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ABSTRACT: We investigated the potential use of open coastal habitat over the continental shelf as a
nursery area for the common thresher shark Alopias vulpinus. Seven juvenile threshers were tracked
using acoustic telemetry to determine their movement patterns and nursery habitat in the Southern
California Bight (SCB). Tracked sharks occupied waters over the continental shelf 87% of the time.
These waters had an average (± SD) sea surface temperature of 18.8 ± 1.6°C and chlorophyll concentrations that were an order of magnitude higher than in adjacent waters offshore of the continental
shelf. Tracked sharks had a mean rate of movement of 1.63 ± 0.56 km h–1, and some sharks exhibited
high site fidelity. The vertical distribution of juvenile threshers was generally limited to the upper
20 m of the water, and most sharks showed diel depth distribution patterns, with daytime depths
significantly greater than nighttime depths. An analysis of SCB commercial fishery observer data
confirms that juvenile common threshers are most frequently captured over the continental shelf.
This region appears to provide juvenile threshers with ample food resources and reduced predation
risk relative to adult habitat, and partially satisfies more quantitative nursery area criteria recently
established in the literature.
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INTRODUCTION
The young of many shark species spend the first few
years of life in nursery areas that are discrete from the
areas occupied by adult sharks. According to the classical paradigm, shark nursery areas appear beneficial in
providing ample food resources and reduced predation
risk at a vulnerable life stage (Clarke 1971, Castro 1993),
and are thus seen as critical to the survival of young
sharks (Medved & Marshall 1983, Carrier & Pratt 1998,
Gruber et al. 2001, Heupel & Simpfendorfer 2002).
Heupel et al. (2007) argued that the classical definition of
a shark nursery is too vague to be useful as a manage-

ment parameter, and proposed several testable criteria
for a shark nursery. These are (1) that sharks are more
commonly encountered in the nursery than in other
areas, (2) sharks have a tendency to remain or return
for extended periods, and (3) the habitat is repeatedly
used across years. In view of worldwide declines in numbers of many pelagic shark species (Dulvy et al. 2008),
the identification of shark nursery areas and their inclusion into fishery management plans are important
for the conservation and sustainable management of
sharks (Heupel & Simpfendorfer 2005, Aires-da-Silva &
Gallucci 2007, Heupel et al. 2007, McCandless et al.
2007, Kinney & Simpfendorfer 2009).
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Most documented shark nursery areas occur in bays,
lagoons, and estuaries (Clarke 1971, Gruber et al.
1988, Holland et al. 1993, Heupel & Simpfendorfer
2005). Nevertheless, more open coastal habitats bordering waters along the continental shelf may also
serve as nursery areas for some shark species (Hussey
et al. 2009). A region containing such habitats is the
Southern California Bight (SCB), an open embayment
extending along the Pacific coast from Point Conception (34° N) in southern California (USA) to Cabo Colonet (31° N) in northern Baja California (Mexico), and
offshore to a maximum width of approximately 300 km
(Fig. 1A). The SCB has been suggested as a nursery
area for various pelagic shark species, including shortfin mako shark Isurus oxyrinchus (Hanan et al. 1993),
blue shark Prionace glauca (Ebert 2003), white shark
Carcharadon carcharias (Weng et al. 2007), and common thresher shark Alopias vulpinus (Compagno
2001). However, no studies have addressed what
nursery functions the SCB may actually provide for
these species.
Here we report investigations characterizing the
nursery habitat of the common thresher shark in the
SCB. The common thresher is a large, highly migratory
pelagic shark with a cosmopolitan distribution in subtropical and temperate waters (Compagno 2001). In
the SCB, the common thresher is economically important as a secondary target of the California drift
gillnet fishery (CA-DGN), and is the basis of the largest
commercial shark fishery in California waters (CDFG
1999), with an average of approximately 200 t captured
annually over the past decade (PFMC 2008). Fisheries
data suggest that threshers make a seasonal migration
from a winter habitat off Baja California to the west
coast of the United States, as far north as the state of
Washington (PFMC 2003). In early spring, as adult
threshers travel northward, pupping is thought to
occur in SCB waters. Pups are born at 60 to 70 cm fork
length (FL; Smith & Aseltine-Neilson 2001).
Subadult and adult common threshers (i.e. FL >
120 cm) generally inhabit waters offshore of the SCB
continental shelf (Cartamil et al. in press). However,
preliminary evidence suggests that juveniles utilize
the shallow waters over the SCB continental shelf.
For example, one juvenile common thresher acoustically tracked by Dubsky (1974) remained in the shallow waters of Morro Bay, California. In addition, Baja
California artisanal gillnet fisheries capture a substantially higher proportion of juvenile common threshers
than adults over the Mexican portion of the SCB continental shelf (Cartamil 2009).
In this study, we used acoustic telemetry tracking
and an analysis of commercial fishery data to test the
hypothesis that the shallow, coastal waters over the
continental shelf of the SCB are the preferred habitat

