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Abstract—Survivorship pop- up archi-
val tags (sPATs) were attached to sword-
fish (Xiphias gladius) released from U.S. 
commercial pelagic longline vessels in 
the western North Atlantic Ocean. The 
purpose was to determine the postre-
lease survival of individuals less than 
the minimum retention size (119 cm in 
lower jaw fork length) established by the 
International Commission for the Con-
servation of Atlantic Tunas (ICCAT). 
Between 2021 and 2023, 24 sPATs were 
deployed with a programmed duration 
of 30 d to measure depth, tempera-
ture, and ambient light. Temperature 
and depth were recorded as daily min-
imums and maximums, and light level 
was recorded as a daily change between 
minimum and maximum values. The 
final 5 d of depth information were also 
recorded at 10- min intervals prior to 
release to assess fine- scale movements 
consistent with survival. Nineteen tags 
transmitted data, with 16 tags having 
data sufficient for analysis. Of these 
tags, 9 sPATs (56.2%) transmitted data 
consistent with movements of a surviv-
ing swordfish. This survival rate is lower 
than those reported for previous studies 
that focused on rod- and- reel and sword-
fish buoy gear, indicating that capture 
with pelagic longline gear causes sword-
fish greater stress than those other gear 
types. This result, combined with those 
of prior studies of at- vessel mortality 
rates, indicates that the current ICCAT 
rule regarding the minimum retention 
size provides limited conservation ben-
efits to swordfish stocks.

The swordfish (Xiphias gladius) is a 
large, highly migratory predator with a 
circumglobal range extending from tem-
perate to tropical zones between 45°N 
and 45°S (Palko et al., 1981), although 
individuals have been reported as far 
north as 49°N in the Pacific Ocean 
( Haplin et al., 2018). In the western 
North Atlantic Ocean, adult sword-
fish migrate between temperate forag-
ing grounds in summer and spawning 
grounds at subtropical latitudes in 
winter (Neilson et al., 2009; Braun 
et al., 2019), swimming at rates of up 
to 43 km/d (Canese et al., 2008). Sword-
fish undertake diel vertical migrations, 
generally staying within the mesope-
lagic zone during the day and moving 
into shallower waters to feed in the 
mixed layer during the night (Carey 
and  Robison, 1981; Sedberry and Loefer, 
2001; Abascal et al., 2010). These move-
ments expose swordfish to a wide range 
of temperatures between 2.7°C (Braun 

et al., 2019) and 31.0°C (Fenton, 2012). 
The movements of juvenile swordfish 
appear to have similar but shallower 
diel patterns than those of adults 
( Fenton, 2012; Braun et al., 2019).

U.S. fisheries that target sword-
fish have operated in the western 
North Atlantic Ocean since the 1950s, 
although directed harpooning by com-
mercial fishermen can be dated to the 
1800s (Ellis, 2013) and indigenous Red 
Paint people harvested swordfish thou-
sands of years ago in Maine (Bourque, 
2012). Responding to a substantial 
decline in the North Atlantic swordfish 
stock, the International Commission 
for the Conservation of Atlantic Tunas 
in 1990 established a minimum size 
for retention (125 cm in lower jaw fork 
length [LJFL] with a 15% allowance for 
incidental catches) and restricted inci-
dental catches to no more than 10% of 
the entire catch (Neilson et al., 2013). 
Additional regulations specific to the 
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U.S. fishery in the North Atlantic Ocean were later insti-
tuted, including an alternate lower retention size limit of 
119 cm LJFL with a zero tolerance for retention of under-
sized swordfish in 1995 and a 10- year rebuilding plan 
involving a total allowable catch of 10,600 metric tons  
(t)/year (Neilson et al., 2013). Additionally, time- area 
closures were implemented by NOAA in 2000 to protect 
undersized swordfish (Neilson et al., 2013). In 2004, the 
use of circle hooks was made mandatory in the U.S. Atlan-
tic pelagic longline fishery (Serafy et al., 2012). The North 
Atlantic swordfish stock was finally considered rebuilt in 
2009 (Neilson et al., 2013).

