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INTERACTION OF PHYSICAL AND BIOLOGICAL FACTORS IN
THE LARGE-SCALE DISTRIBUTION OF JUVENILE
QUEEN CONCH IN SEAGRASS MEADOWS
A. W. Stoner, P. A. Pitts and R. A. Armstrong
ABSTRACT
Large-scale distribution of a large, commercially significant gastropod, Strombus gigas
(queen conch), was investigated in a II ,OOO-haregion of the Great Bahama Bank near Lee
Stocking Island, Exuma Cays. Maps of depth and seagrass biomass, generated with Landsat
thematic mapper data, and a 4-year survey of juvenile conch distribution showed that most
of the juveniles were in aggregations located in 1.5-4.0-m water depth. Although general
locations of juvenile conch aggregations remained the same between 1989 and 1992, their
total surface area occupied only about 1.5% of the 8,300 ha of seagrass habitat available.
Locations of only the most persistent long-term aggregations could be predicted on the basis
of preferred seagrass biomass (30-80 g dry weight m-2); however, important conch nurseries
were always located in tidal channels which brought clear, oligotrophic water from the Exuma
Sound. Harmonic analysis of water temperature data from sites with and without juvenile
aggregations showed that conch nurseries were subject to flushing with oceanic water on
every tide, whereas non-conch sites reflected only diurnal heating and cooling of bank water.
Relationships between circulation and juvenile conch distribution on the Great Bahama Bank
may be related directly to larval recruitment, or indirectly to aspects of nutrient cycling and
food production; evidence for both mechanisms exists. Although exact locations of conch
aggregations shift from year to year, these shifts appear to occur within larger nursery habitats,
the boundaries of which are set by a precise combination of physical and biological factors.
Because most meadows are probably unsuitable for this severely ovcrfished species, critical
nursery habitats should be identified and protected.

The general distributional ecology of the commercially important gastropod
Strombus gigas L. (queen conch) is well known, at least qualitatively. Endemic
to the shallow waters of the Caribbean region (Abbott, 1974), the species is rarely
found deeper than 30 m, and juveniles are most numerous on the shallow banks
and reef flats where there is abundant macroalgal food (Randall, 1964; Alcolado,
1976; Stoner et aI., 1994). From the large volume of literature accumulated on S.
gigas since Randall's important monograph (1964), it is clear that depth, habitat
type, and circulation play key roles in the large-scale distribution of the species.
Most of the youngest juveniles are found in shallow water and an ontogenetic
migration occurs whereby most adults are distributed in deeper tidal channels and
shelf regions (Randall, 1964; Hesse, 1979; Weil and Laughlin, 1984; Iversen et
aI., 1987; Torres-Rosado, 1987; Stoner and Schwarte, 1994).
Juvenile conch are usually associated with the seagrasses Thalassia testudinum
and Syringodiumfiliforme (Randall, 1964; Weil and Laughlin, 1984; Stoner et aI.,
1994). It has been shown experimentally that juvenile conch have a strong preference for intermediate densities of T. testudinum (Stoner and Waite, 1990); however, food availability may be the most important factor affecting habitat association (Weil and Laughlin, 1984). For example, despite the presence of extensive
seagrass beds in the Florida Keys, most juvenile queen conch in that geographic
region are associated with algae on bare sand or with reef flats where macroalgal
foods are abundant (Glazer and Berg, 1994). In fact, conch consume only small
amounts of green seagrass and receive most of their carbon from algae and seagrass detritus (Randall, 1964; Stoner and Waite, 1991). Stoner et al. (1994) found
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a positive correlation between juvenile conch density and algal growth within a
large seagrass bed in the Bahamas.
In addition to depth and habitat, conch distribution is also influenced by water
circulation. Iversen et aI. (1987) noted that juveniles were associated with strong
tidal flows in the Berry Islands, Bahamas. This same relationship has been reported for conch in the Exuma Cays, Bahamas, where most juveniles were located
close to tidal channels (Stoner et aI., 1994).
In areas where large-scale surveys have been made for queen conch, juveniles
were found to be highly aggregated. At a 1988 conference Berg et aI. (1992)
described large "herds" of juveniles in the Florida Keys, and Wicklund et aI.
(1991) constructed a map of the Great Bahama Bank near Lee Stocking Island,
Exuma Cays, showing nursery areas that had persisted in the same locations for
several years. Since that time Stoner and Ray (1993) have shown that aggregations
of conch within suitable nursery areas near Lee Stocking Island are maintained
by intraspecific behavioral responses. This aggregative behavior appears to be
related to increased survivorship realized by juvenile conch in high density (Ray
and Stoner, 1994; Stoner and Lally, 1994). Aggregations of juvenile conch (80150 mm) with 0.1-2.0 individuals m-2 have been reported throughout the Caribbean region (Alcolado, 1976; Weil and Laughlin, 1984; Iversen et aI., 1987; Stoner and Waite, 1990; Garcia et aI., 1992), with some aggregations as large as 131
ha in rich fisheries areas of the Exuma Cays (Stoner et aI., 1994).
Given the close association between seagrass standing crop and juvenile conch
density on a local scale (Stoner and Waite, 1990), this study was designed to test
the large-scale relationship by examining conch distribution over an area of approximately 100 km2 on the Great Bahama Bank near Lee Stocking Island. Conch
distribution was examined in relation to seagrass biomass and water depth, estimated by analysis of Landsat data, and patterns of tidal flow. Time-series analysis
of water temperature data and surface drifters were used to trace the flow of
oceanic water over the bank. These biological and physical factors proved to be
good predictors of large-scale conch distribution in the study area.
STUDY SITE

