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YOUNG LEMON SHARK
BEHAVIOUR IN BIMINI LAGOON

JOAO CORREA, JEAN DE MARIGNAC AND SAMUEL GRUBER

INTRODUCTION

This report forms part of a larger investigation of the life
history of thelemon shark (Negaprion brevirostris) in Bimini
Lagoon, Bahamas. For a period of three months in the
Winter of 1994 we studied a group of four subadultlemon
sharks by ultrasonic telemetry. Gruber et al. (1988) previ-
ously reported on telemetry data from subadult lemon
sharks but their results were limited to incomplete tracks
of a few hours duration only. Morrissey & Gruber (1993a,
1993b) published a comprehensive study of 38 young

lemon sharks. These 75 cm total length (TL) animals were

confined to a small nursery area in the northern part of the
lagoon and results represent the first stages in the ontogeny
of lemon shark’s behavior.
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Building on this data base, we have tracked older
lemon sharks ranging between 151 and 186 cm TL for
up to 16 days in a three month period. Results of the
tracking show a consistent and repeatable pattern of
activity whereby sharks appeared to refuge in the
eastern part of the lagoon during the daylight hours
and make their way to the western part of the lagoon
at sunset where there is a deep channel leading to the
open ocean. We suggest that the sharks feed at nightin
the swift moving waters of the channel, then at sun-
rise, move eastward across the 6 km lagoon to their
original starting place.

Figure 1.
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Negaprion brevirostris in Bimini Lagoon. Photograph




MATERIALS AND METHODS
Study Species

The lemon shark (Figure 1) is distinguished morphologi-
cally from all other carcharhinids because of its large
second dorsal fin, almost as large as the first (Garrick &
Schultz, 1963). This species found from New Jersey to
Brazil, occurs on thebottom atdepths to 100 m and is often
reported around bays, piersand river mouths (Compagno,
1984). Its diet consists mainly of demersal teleosts (80% of
prey), though elasmobranchs, crustaceans and mollusks
can also be found in their stomachs (Cortés & Gruber,
1990). The role of the lemon shark in Bimini was discussed
by Gruber (1982) who established this species’ status as a
top predator.

Study Site

Bimini is a cluster of subtropical islands on the western
edge of the Great Bahama Bank by the eastern edge of the
Florida Straits. The Biminis are located approximately 86
km directly east of Miami, Florida (Newell & Imbrie,
1955). The Bimini Island complex (Figure 2) -North, East
and South Bimini- is low in elevation, has undeveloped
areas covered with mangroves, and is arranged in a
triangle that encloses Bimini Lagoon. The area of Bimini
Lagoon averages 21 km?; the depth averages 1m at mid-
tide and the tidal range is 0.75 - 1.0 m (Bathurst, 1967 and
Thomassen unpubl.). The floor of the area enclosed by the

islands is mainly sandy, with low turbulence levels and
sediment movements conditioned by large concentra-
tions of turtle grass (Thalassia testudinum) and manatee
grass (Cymodocea manatorun; Bathurst, 1967). However,
the floor of the Alicetown Channel and a few other areas
in the lagoon is of a rocky nature (Harrison, et al., 1970).
Detailed geological and ecological descriptions are given
by Turekian (1957) Jacobsen (1987) and Brattstrém (1992).

Capture and Telemetry

Between 17 January and 11 February, 1994, four lemon
sharks were captured and fitted with ultrasonic transmit-
ters. Totallengths of the tagged sharks ranged from 150.5
cm to 186.0 cm (Table 1). All sharks were caught on
longlines, using barracuda (Sphyraena barracuda) and blue
runner (Caranx crysos) as bait. A 1000 m longline an-
chored to the bottom was set close to the bank on the east
side of the Alice Town Channel (Figure 2) and equipped
with 32 hooks. The leaders were attached to the ground
line with 2m of nylon line and an additional 2m of aircraft
cable at the hook extremities. This allowed the shark to
swim once it was hooked. The longline was set and baited
at dusk, and checked every 3 hours until sunrise when it
was pulled in. Lemon sharks within the targeted length
interval of 150-200 cm were equipped with a transmitter.
Transmitters were attached by inserting two mild steel
darts through the skin into the epaxial musculature be-
tween the dorsal fins. Monofilament line was attached to
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Figure 2. Aerial photograph (a) and Graphical representation (b) of th Bimini Islands c tmplex, Bahamas. | Location of study area where
subadult lemon sharks were fitted with ultrasonic transmitters and traked during Wintir- 1994.
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Figure 3. Tracking a subadult lemon s

hark in Bimini Lagoon, Bahamas during Winter 19

ers (model USR-D,
Sonotronics) to which were
attached a set of head-
phones and a directional
hydrophone (model DH-2,
Sonotronics) mounted on a
110 cm long plastic handle.
The person monitoring the
shark’s activity listened to
the transmitted signals with
theheadphones while hold-
ing the end of the handle
with the hydrophone sub-
merged. The receiver units
were powered by small 12
volt, 20ampere-hourslead-
acid batteries (model 4L-B,
GNB Inc., St. Paul ,MN,
USA).