Internationally, the fishery in the North Atlantic Ocean 
has had an average annual catch (landings of sword-
fish of a legal size combined with the number of under-
sized swordfish that were discarded) of around 10,400 t 
between 2012 and 2022 (ICCAT, 2023). The average 
number of undersized swordfish discarded, as a result of 
regulations based on a minimum size required for reten-
tion, was approximately 5844 individuals/year between 
2017 and 2021 in the U.S. pelagic longline fishery alone 
(NMFS, 2022). Pelagic longline landings of swordfish 
have decreased since the 1990s because some fishermen 
in the U.S. waters of the Atlantic Ocean opportunisti-
cally target more valuable fish, such as tunas, or leave 
the fishery for economic reasons; however, swordfish are 
still targeted by fishermen that use buoy and rod- and- 
reel gears. Swordfish are also a common bycatch species 
in pelagic longline fisheries targeting tuna species, such 
as the bigeye tuna (Thunnus obesus) and yellowfin tuna 
(T. albacares) (ICCAT, 2019).

Several prior studies have reported postrelease sur-
vival rates for billfishes (family Istiophoridae) released 
from pelagic longline gear. Specifically, the survival of 
blue marlin (Makaira nigricans) was estimated at 77.8% 
(Kerstetter et al., 2003), the survival of sailfish (Istiopho-
rus platypterus) was estimated at 88.2% (Kerstetter and 
Graves, 2008), and the survival of white marlin (Kajikia 
albida) was estimated at 63.0–89.5%, depending on 
inclusion or exclusion of tags that did not transmit data 
(Kerstetter and Graves, 2006). Similar results have been 
reported for recreational rod- and- reel fisheries, with white 
marlin having 65% survival on J hooks and 100% survival 
on circle hooks (Horodysky and Graves, 2005). A meta- 
analysis across istiophorid billfishes found postrelease 
survival for this family to be about 86%, with most mor-
talities occurring from just minutes to a few days after 
release (Musyl et al., 2015).

Similar studies on swordfish are less common, and 
results have varied by gear type and size class. Tracey 
et al. (2023), who examined mortality of swordfish by 
recreational rod- and- reel gear, found that tagged adult 
swordfish had 86.4% survival, a rate that decreased to 
44% when analysis included landed fish assessed as 
moribund, on the basis of a modified condition scale 
(Kerstetter et al., 2003) based on evaluations of overall 
activity, color, eyes, stomach eversion, and body muscu-
lature. However, in other studies, estimates of postre-
lease survival related to capture of swordfish on buoy 

gear ranged only from 57.9% (Rewis, 2023) to 64.3% 
( Fenton, 2012). A high mortality of undersized sword-
fish on pelagic longline gear was expected considering 
that the at- vessel mortality (fish that are dead at gear 
retrieval) for undersized individuals has been estimated 
between 78% and 88% across the various pelagic longline 
fisheries in the Atlantic Ocean (ICCAT, 2019). Because 
no literature has been published on the postrelease sur-
vival of undersized swordfish released alive from pelagic 
longline gear, the primary aim of this study was to fill 
this knowledge gap.

Materials and methods

Survivorship pop- up archival tags (sPATs) (model 407, 
Wildlife Computers Inc.1, Redmond, WA), each with a 
medium- sized Domeier anchor (Wildlife Computers Inc.), 
were used to assess postrelease survival. This electronic 
tag automatically activates when its conductivity sensor 
detects seawater and its depth sensor detects that it is 
submerged below a programmed depth (10 m). The sPAT 
weighs 61 g and measures 11.8 by 3.8 cm, minus a flexi-
ble antenna. Tags were programmed for a 30- d deployment 
and had predetermined early release conditions for maxi-
mum depth (1700 m), as well as for the tag remaining at 
a constant depth (±2 m) or on the surface (depths of ≤1 m 
or for the wet- dry sensor indicating dry for over 50% of 
the time) for a period of more than 24 h. A constant depth 
would indicate death, with the carcass floating or sitting 
on the seafloor. Upon release from a fish and surfacing, 
each tag would transmit data to the Wildlife Computers 
Inc. portal through Argos system satellites (Argos Services, 
Ramonville-Saint-Agne, France). The sPAT has sensors 
that record daily minimum and maximum values for depth 
and temperature and the daily change between minimum 
and maximum light levels. Depth information from the 
final 5 d prior to pop off of each tag was recorded at 10- min 
intervals in addition to the daily minimum and maximum 
depths.

