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Abstract Great barracuda (Sphyraena barracuda) were
implanted with acoustic telemetry transmitters (n = 42) and
monitored within a stationary acoustic receiver array
(n =53 receivers) in The Bahamas to examine residency,
seasonal movements, and habitat use. Barracuda were mon-
itored for up to 980 days and remained within the array area
~33% (median value) of the time. Most tagged barracuda
were transient and would often disappear from the array for
months at a time, particularly in the summer where they
were usually last detected on receivers located in deeper
shelf habitats, and then return at other times in the year.
Habitat use across the footprint of the array differed, with
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most detections occurring in coastal areas and compara-
tively fewer in deeper mosaic or shelf habitats. Linear
home range estimates revealed that some barracuda moved
>12 km within a single day and are capable of migrating
>100 km to other islands in the Bahamian Archipelago.
Our results provide some of the first telemetry data for this
apex marine predatory fish and the first reliable information
on the residency and localized seasonal movements of
adult great barracuda in the coastal waters of the Western
Atlantic.

Introduction

Great barracuda (Sphyraena barracuda) are a predatory
marine fish found in subtropical and tropical regions world-
wide (Williams 1959; de Sylva 1963; Blaber 1982) and
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may hold an important position as an apex predator in near-
shore systems (de Sylva 1963; Friedlander and de Martini
2002). As a species that is easily accessible from shore, bar-
racuda are often targeted by recreational anglers (Dunaway
2008) and subsistence fishers for consumption, thus illus-
trating the economic and cultural importance of this species
(de Sylva 1963; Villareal et al. 2007). Despite their poten-
tial ecological importance, abundance, and stature as a
prized sportfish and food fish, there is a relative dearth of
knowledge of great barracuda biology and natural history.
In particular, barracuda movement patterns are poorly
understood.

To date, only a limited number of studies have docu-
mented barracuda movement and behaviour at coarse
scales, using mark-recapture tagging studies (Springer and
McErlean 1961; Villareal et al. 2007), underwater visual
observations (Paterson 1998), and natural body markings to
monitor individuals (Wilson et al. 2006). Barracuda have
often been observed to inhabit a range of habitat types,
including nearshore reefs, tidal flats, and deeper pelagic
environments (de Sylva 1963; Paterson 1998; Wilson et al.
2006). Their presence in these areas may be a function of
life history stage or environmental conditions, while sea-
sonal migrations are presumed to be associated with spawn-
ing activity or variation in water temperatures (de Sylva
1963; Paterson 1998; Faunce and Serafy 2008). A mark-
recapture study has revealed that larger individuals move
greater distances and are more likely to inhabit offshore
reefs (Springer and McErlean 1961), while in contrast, Wil-
son et al. (2006), using unique natural color markings to
identify individual fish, found that larger barracuda were re-
sighted near their original location during a 10 month study
near South Caicos, Turks and Caicos Islands, suggesting a
degree of site fidelity. Interestingly, great barracuda have
also been documented to migrate over 1,000 km across the
Gulf of Mexico (Villareal et al. 2007), suggesting that they
are capable of large-scale migrations across great distances.
However, mark-recapture studies are known to be biased
against the detection of movement and have limited spatial
and temporal resolution (Klimley etal. 1998). Conse-
quently, local residency, home range, and habitat use are
poorly understood and warrant further investigation using
additional and more robust techniques.

Large acoustic telemetry receiver arrays are increasingly
being used to study the spatial ecology of marine fish spe-
cies and are providing unprecedented advances in knowl-
edge with respect to fish behaviour and critical habitat use
(Heupel et al. 2006a, b; Yeiser et al. 2008; Meyer et al.
2007a, b). With increasing anthropogenic influence, large
predatory fish such as great barracuda, may become more
susceptible to disturbances in coastal regions, and basic
biological information could inform future conservation
initiatives.