of juvenile common thresher sharks. We describe the
specific areas utilized by juveniles, their degree of
short-term site specificity, and the influence of physical, temporal, and environmental variables on the
movement patterns of tracked sharks. We then examine the concept of the SCB as a nursery area for the
common thresher by comparing our findings to both
the classical paradigm of a shark nursery and the
testable shark nursery criteria proposed by Heupel et
al. (2007).

MATERIALS AND METHODS
Tagging and tracking. Juvenile common threshers
were captured by research longline or rod and reel at
various coastal locations throughout the SCB (Fig. 1B).
For sharks caught by rod and reel, fight time was less
than 5 min. During longline operations, the line was
checked hourly, and only sharks that were vigorously
active and appeared free of injury when retrieved on
the longline were tagged and tracked.
Captured sharks were brought alongside the capture vessel; a temperature and depth sensing acoustic
transmitter (Vemco, Model V-13TP, 13 mm diameter ×
45 mm length, frequencies 60 to 75 KHz, 1000 ms pulse
interval) was attached to the shark with a nylon dart
(Floy Tag & Mfg, Model FIM-96) inserted into the radials at the base of the dorsal fin. Each shark was then
measured and sexed, the hook was removed, and
tracking commenced immediately upon release. Handling time at the tagging vessel was 3 to 5 min.
Sharks were tracked from a 5 m Boston Whaler
equipped with a rotating Vemco V110 directional hydrophone, mounted on the side of the tracking vessel, that
extended below the keel. Depth and temperaturecalibrated signals from the acoustic tags were decoded
with an onboard Vemco VR100 receiver. These data,
along with determinations of position (Garmin GPS 72)
and bottom depth (Hummingbird Matrix 10 depth
sounder), were recorded at 5 min intervals over the
duration of each track. A bathythermograph (Seabird
Electronics, Model SBE39) was deployed every 2 to 3 h
in order to determine the thermal structure of the water
column. Acoustic tags had a depth range of 200 m and
a transmitting range of approximately 1 km. The tracking vessel was kept at a constant distance of approximately 100 m from the shark during tracking; for purposes of movement analyses, this was assumed to be the
shark’s position.
Analyses. Movement data were plotted over a bathymetric chart of the study area using Arcview GIS
Version 3.2. Distances between successive positions
were determined with the Animal Movement Analyst
Extension (AMAE; Hooge & Eichenlaub 1997). Dis-
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Fig. 1. (A) Coastline of California (USA), showing the Southern California Bight (SCB, dashed box), which extends into northern Baja California (Mexico). North latitude and West longitude values shown. (B) SCB; boxes show locations where juvenile
thresher sharks (nos. 1 to 7) were tracked. (T1 to T7) Bathymetric maps and track records for each shark. In each map, the continental shelf (in light grey) is shown extending offshore to a depth of approximately 100 m. Depth contour lines: outer, 110 m;
inner, 55 m. Shark 7 was tracked in very shallow water off Imperial Beach (IB), and only the 10 m contour is shown. Within
each panel, individual tracks of juvenile common thresher sharks are shown as dotted lines (dots do not represent data collection intervals), and starting points of each track are circled. La Jolla Canyon (LJC in T1) bisects the continental shelf in T1, T2,
T4, and T5. Other major canyons are labeled: CC, Carlsbad Canyon; RC, Redondo Canyon; SMC, Santa Monica Canyon
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tances traveled over 1 h periods were summed to
determine the hourly rate of movement (ROM), expressed in km h–1.
Shark movements were mapped in relation to sea
surface temperatures (SST) and chlorophyll concentrations (mg m– 3; spatial resolution: 1.1 km; Terrafin software: www.terrafin.com). For each shark position for
which a corresponding satellite image was available,
the SST and chlorophyll values were estimated, and
these were used to calculate a mean for each track. A
paired t-test was used to compare chlorophyll values
for each known shark position to chlorophyll values
directly offshore of the continental shelf. To determine
interaction with giant kelp Macrocystis pyrifera beds,
location and extent of kelp beds were plotted from California Department of Fish and Game survey data for
the appropriate year (www.dfg.ca.gov/biogeodata/gis/
mr_nat_res.asp).
A site fidelity index (SFI; modified from Zeller 1997,
Bellquist et al. 2008) ranging from 0 to 1 was calculated
for each shark to assess the degree to which individuals exhibited short-term site fidelity. This was calculated as:
1−

