 

Hooks 

SW 
per 
BSH 

3 – 
7 

All 
hooks 

59 50,136 4,326 8.6 608 
1.2 

0.14 

13 1-3, 11-
13 

1 1,875 32 -- 8 
-- 

 

15 1-2, 14-
15 

14 25,009 833 3.3 44 
0.2 

0.05 

16 1-2, 15-
16 

3 5,712 4 -- 1 
-- 

-- 

20 1-2, 19-
20 

1 2,060 6 -- 0 
-- 

-- 

25 1-2, 24-
25 

1 2,500 2 -- 0 
-- 

-- 

-- Insufficient sample size 

         

         

         

         

         

         

         

-- Insufficient sample size 

 

Nakano and Stevens (2008) provide a detailed review of the biology and ecology of BSH. 

Of all pelagic sharks, BSH is the best-studied, with most published information relating to the 

Atlantic and North Pacific populations. BSH are epipelagic and found in all oceans with numbers 

increasing with latitude, and they prefer waters with temperatures greater than 12C. Using 
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acoustic telemetry, Carey et al. (1990) found that BSH move between surface water and deep 

water on feeding excursions during daylight hours. These movements from the upper mixed 

layer to several hundred meters depth occur every few hours. At night the sharks remain in the 

upper mixed layer, moving between the near-surface waters and the thermocline. Since SW 

make diurnal movements, shoaling during hours of darkness, SW and BSH distributions overlap 

in the shallower epipelagic waters during the night. During daylight hours, SW typically dive to 

depths of several hundred meters, below the depths of deep longlines, to reach the water with 

temperatures of 3-6C (Takahashi et al. 2003), where they feed until shoaling as darkness falls. 

As a result, SW and BSH habitat overlaps during night hours, when both are in near-surface 

waters, but not during the day, when BSH are shallow, and SW are deep.  

Our findings that the EFP fishermen caught BSH in the shallow waters is consistent with 

previous studies of BSH catches in shallow-set longline fisheries. With deeper fishing longlines, 

the hooks nearest the floats and thus the shallower hooks had the highest catch of BSH (e.g., 

Figs. 8 & 9 in Kanaiwa et al. 2008).  

Nakano and Stevens (2008) noted that BSH is very resilient to fishing pressure due to 

their "widespread distribution, high initial abundance, and moderate productivity" and that they 

are a major bycatch of tuna longline fisheries, which are daytime fisheries. They further noted 

that there is no apparent indication of overfishing impact from fisheries on BSH populations. 

The most recent stock assessment of BSH (ISC 2019) found that the BSH in the north 

Pacific (including the US-EEZ) is not overfished, nor is overfishing occurring. That condition is 

expected to continue into the foreseeable future. The recent US and international longline fishing 

effort is 38 percent below that needed to reach maximum sustained yield (MSY), and spawning 

biomass is 69 percent higher than it needs to be to produce MSY harvests. Thus there is no 

conservation concern with developing a market for BSH catch from the US-EEZ off California.  

 

SMA 

We compared measures obtained by observers of Fork-Length (FL, cm) and 

Approximate-Length (AL) of SMA males and females. We obtained Fork-length from 202 males 

and 128 females. There was a significant difference (p < 0.01, t-Test and z-Test) between their 

size-frequency distributions. The mean FL of males was 147 cm, and the mode was 145 cm; and 
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for females, the mean was 128 cm, and the mode was 137 cm (Figure SMA-1). We obtained 

approximate-length from 124 SMA (males n = 88, females n = 36). There was no significant 

difference (p <= 0.3, t-Test and z-Test) between the size-frequency distributions of AL (ft.) of 

males and females. We pooled male and female measurements of AL (ft.) and converted them to 

centimeters. We present them below (Figure SMA-2). Mean AL of SMA was 109 cm, and mode, 

91 cm. We found, as with BSH, that only FL was sufficiently precise to allow an analysis of size 

distributions by sex. 

   

FIGURE SMA-1.  Distributions of fork-length (cm) of male and female SMA caught by longline 

operating under the EFP. On-board observers took all measurements. 
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FIGURE SMA-2.  Distribution of pooled male and female approximate length of SMA taken by 

longline operating under the EFP. Approximate length estimated to the nearest ft. by on-board 

observers. The original measure, ft., was converted using 1 ft. = 30.48 cm. 

 

There were 992 records of SMA catch from shallow- (930) and deep- (62) sets for which 

we knew the number of floats, the number of hooks between floats (HBF), and individual hook 

number. HBF on shallow sets ranged between 3 and 7, and on deep, between 13 and 25. We 

calculated the approximate depth of a hook using a model (see BSH section above). 