The Exuma Cays, a 250 km long island chain in the central Bahamas which lies along the western
side of Exuma Sound, are a primary source of queen conch in the Bahamas fishery. Most of the
carbonate islands are low, less than 8 km long, and separated by inlets 0.1-0.5 km wide. To the east
of the islands (windward in prevailing conditions) a narrow shelf, usually less than 2 km wide,
separates the islands from the deep oceanic waters of Exuma Sound (Fig. I). To the west of the Exuma
Cays is the Great Bahama Bank, a shallow carbonate platform, covered with sand and seagrass, which
extends 25-65 km from the islands to the Tongue of the Ocean. Depths of 1-5 m are typical on the
bank, and there is a tidal range of approximately I m (semi-diurnal cycle). Nursery grounds for queen
conch are located primarily on the bank, while most of the spawning population is on the island shelf
at 10-20 m depth (Stoner and Sandt, 1992; Stoner et aI., 1992; Stoner and Schwarte, 1994),
Temperature, salinity and other water quality parameters differ significantly between the deep oceanic waters of Exuma Sound and the shallow waters overlying the Great Bahama Bank. For example,
temperature in the Sound is almost always cooler during summer and warmer during winter (Pitts and
Smith, unpubl. data). High frequency fluctuations over the island shelf in Exuma Sound generally
range between O.loC and 0.3°C, while the range on the bank is an order of magnitude greater (0.5°_
3.0°C). Salinity (within one tidal excursion from the Sound) can be as much as 4%0 higher on Great
Bahama Bank than in Exuma Sound (Smith, in press).
METHODS

AND MATERIALS

Mapping Juvenile Conch Populations.-Juvenile conch distributions were mapped annually during
the summers from 1989 to 1992. During the first summer, the entire bank region between the Brigantine Cays and the Exuma Cays (Rat Cay to Norman's Pond Cay, Fig. I) was surveyed for conch.
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Figure I. Map of the study site near Lee Stocking Island in the centra] Bahamas. The area between
the eastern line of islands and the Brigantine Cays was surveyed for queen conch, depth, seagrass
characteristics, and circulation patterns.

This area was divided into 95 1 x I km squares oriented along lines of latitude and longitude. Through
a grid of lines running diagonally through these squares, divers were systematically towed (approx.
50 cm·sec ') over the water (Stoner and Schwarte, ]994). They signaled conch density to the boat
operator, while crossing every square at least once and covering a total distance of ]26 km. Positions
for the ends of all straight line transects were determined by bearings to known land masses or with
a hand-held Global Positioning System (GPS). Underwater visibility on the bank was normally at
least 5-6 m, enabling he diver to see all conch at least 3 m on either side of the transect line. No
surveys were conducted on days when visibility was restricted or when the surface was rough.
The first year's survey showed that most juvenile conch in the study area were distributed in discrete
aggregations which had strong boundaries where densities increased rapidly from zero, Repeated
counts of the number of conch in 4-m radius circles has shown that O.]-0.2 conch·m -2 is a typical
density at aggregation peripheries (Stoner and Ray, 1993). When an aggregation was located during
the original survey, the mapping team estimated its areal extent using a method described in detail by
Stoner and Ray (1993). In brief, peripheries were buoyed approximately every 50 m, positions were
taken with GPS (±-IO m), and a scale drawing of the aggregation was plotted on a topographical
map from the Bahamas Lands and Surveys Department, Nassau (1:25,000 scale). We estimate that at
least 90% of the juvenile conch in the study area were located within the large aggregations plotted;
very few were seen outside aggregations.
Mapping was repeated in 1990, 1991, and 1992, resulting in four annual plots of the primary
juvenile aggregations. Although emphasis was placed on the northeastern half of the study site, where
aggregations had been found previously, long southwest to northeast transects were made over most
of the bank region, and all areas within 4 km of the eastern line of islands were searched thoroughly,
The boundaries of all juvenile aggregations found in the four annual surveys were plotted on a
topographic map to provide a composite map of the nursery grounds, subsequently used in analyzing
the relationships between conch distribution and other habitat features.
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During the 4-year survey, densities of conch within juvenile aggregations were taken occasionally
to supplement the distribution data. Dcnsity was detcrmined by counting the number of conch in three
to five 4-01 radius circles placed haphazardly within an aggregation.
for depth and above-ground seagrass biomass used in
this study were generated earlier by Armstrong (1993). Summarizing briefly, a Landsat Thematic
Mapper (TM) scene from 29 January 1985 was used for the Lec Stocking Is]and area (Fig. I). Because
detailed bathymetric charts are not available for the Great Bahama Bank in the Exuma Cays, the TM
ratio algorithm proposed by Spitzer and Dirks (1987) was used to generate plots of water depth.
Methodology for digital mapping of above-ground seagrass biomass was developed by Armstrong
(1993). Twenty-nine stations were selected over the study area to include the widcst possible range
of seagrass density, and form the basis for ground-truth. Seagrasses and algae were clipped at sediment
leve] within three 0.25 x 0,25 01 quadrats at each station. Macrophytes (dominated by Thalassia
testudinum) were separated into living seagrass, seagrass detritus, and algae; these components were
oven-dried at 80°C and weighed. Technical details related to the spectra] properties of sea grasses and
the digital data analysis of the TM data havc bcen published (Armstrong, ]993); spectral data accounted for 80% of the variability in seagrass biomass for the study site. Errors occured where there
was dark sediment or algae-covered hard-bottom habitat. Extensive loca] knowledge of the Lee Stocking Island area, ground truth subsequent to the digital analysis, and supplemental GPS positions
allowed us to correct values for areas with zero seagrass biomass. Except for hard-bottom found near
the inlets, the bank near Lee Stocking Island is comprised almost exclusively of sand and monotypic
stands of T. testudinum. and is relatively free of cora] reefs; this facilitated generation of very prccisc
sea grass maps.
To aid in visual interpretation of plotter output, the bathymetric map was drawn to show the fo]lowing six depth intervals: 0-0.5, 0,5-1.0, 1.0-1.5, 1.5-2.5,2.5-4.0,
and >4.001 at mean low water.
Zones of above-ground seagrass biomass were defincd by four intervals: <5, 5-30, 30---80, and >80
g dry weight m-2• Previous research at Lee Stocking Island has shown that 30---80g dry weight·m 2
is the preferred habitat of I and 2 year old queen conch juveniles (Stoner and Waite, 1990); therefore,
this range is critical to analyses that follow.
Mapping Depth and Seagrass Biomass.-Maps

