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ABSTRACT: We used an acoustic telemetry system to test the hypothesis that the bonefish Albula
vulpes exhibits site fidelity in selection of foraging areas in the northern Florida Keys. Stationary
hydrophone receivers with data-logging units were deployed surrounding a discrete bonefish forag-
ing area. Individuals were captured, fitted with acoustic transmitters, and then released within the
study area. The reception ranges of receiver stations within the array were evaluated by moving a
transmitter within the array. These data were used to assess spatial coverage of monitoring and deci-
pher fine-scale movement patterns from recorded presence—absence data: 64 % of tagged fish were
detected by receivers for multiple days following release. Tagged fish frequented the experimental
area for periods ranging from 3 to 61 d. Only 2 individuals, tracked for 48 and 61 d, demonstrated site
fidelity characterized by daily movements into the study area. Our observations contradict earlier
studies that concluded that bonefish range widely throughout available habitats, and suggest that
bonefish utilize shallow habitats most, although deep channels may provide refuge from the rapid
temperature changes that occur on the shallow flats.
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INTRODUCTION

Bonefish Albula spp. are Elopiforme species that
inhabit tropical and subtropical coastal marine envi-
ronments from nearshore shallows to offshore reefs.
Recent observations and genetic studies have sug-
gested that 2 species (Albula vulpes and one unde-
scribed Albula sp.) inhabit Florida coastal marine
waters (Crabtree et al. 1996, Colborn et al. 2001). How-
ever, A. vulpes, a species that attains relatively large
size is the dominant, if not exclusive, species encoun-
tered by anglers fishing Florida's inshore ‘flats’ habi-
tats. A pervasive conservation ethic among bonefish
anglers means that most bonefish captured in the
targeted sports fishery are released alive. The unique
‘catch-and-release’ aspect of the south Florida bone-
fish fishery has engendered a complacent attitude

*Email: humstonr@vmi.edu

among fishery managers concerning the status of the
resource, and has dissuaded formal stock assessments
critical for quantifying the current condition and
sustainability of the fishery. Despite their history as
popular and economically important sport fishes, no
comprehensive quantitative stock assessment of any
bonefish population has ever been conducted.
Bonefish population biology is therefore still poorly
understood. Perhaps the most significant knowledge
gaps are in the area of spatial dynamics including life-
stage-specific habitat requirements, stock mortality
rates, reproductive ecology, maximum sizes/ages,
larval dispersion and adult movement patterns. Each of
these issues figures prominently in fisheries manage-
ment. Bruger (1974) and Colton & Alevizon (1983) de-
scribed unsuccessful attempts at tagging Albula vulpes
in Florida and the Bahamas, respectively, using con-
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ventional external marking techniques. Both studies
cited a surprising lack of recaptured fish bearing tags.
Humston (2001) and Ault et al. (2002) described a
relatively large-scale bonefish (Albula spp.) anchor-
tagging study ongoing in southern Florida (see
www.bonefishresearch.com). This research was the
first successful mark-recapture study described for
bonefishes with over 2000 individuals tagged and an
average recovery rate of 2.5%.

Characterizing fish movement and habitat-utilization
patterns can augment understanding of the spatial
dynamics of fisheries and guide conservation strate-
gies. Describing the spatial behavior of fishes with
respect to the habitat or other physical characteristics
of the ecosystem can help predict stock responses to
changes in their environment (Cushing 1981, Ault et
al. 2003). Designation of spatial refuge has assumed
increasing relevance as a management action for sus-
taining global fisheries (Pauly et al. 2002, Lubchenco et
al. 2003). Closures can be effective for managing and
protecting inshore fisheries, particularly those in habi-
tats vulnerable to shoreline development and anthro-
pogenic degradation (Johnson et al. 1999, Roberts et
al. 2001). Characterizing movement patterns—partic-
ularly home-range size and site fidelity (remaining
faithful to breeding or foraging sites; see Schmidt 2004
for discussion)—is essential in reserve design and
assessment (DeMartini 1993, Zeller & Russ 1998, Cole
et al. 2000, Roberts et al. 2001, Botsford et al. 2003,
Gaines et al. 2003, Lowe et al. 2003, Palumbi et al.
2003, Meester et al. 2004, Weatherbee et al. 2004).