Three 4 m skiffs with 15 Hp
outboard motors (Mariner
Inc., Fond-du-Laec, WI,
USA) served as tracking

e
94. The tracking

boat has a crew of two, driver and tracker. Theidriver is responsible for both driving according to the  boats. These flat-bottom
tracker’s directions and also saving and recording positions every fifteen minutes. The tracker uses the ~ boats were chosen because

telemetry equipment to continuously follow the shark. Photograph by Tim Calver.

the darts, threaded through the ends of the transmitters
and secured close to the skin with steel press sleeves.

Table 1. Subadult lemon sharks captured on boitom longlines in
the Alice Town Channel during Winter 1994. These four sharks
were fitted with ultrasonic transmitters. Pre-caudal length (PCL;
cm), fork length (FL; em), Total length (Tt; cm).

Shark Date of Sex PCL FL TL
name capture

Bacardi 19-jan-94 M 1100 - 150.5
Ursula 21-jan-94 F 1355 150.0 173.0
Junkanoo 24-jan-94 M 1325 1455 169.0
Tootsie 25-jan-94 F 141.0 154.0 186.0

To track the sharks we used crystal-controlled ultrasonic
transmitters (model XTAL 87, Sonotronics, Tucson, AZ,
USA) which were 10 x 100 mm plastic cylinders weighing
40 g in air. The transmitters generated a 10 ms pulse of
either 76.8 or 78.1 KHz. The interval between pulses
varied between 748 and 1053 ms and provided the indi-
vidual identification codes. The nominal battery life of a
transmitter was three months. |

Location and Tracking Method

Ultrasonic pulses were detected using ultrasonic receiv-
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they can be operated in
depths shallower than 30
cm which is typical of the Lagoon at Bimini (Figure 3). In
the first phase of the tracking, two boats were sent out to
locate a shark. This involved an active search of the area,
covering all of the lagoon, with frequent stops to monitor
for ultrasonic signals. After having found a shark, one
fully equipped boat with a crew of two remained with the
shark for as long as possible, continuously tracking it
throughout day and night. Crews then took turns track-
ing the shark for 8 hour periods. Whenever possible
sharks were tracked for a period of 24 hours. After 24
hours the shark was tracked only until a new shark was
detected.

Positioning

Every fifteen minutes the crew recorded the position of
the boat using a hand-held Global Positioning System
(GPS) unit (model Ensign, Trimble Navigation, Austin,
TX, USA). The tracker attempted to remain less than 100
m from the shark based on signal intensity. Depth and
temperaturz of the water were recorded with the position.
The fifteen minute interval carries no biological signifi-
cance and wras chosen for convenience, In addition, other
authors doing this type of study such as Holland et al.
(1993), Klimley (1993) and McKibben & Nelson (1986),
have chosen the same time interval.

Statistical Analysis

The data were separated into tracks of individual sharks
which ranged from 1 to 24 hours. Each track was then



analyzed and graphed with computer softwares (Excel
5.0, Microsoft Corporation, USA; and Autocad 11,
AutodeskInc, USA). Because we hypothesized that these
sharks exhibited a repeatable daily pattern, an analysis
was performed on each track. Most statistical analyses of
animal movements are based on the assumption that the
differént locations are independent of one another (i.e.
not correlated) although this assumption is often ne-
glected in ecological studies of spatial dynamics
(Anderson, 1982). Our data were therefore tested for
independence using Schoener’s Ratio (SR, Swihart &
Slade, 1985). The SR is a statistical test to determine
whether a set of successive positions are dependent or
independent and is defined as t?, the mean squared dis-
tance between successive positions, over r?, the mean
squared distance between each position and the center of
activity (COA).