of Tidal Excursion.-Because
the 1990 mapping suggested that conch distribution over
the Great Exuma Bank was associated with tidal channels and strong current, progression of surface
waters from the passes between the Exuma Cays was quantified by tracking surface drogues during
flood tide. Drogues were I 01 long vertical spars of PVC pipe (5 em diameter) with a 20 em float
attached at the top. Two vanes of aluminum sheet metal (15 x 80 em) were inserted at right angles
through the lower half of the spar; lead weights were placed at the lower end of the pipe to hold the
drogues upright. Drogues were deployed at the mouths of the inlets north of Lee Stocking Is]and and
between Children's Bay Cay and Rat Cay (Fig. I) at the beginning of flood tide and tracked for 6 h
until the following slack tide, Drogue positions were determined at 30-min intervals with GPS and
by triangulation using a sextant and nearby landmarks. Fourteen trajectories were obtained between
August 1990 and October ]991.
The hypothesis that conch nurserics arc flushed by oceanic water on a tidal basis was tested by
comparing water temperature data from three nursery sites, a station in Exuma Sound, and two sites
on the Great Bahama Bank which appeared to offer suitable nursery habitat in terms of seagrass
biomass and depth but which were not occupied by juvenile conch. Long term annual records indicate
that water temperature is highest in August, and variations during that month are restricted largely to
time scales of hours to days; i.e., there is no seasonal slope (Pitts and Smith, unpub!. data). Because
Exuma Sound water is approximately 2°C cooler than water overlying the Great Bahama Bank at this
time of year a temperature signal from the semi-diurnal tides should indicate which study sites lay
within the tidal excursion of water moving onto the bank from Exuma Sound. Areas not receiving
water from the Sound on a tidal cycle should demonstratc diurnal heating and cooling, but no semidiurnal periodicity in water temperature.
Water temperatures were recorded hourly at six sites during 1-31 August 1989. A General Oceanics
Model 60] I Mark-II recording current meter with a thermistor (accurate to :!::0.25°C) was moored at
mid depth in IS m of water in Exuma Sound on the shelf approximately 0.5 km east of Lee Stocking
Island. Four Ryan Temp Mentor thermographs (accurate to :!::0.2°C), were placed on the bottom in
approximately 3 m of water on Great Bahama Bank. Three of the four were deployed at conch nursery
sites within 3-5 km of the Exuma Sound: south of Norman's Pond Cay near Shark Rock, west of
Children's Bay Cay (Fig. I), and in a nursery 10 km north of Lee Stocking Island on the northwest
side of Neighbor Cay. The fourth Ryan Temp Mentor was deployed at the bottom in 3 m of water
off Cook's Cay approximately 10 km from Exuma Sound. A sixth temperature time series was recorded
using an ENDECO Type 109 film-recording thermograph, accurate to :!::0.2°C. The instrument was
placed on the bottom in 3 m of water at Station 10, a site located midway between Lee Stocking
Island and the Brigantine Cays approximately 6 km from Exuma Sound. This station and the one near
Measurement
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Figure 2. Peripheries
of juvenile queen conch aggregations
Stocking Island (dashed lines) for mid-summer,
1989-1992.
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Cook's Cay were in habitat that was apparently suitable for juvenile conch, in terms of water depth,
seagrass coverage, and food availability,
but conch had never been observed at either location.
The temperature data from each site were plotted as a function of time to allow comparisons
between
sites over time scales ranging from hours to weeks. To demonstrate
high-frequency
variability
in
temperature
fluctuations
between sites, a 5-day segment from the middle of the month of each time
series was isolated and averaged by the Buys-Ballots
method. For example, the five midnight readings
from August 13 through 17 of the time series recorded at Shark Rock were averaged, then the five
0100 h readings from the same site were averaged and so forth.
To quantify the high-frequency
variability within and between sites, harmonic analyses were performed on each time series (Panofsky and Brier, 1963) after the low-frequency
temperature fluctuations
had been isolated from the individual
time series, using a D39 filter as described by Groves (1955),
and then subtracted from the totals. Harmonic analysis is an imperfect method to quantify non-sinusoidal warming and cooling, and there is likely to be contamination
of the local diurnal warming and
cooling by advection associated with diurnal tidal constituents.
However, this contamination
should
be minimal since the semi-diurnal
tidal constituents,
particularly
M2' are responsible for the majority
of the tidal forcing in the study area.
RESULTS