Swordfish were tagged aboard pelagic longline ves-
sels of the U.S. commercial fishery, off the coast of South 
 Carolina in the Charleston Bump region, off northeast-
ern Florida in the vicinity of the Blake Escarpment, and 
off northeastern New Jersey around the Hudson Canyon 
(Fig. 1). Fishing took place between January 2021 and 
October 2023, when vessels were available. These vessels 
targeted albacore (Thunnus alalunga) and bigeye tuna 
using gangions with lines of approximately 12–20 m and 
16/0 non- offset circle hooks baited with dead squid (Illex 
spp.), ballyhoo (Hemiramphus brasiliensis), or Atlantic 
mackerel (Scomber scombrus). The pelagic longline was 
deployed normally, with gear recovery starting after soak 
times of 8–12 h.

1 Mention of trade names or commercial companies is for identi-
fication purposes only and does not imply endorsement by the 
National Marine Fisheries Service, NOAA.
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Figure 1
Map showing locations for survivorship pop- up archival tags (number of tags [n]=24) deployed on undersized 
swordfish (Xiphias gladius) released from pelagic longline gear in the western North Atlantic Ocean from 
January 2021 through October 2023. Net horizontal displacement for each of the tags that provided data 
(n=19) is shown as the straight line between the deployment location (black circles) and the first location 
where a tag transmitted data to the Argos satellite system following detachment from a swordfish (white 
circles). Black stars indicate deployment locations for tags that did not report data (n=5). The gray contour 
line indicates the shelf break at a depth of 140 m.

Size was visually assessed as straight LJFL, the 
straight- line distance between the tip of the lower jaw and 
the fork of the tail. Any swordfish between 74 and 119 cm 
LJFL (up to a visually estimated 120 cm) that was actively 
capable of swimming and had not sustained any mortal 
wounds (e.g., missing a caudal fin or significant chunks of 
the body) was considered a candidate for tagging. Smaller 
individuals (<74 cm LJFL) were not tagged because of con-
cerns regarding the effect of tag size and the associated 
drag on and potential damage to fish from a tag (Grusha 
and Patterson, 2005), and larger individuals (>120 cm 
LJFL) could not be tagged because they were retained by 
crew for market. Size was estimated visually without 
removing fish from the water, although in instances when 
the size was close to either end of the size bracket, the fish 
was removed, measured, and tagged as quickly as possible. 
Tags were attached through the dorsal musculature such 
that the anchor would lock behind the pterygiophores 
below the dorsal fin midpoint. Tagging was conducted as 

quickly as possible, and the time taken never exceeding 
1 min. Hooks were removed from individuals that were 
easily accessible, or the leader was cut as close to the hook 
as possible.

Survival of individuals was inferred by using the change 
in depth as well as changes in recorded environmental 
data (temperature and ambient light). Horizontal net 
displacement (HND) was also analyzed to support sur-
vival estimates and determine habitat utilization. Depth 
profiles were the primary means of determining mortal-
ity, and individuals whose movements included regular 
changes in depth over the course of the 30- d deployment 
period were considered to have survived their tagging. 
Depth time series were compared with those from Fenton 
(2012) and Lerner et al. (2013) to determine if behavior 
was normal (occupying the mesopelagic zone during the 
day and coming near the surface during the night) and to 
identify anomalies resulting from tag ingestion by a pred-
ator, such as a constant temperature despite increasing 
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depth (e.g., Kerstetter et al., 2004). Both null movement 
(no depth changes within 24 h) and a steady increase in 
depth up to the maximum resulting in pop off of a tag 
were inferred as mortalities. The HND was calculated as 
the straight- line distance between the deployment loca-
tion and the tag’s first transmission to the Argos satellite 
system by using QGIS, vers. 3.30.2 (QGIS Development 
Team, 2023). Habitat preference was differentiated from 
mortality for short distances if the depth and environmen-
tal data did not indicate predation and the tag remained 
on the fish for the full 30- d period. A Kruskal–Wallis one- 
way analysis of variance was conducted to determine if 
there was a significant correlation (P≤0.05) between dis-
tance and direction traveled.