@ Springer

The objective of the present study was to examine resi-
dency, seasonal movements, and habitat use of great barra-
cuda in the coastal waters of The Bahamas. A large-scale
acoustic telemetry array was deployed across a range of
habitat types and fish were monitored for up to 33 months.
To our knowledge, this is the first study to use acoustic
telemetry to document movement and habitat use for great
barracuda.

Materials and methods
Study site

The study site was located near the Cape Eleuthera Insti-
tute off the coast of Powell Point, Eleuthera, The Bahamas
(24°54'N; 76°20'W, Fig. 1). Situated at the junction of
the shallow Grand Bahamas Bank and the deeper waters
of the Exuma Sound, the marine environment adjacent to
Powell Point contains a diversity of habitats including
mangrove tidal creek systems, seagrass beds, patch reefs,
and deeper, continental shelf environments. An acoustic
telemetry array, designed to monitor the movement and
activity of several marine fish species, was deployed
along the coast of Powell Point, initially consisting of 27
receivers in 2007 (VR2 and VR2W; Vemco/Amirix sys-
tems, Shad Bay, Canada). The array was expanded in
2008 and 2009, and some receiver stations were re-
located to optimize data collection. The greatest number
of receivers deployed at one time was 53, with a total of
105 receiver stations used over the entire study period.
The receiver array was arranged in three “curtains”
extending from Powell Point, with additional receivers
placed as a net formation between the curtains, a row
along the edge of the continental shelf, and stations within
tidal creeks and coastal flats (Fig. 1). The receivers were
attached to a piece of iron bar that was fixed to a cement
block and placed on the ocean floor. Range tests, per-
formed according to manufacturer specifications upon
initial receiver deployment using fixed tags in varied envi-
ronments and depths as detailed in Murchie etal. (in
press), indicated average detection ranges of approxi-
mately 500—-600 m radius in deep water (i.e. continental
shelf habitat) under optimal conditions, generally 200—
250 m in shallower, dynamic coastal areas, and as small
as 30 m radius in the shallow waters of tidal creeks. Inher-
ent with all such arrays, we expected that detection
efficiency was reduced during storms. For the most part,
receiver detection zones did not overlap. Fish were moni-
tored for 980 days from February 20, 2007, when the first
barracuda was tagged, until the final receiver download on
October 27, 2009, when the study ended due to the need to
redeploy equipment for a different study.
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Fig. 1 Map of the study area with receiver station locations. The array was expanded and re-positioned throughout the study period and locations
plotted on this map represent all receiver locations over the entire 33 month monitoring period

Habitat type was divided into three categories: coastal,
mosaic, and shelf. Coastal habitat (within approximately
1 km from shore) was generally less than 5 m deep, with
typical characteristics including tidal creeks, mud flats,
some seagrass, and small patch reefs. These habitats were
often exposed to some wave and tidal action. Anthropo-
genic structures such as marinas or dredged cuts (regardless
of water depth) were also included as coastal habitat due to
the close proximity of these locations to other available
coastal habitat. Mosaic habitat was generally less than 10 m
deep, usually within 2 km from shore and characterized as
having a mosaic of patch reefs, seagrass beds, and areas of
sandy bottom. Shelf habitats were located along the conti-
nental shelf of the Exuma Sound, at depths greater than
10 m (the greatest depth of a receiver station was placed
over the edge of the shelf at 42 m). They were characterised
by some patch reefs and exposure to currents, and some of
these shelf locations were located relatively close to shore
(<1 km). Depth information was determined at the time of
receiver deployment.

Between February 2007 and December 2008, acoustic
telemetry transmitters (2007, n = 8; 2008, n = 34) were sur-
gically implanted into 42 adult great barracuda. All 42 fish
were tagged during the months of December, February, and
April. Barracuda were captured by trolling with heavy-
action recreational fishing gear (14 kg [30 Ib] test fishing
line, n = 38, see O’Toole et al. 2010 for details) and artifi-
cial lures, with spinning gear in shallow intertidal areas