Conch Distribution.-There was considerable annual variation in the area covered
by juvenile conch aggregations near Lee Stocking Island between 1989 and 1992;
however, locations of the primary nurseries were relatively consistent (Fig. 2).
For example, juvenile conch were found near Shark Rock (SR) and west of Children's Bay Cay (CBC) in all years, The aggregation near Tugboat Rock (TBR)
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Table 1. Areas of juvenile conch aggregations near Lee Stocking Island between 1989 and 1992.
Values are hectares of bottom covered by queen conch in densities >0.1 conch m 2. Multiple numbers
for individual locations represent different sub-aggregations within the site.
Year

Location

\989

\990

\99\

Shark Rock

17.8

8.3

10.5
8.9

Tugboat Rock

13.9

6.2

0

Children's Bay Cay

16.1
16.1

7.4

1.7

0

0

Barraterre

9.6

\992

1.1
2.4
2.4
0.9
0.4
0.4
0.7
11.4
2.9
35.4
2.0
0

was indistinct in 1991 and variable in size during the other years, ranging from
nearly 14 ha in 1989 to three small patches comprising 1.5 ha in ]992 (Table I).
Juvenile populations were very small in 1991 with a total of only 19 ha in the
tidal flow field including Shark and Tugboat Rocks, and only 1.7 ha in the Children's Bay Cay flow field. Largest aggregations occurred in the CBC area in 1989
(42 ha) and 1992 (50 ha). Aggregations near TBR and northwest of Barraterre
(BT) appeared to be the most ephemeral.
Although quantitative measurements of conch density were not made for all of
the aggregations, SR and CBC aggregations were noticeably denser (approx. 1.0
conch·m-2) than those at TBR, BT, and at the locations surrounding the CBC
nursery where aggregations occurred only in 1989 and 1992. In 1989, the BT
aggregation had low density (mean = 0,15 conch,m-2, SO = 0.12, N = 4) and
was non-existent between 1989 and 1990. The TBR aggregation had 0.1]
conch,m-2 in 1990 (SO = 0.19, N = 6). These two aggregations were small and
tended to occur in shallower depths and in areas of lower seagrass biomass than
did the less ephemeral aggregations, SR and CBC.
and Seagrass Biomass.-Mean
depth in the study area was ~ 1.6 m
at mean low water (MLW). The 1.5-2.5 m depth-interval was the largest zone
mapped (38.8% of the bank surface area), followed closely by the] .0-1.5 m zone
(34,9% of the bank) (Table 2). Areas <0.5 or >4.0 m in depth were relatively
small (4.4 and 1.0%, respectively). Greatest depths occurred in the tidal passes
between Exuma Sound and the Great Bahama Bank, and in the channels between
the Brigantine Cays (Fig. 3). These are the locations of strong reversing tidal
currents. Extensive shallow bank areas were found south and west of Norman's
Pond Cay (NPC), south of Lee Stocking Island (LSI), around Barraterre (BT),
and north of the Brigantine Cays.
Seagrass biomass on the Great Bahama Bank ranged from 0 to > 100 g dry
weight·m-2. Nearly half of the bank area mapped had biomass between 5 and 30
g dry weight·m-2 (46.7% of the bank) (Table 2). A relatively small proportion of
the bank (2,6%) had biomass over 80 g dry weight·m-2; these dense seagrass
areas occurred as patches, often near the deep tidal channels (Fig. 4). Optimal
seagrass biomass for queen conch juveniles (30-80 g dry weight m-2) covered
23.5% of the study area.
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Table 2. Summary of depth and seagrass characteristics on the Great Bahama Bank study site near
Lee Stocking Island. Exuma Cays (the codes used for depth and biomass zones refer to numbers and
letters shown on Figures 3 and 4, respectively)
Water depth
Depth range
(m at MLW)