To analyze how the small sample size could have influ-
enced the results of this study, a bootstrapping simulation 
was conducted by using Release Mortality (vers. 1.1.0), 
software developed by Goodyear (2002). This program was 
used to estimate the 90% confidence intervals of postre-
lease mortality over 10,000 simulations with a series of 
specified process, experimental, and decision variables. 
Initially, values of all variables except the release mortality 
fraction were set to zero, assuming no error sources (e.g., 
tag shedding or tags that did not transmit data). Then, 2 
more simulations were conducted to analyze how outside 
errors may have influenced results. For these additional 
simulations, the variables were kept the same except for 
the decision variable tags not reporting. In the first simu-
lation, tags that did not transmit data were included, and 
in the second simulation, such tags were excluded. Values 
for all process and experimental variables were based on 
results of this study or from prior research and were as 
follows: tagging mortality fraction (0.00; i.e., no assump-
tion of tag- induced mortality), tag failure probability 
(0.25), tag shedding probability (0.04), and natural mor-
tality (0.2, based on Griggs et al., 2005). The programmed 
duration from tagging to tag pop off was set to 30 d for 
all simulations, and the number of tags was set to 20 and 
doubled with every iteration until the confidence intervals 
were within 5% of the assumed true value. This procedure 
was similar to those used in prior studies (Goodyear, 2002; 
Fenton, 2012; and Rewis, 2023). For decision variables, 
data from tags reporting normally were included as data 
for surviving swordfish.

Maximum depth and time intervals taken from the final 
time series were qualitatively used in analysis of verti-
cal habitat utilization for the 5 d prior to sPAT release 
to confirm individual swordfish survival. The time series 
from tags deployed on surviving fish were graphed to show 
depth variations over this interval. To avoid including in 
analysis of habitat utilization any atypical behaviors that 
may result from the capture and tagging of swordfish, 
only data recorded after 10 d was used (Hoolihan et al., 
2015). Depth profiles from all tags were also evaluated for 
daily vertical movements, and a combined daily behavior 
trend line was created by using a generalized additive 
model. Statistical analyses in this study were conducted 
in RStudio, vers. 2023.03.0 (Posit Software PBC, Boston, 
MA). Daytime and nighttime intervals were determined 

by inputting the first location of tags after pop off into the 
web- based NOAA Solar Calculator (NOAA Earth System 
Research Laboratories, Global Monitoring Laboratory, 
available from website).

Results

Data from 16 of the 24 tags deployed (Table 1) were used 
for analysis of mortality, with 9 tagged fish surviving for 
the 30- d recording period. Five tags transmitted no data or 
began recording prior to deployment and did not provide 
relevant data. Additionally, 2 tags did not provide data, 
and 1 tag was shed. Habitat utilization was analyzed 
for the 9 fish that did not die. However, data from one of 
these tags was excluded from HND analysis because of an 
inaccurate pop- off location (tag 199973), and data from 
2 tags indicate that fish experienced depths considered 
outlier values (tags 199966 and 199973). Multiple data 
points in the time series from tag 199966 indicate that the 
fish stayed at or near the surface for hours after sunrise. 
Although this trend was recorded only for this individual, 
it could be evidence of “basking” behavior that has been 
described previously (Carey and Robinson, 1981; Abascal 
et al., 2010; Fenton, 2012). Data from the last 4 d of the 
time series from tag 199973 indicate abnormal behavior, 
with the fish staying during night at increasingly deeper 
depths that were below the depths recorded by tags on 
other individuals.