(

distance from the first to last recorded posittion
g period
total distance traveled during the tracking

)

Small SFIs indicate unidirectional (linear) movements,
while large SFIs indicate meandering movements over
a relatively confined area (high site fidelity). Linear regression was used to determine if there was a relationship between SFI and habitat characteristics (i.e. mean
SST and chlorophyll concentration) for each track.
Vertical movements were examined by plotting the
depth readings of each shark against time of day.
These depth profiles were then fitted over bathythermograph data to evaluate the relationship between the
shark’s vertical movements and the thermal structure
of the water column. Data obtained from the transmitter sensors were used to construct a diel depth-preference histogram, and data from the depth sounder were
used to plot a histogram of bottom depths over which
the shark swam.

To examine the relationship between common
thresher shark size and habitat preference on a larger
spatio-temporal scale, we analyzed data from the
National Marine Fisheries Service (NMFS) observer
program database for the 2 main fisheries that capture
common threshers in the SCB: (1) the CA-DGN (targeting primarily swordfish Xiphias gladius and common
thresher shark, and (2) the CA setnet fishery (targeting
primarily California halibut Paralichthys californicus).
The available CA-DGN observer dataset spanned the
period 1990 to 2008 and contained 4267 sets with
thresher shark catch. CA setnet fishery observer data
spanned the period 1990 to 1994 and contained 272
sets with thresher shark catch. The positions of sets
made within the SCB that captured observer-measured
common thresher sharks were plotted over a bathymetric map of the SCB. The percentage of catch over
the continental shelf versus offshore of the continental
shelf was then determined relative to shark size for
both fisheries.

RESULTS
Seven juvenile thresher sharks (FL: 66 to 108 cm)
were tracked for periods ranging from 32 to 75 h, between 9 September 2005 and 11 September 2007
(Table 1). Based upon age and growth studies by Cailliet & Bedford (1983) and Smith et al. (2008), we estimate that the smallest sharks tracked (66 and 73 cm
FL) were young of the year, while larger sharks (101 to
108 cm FL) were 1 to 2 yr of age.
Mean (± SD) hourly ROM for all sharks pooled during
the first 6 h following release (1.96 ± 0.51 km h–1) was
significantly higher than ROM values recorded beyond
6 h (1.63 ± 0.56 km h–1; paired t-test, p < 0.001). This increased ROM may reflect a short-term capture-induced
stress response, and thus data obtained during the first
6 h of tracking were not used for any analyses. Mean
hourly ROMs for individual sharks are given in Table 1.
The continental shelf of the SCB is often less than
10 km wide and extends offshore to a bottom depth of

Table 1. Alopias vulpinus. Sex, length, and track details for 7 juvenile thresher sharks tracked in the Southern California Bight.
F: female, M: male, FL: fork length, SFI: site fidelity index, ROM: rate of movement (km h–1)
Shark no.

T1
T2
T3
T4
T5
T6
T7

Sex

FL
(cm)

Track
start date

Track duration
(h)

Total track
distance (km)