Depth zones

Area (ha)

<0.5
0.5-1.0
1.0-1.5
1.5-2.5
2.5-4.0
>4.0

I

2
3
4
5
6

% of lolal area

503
1,600
3,988
4,433
788
114

4.4
14.0
34.9
38.8
6.9
1.0

Seagrass
Biomass

Biomass range
(g dry wt m-l)

zones

A

<5
5-30
30-80
>80

B
C
D

Total surface area

Area (hal

% of total area

3,115
5.331
2,685
295
11,426

27.2
46.7
23.5
2.6
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Figure 3. Bathymetry of the Great Bahama Bank near Lee Stocking Island as determined from
satellite imagry. The hatched zone (depths 4 and 5) shows the area considered to be optimal for
juvenile queen conch.
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Figure 4. Above-ground seagrass biomass on the Great Bahama Bank near Lee Stocking Island as
determined from satellite imagry, The hatched zone (C) shows the area with biomass levels known
to be preferred by juvenile queen conch,

Relationships between Depth, Seagrass Biomass and Conch Nurseries.-Fouryear composites of the juvenile conch aggregations in the study area show six
large and five smaller conch nursery areas on the Great Bahama Bank west of
Lee Stocking Island and Children's Bay Cay (Fig. 5). This long-term distributional
pattern was examined with respect to the known optimal seagrass biomass for
juvenile queen conch (30-80 g dry weight·m-2; zone C in Fig. 4) and the depth
range describing the location of the most persistent and largest juvenile aggregations. The relatively broad range of 1.5 to 4 m was designated as "optimal
depth," because 95% of the Shark Rock (SR) and the two larger Children's Bay
Cay (CBC) aggregations were found within that range (zones 4 and 5 in Fig. 3),
The total area of this theoretically optimal habitat, 1026 ha shown in Figure 5,
was only 9% of the total bank area mapped.
Closeness of the association between conch distribution and the selected habitat
features was related to the relative stability of the juvenile aggregations. Among
the persistent aggregations, 78% of the SR aggregation and 93,9% of CB-1 lay
within the predicted habitat (Fig. 5; Table 3). The low density, more ephemeral
aggregations, such as those surrounding Tugboat Rock and near Barraterre (BT),
lay almost completely outside the predicted zones, in locations with low seagrass
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Figure 5. Map of areas near Lee Stocking Island with 1.5-4.0 m water depths and 30-80 g dry
weight seagrass·m-2, considered to be the optimal habitat for juvenile queen conch (cross-hatched),
and the actual long-term distribution of conch aggregations (peripheries shown by solid lines). Peripheries for the conch aggregations are a composite of the four annual surveys conducted between
1989 and 1992 (Fig. 2).

Table 3. Surface areas of the composite queen conch nursery aggregations (1989-1992) and the areas
of these aggregations predicted on the basis of depth and seagrass distribution

Aggregation

SR
TBR
TB-l
TB-2
TB-3
TB-4
CBC
CB-I
CB-2
CB-3
CB-4
CB-5
BT
Total

Aggregation
(ha)

area

38.3
16.3
1.03
0.32
0.27
21.4
12.7
1.96
24.8
1.62
7.0
125.7

Area inside

Area outside

% of area in

predicted habitat

predicted habitat

predicted habitat

30.0

8.3

78.3

0
0
0
0

16.3
1.03
0.32
0.27

0
0
0
0

1.3
6.9
1.96
10.4
0
6.4
53.2

93.9
45.7
0
58.1
100
8.6
57.7

20.1
5.8
0
14.4
1.62
0.6
72.5
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Figure 6, Tracks of surface drogues released at the beginning of flood tide near the inlets north of
Lee Stocking Island and south of Children's Bay Cay. Lettered squares show the locations of temperature meters, Peripheries for the composite locations of the juvenile conch aggregations (19891992) are shown by the solid lines,

biomass. Overall, 57.7% of the long-term surface area of juvenile aggregations
was within the theoretically optimal habitat.
Although the most permanent aggregations of juvenile conch on the Great
Bahama Bank lay with in the predicted habitat, over 92% of this habitat type
(-950 ha) was not occupied during the 4-year survey. A large, unmapped aggregation is known to exist northwest of Norman's Pond Cay in the optimal habitat,
but no juvenile conch have been observed at a similar area immediately to the
west of Lee Stocking Island in frequent visits over several years. Juvenile conch
have never been observed between the Brigantine Cays where seagrass biomass
and depth were apparently suitable, suggesting the importance of other variables.
Relationships between Tidal Flow and Conch Nurseries.- The tracks of surface
drogues released north of Lee Stocking Island and south of Children's Bay Cay
show two important features of tidal circulation on the Great Bahama Bank (Fig.
6). First, oceanic water entering the bank consistently passed over or near the
primary nursery sites at SR and south and west of CBe. No surface drogue passed
over the TBR nursery area which is characterized by low conch density and
ephemeral populations. Second, the drogues traveled over a wide range of distances, depending on tidal phase and wind conditions, but every drogue, except
#1 which grounded east of Norman's Pond Cay, was carried onto the bank at
least as far as the mapped nurseries (Fig. 6). During tides around the neap and
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Table 4. Results of drogue tracking over the Great Bahama Bank. Track numbers refer to drogue
trajectories plotted in Figure 6. Tidal range is the water level rise due to the tides during a given flood
which provides inFormation on the relative strength of the flood current. Wind data refers to the
resultant wind speed and direction for the date.