Over the 30- d deployment period, 9 (56.2%) of the 16 
fish for which data were analyzed survived. Between sur-
viving individuals, HND varied from 22 to 783 km (mean: 
367 km). The minimum average daily swimming speed 
varied between 1 and 26 km/d (mean: 12 km/d). Size of 
individual fish did not significantly influence the distance 
traveled (df=3, P=0.85). The orientation of HNDs was gen-
erally parallel to the coastline, with 6 of the tagged fish 
traveling northward and 2 tagged fish moving southward 
(Fig. 1). The 2 individuals that moved southward experi-
enced the shortest HNDs, traveling only 22 and 116 km, 
whereas the northward moving fish all traveled a mini-
mum distance of 168 km. There was a significant difference 
between the directional movement and distance traveled 
(df=1, P=0.05). Tagged swordfish inhabited the mesope-
lagic zone during the day and the epipelagic zone at night 
(Suppl. Fig. 1). The range of daytime depths was approx-
imately 350–900 m, with an average of 544 m (standard 
deviation 154). Swordfish began to ascend approximately 
2.6 h before dusk, then would begin to descend back to 
mesopelagic depths about 1.2 h before dawn. A general-
ized additive model of the daily movements from 7 of the 
surviving swordfish was constructed, explaining 74.5% of 
the variation in occupied depth (Suppl. Fig. 1).

Of the 7 tags on swordfish that died, 5 tags sank to 
the seafloor within hours of tagging, 1 tag remained at 
the surface with the fish making a brief dive midway 
through the second day before returning to the surface, 
and 1 tag recorded abnormal movement for multiple days 
before ceasing to capture any sort of intentional vertical 
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Table 1

Summary of movement and mortality assessments, based on data from 
24 survivorship pop- up archival tags, for undersized swordfish (Xiphias 
gladius) released from pelagic longline gear deployed in the western 
North Atlantic Ocean during January 2021–October 2023. Horizontal 
net displacement (HND) was recorded to support survival estimates 
and determine habitat utilization. Mortality categories include alive, 
tag not reporting (NR), dead, premature release (PMR), and not deter-
mined from available data (ND). An asterisk (*) indicates that the 
length is an actual measurement of an individual removed from water, 
rather than a visual estimate.

Tag ID
Date 

tagged
Length 

(cm)
HND 
(km)

Days at 
liberty Mortality

199947 2021-05-30 110 770.74 30 Alive
199948 2021-06-03 120 – – NR
199950 2021-06-03 90 120.58 1 Dead
199951 2021-05-30 110 169.61 30 Alive
199952 2021-06-03 115 – – NR
199954 2021-05-30 120 363.76 30 Alive
199955 2021-05-30 100 116.00 30 Alive
199956 2021-05-31 100 140.82 1 Dead
199957 2021-05-30 110 167.82 30 Alive
199958 2021-06-02 100 119.24 1 Dead
199959 2021-05-30 122 1690.45 30 ND/PMR
199960 2021-01-21 118* 11.68 3 Dead
199961 2021-05-31 115 – 22 ND
199962 2021-05-31 100 – – NR
199963 2021-06-03 90 – – NR
199966 2021-06-02 90 543.00 30 Alive
199967 2021-01-30 119* 193.25 5 ND/PMR
199973 2021-06-02 90 110.62 30 Alive
199975 2021-06-05 80 134.77 1 Dead
199986 2021-05-30 100 170.14 1 Dead
199987 2021-01-31 110* 33.66 1 Dead
199989 2021-05-30 100 22.19 30 Alive
199993 2023-10-08 80* 2000.00 30 ND
199994 2023-05-30 100 783.38 30 Alive

movement indicative of a swimming fish and floating to 
the surface. All recovered depth profiles from tags are 
provided in Supplementary Figure 2.

The results of the analyses done with the Release Mor-
tality software indicate that some 1200 tags would be 
needed to verify the precision of the mortality estimate 
to 5% above or below the confidence interval, with a true 
mortality rate of 43.8% (90% confidence interval: 29.2–
58.3%) (Suppl. Fig. 3). The addition of variables, such as 
tag failure probability, tag shedding probability, and nat-
ural mortality, led to a widened 90% confidence interval 
of 27.8–66.7%.