SFI

Mean ± SD
hourly ROM

F
M
F
M
M
M
M

84
66
78
108
108
73
101

9 Sep 2005
22 Jun 2006
13 Sep 2006
20 Jun 2007
25 Jun 2007
5 Sep 2007
11 Sep 2007

38
32
54
67
58
46
75

58.2
60.8
114.6
94.1
89.2
82.0
73.7

0.866
0.394
0.281
0.864
0.858
0.654
0.915

1.42 ± 0.31
1.89 ± 0.36
2.11 ± 0.24
1.32 ± 0.62
1.50 ± 0.45
1.84 ± 0.49
1.00 ± 0.36
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approximately 110 m (Carlucci et al. 1986). Juvenile
threshers occupied waters over the continental shelf
almost exclusively and rarely ventured into off-shelf
habitat (Fig. 1, T1–T7). Specifically, 87.0% of shark
positional fixes were located over the continental shelf.
Of the remaining points, most were due to sharks traversing deep submarine canyons that bisected the
shelf close to shore (6.5% of total positional fixes over
La Jolla canyon; 2.2% over Santa Monica, Redondo,
and Carlsbad canyons). Only 4.3% of total shark positional fixes were located beyond the shelf and were
unassociated with canyons. Sharks showed no preference for any particular depth zone, utilizing the entire
area above the continental shelf (Fig. 2). The course of
2 tracked sharks took them within 1 km of extensive
giant kelp beds near La Jolla Point, and both appeared
to alter their direction in order to avoid entering this
habitat (Fig. 3).

Fig. 2. Alopias vulpinus. Mean (± SE) percentage of time that
7 tracked juvenile common thresher sharks swam over given
bottom depths (in 10 m bins)

The waters occupied by tracked sharks had an average SST of 18.8 ± 1.6°C (range: 16.7 to 21.7°C). Mean
chlorophyll concentration at all shark track locations
for which data were available was 5.11 ± 1.27 mg m– 3.
This was higher by 1 order of magnitude than in adjacent off-shelf habitat (0.54 ± 0.05 mg m– 3; p < 0.001,
paired t-test).
Five of the 7 sharks exhibited high site fidelity (SFI
values of 0.654 to 0.915) over the course of the tracking
period (Table 1). However, SFIs were lower for sharks
2 and 3 (SFI values of 0.394 and 0.281, respectively).
SFI values were not related to mean SST or mean
chlorophyll levels (linear regression, p > 0.05).
The vertical distribution of juvenile threshers was
generally limited to the upper 20 m of the water column (91.6% of shark depth readings; Figs. 4 & 5a), and
temperatures encountered by sharks during vertical
excursions ranged from 11 to 19°C. Most sharks
showed diel depth distribution patterns, with daytime
depths significantly deeper than nighttime depths (p =
0.014, analysis of variance [ANOVA]-type general linear model; Fig. 5b).
Analysis of commercial fishery observer data indicates that common thresher sharks captured offshore
of the continental shelf were significantly larger than
those captured over the shelf (p < 0.001, ANOVA-type
general linear model). The majority (88.2%) of common threshers captured over the continental shelf
were juveniles <120 cm FL and were primarily captured in the CA setnet fishery (Fig. 6A). By contrast,
the majority (90.7%) of common threshers captured
offshore of the continental shelf were >120 cm FL and
were primarily captured in the CA-DGN fishery
(Fig. 6B).

DISCUSSION
Movement patterns and habitat preferences

Fig. 3. Alopias vulpinus. Segments of juvenile common
thresher Tracks 1 and 5 showing the likely influence of giant
kelp beds off La Jolla Point, California, on course changes.
Tracks are indicated by dotted lines, and the extent of the
kelp bed is indicated by the stippled area. Arrowheads show
course changes mirroring the kelp bed perimeter for durations of approximately 1 h for Track 1 and 0.5 h for Track 5

The track records for juvenile common threshers,
obtained at several localities throughout the SCB, consistently demonstrate the preferential use of coastal
waters over the continental shelf as opposed to farther
offshore where larger threshers are found. Tracked
juveniles were distributed over the entire continental
shelf zone. For example, shark 2 spent the majority of
its time near the outer edge of the continental shelf,
while shark 7 never swam over waters deeper than
15 m.
Our analysis of fishery observer data shows that
juveniles were frequently captured over the SCB shelf
(primarily by the CA setnet fishery), while common
threshers >120 cm FL were typically encountered offshore of the shelf (by the CA-DGN). These fishery-
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Fig. 4. Alopias vulpinus. Dive profiles of juvenile common thresher sharks 1 through 7. Shaded areas indicate nighttime hours.
Gray lines represent 1°C isotherms; maximum and minimum isotherm temperatures are given on the right. For Track 7, the bottom
contour is shown in dark grey