(n=2), or in mangrove creeks with a seine net (n =2).
Once landed, the fish were transferred to a 1001 cooler
of seawater that contained a sufficient concentration of
the anaesthetic 3-aminobenzoic acid ethyl ester (MS222;
approximately 100 mg17!) to induce stage 4 anaesthesia
(Summerfelt and Smith 1990) in 3-4 min. Anaesthetized
fish were held in a supine position with gills submerged
while a 2-3 cm incision was cut with a scalpel along the
central mid-line halfway between the pelvic and anal fins,
and disinfected transmitters were inserted into the body
cavity. The incision was closed using 2-3 simple inter-
rupted sutures (PDS II 3/0 absorbable sutures, Ethicon Ltd,
NIJ; Cooke et al. 2003). Halfway through the surgery, fresh
seawater was added to the cooler to dilute the anaesthetic
concentration and to begin the recovery process. All surger-
ies were performed by the same trained surgeon, and all
handling and surgical procedures conformed to the guide-
lines of the Canadian Council for Animal Care adminis-
tered through Carleton University, Ottawa, ON. All fish
were allowed to recover in ambient seawater for approxi-
mately 45-60 min post-surgery before being released back
into the study area. Some fish were released at the point of
capture (n=22), however, on some occasions barracuda
were released from the marina at Powell Point (n = 20).
The marina offered an area that was sheltered from poor
weather and water conditions conducive for surgery proce-
dures as well as low predator burden area for release post
surgery and was less than 4 km from all capture locations.
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Acoustic transmitters used during this study included
V13 (average delay, 80 or 90 s), V16 (average delay, 60,
57.5, 80, or 90 s), and VOAP models (average delay, 45 or
90 s), each coded with a unique pulse series and operated at
69.0 kHz (Vemco/Amirix systems, Shad Bay, NS). The
transmitters had an expected battery life ranging from 530
to 3,645 days, and all battery units were projected to last
the duration of the study period (as a function of tagging
date) except for the VOAP transmitters, which had a battery
life expectancy of 65-160 days.

Data analysis

Residency

To quantify the number of barracuda present within the
study area at any one time, a point was plotted on a graph
for each day that an individual fish was detected anywhere

in the array across the entire study period (Fig. 2a). Data
were sorted by month and the proportion of fish present
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relative to the total number of tagged fish at large on a
monthly basis over the entire study period (February 2007—
October 2009, Fig. 2b) were plotted to determine seasonal
trends in residency. Based on the distribution of seasonal
data and coastal water temperature data (Summer, mean =
28.6 + 0.02°C; winter, mean = 24.9 + 0.02°C), data were
subsequently divided into two seasons (summer, April—
September and winter, October—March). Since not all indi-
viduals were detected for an entire year, only data from the
first 365 days post-tagging for individuals that were
detected for at least 1 year (n = 10) were used to compare
the difference between median number of days detected for
winter and summer using a Wilcoxon Sign-Rank test (Zar
1999). Long-term telemetry data sets spanning multiple
years are rare, thus, an additional analysis was completed to
compare the median number of days detected in winter and
summer for barracuda that were detected within the array
for more than 1 year (extending from tagging date until
final date of detection in the array) also using a Wilcoxon
Sign-Rank test (Zar 1999).



Mar Biol

A chi-square test was used to determine the probability
that the number of tagged fish at large (with an expectation
of 100% residency) differed from the number of fish
observed for each month within the array during the study
period. In addition, we assessed the interval at which each
fish was absent from the array and noted the receiver at
which the fish was last detected as well as the receiver
where the fish was detected upon returning to the study site.
The number of detections within the array from April to
September was divided by the total number of detections in
both seasons to determine the percentage of time each indi-
vidual barracuda spent in the array during the summer. Fish
that were tagged with transmitters that did not have suffi-
cient battery life to last through both seasons (i.e., VOAP
model) and fish that were not detected in the array during
the entire study period were removed from the analysis.
Individuals that were detected in the summer were charac-
terised by capture location and total length.