Discussion

The expense of satellite archival tags and their deploy-
ment continues to present barriers to collecting data from 
fish tags in numbers large enough to allow rigorous anal-
ysis across multiple condition strata, such as accumulated 

hooking time. One of the many challenges faced during 
this study was that the concentrations of undersized 
swordfish and other bycatch in the catch of cooperating 
vessels could not be known in advance, making it difficult 
to reliably tag undersized individuals on any given trip. 
The tags deployed in this study were few in number. How-
ever, results of the bootstrapping analyses indicate that 
the number of deployments needed for more precise confi-
dence intervals are not practical because of both the cost 
of tags and the logistical effort necessary.

Adding to the difficulty of obtaining significant sam-
ple sizes is the potential for tags to fail to report usable 
data. Scientists encounter several challenges in deploy-
ment of electronic tags on pelagic fish species, and tags 
not reporting data is a common occurrence in studies 
involving satellite tags on swordfish (Canese et al., 2008). 
Tags can fail to report for several reasons, including bio-
fouling (accumulation of aquatic organisms) that can pre-
vent a tag from surfacing and transmitting data, battery 
drain over extended periods prior to deployment (Hays 

https://doi.org/10.7755/FB.123.1.2s2
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et al., 2021), entanglement with debris (Fenton, 2012), 
and damage due to predation (Kerstetter et al., 2004). In 
addition to tags that do not report data, the premature 
release of tags due to detachment either of the anchor or 
a break of the wire between the tag and the anchor, tag 
shedding, can also reduce sample sizes even though tags 
that are released early do report some data. Tag shedding 
is common in studies of istiophorid billfishes (e.g., Canese 
et al., 2008). One tag (tag 199967) was deemed to have 
prematurely shed on the basis of the normal behavior of 
the fish prior to tag release. Because the fate of the fish 
after tag 199967 was released is unknown, mortality can-
not be determined, even if the behavior inferred from the 
data is that of a healthy individual.

It is likely that mortalities observed in this study were 
related to exposure to stressors incurred over the extended 
pelagic longline soak times, given the short time span 
between release and apparent mortality events. However, 
it is not practical to attach electronic timers that record 
the duration of hooking across the hundreds of hooks 
deployed in a standard pelagic longline set. Mortality 
occurred within hours for all but one fish, which died 3 d 
after tagging, appearing to be unable to stay at depth and 
not following the movement patterns typical for sword-
fish. Pelagic longline gear likely subjects swordfish to 
greater post capture stress than other gear types, because 
of the higher potential for swordfish to be on the line for 
extended periods due to the length of time that longlines 
need to be deployed. Indeed, previous research indicates 
that at- vessel mortality of undersized swordfish within 
the U.S. Atlantic fleet has been 65–79% since the imple-
mentation in 2004 of the requirement for the use of circle 
hooks (ICCAT2). High mortality rates have been reported 
throughout the Atlantic Ocean for other pelagic longline 
fleets, such as the fleet that operates in Portugal and has a 
reported at- vessel mortality of 87.8% (Coelho and Muñoz-
Lechuga, 2019). Mortality is influenced by several factors, 
including vessel practices, seasonality, and hooking loca-
tion and therefore varies temporally and between fleets. 
For example, Serafy et al. (2012) found that the required 
adoption of circle hooks in U.S. pelagic longline and recre-
ational tournament fisheries has led to an 8% reduction 
in mortality for billfishes and may explain why these U.S. 
fisheries have lower mortality rates than other fleets that 
deploy J hooks.