We show catches of SMA and SW for shallow hooks. Only sets with HBF <= 7 and HBF 

= 15 had sufficient numbers of sets and hooks to estimate catch rates and comparative statistics 

(see Biological data above). We present the catch and catch rates of SMA and SW by HBF in 

Table SMA-1. Catch rates of both SMA and SW were highest in shallow sets, which had a ratio 

of SW to SMA of 0.7. The ratio of SW to SMA is higher (2.4) on the deep (HBF = 15) sets, but 

the total catch of SMA (18) and SW (44) on deep hooks was insignificant compared to catch 

(SMA 930 and SW 608) on shallow hooks.  

 

Table SMA-1. Comparison of SMA and SW by hooks between floats. 

 

-- Insufficient sample size: number of sets & hooks 

 

Stevens (2008) provides a detailed review of the biology and ecology of SMA. SMA are 

pelagic in all oceans. Fishermen value them for both meat and fins, and recreational fisheries 

target them in some locales. However, the main catches of SMA are by high-seas longline 

HBF 

Shallow 

Hooks Sets 

Total 

Hooks SMA 

SMA per 

100 

Hooks SW 

SW per 

100 

Hooks 

SW per 

SMA 

3 – 7 All hooks 59 50,136 930 1.9 608 1.2 0.7 

13 1-3, 11-13 1 1,875 2 -- 8 --  

15 1-2, 14-15 14 25,009 18 0.1 44 0.2 2.4 

16 1-2, 15-16 3 5,712 2 -- 1 -- -- 

20 1-2, 19-20 1 2,060 1 -- 0 -- -- 

25 1-2, 24-25 1 2,500 0 -- 0 -- -- 
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fisheries for tunas and billfishes. These sharks have been found from the surface to a depth of 

600 m, though they prefer waters with temperatures higher than about 55F (13C) (J. D. Stevens 

unpublished data, Stevens 2008). Juveniles spend the majority of their time in the upper mixed 

layer (Holts and Bedford 1993). We caught the majority of SMA (930 of 953)  in shallow sets. 

SMA show sexually dimorphic growth, with females reaching larger sizes than males. 

Francis and Duffy (2005) estimated that the size at maturity for male SMA at about 185 cm fork-

length (FL), and for females, about 280 cm. The average FL's in our samples were: males, 147 

cm (range, 56 to 236), and females, 128 cm (range, 62 to 222). This result indicates that the 

majority of the SMA we captured were juveniles.  

Since SW undertake diurnal movements, shoaling during hours of darkness, SW and 

SMA distributions overlap in the shallower mixed layer waters that we fished during the night.  

Stevens (2008) noted that there was no indication of a significant impact of fisheries on 

SMA. The most recent stock assessment of SMA (ISC 2019) found that SMA in the north 

Pacific (including the US-EEZ) is not overfished, nor is overfishing occurring. Thus there is no 

conservation concern with SMA catch from the US-EEZ off California. 

LAP 

We show fork-length measurements by observers from 138 opah (LAP) in the length-

frequency distribution graph below.  The sizes ranged from about 75 cm to 130 cm and averaged 

about 103 cm. 
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FIGURE LAP-1. Distribution of fork-length of opah caught in the EFP. On-board observers took all 

measurements. 

 

 

Economics 
The total dockside value of EFP landings was about $340,000 produced from eight 

fishing trips with the average gross return from a fishing trip of approximately $42,500, with 

about $36,000 from SW landings. The cost per trip based on expenses presented by EFP holders 

averaged about $30,000. Costs per trip included: insurance, fuel/oil, gear (hooks, line), light 

sticks, bait, groceries, maintenance supplies, ice, Telauris, Infostat, Digitalglobe, crew (5) wages, 

and captain/skipper wages. 

Landings of SW provided 85 percent of the value of landings, followed distantly by LAG 

(5%), and SMA (4%). Other species each provided two percent or less of the value of total 

landings.  

 

Table EC-1. Total landings and value by species sorted by decreasing dollar value. 