Track

1*
2*
3
4
5
6
7
8
9
10
11
12
13
14
.••Drogue

Distance
(km)

Date

110.

16
16
16
17
17
09
]0
25
26
22
23
23
18
]9

was not tmcked

Aug 90
Aug 90
Aug 90
Aug 90
Aug 90
Dec 90
Dec 90
Jan 91
Jan 91
Apr 91
Apr 9\
Apr 9]
Oct 9]
Oct 9]

through

the entire

1.7
4.9
6.7
3.2
7.0
10.2
7.9
5.5
5.9
6.8
4.3
5.0
6.0
6.2

Mean speed
(em S-l)

Tidal range
(em)

Wind speed
(ms-I)

Wind
direction
(0 mag.)

27.5
47.2
28.9
33.9
26.9
42.0
47.1
34.0
29.5
31.5
26.5
25.3
25.4
31.3

89.7
89.7
89.7
92.3
92.3
57.0
46.0
41.3
43.4
55.2
61.1
61.1
48.6
50.8

3.9
3.9
3.9
4.5
4.5
7.3
4.7
1.8
3.2
2.3
3.0
3.0
4.5
3.6

109
109
109
91
91
358
13
196
75
30
123
123
43
40

flood cycle.

under normal wind conditions, the drogues moved an average of 6.1 km onto the
Great Bahama Bank from Lee Stocking and Children's Bay Cay inlets (Table 4).
Farthest travel occurred with drogue #6 which was placed north of Lee Stocking
Island during the passage of a cold front. The drogue drifted downwind and
downstream onto the bank approximately 10.2 km to the Brigantine Cays. This
extreme tidal excursion was rare, and the Brigantine Cays and Cook's Cay probably receive clear oceanic water infrequently.
Plots of the hourly temperatures recorded in Exuma Sound during August 1989
showed a range of 28.1-29.5°C (Fig. 7), which was consistently lower than temperatures at the five study sites on the Great Bahama Bank. High frequency fluctuations in the Sound were only 0.1-0.5°C. At Cook's Cay and Station 10 temperatures ranged between 28.5 and 33.0°C, and high-frequency fluctuations were
generally 0.5-2.5°C, about five times that observed in Exuma Sound. The distinct
diurnal periodicity observed in the high-frequency temperature changes reflects
local heating and cooling processes.
The range of temperatures and high-frequency fluctuations recorded at the
conch nursery sites SR, CBC and NBC were similar to those observed at the
other two non-conch Great Bahama Bank study sites (Fig. 7). However, at the
three nursery sites high-frequency fluctuations had a pronounced semi-diurnal
signal during most of the record, confirmed by Buys-Ballots averaging (Fig. 8).
This indicates that the nursery areas were not subject to tidal advective heat
transport. Short periods of semi-diurnal temperature fluctuation occurred at Cook's
Cay and Station 10 between 9 and 13 August 1989 (Fig. 7), but this was unusual
and the temperature excursions were slight. Buys-Ballots averaging showed strong
diurnal periodicity in temperatures at these two non-conch stations.
Harmonic analysis revealed that the amplitudes of diurnal temperature periodicity at Cook's Cay and Station 10 were 0.6 and 0.5°C, respectively. The amplitude at the M2 periodicity was <O.l°C for both sites, well within the precision
of the recording instrumentation. Tidal heat flux played a very small role in temperature changes at these two inner bank locations, indicating that Exuma Sound
water rarely, if ever, reaches these sites on the flood tide. Results from the nursery
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Figure 7. Temperatures at one sites in the Exuma Sound (ES) and five sites on Great Bahama Bank
near Lee Stocking Island for the month of August 1989. Conch nursery sites were Shark Rock (SR),
Children's Bay Cay (CBC), and Neighbor Cay (NBC). Non-conch sites were Cook's Cay (CC) and
station 10.

sites show that the amplitude of temperature fluctuation at the diurnal periodicity
varied 0.3-0SC while the amplitude at the M2 periodicity varied 0.3-0.4°C. The
high-frequency temperature fluctuations at the nursery sites, therefore, were probably a combination of local heating and cooling, and tidal advective heat transport
between Exuma Sound and the Great Bahama Bank. The nursery sites were
flushed regularly by oceanic water from Exuma Sound.
DISCUSSION