The survival rates of undersized swordfish caught on 
pelagic longline gear is lower than that reported for other 
gear types. Tracey et al. (2023) tagged swordfish exclu-
sively caught on rod- and- reel gear with angling times 
typically of only around 1 h and reported a postrelease 
survival rate of 44% (when including moribund indi-
viduals deemed not suitable for tagging). Fenton (2012) 
reported survival rates of 64.3% for swordfish caught on 

2 ICCAT (International Commission for the Conservation of 
Atlantic Tunas). 2022. Report of the 2022 ICCAT Atlantic 
swordfish stock assessment (online, 20–28 June 2022), 96 p. 
ICCAT, Madrid, Spain. [Report on stock assessment meeting 
held by ICCAT.] [Available from website.]

buoy and recreational rod- and- reel gears and reported no 
at- vessel mortality prior to tagging. However, at- vessel 
mortality might be expected to be lower given that these 
gear types are deployed for shorter durations than pelagic 
longlines and are more closely monitored by vessels. As 
such, individual fish do not spend as much time on these 
other gear types compared to pelagic longlines, which soak 
in the water for 10–14 h (NMFS, 2022) and then take addi-
tional hours to fully retrieve. The results of our study also 
indicate that swordfish have lower postrelease survival 
on pelagic longlines than istiophorid billfishes, whose sur-
vival typically is around 86% on this gear type (reviewed 
by Musyl et al., 2015). Although the reason for this differ-
ence in survival is not clear, it is possible that the biology 
of swordfish differs from that of istiophorids such that the 
species is less capable of recovering from catch- induced 
stress.

Within the context of commercial pelagic longline fish-
eries, most undersized swordfish do not survive capture 
events. Given the 65–79% (ICCAT2) at- vessel mortality of 
undersized swordfish in U.S. fisheries and the estimated 
43.8% postrelease mortality determined in our study, the 
total mortality for undersized swordfish would likely fall 
between 80% and 88%. Such a result calls into question 
the overall effectiveness of the current minimum size 
required for retention and its effect on fish biomass and 
stock conservation. To put this range of total mortality 
into perspective, consider that, of the 5844 undersized 
swordfish caught per year on average between 2017 and 
2021 (NMFS, 2022), 4675–5143 swordfish too small to 
retain likely died in that period within the U.S. fishery 
alone. Although this amount is small in comparison to 
actual retained catches (Fig. 2), it represents a substantial 
level of mortality of unharvested fish.

Regulations that mandate the discard of all individu-
als that do not meet the minimum size for retention have 
discouraged the targeting of small swordfish, given that 
the reported percentage of landed swordfish that were 
undersized between 2000 and 2015 internationally was 
reduced from 33% to 23% (ICCAT, 2019). Revisiting the 
International Commission for the Conservation of Atlan-
tic Tunas management rule that was used from 1990 to 
2004, an alternative of a larger minimum size with reten-
tion of a percentage of undersized swordfish, could reduce 
the number of dead swordfish discards without incurring 
additional mortality in the stock. However, such a measure 
would need to be approached with caution. An overcorrec-
tion could undo decades worth of stock rebuilding and 
incur opposition from other domestic swordfish fishery 
stakeholders. The results of this study do not provide clear 
support for any proposed management policy changes.

If, after further research, the requirement of a minimum 
size for retention is deemed to insufficiently reduce stock 
mortality, additional policies could be implemented in U.S. 
fisheries to further reduce catch rates of undersized sword-
fish or to improve their survivorship. The mandate for the 
use of circle hooks in the U.S. pelagic longline fleet has led 
to an 8% reduction in mortality within swordfish fisheries 
(Serafy et al., 2012), but many international fleets resist 

https://iccat.int/Documents/SCRS/DetRep/SWO_SA_ENG.pdf
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Figure 2
Estimated numbers of swordfish (Xiphias gladius) retained and discarded in the U.S. pelagic longline fishery during 
2017–2021, based on the assumption of (A) minimum (65%) and (B) maximum (79%) estimates of at- vessel mortality 
from the stock assessment meeting held in 2022 by the International Commission for the Conservation of Atlantic 
Tunas. Total mortality represents the combination of at- vessel mortality and the 43.8% postrelease mortality found 
in this study. Data for captured swordfish that were discarded because they were smaller than the size required for 
retention (119 cm in lower jaw fork length) and that were retained in the fishery are from the stock assessment and 
fishery evaluation report for Atlantic highly migratory species published by the National Marine Fisheries Service in 
2022. The difference between panels in values shown is the addition of the numbers of retained swordfish in panel B.