Acoustic telemetry can be employed to monitor the
movement patterns of fishes at relatively high spatial
and temporal resolutions (O'Dor et al. 1998, Zeller,
1999, Lucas & Baras 2000). Studies on bonefishes
(Colton & Alevizon 1983) and a suite of other inshore,
reef, coastal and pelagic marine species have pro-
vided specific information on movement patterns and
habitat utilization useful to fishery management deci-
sion making (e.g. Tulevech & Recksiek 1994, Cote et
al. 1998, Zeller & Russ 1998, Cole et al. 2000, Freon &
Dagorn 2000, Meyer et al. 2000, Arendt et al. 2001,
Brill & Lutcavage 2001, Eristhee & Oxenford 2001,
Bertrand et al. 2002, Brill et al. 2002, Robichaud &
Rose 2002, 2003, Bach et al. 2003). Here we describe
the design and deployment of a hydrophone array
used to test the hypothesis that the bonefish Albula
vulpes exhibits site fidelity in its selection of for-
aging areas (i.e. shallow-water flats). We report ob-
served patterns of appearance of telemetered fish
within the monitoring station array, draw inferences
concerning general patterns of movement, site fidelity
and habitat use, and discuss their importance for
managing this economically-important sport fishery in
Florida.

MATERIALS AND METHODS

Study area. We implemented an automated acoustic
telemetry (AT) system to continuously monitor move-
ments of the bonefish Albula vulpes throughout a sys-
tem of channels and barrier islands surrounding a
shallow, protected ‘flats habitat' situated in the barrier
islands between south Biscayne Bay, Florida, and the
adjacent Atlantic Ocean (Fig. 1). This allowed us to
continuously monitor a relatively remote area of the
coastal ocean for the presence of acoustically-tagged
bonefish (O'Dor et al. 1998, Lucas & Baras 2000;
Thorstad et al. 2000, Lokkeborg et al. 2002).

We chose our study site based on the reception range
of the receiving stations. Hurricane Flat is well pro-
tected by a number of small mangrove islands, and is
separated from neighboring flats by relatively deep
channels (Fig. 1). Wind-wave action and the associ-
ated background noise is therefore limited, as is the
number of access corridors. Corridors to the flat pro-
vide a variety of habitat types from which the bonefish
could enter or leave the area.

Placement of 8 hydrophone receivers was designed
to maximize the probability of tag detection whenever
bonefish accessed or entered the flat. We identified 3
potential access points to the flat: Jones Lagoon and
Hurricane Creek corridor, Bonefish Highway, and
Snake Creek (Fig. 1). Jones Lagoonis a 1 to 2 m lagoon
at the interface between Hurricane Flat and the rela-
tively deep channel (>3 m) which connects the flat with
Caesar Creek to the east. Bonefish Highway is a
shallow (£1.3 m) corridor in the NE corner of the flat,
connecting it to Caesar Creek to the NE; receivers were
placed on the east (BHE) and west (BHW) sides of
Bonefish Highway because there is a very shallow
bank (<0.5) in the middle. Snake Creek is a deep (2.5 m
or more) channel, which borders the longest open
boundary of the flat that separates it from a neighbor-
ing exposed flat to the west. We deployed 4 receivers in
Snake Creek at locations marking likely exodus routes
for bonefish from the flat. These were denoted (from
south to north): Snake Creek (SC), Rubicon South (RS),
Rubicon North (RN), and Reid Key (RK).