Cartamil et al.: Thresher shark nursery habitat

Fig. 5. Alopias vulpinus. (A) Percentage of time spent at swimming depths (in 5 m bins) for juvenile common thresher sharks
during day (grey) and night (black). (B) Mean (± SD) swimming
depths of sharks 1 to 7 during day (grey) and night (black)

dependent data are potentially biased by differences
in fishery selectivity. For example, the CA setnet fishery operates year-round and mesh size averages approximately 22 cm, while the CA-DGN operates from
August through January and mesh size averages approximately 50 cm. Nevertheless, they provide additional evidence of a habitat disjuncture between juvenile and adult common threshers.
Two tracked sharks appeared to alter their direction
to avoid entering dense kelp beds near La Jolla Point.
While this does not provide definitive evidence of kelp
habitat avoidance, corroborative evidence comes from
Hubbs Sea World Research Institute (HSWRI) gillnet
survey data, which show an extremely low catch per
unit effort (CPUE) of juvenile threshers in kelp beds
relative to other shark species commonly found on
the SCB continental shelf, such as soupfin shark Galeorhinus galeus and leopard shark Triakis semifasciata
(L. Belquist pers. comm.). This may be related to prey
availability; past and ongoing studies of juvenile
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Fig. 6. Alopias vulpinus. Size distribution of common thresher
sharks captured in both the California setnet fishery (grey
portion of bars) and California drift gillnet fishery (black portion of bars) relative to: (A) waters over the continental shelf
and (B) waters offshore of the continental shelf. The dotted
gray line represents 120 cm fork length, the approximate size
at which common threshers appear to switch from on-shelf to
off-shelf habitat

thresher shark stomach contents (Preti et al. 2001,
2004, A. Preti unpubl. data) indicate that they feed primarily on northern anchovy Engraulis mordax in the
SCB. Although the northern anchovy is occasionally
observed in kelp Macrocystis forests, it is generally a
pelagic schooling species and is more commonly found
in open waters over soft bottom (Stephens et al. 2006).
Additionally, kelp habitat may physically inhibit
thresher shark movement or predation.
Other facets of juvenile common thresher shark
behavior appear consistent with predation on northern
anchovy. Anchovy normally school in near-surface
waters during the day (PFMC 1998), but may disperse
at night (Allen & DeMartini 1983). Juvenile threshers
occupy the upper 20 m of the water column, but are
slightly deeper during the day, which may enable
detection of schools of anchovy silhouetted by downwelling light. Good agreement also exists between the
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SST range (16.7 to 21.7°C) where the tracked juvenile
common threshers occurred, the SST range (15 and
22°C) yielding the highest catch rates of larger (mainly
subadult and adult) common threshers in the CA-DGN
(PFMC 2003), and the SST preference of northern anchovy in the SCB (Checkley et al. 2000). This is perhaps not surprising given that adult common threshers
also prey largely on northern anchovy, although they
apparently have a greater dietary diversity than juveniles (Preti et al. 2001, 2004).
Three of the 4 common threshers tracked off La Jolla
and the individual tracked at Imperial Beach all
showed high SFIs, implying that generally favorable
habitat conditions prevailed in the areas occupied by
those sharks during the tracking period. However, SFI
values were not related to SST or chlorophyll levels,
and were likely not related to bottom substrate due to
the sharks’ preference for the upper water column. It is
possible that SFIs may have been affected by factors
that could not be quantified during the present study,
such as prey abundance and local ocean currents.

Are the continental shelf waters of the SCB a nursery
area for the common thresher?
The findings for habitat preference support the
hypothesis that juvenile common threshers primarily
utilize the continental shelf area of the SCB. Here we
analyze the potential link between habitat preference
and a nursery area function by considering the 2 key
features of the shark nursery area concept: access to
ample food resources and reduced predation (Clarke
1971, Castro 1993). We then consider the more quantitative criteria for shark nursery areas proposed by
Heupel et al. (2007).
(1) Ample resources: Prey resources appear to be
abundant for juvenile common threshers in the SCB,
where continental shelf waters are more productive
than offshore waters (Hardy 1993). Indeed, our determinations during the period when tracking was done
show that there was a 10-fold greater chl a concentration in shelf waters than in offshore waters. A higher
productivity can support a larger biomass of planktivorous northern anchovy. During favorable conditions,
the northern anchovy can be the most abundant fish
species over the SCB continental shelf (Allen &
DeMartini 1983). In addition, ichthyoplankton surveys
conducted by the CalCOFI program during the time of
this tracking study indicate that the highest concentration of northern anchovy eggs (and, by extension,
spawning biomass) was in nearshore waters of the SCB
(Goericke et al. 2007, McClatchie et al. 2008).
(2) Decreased predation risk relative to adult habitat:
The offshore pelagic habitat of adult common thresh-