Juvenile queen conch were found in large aggregations that occupy a small
proportion of the total seagrass habitat near Lee Stocking Island. Over the 4-year
study period, these aggregations covered only 126 ha of 11,000 ha examined, just
1.5% of the 8,300 ha of seagrass habitat available. The largest, most persistent
aggregations of queen conch were associated with a particular depth interval and
range of seagrass biomass on the Great Bahama Bank; however, vast regions of
the bank appear to be completely unsuitable for conch, and restricted, long-term
distribution patterns must be considered in terms of both physical and biological
factors.
The association of conch with water deeper than 1.5 m in open-bank habitats
is probably related to physical disturbance and sediment instability in shallower
waters. Small aggregations of queen conch juveniles are known to inhabit shallow,
sandy beach habitats in Venezuela and the Bahamas (Weil and Laughlin, 1984;
Wicklund et aI., 1991; Sandt and Stoner, 1993), but only in combination with
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Figure 8. Results of Buys-Ballots averaging of hourly water temperatures recorded ]3-] 7 August
1989 at five study sites on the Great Bahama Bank near Lee Stocking Island. Conch nursery sites
were Shark Rock (SR), Children's Bay Cay (CBC), and Neighbor Cay (NC). Non-conch sites were
Cook's Cay (CC) and station 10.

well protected embayments
and shorelines. The significance of physical disturbance is suggested by the fact that conch juveniles were observed on shallow
sand flats adjacent to the more typical nursery habitats on the Great Bahama Bank
only during relatively calm summer conditions.
Juvenile queen conch are considered to be members of the seagrass community
throughout the Caribbean and Bahamas (Randall, 1964; Weil and Laughlin, 1984,
Iversen et aI., 1987). In this study, the largest, most stable juvenile conch populations (at SR and CBC) were located primarily within boundaries predicted on
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the basis of specific depth and seagrass characteristics; however, the distributional
relationship observed in this study did not coincide exactly with the observed
seagrass preferences reported by Stoner and Waite (1990). Nearly half of the
surface area occupied by juvenile conch over the long term was in seagrass bcds
with biomass less than that predicted, and most of the seemingly appropriate
habitat was unoccupied.
Juvenile conch, in fact, may not be directly dependent upon seagrasses. Although they consume large quantities of seagrass detritus, live seagrass is rarely
consumed, and a large proportion of dietary carbon is taken in the form of epiphytes and macroalgae (Stoner and Waite, 1991). Recent experiments near Lee
Stocking Island indicate that there is a direct relationship between juvenile conch
abundance and algal recruitment (Stoner et aI., 1994), and that nursery sites with
low seagrass biomass have high algal productivities (Stoner et aI., in press). It is
noteworthy, however, that aggregations of juveniles found in areas with low seagrass biomass were characterized by low conch density and rapid declines. For
example, the TBR and BT aggregations were large after heavy larval recruitment
in 1988 (Stoner, unpubl. data), but then declined

rapidly between

1989 and 1991.