Equipment and testing. VEMCO Model VR-2 hydro-
phone and data-logging stations were used to monitor
bonefish movements. Upon reception of a signal the
data-logger recorded the time and identified the tag
number by its unique coded transmission pattern. Data
were periodically retrieved onto a portable computer
using VEMCO's system hardware and software inter-
face. We employed VEMCO Model V-16 coded acous-
tic transmitting pinger tags operating on 69 kHz fre-
quency with 158 dB (1 pPa at 1 m) power output.
Tags were preprogramed with 10 to 35 s random
delays between individual transmissions that in-
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Fig. 1. Study area showing details of shallow flats, channels, mangrove islands, and other surrounding features. Individual hy-
drophone receiver locations are indicated by stars; BHE, BHW: east and west of Bonefish Highway, respectively; HC: Hurricane
Creek; JL: Jones Lagoon; RK: Reid Key; RN, RS: Rubicon north and south, respectively; SC: Snake Creek

creased battery life and allowed the tags to transmit
information for a minimum period of at least 38 d post-
activation. The relatively short delay time maximized
the probability of tag transmission when tagged fish
were in range of a receiver (Lokkeberg et al. 2002).
The signal output level was selected to maximize
transmission power and receiver detection range.

To assess detection ranges, we towed an activated
tag in predetermined patterns around the receiver
stations during low, mid, and high tidal stages. The tag
was deployed from a boat and weights were used to
keep the transmitter at a height of 6 cm from the sub-
strate. Location of the boat was recorded at 1 s inter-
vals with a laptop computer connected to a WAAS-
enabled global positioning system (GPS). To match the
time of detection of the acoustic tag at each receiver
with the GPS locations, all receivers were initially syn-

chronized within 1 s using the official US atomic clock
time (see www.time.gov). To assess potential variance
or ‘time drift’ of individual receiver clocks, we used a
VEMCO VR28 tracking system to record transmission
time of 10-ping sequences emitted immediately adja-
cent to each receiver. This provided a known ‘time
stamp' for each receiver and allowed correction for
time drift during data analysis.

Acoustic tags were 58 mm long and 16 mm in dia-
meter and were implanted into the peritoneal cavity of
bonefish using standard field surgical procedures (Hart
& Summerfelt 1975, Colton & Alevizon 1983, Lucas &
Baras 2000). Bonefish were angled using the heaviest
hook-and-line equipment feasible to minimize capture
time and stress. Following capture, fish were placed
ventral-side up in a soft-mesh cradle suspended in an
insulated cooler containing fresh seawater and a recir-
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Fig. 2. Receiver detection ranges. Small symbols indicate locations of test transmissions recorded: (O0) RN, BHE, or JL receptions;
(0) RK, BHW, or HC receptions; (A) SC receptions; (o) RS receptions. Numbered white flags denote release locations of individual
tagged bonefish. Abbreviations as in Fig. 1

culating pump. Pump outflow was positioned to allow
water flow through the mouth and over the gills of fish
during surgery. No anesthetics were employed during
the process of tag implantation. Tags were inserted
through an approximate 2 cm incision along the
ventral midline between the pelvic girdle and the
anal vent. Incisions were closed using Softsilk® suture
material and cyanoacrylate adhesive. Fish were
allowed to recover in the onboard holding tank imme-
diately following surgery, and then transferred toa 3 m
diameter pen temporarily erected on the flat. This pen
allowed the fish to recover unthreatened by predators
until they were deemed fit for release. All fish were
released within 2 h post-surgery to minimize potential
deleterious effects from extended confinement (Lucas
& Baras 2000). All fish were further identified with
conventional T-bar anchor tags (Floy Tag)

Between November 8, 2001 and July 31, 2002, 11
bonefish were tagged and released with acoustic

transmitters in the study area (Table 1). We suspended
tagging operations during the winter months (January
through March) because of peak bonefish spawning
activity (Crabtree et al. 1997). Our test trials indicated
that adult bonefish with fully developed gonads
(ovaries or testes) were less likely to survive the surgi-
cal implant procedure; in addition, spawning-related
movements could bias conclusions on site fidelity and
habitat utilization.