A residency index (Ig) was calculated for each fish by
dividing the total number of days a fish was detected within
the array by the number of days in the array (i.e. number of
days between the date of release until the last day detected).
An Iy value of O indicates no residency and a value of 1
indicates continuous residency within the array (Abecasis
and Erzini 2008; March et al. 2010). A correlation analysis
was conducted to evaluate the relationship between fish
size (TL) and residency variables (total number of days
detected, number of days at large, and Iy).

Habitat use

The position of many of the receivers within the array was
periodically adjusted during the study period in an effort to
refine spatial coverage and to accommodate a number of
related studies of other fish species. As such, a correction
factor was applied so that the total number of detections at
each station was divided by total number of days the
receiver was deployed at that location since receivers were
not deployed for the same length of time they were not
equally likely to detect fish throughout the duration of the
study period (Murchie et al. 2010).

Minimum linear distance (MLD) and median distance
travelled (MDT) were used to estimate barracuda home
range. MLD was calculated by determining the straight-line
distance through water between the two farthest receivers
by which each fish was detected (Chapman et al. 2005), and
MDT was calculated by finding the median distance
between all receivers at which each fish was detected and
the receiver where a fish was most frequently detected
(Murchie et al. 2010). A correlation analysis was used to
determine if there was a relationship between fish size and
MLD, MDT, and the mean daily number of receivers at
which each fish was detected.

A repeated measures analysis of variance (ANOVA) was
used to determine if the number of detections per days
deployed varied across different habitat types (i.e., coastal,
mosaic, shelf) to further examine habitat use. A repeated
measures analysis of variance (ANOVA) was also used to
determine if the number of detections per days deployed
differed across diel periods. Diel periods were defined as
day (06:00-17:59) and night (18:00-05:59) according to
average sunrise and sunset times for the local area. All sta-
tistical results were assessed at o = 0.05.

Results
Residency

Great barracuda (n = 42) ranging in total length from 60 to
125 cm (mean = 88.5 £ 2.4 cm) were monitored from Feb-
ruary 20, 2007 to October 27, 2009 (Table 1). Only nine
fish were detected within the array for less than 24 h, while
some fish were detected for more than 400 days during the
course of the study period (Table 1). The nine fish that were
detected in the array for less than 24 h were excluded from
further analysis (including two individuals, #9,531 and
9,532 that were never detected post-release, even within the
first 24 h). The total number of detections per individual
ranged from O to 74,174 (mean = 5,300 % 2,395,
median =717 detections). One fish was harvested by a
local subsistence fisher in June 2008 and the transmitter
was returned to us but not re-deployed. Individual fish
showed variable degrees of residency over time, with some
fish being routinely detected throughout the monitoring
period while others were more transient (Fig. 2a). Barra-
cuda presence within the array fluctuated over time.
Throughout the study period the number of fish detected
was less than the total number tagged (> =232, df = 32,
P <0.001), 18-75% of the tagged fish were detected on a
monthly basis. Results also showed a seasonal difference in
number of days detected for fish that were present in the
array for 365 days, with barracuda spending significantly
more time within the array during the winter than in the
summer (Z =25.5, P = 0.006). When a similar analysis was
completed for barracuda that were detected in the array for
more than 1 year, a seasonal difference in median number
of days detected was not apparent (Z = —10.5, P = 0.32).
Approximately 35% (n=14) of all tagged fish left the
footprint of the array for periods of more than 2 weeks dur-
ing the summer months before returning. Of the individuals
that left the array, 71% (n = 10) were last detected at a shelf
habitat receiver and were then also detected again by a shelf
receiver upon return to the study area, suggesting move-
ment to deeper, oceanic habitat during summer. In fact, one
individual (#2380) left the array at a western receiver
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Table 1 Summary and residency data for S. barracuda tagged with acoustic telemetry transmitters (n = 42) off the coast of Powell Point, The
Bahamas between February 2007 and October 2009