Distribution of queen conch in the Florida Keys supports the conclusion that
seagrass biomass is not the critical factor determining conch presence or absence.
Although the Florida Keys have extremely low densities of conch, highest concentrations of both adults and juveniles (1.54-2.40·ha-I) occured in hard-bottom
habitat (Berg et aI., 1992; Glazer and Berg, 1994), while densities in Thalassia
testudinum were only 0.18 conch·ha-'. Differences between Lee Stocking Island
and the Florida Keys may be related to differences in the seagrass beds. In the
oligotrophic waters of the Exuma Cays, seagrass beds have relatively low biomass
low shoot densites, short blades, and are relatively silt free, particularly where
juvenile conch are present. In the Florida Keys, T. testudinum tends to be long,
shoots are thickly distributed, and the beds are much siltier than in the Bahamas,
These are variables known to inhibit juvenile conch locomotion and deter their
presence (Randall, 1964; Stoner and Waite, 1990). Availability of epiphytes and
appropriate macroalgae are probably more important for queen conch aggregations
than seagrass blades which are largely inedible.
Nearly 93% of the area with seemingly optimal conditions of depth and seagrass biomass was not occupied by conch during the study period. This, coupled
with low growth rates in conch transplanted to numerous non-conch seagrass beds
in the study area (Stoner and Sandt, 1991), indicates the importance of variables
other than depth and seagrass, The potential significance of water circulation for
juvenile queen conch has been mentioned (Iversen et aI., 1987; Stoner et aI.,
1994), and temperature measurements made in this study showed that all three
nursery sites studied were subject to regular semi-diurnal tidal flushing by water
from Exuma Sound. The very small semi-diurnal amplitude at Cook's Cay and
Station 10 showed that these sites were beyond the tidal excursion. Surface
drogues rarely drifted beyond mid-bank; therefore, little, if any, Exuma Sound
water reached these locations on flood tide. The fact that sites further onto the
bank were not flushed with oceanic water may explain the general absence of
juvenile conch at distances greater than 5-6 km from the oceanic inlets (Stoner
and Schwarte, 1994).
While temperature is a good indicator of water originating in the Exuma Sound
and the Great Bahama Bank, it is not clear how the oceanic water mass influences
the conch or the habitat. Conch are sensitive to temperature variation, seeking out
certain temperatures in some cases (Wicklund et aI., 1991); therefore, it is possible
that the conch prefer the Exuma Sound water mass which is clearer, cooler in the
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summer, and warmer in the winter than the bank water. Given the relative subtlety
of temperature differences between nursery and non-nursery sites and the lack of
conch in seemingly appropriate, well-flushed habitats closer to the inlets than the
conch nurseries, it is likely that conch distribution is influenced more by indirect
effects of the Exuma Sound water mass than by direct temperature effects. Indirect
effects could include larval transport or retention mechanisms affected by tidal
circulation or influence of the water mass on habitat features such as food production or sediment distribution.
Most of the reproductive stocks of queen conch in the Exuma Cays are on the
island shelf east of the Cays (Stoner and Sandt, 1992; Stoner and Schwarte, 1994),
and larvae are swept onto the Great Bahama Bank on flood tides. Stoner et al.
(1994) showed that larvae were equally abundant over the tidal flow field from
Lee Stocking Island to Cook's Cay in 1989. However, more intensive collection
in the same flow field in 1992 showed that conch veligers of all stages were most
abundant near Shark Rock, and no advanced-stage larvae were found beyond the
nursery area (Stoner and Davis,I). At the Tugboat Rock nursery, characterized by
an ephemeral conch population, mean veliger density was approximately half that
found at Shark Rock, and late-stage larvae were few. The paths taken by flood
tidal waters could also affect arrival of conch larvae in the nurseries. Surface
drogues released at the inlet at the beginning of the flood tide repeatedly passed
over the important Children's Bay Cay and Shark Rock nurseries, while no surface
drifters passed directly over the Tugboat Rock aggregations. It is possible that the
lack of juvenile conch in many areas with apparently appropriate seagrass and
depth characteristics is related to undersaturation of habitat with queen conch
recruits; however, settlement and transplant experiments indicate that other indirect relationships with flood tidal waters also influence the distributional patterns
observed.
The association of conch aggregations with particular locations may be related
to patterns of larval settlement. Recent laboratory experiments have shown that
a wide variety of biological substrata affect settlement and metamorphosis in
queen conch larvae; however, responses to similar substrata taken from different
locations within the Shark Rock tidal flow field were highly variable (Davis and
Stoner, 1994). For example, seagrass detritus collected inside the nursery site
induced metamorphosis in competent larvae at a rate approximately three times
that found with detritus collected from outside the nursery. Furthermore, detritus
from the nursery ground produced a higher growth rate in early post-metamorphic
juveniles than detritus from outside the nursery, suggesting that the larvae settle
selectively in areas with high nutritional quality (Stoner, unpubl. data). We have
hypothesized that detritus from conch nurseries has a unique bacterial and algal
film.
The hypothesis that queen conch nurseries could represent areas of high nutrient
content and/or food production is supported by data on algal recruitment. Stoner
et al. (1994) showed that algal recruitment on artificial substrata, set throughout
the tidal flow field from the outer bank near the Exuma Sound to Cook's Cay,
was highest in the vicinity of the Shark Rock aggregation. This corresponds well
with patterns of growth rate in juvenile conch transplanted at different locations
over the same transect. Highest growth occurred in the Shark Rock nursery, and
was essentially zero close to the inlet north of Lee Stocking Island and at Cook's
I Sioner, A. W. and M. Davis.
(in review). Abundance and distribution
of queen conch veligers (Strombus Kigas) Linne in the central
Buhamas: I. horizontal patterns in relation to reproductive and nursery ground.

232

BULLETIN OF MARINE SCIENCE. VOL. 58. NO. I. 1996

Cay. Mechanisms of the algal recruitment pattern are unknown but undoubtedly
relate to water circulation and local nutrient dynamics.
The uniqueness of queen conch nursery habitats has important implications for
both fisheries management and stock enhancement with this seriously overfished
resource. Despite the presence of very large seagrass meadows in certain conchproducing areas such as the Bahamas, Belize, Mexico, and Florida, relatively
small sectors of the meadows may actually have production potential for queen
conch, either because of larval recruitment features or suitability as benthic habitat. On the other hand, conch aggregations near Lee Stocking Island appear to
occupy only a portion of the suitable nursery habitat at anyone time, and move
about within larger areas where transplanted animals grow at high rates (Ray and
Stoner, 1994). Also, there is a positive correlation between year-class strength and
larval supply (Stoner, unpubI. data). Together, these two factors suggest that the
nurseries are not saturated with conch, and that the populations may be recruitment limited. In fact, it may be possible to enhance or rehabilitate queen conch
populations via field release of hatchery-reared juveniles (Berg, 1976; Laughlin
and Weil, 1983; Davis et aI., 1987; Creswell, 1994) if appropriate nursery habitats
can be selected (Stoner 1994). Depth, seagrass biomass, and circulation patterns
are important factors in the distributional ecology of queen conch; however, the
primary nursery habitats appear to be determined by complex interactions among
physical oceanographic features, geographic configurations of the banks, biological productivity, and recruitment of larvae. These critical habitats must be identified, understood, and protected to insure continued population stability in this
important fisheries resource.
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