Movement and site-fidelity patterns were compared
with data on (1) tidal stage and height, (2) average
and maximum daily air temperature (a proxy for
shallow-water warming potential), (3) daylight ver-
sus night hours, and (4) full moon versus new moon
periods. Movement was also analyzed with respect
to habitat characteristics associated with individual
receiver positions. Receivers were rank-ordered ac-
cording to water depth to examine individual depth
preferences.
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RESULTS
Calibration of receiver detection ranges

Reception ranges for all stationary hydrophones dur-
ing low, mid and high tidal phases are shown in Fig. 2.
Maximum detection distances ranged from 230 m (HC,
JL and BHE) to about 750 m (RS). At JL and HC, simul-
taneous detection of pings by both receivers was lim-
ited to the western entrance of the Hurricane Creek. At
low tide in Bonefish Highway, BHE and BHW receivers
were shielded by a shallow bank in the middle of the
channel; this resulted in a very small area of overlap in
the middle of the creek. The BHW receiver was able to
detect transmissions to the NE outer edge of the central
flat, while the BHE receiver only detected transmis-
sions along a narrow path between a small mangrove
island and Porgy Key. During rising mid to high tides,
both BHW and BHE receivers detected transmissions
from across the channel; thus, the area of overlap
increased to the entire cross-section of the channel
within 100 m of either receiver. At Snake Creek, detec-
tions were limited to those transmissions originating
from within the deep channel. RK was the only re-
ceiving station capable of detecting transmissions at
the extreme NE end of Snake Creek, while receiver SC
monitored the creek along the SW edge of the flat.

Based on individual and overlapping spatial patterns
of reception, 4 temporal reception patterns were
interpreted as ‘exit signals'. Exit from the study area
via Hurricane Creek was revealed by a series of
detections first recorded by the JL receiver, then by
both JL and HC receivers simultaneously, then finally
by detections only at the HC receiver followed by an
extended absence of receptions at any receiver, since
there is no exit route through Jones Lagoon. Exit

Table 1. Albula vulpes. Summary of data on fish tagged with VEMCO acoustic

telemetry transmitters. Rows with bold text indicate bonefish that were recorded

by at least 1 hydrophone post-release. nr: no transmission ever received at any

hydrophone. Bonefish No. 4 is assumed to have either shed its tag or to have
died shortly after release. Dates are given as mo/d/yr

via the Bonefish Highway was characterized by detec-
tions first recorded by BHW, then simultaneously by
BHW and BHE, and finally a few detections by BHE
alone before an extended absence. Exit through the
north end of Snake Creek was characterized by simul-
taneous detections on a combination of RS, RN and RK
receivers, followed by detection by RK alone and sub-
sequent absence. Exit through the SW end of Snake
Creek was characterized by simultaneous detections of
RS and SC, followed by SC alone. The reverse of these
data sequences indicated return to the study area fol-
lowing excursions elsewhere. There was 1 exception:
fish leaving the area via the shallow (<0.5 m) corridor
between Snake Creek and Totten Key apparently
could not be detected by any of the receivers in our
array.

Tracking of acoustically tagged bonefish

Individual data on fish sizes, dates of release and
dates of last recorded transmission are provided in
Table 1. The hydrophone receiver array recorded a
total of 8210 transmissions from tagged fish over 120
unique (non-consecutive) days from 7 of 11 tags fol-
lowing deployment. Of these 7 tags, 5 were detected
intermittently every day for a period of 3 to 4 d. The
remaining 2 tags were detected intermittently every
day for periods of 40 and 61 d, respectively (Table 1).
Data on transmissions received at each receiving
station from individual bonefish are summarized in
Table 2. The majority of detections were recorded by
BHW and JL receivers. On July 28, 2002, the RN
receiver was moved to the SC location, as the original
SC receiver had been stolen. This reduced the total
number of receivers available to 7, but did not com-
promise our ability to detect egress
through the NW quadrant of the study
area (Fig. 2).