Tag ID Date tagged TL (cm) Total # detections # days in array # days detected Iz

930 Feb-20-2007 61 2,988 349 51 0.15
2608 Feb-21-2007 96 6 943 3 0.00
2606 April-14-2007 125 63,320 632 343 0.54
935 Dec-5-2007 70 0 1 1 1.00
2380 Dec-6-2007 84 1,344 481 98 0.20
2607 Dec-6-2007 90 698 117 38 0.32
2610 Dec-6-2007 106 2,756 455 148 0.33
2609 Dec-8-2007 91 13,297 690 412 0.60
10010 Feb-14-2008 88 1,999 469 126 0.27
9525 Feb-15-2008 97 2,474 621 177 0.29
9526 Feb-15-2008 92 736 614 96 0.16
10009 Feb-15-2008 69 0 1 1 1.00
9524 Feb-16-2008 106 74,174 620 411 0.66
9527 Feb-16-2008 109 4,535 99 61 0.62
938 Feb-17-2008 62 3,810 619 275 0.44
9528 Feb-17-2008 101 0 1 1 1.00
9530 Feb-17-2008 77 20 34 4 0.12
9531 Feb-17-2008 86 N/A N/A N/A N/A
9532 Feb-17-2008 88 N/A N/A N/A N/A
9533 Feb-17-2008 91 2,406 45 39 0.87
10011 Feb-17-2008 72 53 6 4 0.67
10012 Feb-17-2008 75 9,230 618 344 0.56
79 Dec-10-2008 101 161 9 7 0.78
152 Dec-12-2008 83 823 116 80 0.69
222 Dec-12-2008 120 843 10 10 1.00
228 Dec-12-2008 94 355 5 5 1.00
80 Dec-13-2008 94 2,226 304 21 0.07
148 Dec-13-2008 81 30 117 8 0.07
150 Dec-13-2008 79 88 4 4 1.00
204 Dec-13-2008 62 129 105 20 0.19
206 Dec-13-2008 79 1 101 2 0.02
220 Dec-13-2008 92 2,297 75 47 0.63
1440 Dec-13-2008 103 0 1 1 1.00
1441 Dec-13-2008 99 13,761 317 106 0.33
9523 Dec-13-2008 96 4,568 318 50 0.16
9529 Dec-13-2008 80 234 168 38 0.23
202 Dec-14-2008 60 0 1 1 1.00
224 Dec-14-2008 79 151 4 3 0.75
226 Dec-14-2008 99 0 1 1 1.00
208 Dec-15-2008 85.5 67 4 4 1.00
254 Dec-15-2008 81 2,414 22 20 0.91
9522 Dec-15-2008 112 0 1 1 1.00

Total # detections, # days in array (# days from tagging date until last detection), and # days detected are reported for each fish. Residency index
(Ig) was calculated by dividing the # days detected by # days in array
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Fig. 3 Map depicting a gradient of detections per days deployed for each receiver station within the telemetry array. Larger circles represent

receiver stations that had a greater number of detections per days deployed

located along the shelf in March 2008, was detected by a
neighbouring telemetry array located near Stuart’s Cove,
New Providence (a distance > 100 km) in June and July
2008, before returning back to our array at Cape Eleuthera
in September 2008. The remaining 29% (n =4) of barra-
cuda appeared to primarily move in and out of the eastern
portion of the array (i.e., receiver #39, 15, 17; Fig. 1).
Eleven fish had a range of 15-59% of total detections dur-
ing the summer. Of these 11 fish, four were the largest bar-
racuda captured during the study (TL ranged 106-125 cm)
and only one fish was initially captured from shelf habitat,
while all other individuals were captured in mosaic or
coastal habitat.

I values ranged from 0 to 0.91 and the median I value
was 0.33 (mean = 0.40 £ 0.05). Eleven barracuda were
detected in the array for less than 10 days and were not
included in the residency index analysis because these fish
were detected for a short period of time and thus, were
given an artificially inflated residency index value. Total
length of tagged barracuda was not correlated with total
number of days detected (r2 =0.22,n=33, P=0.21), num-
ber of days at large (72=0.17, n=33, P=0.33), or I
(*=0.17, n =29, P = 0.39).