Species Landings (lbs.) Value (USD) 

Percent of 

Total Value 

Swordfish 91,611 $288,385 85 

Opah 15,217 $18,614 5 

Mako shark 17,670 $14,275 4 

Thresher shark 7,352 $5,758 2 

Blue shark 21,638 $5,009 1 

Bigeye tuna 709 $3,373 1 

Yellowfin tuna 489 $2,299 < 1 

Bluefin tuna 258 $1,419 < 1 

Escolar 260 $520 < 1 

Albacore tuna 206 $412 < 1 

Mahi-mahi* 55 $96 < 1 

* Appears only on fish-ticket 
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SW was nearly always landed by weight-category, with fish in the 100 to 300-pound 

range dominating by weight, USD per pound, and total value. We tabulated landings of SW by 

size-range, pounds landed, total dollar value, and unit price in the following table, EC-2. 
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Table EC-2. Landings of swordfish 

Size range 

(lbs.) 

Landings 

(lbs.) Value (USD) USD/lbs. 

25-49 88 $158.00 $1.80 

50-69 513 $1,200.00 $2.34 

70-99 2629 $6,575.89 $2.50 

100-300 47953 $154,643.77 $3.22 

300+ 20691 $56,709.75 $2.74 

 

 

Discussion and Recommendations 
 

To focus on swordfish availability, improve the catch of swordfish, our EFP fishermen 

would have preferred to start the fishing season as far north as Oregon, include the Pacific 

Leatherback Conservation Area (PLCA), but fish outside the Leatherback Critical Habitat. 

Hanan et al. (1993) reported that the DGN fishery annually moved northward in the spring and 

then progressed southward during the fishing season as SW moved southward, finishing the 

fishing season, usually in January off Southern California. We planned this EFP to last for two 

fishing seasons. It was cut short by court order on December 20, 2019, which vacated the EFPs 

based on the possible take of a leatherback sea turtle.  Clearly, a second fishing season would 

have improved our ability to assess this potential fishery. 

An objective of this EFP was to test if longline fisheries for SW could operate with lower 

bycatch than DGN. We caught six species of shark and ray, including the catch of the incidental 

species, blue, mako, and thresher sharks; and the bycatch species, velvet dogfish shark, and 

pelagic stingray. Hanan et al. (1993) reported that the DGN fishery caught at least 19 species of 

shark and rays taken incidentally between 1981 and 1991, including the giant manta (Manta 

birostris) and the megamouth- (Megachasma pelagios) and great white- (Carcharodon 

carcharias) sharks. They also report the DGN fishery by-caught marine mammals and two sea 

turtle species, while catching and selling 21 species of fish. Incidental catch and bycatch can 

usually be released alive from longline because they are free to swim about with oxygenated 
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water passing over their gills (Hutchinson and Bigelow 2019), as opposed to being wrapped in 

netting and usually dead, when caught in DGN.  

We caught 7,402 fish (5,954 alive and 1,448 dead) and only discarded 194 of the dead 

fish (Table C-1). We released 5,374 (90%) of the 5,954 individuals retrieved alive when brought 

to the side of the vessel, and we kept 88% of the 1,448 individuals that were retrieved dead. Our 

highest living incidental catch was blue shark, of which 88% were alive, and we released 99% of 

those. In total, we kept 10% of the total catch of BSH for the market. Marlin catch was a concern 

for this EFP, but we did not catch any. We caught and released two California sea lions alive. 

We conclude that the EFP incidental- and by-catch was much lower than DGN, likely we could 

have done more robust statistical analysis if allowed to fish a second fishing season. 

Of the three fish species with the highest numbers in our catch, assessments (ISC and 

IATTC) of stocks for swordfish, blue shark, and shortfin mako shark indicate none are 

overfished or being overfished. Swordfish and shortfin mako are of high value to the fishery and 

the market, while blue shark is a developing fishery. With only three months of fishing, this EFP 

shows longline to be a profitable fishery with little by-catch and swordfish catches of the highest 

quality. 

 

For future consideration we recommend: 

1. Because of the high quality of longlined SW, work with markets to improve local 

demand and reduce shipping costs before and during the fishing season. 

2. Take advantage of the live-released BSH by tagging a high percentage to better 

understand survivorship, as well as, movement and basic biology of the species. 

3. To reduce incidental catch further explore the depth of shallow sets and the catch of 

BSH. 

4. To increase SW catch, allow fishing in the PLCA and off Oregon early in the fishing 

season. 

5. Locate regions where SW and BSH distributions do not overlap using habitat and 

biological data (EcoCast). 

6. Find a way to get EcoCast data to the vessels. Perhaps augment funding to increase 

email file size delivered to the vessels. 
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Appendix I. EFP issued to Captain Hayworth. Captain Gibbs’ EFP is 

identical except for the signature page.  

See next 10 pages: 
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