Bonefish No. 1. Bonefish No. 1 was
detected by 4 of the 8 hydrophones
2881 times between November 8

] ] ] and December 18, 2001. Detection
Bonefish Weight Total length Date tagged Last regorded Total days in sequences indicated that the bonefish
No. (kg) (cm) and released transmission study area . L

remained within the study area. There
1 1.63 55.88 11/8/2001  12/15/2001 40 were some extended periods (up to
2 4.08 71.12 3/15/2002 nr 0 14 h) during which no transmissions
3 2.04 58.42 4/12/2002 4/16/2002 3 were detected; however the preceding
4 1.36 50.8 5/21/2002 5/21/2002 <1 detecti tt . istent
5 1.59 55.88 5/22/2002  7/21/2002 61 eteclion paflerns were inconsisten
6 1.36 53.34 5/22/2002 5/25/2002 3 with those identified as exit signals.
7 1.81 58.42 5/27/2002 5/30/2002 3 Bonefish No. 3. Bonefish No. 3 was
g ;*13; gggg ggéggg% 6/3/2002 ‘é detected by 5 of 8 hydrophones 208
. . nr . .
10 2.15 58.42 7/31/2002  8/5/2002 4 times between April 12 and 16, 2002,
11 2.04 62.23 7/31/2002 nr 0 but it left and re-entered the Study
area at least 3 times. Less than 50 min
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Table 2. Albula vulpes. Total number of transmissions recorded at each of 8 remote hydrophone receivers from bonefish tagged
with acoustic transmitters. nf: receiver not functioning. Receiver abbreviations as in Fig. 1; depth rank is shown from deepest (1)
to shallowest (8)

Bonefish Hydrophone receiver, absolute depth/depth rank Total
No. RN RS RK HC sC JL BHW BHE

4.6 m/1 4.3 m/2 4.2 m/3 3.7 m/4 3.5m/5 1.8 m/6 1.5 m/7 1.5 m/8
1 0 0 0 72 0 1146 1568 95 2881
3 0 0 18 36 0 11 96 41 202
4 0 0 0 640° 0 103158 0 0 103798*
5 440 538 11 153 0 940 978 188 3248
6 21 16 16 1 0 13 372 195 634
7 0 0 1 15 0 8 17 1 42
8 1 1 18 15 0 55 354 117 561
10 nf 34 26 15 2 33 418 114 642
Total 462 589 90 307 2 2206 3803 751 8210
*Values suggest either a shed tag or fish mortality and are therefore not included in column totals

after release at the western boundary of the flat, the
fish left the area via the Bonefish Highway and then
re-entered via the north end of Snake Creek 20 min
later. Near low tide at 11:00 h, the fish left the flat via
the Bonefish Highway and returned approximately
25 h later through Hurricane Creek. The fish spent
about 30 min near the Hurricane Creek's shallow west-
ern station before leaving the area via the opposite end
of the channel. On April 14 and 16, the fish returned
briefly to the north end of Snake Creek, but did not
appear to re-enter the shallow flat.

Bonefish No. 4. Bonefish No. 4 was detected exclu-
sively at the JL and HC receivers, beginning shortly
after release. The frequency and consistent location of
receptions would suggest either a highly localized
movement pattern, or no movement at all (i.e. a dead
fish or shed tag).

Bonefish No. 5. Bonefish No. 5 was detected each
day between May 22 and July 21, 2002, by 7 of 8
receivers, and no signal reception patterns were re-
corded that would indicate this that fish left the study
area. Rather, it exclusively used the interior of the
flat, channel areas within the receiver array, and the
adjacent Jones Lagoon area.

Bonefish No. 6. Bonefish No. 6 was detected each
day between May 22 and 25, 2002, at 7 of 8 receivers.
The fish left through the Bonefish Highway at 15:37 h
on May 23 and returned via Snake Creek 7.5 h later.
On May 25, the fish spent 1.5 h near the BHE and BHW
receivers before exiting the array and not returning.