ers is also inhabited by large, abundant predators such
as adult blue and shortfin mako sharks. By contrast, in
the continental shelf habitat occupied by juvenile
threshers, co-occurrence with these pelagic predators
is minimal (Casey & Kohler 1992, Nakano 1994, Compagno 2001). Nevertheless, some potential for predation exists. For example, juvenile white sharks in the
SCB may utilize habitat similar to that of juvenile
threshers (Dewar et al. 2004, Weng et al. 2007); other
predators with the capacity to feed on small sharks
include the sevengill shark Notorhynchus cepedianus
(Lucifora et al. 2005, Braccini 2008) and California sea
lion Zalophus californianus (Lowry et al. 1990). However, none of these species has been documented to
prey on Alopias vulpinus. Therefore, relative to the
pelagic environment, the continental shelf habitat
used by juvenile threshers in the SCB likely decreases
predation risk.
Life history traits of the common thresher shark may
also contribute to reduced juvenile mortality. Branstetter (1990) noted that large neonatal size is an important
attribute contributing to early survival of shark species
such as sand tiger Odontaspis taurus and dusky sharks
Carcharhinus obscurus, whose juveniles inhabit shallow, coastal waters. The low fecundity of the thresher
shark (2 to 4 pups litter–1, 2 yr cycle; PFMC 2003) may
directly contribute to reduced predation by allowing
for a relatively large pup size of 60 to 70 cm FL (Smith
& Aseltine-Neilson 2001). Moreover, neonatal size is
markedly accentuated by an elongate tail, resulting in
a total length (TL) of 114 to 156 cm (Smith et al. 2008).
Finally, the relatively rapid growth rate of juvenile
threshers may also make them less vulnerable to predation. Estimated values of k, the growth coefficient in
the von Bertalanffy curve describing the time to reach
maximum length (Pauly 1983), reported for this species
are relatively high compared to other sharks, ranging
from 0.12 to 0.19 yr–1 (Smith et al. 2008).
Heupel et al. (2007) noted that the traditional assumptions of shark nursery areas are difficult to quantify accurately and may not hold true for all nurseries.
Thus, these authors proposed 3 specific criteria to more
quantitatively assess shark nursery areas; below we
address each criterion individually with respect to the
designation of the SCB continental shelf as a nursery
area for the common thresher shark.
(1) Juvenile sharks are more commonly encountered
in the area than in other areas: Analysis of commercial
fishery observer data clearly indicates that juvenile
threshers in the SCB are more frequently encountered
over the continental shelf than offshore of the shelf.
(2) Sharks have a tendency to remain or return for
extended periods: Tracked juvenile threshers occupied
waters over the SCB shelf and shelf-contiguous habitat
95.7% of the time, and it is likely that juveniles re-
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mained in this habitat for longer than any individual
tracking period. However, for constantly moving,
wide-ranging sharks such as juvenile common threshers, tag-and-recapture, satellite tagging studies, and
fishery-independent surveys may be more suitable to
address this criterion, and are in progress.
(3) The habitat is repeatedly used across years: The
commercial fishery observer data analyzed in this
study span an 18 yr period (1990 to 2008), and show a
consistent pattern of increased juvenile catch over the
SCB continental shelf. Thus, this habitat is used repeatedly by juvenile threshers across years.
In conclusion, this study shows that juvenile common
thresher sharks preferentially utilize open coastal
habitat, specifically the upper 20 m of the water column over the continental shelf, in the SCB. We provide
evidence that this habitat conforms to the classical
nursery area paradigm, as well as more quantitative
criteria proposed by Heupel et al. (2007). Juvenile
threshers are also common below the SCB along the
Pacific coast of Baja California to as far south as 28° N
latitude (Cartamil 2009), and occur north of the SCB to
a lesser extent (PFMC 2003). Thus, the SCB represents
one component of a potentially vast nursery area
within which juvenile threshers likely undertake
large-scale migratory excursions (D. Cartamil unpubl.
data). Future studies should focus on determining the
full geographic extent of juvenile thresher shark habitat, seasonal shifts in abundance, and the impacts of
commercial fisheries on juvenile threshers throughout
their nursery range.
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