Habitat use and movements
The three receivers with the greatest number of detections

per days deployed were receiver #33 (coastal), #49
(mosaic), and #28 (coastal; Fig. 1). Adult barracuda were

detected more often in coastal and mosaic habitats than in
shelf habitats, although some receivers in other mosaic and
shelf habitats (i.e., receiver #74, mosaic; #98, shelf)
detected more individual fish, but less frequently (Fig. 3).
Some barracuda were detected by up to 21 receiver stations
in a single day, and the mean number of receivers detecting
barracuda per day ranged from 1.0+ 0.0 to 5.0 £ 0.2
receivers (Table 2). Barracuda exhibited MDT values that
ranged from 449 to 7,824 m (median = 1,926 m; mean =
2,299 + 287 m) and MLD values ranging 898-15,950 m
(median = 5,729 m; mean = 6,999 £ 825 m), not including
fish that were detected for less than 24 h or by less than one
receiver (n =29, Table 2). Fish size was not significantly
correlated with the number of receivers at which fish were
detected (©*=0.19, n =33, P=0.30) or MLD (*=0.27,
n =33, P=0.13); however, MDT was weakly correlated
with fish size (+*=0.37, n =33, P =0.03). Barracuda did
not exhibit differences in the number of detections per days
deployed across habitat types (F' = 1.46, df =2, P = 0.24) or
between diel periods (F =0.04, df =1, P = 0.84).

Discussion
Residency
Median residency index values (Iz) showed that great bar-

racuda spent approximately 33% of the monitoring period
within the receiver array. Although a previous study

@ Springer
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Table 2 Summary of movement data for individual S. barracuda detected within the acoustic telemetry array between February 2007 and October
2009

Tag ID # receivers MDT (m) MLD (m) Min # Max # Mean #
receivers/day receivers/day receivers/day = SE

930 19 1,400 9,005 1 18 2.58 £0.61
2608 1 0 0 1 1 1.00 & 0.00
2606 41 4,634 15,950 1 21 5.32+0.20
935 0 0 0 0 0 0.00 & 0.00
2380 8 2,487 5,931 1 1.18 £ 0.05
2607 15 2,821 5,931 1 2.58 +£0.28
2610 8 2,291 3,870 1 1.76 & 0.07
2609 67 3,660 11,849 1 18 2.07 £ 0.09
10010 29 2,602 15,595 1 8 1.72 +£0.10
9525 23 2,197 10,277 1 6 229 £0.10
10009 0 0 0 0 0 0.00 & 0.00
9526 45 3,660 14119 1 16 1.83+£0.21
9524 65 2,154 13,108 1 14 4.65+0.13
9527 14 7,824 14,703 1 9 1.98 £ 0.15
9533 3 3,037 5,320 1 2 1.11 £ 0.05
9531 0 0 0 0 0 0.00

9530 3 1,420 2,457 1 2 1.33+£0.29
9532 0 0 0 0 0 0.00

9528 0 0 0 0 0 0.00

10011 6 2,286 4,801 1 5 3.00 £+ 1.00
10012 43 1,561 9,512 1 8 1.69 £ 0.06
938 33 1,455 8,102 1 5 1.28 + 0.04
79 9 1,926 5,037 1 5 2.50 £ 0.67
222 5 1,870 2,724 1 5 2.894+0.35
228 7 449 1,331 1 5 3.25+£0.76
152 14 1,173 2,897 1 6 1.59+0.11
9523 3 563 898 1 2 1.10 £ 0.04
204 5 1,621 5,318 1 1 1.00 % 0.00
9529 1 0 0 1 1 1.00 £ 0.00
80 5 1,577 5,711 1 3 1.15+0.11
150 6 449 1,331 3 5 3.67 £ 0.67
148 1 0 0 1 1 1.00 £ 0.00
1440 0 0 0 0 0 0.00

220 12 2,477 5,949 1 6 1.98 £ 0.19
206 1 0 0 1 1 1.00 & 0.00
1441 37 1,558 7,384 1 10 4.71+£0.27
224 3 4,989 5,729 1 3 2.00 + 1.41
202 0 0 0 0 0 0.00