Bonefish No. 7. Bonefish No. 7 was detected by 5 of
8 receivers every day between May 27 and 30, 2002.
After being released near the eastern mangrove bound-
ary of the flat, the fish exited through Hurricane Creek.
Over the first 60 h it was detected sporadically by
BHW, BHE and RK receivers, indicating that the fish
stayed near the perimeter of the monitored area. After
May 30, transmissions were received only by JL and

HC receivers, suggesting either highly localized or no
movements (i.e. the fish died or shed the tag).

Bonefish No. 8. Bonefish No. 8 was detected by 7 of
8 receivers every day between May 31 and June 3,
2002, after which no further transmissions were re-
corded. On June 1 it left through the Bonefish High-
way at 18:25 h and re-entered 5 h later via Hurricane
Creek. The fish left the flat again via the Bonefish
Highway 2 d later and did not return.

Bonefish No. 10. Bonefish No. 10 was detected at all
7 available receivers between July 31 and May 8, 2002
(during this period the SC receiver was stolen). The
fish spent the first 24 h post-release exclusively in the
area around BHW and BHE receivers. It left the flat
area several times, generally returning within 30 min.
In one instance, the fish remained outside the study
area for 5 h. On May 8 the fish left via Bonefish High-
way and did not return.

Comparisons of movement patterns with physical data

Only Bonefish Nos. 1 and 5 provided enough data to
examine patterns of movement in relation to changes
in physical variables of the local environment. Bone-
fish No. 1 primarily utilized the shallow sections of the
study area; the vast majority of transmissions were de-
tected by the 3 shallowest receivers (BHW, BHE and
JL), with no reception recorded at any of the receivers
stationed in the deep channel along the western
boundary. Bonefish No. 5 showed more variation in
depth preference, and analyses suggest that this pat-
tern may correlate with behavioral thermoregulation.
During the period June 3 to 9, 2002, the daily air tem-
perature rose abruptly (Fig. 3). In the same period,
Bonefish No. 5 displayed a marked shift in habitat
preference, from visiting predominantly the 3 shallow-
est receivers to spending more time around the deep-
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Fig. 3. Albula vulpes. Time series of recorded transmissions from Bonefish

No. 5. Hydrophone receivers rank-ordered from deepest (1) to shallowest (8).
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perature (dashed line) against receptions (®) by receivers for period May 23 to

June 14, 2002. (b) Average daily air temperature (dashed line) against daily
mean receiver depth rank for the entire tag data series. Dates are given as mo/d

Range-testing also allowed us to re-
solve individual movements of Bonefish
No. 1 and 5 at relatively fine spatio—
temporal scales. Approximately 20 min
following release at 11:50:00 h on May 22,
2002. Bonefish No. 5 was detected by RK
(Fig. 5), and then by RN and RS receivers
with some simultaneous detections. This
indicates that the fish was at the NW
edge of the flat and moved W by SW
within the channel. About 50 min later,
signals detected by HC and JL receivers
indicated that it had moved across the flat
to the SE edge (Fig. 5b,c), where it re-
mained for 3 h (indicated by intermittent
signals received by JL receiver; Fig. 5a).
Gaps in signal reception occurred when
Bonefish No. 5 moved into areas west or
south of the JL receiver detection range
(reception patterns not consistent with
exit through Hurricane Channel). At ap-
proximately 14:51:00 h it left this area and
crossed quickly (within 4 min) to the NE
corner of the flat, where it was detected
by the BHW receiver (Fig. 5a). The dis-
tance between the 2 areas is about 400 m,
so average swimming speed was 1.66 m
s~ or 3 body-lengths s7!. Over the next
30 min, Bonefish No. 5 remained within
the shallow Bonefish Highway channel,
as signals were received by both BHW
and BHE receivers (Fig. 5a). It then
moved back toward the interior of the flat
and made short incursions into the NE
quadrant of the flat, where it was occa-
sionally detected at BHW. At 16:50:31 h,
the bonefish was detected once by the
BHW receiver, then it crossed back to the
SE corner of the flat, detected by the JL
receiver at 17:05:23 h. Near peak high-

est receivers. The opposite shift occurred as tempera-
tures decreased after June 9, 2002. Average receiver
rank-order by depth and average daily air temperature
negatively covaried (cov = -0.593); however, the 2
variables displayed a non-significant negative correla-
tion (r = -0.216, p = 0.09797). Bonefish No. 5 also dis-
played a pattern of restricted movement near the edge
of the flat during rising tide, followed by an extended
absence during the peak of the flood period and/or
during the falling tide (Fig. 4). Reception patterns
indicate that the fish moved to the central area of
the flat during these absence periods. Similar tide-
related movements were observed in data from
Bonefish No. 1, but were not consistent on the same
time scale.