(1) COA =( (X/(Y)

where (5{ = the mean of all X-coordinates and (\F: The
mean of all Y-coordinates for all locations of a particular
track

1.8 i
(2) £ = ;Z(xm_Xi)2+H§(Ym_Yi)2
1 n o . 1 n _
3 . —> (X, = X) P +——=> (Y. - Y)?
{3}1‘ = n_1§( i ) n_1§( i )

(4) SR=8/r*

The SR was calculated for each track and compared to
critical values given by Swihart & Slade (1985). All tracks

had to undergo a statistical method referred to as time-to-
independence by Swihart & Slade (1985). Determining time
to independence is an iterative procedure which consists
of eliminating positions (i.e. increasing the time interval
between two successive positions) and re-calculating SR
after each iteration. Using the time-to-independence in-
terval between fixes enabled us to perform parametric
statistics to test our hypotheses. The diel (daily) cycle was
calculated by analyzing individual tracks. Each day was
divided in four periods: day, night, sunrise and sunset. A
preliminary observation of the tracks showed obvious
diel changes in the relationship between longitude and
time-of-day. The statistical analysis was done using Stu-
dent’s t-test (p < 0.05) and focused on validating the
following null hypotheses:

Ho(1); the difference between the mean of day longitudes
and night longitudes equals zero;

Ho(2): the difference between the mean of sunrise
longitudes and sunset longitudes equals zero.

We thus tested the difference between the mean longitu-
dinal position of each shark during the day and that at
night. This was also done between sunset and sunrise.

RESULTS

The four telemetered sharks were followed over a period
of three months, yielding 1659 geographic fixes (Table 2)
but data from only three sharks were used because shark
Junkanoo shed its transmitter within ten days after cap-
ture. Once organized and processed with respect to
independence the data yielded 34 individual tracks.

i ——
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Figure 4a. Movements of Bacardi, a 151 cm Total length male lemoi shark, on 21-22 Webruary 94 in Binmini lagoon, Bahamas. n = 90
positions. Day (empty circle), night (full circle); sunrise (empty trianges) and sunset (fun trian gles).

4b. Movements of Ursula, a 173 cm long female lemon shark, on 7 harch 94 in Bimini’ agoon, Bahamas. 1n = 82 positions. Day (empty
circle), night (full circle); sunrise {empty triangles) and sunset (full triagles). i
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Table 2. Tracks of the four subadult lemon sharks in Bimini lagoon,

Bahamas during Winter 1994.

Time-to-independence was determined to be three
hours which yelded 208 independent fixes. Two of
themorerepresentative continuous tracks are shown
in Figures 4a and 4b. These movement patterns

Shark No. % oftotal Firstday Lastday No.of
name Fixes individual of of days of
fixes tracking  tracking contact

Bacardi 657 39.6% 2Feb94 19 Mar94 15
Tootsie 528 31.8% 2Feb94 25 Mar94 16
Ursula 395 23.8% 2Feb94 26 Mar94 11
Junkanco 79 4.8% 2Feb 94 12 Feb 94 54%)

suggested to us that the sharks were active on the
western side of the Lagoon at night, on the eastern
side at day and cross over from one side to the other
during dusk (east to west) and dawn (west to east).
This pattern was frequently observed in all of the
four sharks.

To test our hypothesis that sharks occupied the east-

Total 1659 47

ern part of the lagoon during the daylight and the
western part at night, we performed a Student’s t-
test on the day and night longitudinal coordinates

(*) Transmitter shed and found on the bottom of the lagoon.

(Figure 5a and b). The nighttime positions were
significantly westward (P<0.05) of the daytime posi-
tions thus confirming our hypothesis. Likewise we
compared the sunrise and sunset positions and de-

Table 3. Individual results of Student’s t-tests (p < 0.05) verformed on independent data for validation of hypothesised movement patterns.

The tested null hypotheses are:

Ho(1): the difference between the mean of day longitudes and night longitudes equals zero;
Ho(2): the difference between the mean of sunrise J"ongrrudes and sunset longitudes equals zero.

Mean longitudes (79°W) in minutes.

Shark n Ho(1): Ho(2): Mean Mean Mean Mean
name Night= Sunset=  longitude : - longitude longitude longitude

Day? Sunrise?  daynight sunrise sunset
Bacardi 93 No Yes 15.92 £ 0.50, n=25 16.86 £ 1.34, n=52 16.54 £ 0.98, n=/ 16.53+0.82, n=9
Tootsie 62 No Yes 14.80 £ 0.72, n=28 15.69 £ 1.18, n=22 1575+ 065 n=6 15.63+0.98, n=6
Ursula 43 No Yes 14.61£0.52,n=19 16.51.£0.78, n=16 15.74 £ 0.83,n=3 15.82+1.01, n=5
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Figure 5a. Day and night activity spae as shown by the)adepend-
ent position plots of the four lemon shrks tracked in Birrsini lagoon
during the Winter of 1994. Note th predominance if western
longitudes during night and easternongitudes duringriay.
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termined that they did not differ, confirming our second
hypothesis (Table 3).