226 0 0 0 0 0 0.00

9522 0 0 0 0 0 0.00

254 20 1,392 4,395 1 14 7.32 £ 1.00
208 10 838 3,730 1 8 4.67£2.03

Median distance travelled (MDT), minimum linear distance (MLD), minimum # of receivers visited daily, maximum # receivers visited daily, and
mean # receivers visited daily (£SE) are reported for each fish
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(Wilson et al. 2006) using individual-specific body color
markings recorded with digital photographs reported that
larger barracuda (TL > 70 cm) exhibited a high degree of
site fidelity over extended time periods (up to 20 months)
compared to smaller individuals, residency time within the
array was not related to fish size in our study, although
some of the barracuda that exhibited higher residence in the
summer months were larger fish. While a dearth of knowl-
edge exists on great barracuda reproductive ecology, de
Sylva (1963) postulated that barracuda off the coast of
southern Florida and Bimini, The Bahamas, spawn in
offshore areas during the summer months (May—August),
based on information from gonadal somatic indices and
post-larval specimens collected in plankton tows. A more
recent study conducted in the Florida Keys by Kadison
et al. (2010) suggests a summer spawning period extending
from March to September also based on gonadal somatic
index values and timing of young-of-the-year barracuda
presence in nearshore areas. A notable decrease in the pres-
ence of barracuda within our array occurred during the
summer months (April-September) even among highly res-
ident individuals. These movements could be related to
spawning activities, seasonal changes in coastal water tem-
perature, or ontogenetic factors. A large percentage of the
barracuda that left the array during the summer (71%) were
detected in shelf habitat before and after long-term
absences from the study area, indicating movement to
offshore environments, a pattern consistent with postulated
spawning activity.

Individual great barracuda showed varied degrees of res-
idency within the telemetry array and over the study period,
the proportion of tagged fish present within the array fluctu-
ated. It is to be expected that those periods with the highest
proportion of tagged fish present in the array corresponded
to when fish were being tagged (Fig.2), indicating that
some barracuda may have been transiting through the area
when captured and may have moved outside of the study
area shortly after release, suggesting that some tagged indi-
viduals were not locally resident prior to the commence-
ment of the study. If barracuda were preyed upon or died in
some other way, it would be likely that tags would have
ended up on the ocean bottom. Some of the fish (21%;
n = 9) were detected for less than 24 h post-release, and two
of these fish did not register a single detection. The lack of
detections for these fish may be associated with immediate
movement outside of the detection range of the array,
although lack of detection may also have been a result of
transmitter malfunction. Despite allowing barracuda to
recover for up to an hour post-surgery in an attempt to
reduce potential for post-release predation, we cannot
exclude the possibility that fish exhibited some level of
behavioural impairment after release. In a study of barra-
cuda catch-and-release angling that evaluated the immedi-

ate mortality of fish at time of capture in the same area,
several barracuda were attacked and killed while being
reeled in, which suggests a reasonable predator burden in
the area where fish were tagged (O’Toole etal. 2010).
Within the vicinity of where the barracuda were tagged,
several shark species are common, including lemon sharks
(Negaprion brevirostris, Murchie et al. 2010), bull sharks
(Carcharhinus leucas), and Caribbean reef sharks (Carcha-
rhinus perezi; O’Toole, pers obs). Post-release mortality of
fish tagged in predator-rich environments is a significant
concern because predation after tagging has been observed
in a number of marine fish (Kerstetter et al. 2004; Danyl-
chuk et al. 2007; Murchie et al. 2010). However, a number
of sharks also carried acoustic tags and we saw no evidence
of those tagged sharks mirroring the movements of tagged
barracuda which would indicate post-release predation. It is
unfortunately quite difficult to determine if non-detections
were the result of mortality, transient behaviour, or a com-
bination of the two. Given that one fish was detected over
100 km away from the tagging site, there is clearly poten-
tial for evaluating barracuda movements using other tech-
nology that could better document transient behaviour and
large-scale movements.