tide, Bonefish No. 5 spent an extended period within
the interior of the flat, and returned to Bonefish
Highway over 6 h later (Fig. 5a).

Bonefish No. 1 showed a more restricted movement
pattern. The first signal was detected by the JL
receiver at 14:31:16 h (Fig. 6a), about 90 min after
release in the middle of the flat on November 8, 2001
(Fig. 2). At 17:11:00 h, signals were detected simulta-
neously at the HC and JL receivers (Fig. 6b,c), indicat-
ing that the fish was in the west entrance of Hurricane
Creek. The fish did not exit via Hurricane Creek, since
the HC receiver did not detect a series of consecutive
signals independent of JL. The fish returned to the SE
corner of the flat (as indicated by intermittent signals
received by the JL receiver; Fig. 6b). The fish was not
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Fig. 4. Albula vulpes. Tag transmission from Bonefish No. 5 detected at individ- In our study, 3 fish were never

ual hydrophone receivers plotted against corresponding cyclical variation in detected; this could be attributable to

tidal height (line). Gray bars indicate periods of highly localized movement
preceeding high tide. Receiver abbreviations as in Fig. 1; dates given as mo/d

detected by any other receiver until nearly 24 h after
release, when signals were received at BHE and BHW
(Fig. 6a). A lack of simultaneous receptions indicates
that the fish did not exit through this channel.

DISCUSSION

Of 11 tagged fish, 7 (64 %) were detected repeatedly
over time-scales ranging from days to months; 2 re-
mained in the study area over the life span of their
acoustic transmitters (40 and 61 d), revealing a very
high degree of site fidelity. Our results are contrary to
those of Colton & Alevizon (1983): Of 13 fish tagged
with acoustic transmitters in their study, only 3 were
relocated despite extensive sampling, and daily visita-
tion did not persist after 5 d, though 1 fish was relocated
in the same area 14 times over a period of 100 d. Based
on their results (including zero recaptures in a concomi-
tant mark-recapture study) Colton & Alevizon (1983)
concluded that site fidelity did not persist beyond
‘several days' and instead that bonefish range widely
within the nexus of available foraging grounds. This
was not the case in our study area. Our greater detec-
tion success may be attributable to increased sampling
efficiency afforded by automated telemetry technology,
as opposed to a single, boat-mounted hydrophone.

tag-failure, mortality or failure of the
array to detect movement out of the
study area. Range tests (Fig. 2) suggest
the last possibility is not likely, unless movement
occurred through the area between Snake Creek and
Totten Key (Fig. 1). This location is extremely shallow
and probably impassable at low tide. Also, the SC
hydrophone received only 2 transmissions during the
entire study period, indicating low bonefish activity in
this area.

The 2 longest data sets (Bonefish Nos. 1 and 5) did
not contain reception patterns indicative of exit from
the monitored area, and we believe that these 2 fish
did not leave the study area. It is possible that they
escaped detection as they moved out of the area; how-
ever, reception patterns were consistent with move-
ment from the interior of the flat to the monitored
edges. This indicates that these bonefish would have
exited and returned via the same undetectable corri-
dor. This could only occur through the shallow area be-
tween Snake Creek and Totten Key, which we believe
offered limited opportunity for passage.