DISCUSSION

This study is the logical next step following the work of
Morrissey & Gruber (1993a, 1993b) who investigated
activity patterns of zero to three-year old lemon sharks.
Their ecological and behavioral research was framed
within the discipline of bioenergetics and attempted to
understand the spatial requirements of lemon sharks.
Another aim of their study was to estimate the metabolic
requirements of young lemon sharks by combining labo-
ratory results with their field observations. We are con-
tinuing and expanding their work by studying spatial
requirements, habitat selection and diel activity patterns
olf the larger lemon sharks found throughout the year in
Biimini lagoon.

We have suggested elsewhere (Gruber 1982) that lemon
shharks born in the lagoon may remain closely associated
wvith the island for up to 10 years. The sharks we selected
wvere between 150 and 200 cm TL with an estimated age of
siix to nine years old (Brown & Gruber, 1988). One of the
stharks captured during this study (Junkanoo) was tagged



1988 at 81.6 cm TL
juivalent to about two
sars old. He was recap- 1.00
red January 1994 with a
tal length of 169 cm
hich would indicate an 0.80
re of seven yearsand nine
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ay in the lagoon for at ¥
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Relative Frequencies of Day and Night Independent Positions (n=208)

on and is one subject that ®A0

ve will be looking into 0.0 - L

vith long-life (18 month) o
ransmitters. - - 0 0T

‘he tracks made from the
our telemetered sharks
lefinitely established a re- _

»eatable east-west movement pattern. Analysis of the 34
racks showed thatall four sharksstayed near the western
dge of the lagoon at night, traveled eastward (toward the
un) at sunrise and remained in arelatively localized area
ust east of the southeastern point of east Bimin: during
he daylight hours. As the sun set, the sharks became
nore active and moved westward (toward the sun). Our
lata analyses demonstrated that this pattern is:statisti-
-ally valid and thus confirms the observations of Gruber
f al. (1988).

A comparison of the home rarges of newborn versus
seven year old lemon sharks revealed that the younger
sharks are highly site-attached while the older sharks
were more nomadic, using neaily all the lagoor: in their
daily activities and occasionallymoving outsidethe con-
fines of the lagoon at night. McNab (1963) propused that
the size of an animal’s home range is proportional tobody
size. This relation is obvious ard expected. McNab fur-
ther suggested that proportiona ity is a general feature of
allanimals and thatcarnivores with spatially heterogenous
food should have larger home ranges than herbivores of
the same size.

Webelieve the difference of the cbserved east-westmove-
ment pattern lies in behavioral differences asysociated
with foraging and refuging. Baszd on visual observations
from both aircraft and boats, w2 regularly see groups of
two to twenty-five lemon sharks at the southeas ern edge
of East Bimini. These sharks are either resting on the
bottom or meandering slowly at one to two km/h. The
aggregated sharksremain withinanarea smalletthanone
hectare. The tracking data show that sharks regularly
return to the eastern flat after nocturnal activities several
kilometers to the west. This cehavior fits the pattern
Hamilton and Watts (1970) termed refuging. Irjcontrast,
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Figure 5b. Histogram with relative frequencies of day and night longitudinal positions of the four tracked
shargs in Bimini lagoon. n = 208 independent positions. @bserved night longitudinal positions (black
bars; observed day longitudinal positions (white bars).

all these sharks which were originally captured in the
Alicetown Channel move rapidly to the west at sunset
and work their way up and down the channel until
daybreak. Webelieve they are foraging and feeding in the
channel and its vicinity. Part of this belief stems from our
capturing experience: the Alicetown Channel appears to
be the best area ‘o capture six to nine-year old lemon
sharks. In addition, telemetered sharks appear to be more
active in the Alicetown Channel than on the eastern flats.
From the four sharks tracked in Birnini during winter 1994
there was a clearly defined diel movement pattern which
suggested to us thatsix tonine-year old lemon sharks may
forage in the Alicetown Channel at night and refuge on
the eastern flats curing the day.

We are currently in the process of analyzing telemetry
data of 28 six to nine year old lernon sharks captured in
Bimini over four years. We are confident that the diel
pattern will remein significant in all sharks. We are also
investigating the hydrology of Bimini Lagoon to deter-
mine how tidal currents influemce the sharks’ move-
ments. We will use speed-sensing transmitters to meas-
ure the absolute swimming velocity of the sharks and
establish how it varies throughout the diel cycle. Lastly,
we are planning to map the bottom saces of Bimini La-
goon to establish habitat preference of the lemon shark.
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