regulation regarding the use of circle hooks. Limiting soak 
times could reduce the physiological stress on caught fish 
and decrease mortality, but it also could likely lead to a 
reduction in target species yield, which would result in an 
increase in fishing effort to maintain current catch levels. 
An increase in hook size could reduce interactions with 
undersized swordfish (Kerstetter3) but may also reduce 
catch of smaller target species, such as bigeye tuna and 
yellowfin tuna. A combination of measures to reduce the 

3 Kerstetter, D. W. 2004. Preliminary gear comparison between 
16/0 and 18/0 sizes non- offset circle hooks in the Southeastern 
U.S. coastal pelagic longline directed swordfish fishery. VIMS 
Mar. Resource Rep. 2004-07, 19 p. Va. Inst. Mar. Sci., Coll. 
 William Mary, Gloucester Point, VA. [Available from website.]

mortality of undersized swordfish should continue to be 
examined.

The study described herein is the first assessment of the 
postrelease survival rate of undersized swordfish caught 
on pelagic longline gear, information that could be used to 
provide a correction factor for future stock assessments. 
Although the sample size was small, the postrelease sur-
vival rate of 56.2% is both lower than that for several istio-
phorid billfishes released from pelagic longline gear in 
U.S. fisheries and lower than that for swordfish released 
from buoy gear or recreational rod- and- reel gear. Future 
research should focus on increasing the number of tags 
deployed to refine this preliminary estimate of survival, 
and this work should include analysis of variables such as 
temperature, time hooked on gear, and hook type, as well 

https://doi.org/10.21220/m2-gphp-h661
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as associated physiological stress responses. Although a 
majority of tagged individuals survived release in this 
study, this result combined with the high at- vessel mor-
tality rates estimated in previous studies for swordfish 
caught by pelagic longline gear indicates that minimum 
retention lengths may not have substantial conservation 
benefits beyond discouraging targeting. Management 
policies could be altered without biological detriment to 
the stock to allow some incidental retention of undersized 
swordfish while also discouraging the targeting of under-
sized individuals, but such options are very likely to be 
controversial among current stakeholders of the swordfish 
fishery.

Resumen

Se colocaron marcas archivadoras desplegables de super-
vivencia (sPAT) a peces espada (Xiphias gladius) libera-
dos en palangreros pelágicos comerciales estadounidenses 
en el océano Atlántico Norte occidental. El propósito era 
determinar la supervivencia después de la liberación de 
individuos de talla inferior a la talla mínima de retención 
(119 cm de longitud mandíbula inferior- furcal) establecida 
por la Comisión Internacional para la Conservación del 
Atún Atlántico (CICAA). Entre 2021 y 2023, se colocaron 
24 sPAT con una duración programada de 30 días para 
medir la profundidad, la temperatura y la luz ambiental. 
La temperatura y la profundidad se registraron como mín-
imos y máximos diarios, y el nivel de luz se registró como 
un cambio diario entre los valores mínimos y máximos. Los 
últimos 5 días de datos de profundidad también se regis-
traron a intervalos de 10 minutos antes de la liberación 
para evaluar los movimientos a escala fina coherentes 
con la supervivencia. Diecinueve marcas transmitieron 
datos, y 16 de ellas tenían datos suficientes para el análi-
sis. De estas marcas, 9 sPAT (56.2%) transmitieron datos 
consistentes con los movimientos de un pez espada super-
viviente. Esta tasa de supervivencia es inferior a las reg-
istradas en estudios anteriores utilizando caña con carrete 
y boyas para pez espada, lo que indica que la captura con 
palangre pelágico causa un mayor estrés al pez espada que 
esos otros equipos de pesca. Este resultado, combinados 
con estudios previos sobre las tasas de mortalidad a bordo, 
indica que la norma actual de CICAA sobre la talla mín-
ima de retención ofrece beneficios limitados para la conser-
vación de las poblaciones del pez espada.
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