No consistent movement patterns were detected
that suggested either diel variation in habitat use or
correlations with moon phase. A pattern that was con-
sistent in the data was the predominance of trans-
missions received by BHW and JL (Table 2). These
receivers were both in fairly shallow water (1 to 2 m),
which limited their reception range (Fig. 2). If habitat
use were equitably distributed within the study area,
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Fig. 5. Albula vulpes. Time series of recorded transmission from Bonefish No. 5 on May 22, 2002. Vertical lines: signals detected at

each receiver; continuous curve: tidal phase. Receiver location is indicated on y-axis and time (Eastern Standard Time) on x-axis.

(a) Fine-scale movements revealed by location of acoustic tag signals detected by individual receivers. (b) Details of time period
indicated by ellipse in (a). (c) Detail of time period indicated by ellipse in (b). Receiver abbreviations as in Fig. 1

these receivers should have recorded proportionally
fewer transmissions. It has been observed that bone-
fish use deep channels as primary routes between
shallow foraging grounds, but our data do not support
this. Avoidance of deep channels by bonefish may
assist in predator avoidance, as the largest predators
(e.g. sharks and dolphins) have limited ability to ven-
ture on to the shallow flats. We made no formal
assessment of predator abundance in adjacent chan-
nels, although sharks were frequently encountered in

the area; 1 hooked bonefish was attacked by a shark
in Snake Creek during capture. The average size of
bonefish in our study was smaller than the average
size reported in recreational fishery catch data (Crab-
tree et al. 1996, Humston 2001, Ault et al. 2002), and
depth preference may be a function of fish size and/or
ontogeny. This pattern may have implications for iden-
tifying and protecting critical habitats for bonefish, as
nearshore flats are frequently vulnerable to alteration
or degradation by coastal shoreline development.
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Colton & Alevizon (1983) showed that bonefish ven-
ture onto the flats during periods of high or rising tide
and retreat into deep depressions during periods of low
tides. Connections between movement patterns and
tidal exchange can also be seen in our data, including
recurring patterns of highly localized 'staging’ (a period
of low movement generally preceding a significant
movement event) during rising tides (Fig. 4). Such be-
havior was noted in the deep channel along the western
boundary (Snake Creek), in the shallow NE channel
(Bonefish Highway), and at the median depth interface

with Jones Lagoon to the south. Bonefish may have been
responding to dynamics of tide flow at these edge/inter-
face locations, perhaps providing unique foraging oppor-
tunities. The lack of transmissions following peak high
tides probably indicates foraging excursions into the
shallow interior of the flat (where automated acoustic
telemetry stations could not be located). During tide cy-
cles when no detections were recorded, it is possible that
bonefish utilized deeper depressions within the interior
of the flat that were not monitored. This would be consis-
tent with the pattern observed by Colton & Alevizon
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(1983), whereby bonefish retreated to deep recesses
when falling tides precluded access to very shallow sec-
tions. Increasing receiver coverage to include such inte-
rior recessions would improve this aspect of analysis.

Bonefish display thermal preferences and are not
found on shallow flats during the warmest or coldest
periods of the year (Ault et al. 2002). Shallow waters
are more susceptible to daily temperature fluctuations.
We hypothesize that bonefish retreat to deeper areas
adjacent to the flats in response to rapid temperature
fluctuations in the shallows. Movement data for Bone-
fish No. 5 were collected during a period of transition
from mild spring weather to the warm summer months.
During summer months, the water temperature on the
flats reached 32°C while the temperature at the nearby
channels was around 30°C. This may provide the
incentive for bonefish to retreat to deep channels in a
form of behavioral thermoregulation. The pattern in
Fig. 3 qualitatively suggests that Bonefish No. 5 fre-
quented deep areas more during peaks in daily air
temperature.

We found that bonefish display site fidelity in their
selection of foraging grounds over time-scales ranging
from days to months and utilize shallow habitats more
than deep channels. Our observations do not support
the hypothesis that deep channels are used as routes
between foraging areas. The avoidance of deep chan-
nels may provide protection from sharks and other
large predators. However, channels may function as an
important refuge from the daily variations in water
temperature on the shallow flats.
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