Habitat use and movements

Although great barracuda were detected more often in
coastal and mosaic habitats than on the shelf, the three
receivers with the most detections per days deployed (i.e.,
receiver #33, 49, 28; Fig. 3) were located less than 1 km
apart and frequently detected only a small number of indi-
viduals (predominately, #1441, 2609, 9524, and 9526).
Some of the other receivers in other mosaic and shelf habi-
tats (i.e., receiver #74, 98) detected more individual fish,
but less frequently (Fig. 3; see Table A in the online appen-
dix). Nonetheless, for those barracuda that were resident in
the array for extended periods, most individuals used all
three habitat types. It is evident that some barracuda main-
tain a territory and although these longer term resident indi-
viduals sometimes left the study area, they would typically
return to a certain area (i.e., #2606, 9524, 2609). For exam-
ple, barracuda #2606 was often detected in the vicinity of
the tidal creeks located along the eastern side of the array
even after prolonged absences or movements across the
study area. In addition, continental shelf habitat in this
region may be considered a transitory area for barracuda, an
idea that has also been proposed by Paterson (1998).
Individual barracuda showed variation in home range
with some fish utilizing more of the available area within
the array than others. In fact, some individuals sometimes
transited across the entire expanse of the array within a sin-
gle day (for example, #2606 moved at least 12 km from
receiver #15, around Powell Point to receiver #78, Fig. 1).
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The metrics used to estimate home range (MLD and MDT)
may not fully encompass the full range of movement for the
individuals in our study since our residency results suggest
that many of the barracuda left the study area. Although
fish size was not associated with the number of receivers at
which a fish was detected or with MLD, it is noteworthy
that there was a weak relationship between fish size and
MDT. Great barracuda are capable of transiting great dis-
tances, particularly larger individuals (>60 cm, TL) that
were shown to move up to 193 km over a 90 days period
(Springer and McErlean 1961). Conversely, Wilson et al.
(2006) found that larger barracuda (>73 cm) demonstrated
negligible movement (<100 m) from original sighting loca-
tions, albeit long time periods often separated the sightings
of many of these individuals, potentially suggesting migra-
tions out of the area. Intraspecific variation (Albula vulpes,
Humston et al. 2005) and seasonal changes in habitat use
and residency are common in other marine teleost species,
even among highly resident individuals (e.g., Caranx igno-
bilis, Meyer et al. 2007a; Aprion virescens, Meyer et al.
2007b; Pseudocaranx dentex, Afonso et al. 2009).

Due to the transient nature of many of the tagged barra-
cuda and open nature of the array design, we were unable to
monitor individuals once they left the footprint of the array.
Additionally, in an effort to cover a broader overall geo-
graphic area, the detection ranges of the receiver stations
often did not overlap, somewhat limiting our ability to
assess continuous movement even when the barracuda were
present within the confines of the array. Non-detections are
a common issue with arrays of this design (Meyer et al.
2007a, b; Afonso et al. 2009). However, one tagged barra-
cuda was detected on a telemetry array operated off the
coast of New Providence suggesting this species is capable
of large scale movements. Thus, greater behavioural resolu-
tion would be greatly improved by using pop-up satellite
tag technology (Arnold and Dewar 2001) to monitor barra-
cuda spatial ecology at continuous temporal scales and
across larger geographic ranges.

Conclusions

The great barracuda is an economically, culturally, and eco-
logically important predator that plays a key role in the
ecology of coastal marine environments. Developing con-
servation strategies for this species, however, suffers
greatly from the lack of basic biological information about
its life history, reproductive ecology, and behaviour.
Indeed, if great barracuda predominately inhabit coastal
areas, they may be subject to anthropogenic impacts such
as habitat degradation, pollution, or overfishing. Our
data suggest that some fish are resident for long periods
of time, however, there also seems to be a segment of the

@ Springer

population that is transient and mobile. The extent of those
movements remains unknown. Successful conservation,
therefore, depends upon increased research efforts to fill in
key information gaps and future studies should consider the
use of pop-up satellite tags to track barracuda at larger
spatial scales than what was assessed in the current study.
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