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ABSTRACT: We estimated juvenile abundance and predation potential for young-of-the-year (YOY)
blue crabs Callinectes sapidus in upper- and lower-salinity marsh and submerged aquatic vegetation
(SAV) ‘nursery habitats’ of Mobile Bay, Alabama, USA, and surrounding waters, and combined this
information with previously published post-larval abundance data from these habitats to evaluate the
relative roles of pre- and post-settlement events in determining the abundance of YOY crabs. We
found little evidence for a significant relationship between megalopal supply and juvenile abundance, except shortly after a few very large, episodic pulses of postlarvae. However, even after large
settlement events, in less than 14 d densities of YOY crabs had declined in a density-dependent manner to prior ‘background’ levels. These declines in density were probably due to high predation rates
that produced as much as 95% mortality on a daily basis. As many previous studies had found,
greater predation risk was recorded for crabs on unvegetated substrate than for those in SAV or
marsh grass. Overall, losses to predators were high at our study sites compared to those reported in
similar studies along the Atlantic coast of the United States. In both years of the study (1990 and
1991), the largest numbers of juvenile crabs were found in poly- and mesohaline SAV and salt marsh
habitats. In Year 1, no significant correlations were observed between either marsh stem density or
SAV vegetation biomass and YOY crab abundance, although at one location in the second year there
was a significant positive correlation between the number of juveniles and mid-bay stem density. No
significant differences in crab size (carapace width, CW) were found among locations in either year.
In comparison with other, better-studied mid-Atlantic coast estuaries in the US (e.g., the Chesapeake
and Delaware bays), very large numbers of megalopae (frequently 1 to 2 orders of magnitude
greater) invade the Mobile Bay system, as well as other Gulf Coast estuaries. However, YOY abundance in marsh and SAV ‘nursery habitats’ was of the same order of magnitude as that reported for
mid-Atlantic estuaries. We conclude that although postlarval supply was very large, post-settlement
loss to predators was the dominant factor influencing blue crab population dynamics in our north
central Gulf of Mexico study area.
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INTRODUCTION
Understanding the factors responsible for dramatic
fluctuations characteristic of marine species with com*E-mail: kheck@disl.org
© Inter-Research 2001

plex life cycles has long been a primary goal for fisheries biologists and marine ecologists. Intuitively, one
might expect that the abundance of adult populations
should be significantly correlated with the magnitude
of prior spawning events. However, only rarely have
intensively studied fishery species shown clear rela-
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tionships between egg and larval production and the
subsequent abundance of adults (Cushing 1982, Sissenwine 1984, Rothschild 1986). In contrast, marine
ecologists have frequently reported strong correspondences between larval supply and the abundance of
adult invertebrates (e.g., Gaines et al. 1985, Gaines &
Bertness 1992). To date, few generalizations have
emerged regarding the circumstances in which one
might expect strong stock-recruitment relationships,
although species with short larval development times
and those inhabiting bays with low flushing rates seem
most likely to exhibit close correspondence between
larval supply and the abundance of newly-settled
juveniles.
The blue crab Callinectes sapidus ranges from
Canada to Brazil (Williams 1984), and is one of the
most ecologically (Hines et al. 1990, Olmi & Orth 1995)
and commercially (NMFS 1988) important species in
the western Atlantic Ocean and Gulf of Mexico. The
commercial importance of this species has generated
considerable research on the biology of adults. However, like many commercially important marine species, blue crabs have a complex life cycle that includes
many larval stages. Despite exhaustive research on
adult blue crabs along the Atlantic coast, our knowledge of the ecology of larvae and juveniles is less than
complete and comes primarily from relatively recent
studies conducted mainly along the mid-Atlantic US
coast from Delaware to Georgia (Epifanio 1995, Mense
et al. 1995, Metcalf et al. 1995, Olmi 1995, van Montfrans et al. 1995, Wrona et al. 1995, Blanton et al. 1996,
Pile et al. 1996, Moksnes et al. 1997).
In the past few years it has become clear that
recruitment patterns can vary considerably throughout the range of the blue crab, with large differences
in postlarval supply existing between Gulf and
Atlantic coast estuaries in the US (Perry et al. 1995,
Rabalais et al. 1995, van Montfrans et al. 1995, Morgan et al. 1996). Factors that vary over the vast range
of blue crabs and may be expected to affect recruitment to adult populations include size of estuaries,
tidal regime, magnitude of tidal amplitude, speed and
direction of prevailing winds, coastal and estuarine
current regimes, abundance and diversity of predators, and types of habitat available for juvenile crabs
(Perry 1975, Heck & Thoman 1984, Orth & van Montfrans 1987, Wilson et al. 1987, Epifanio 1995, Olmi
1995, Blanton et al. 1996). At present, our ability to
predict adult population sizes and, therefore, annual
harvests of blue crabs is extremely limited due to an
incomplete understanding of the impact that such
physical and biological factors have on recruitment
and survival of young blue crabs.
Blue crabs are abundant and active benthic predators that depend heavily upon submerged aquatic veg-

etation (SAV) and salt marshes as ‘nursery’ areas. As
many as 90% of the juveniles in a given area may
occur in seagrasses or marshes (Perry 1975, Heck &
Orth 1980, Penry 1982, Weinstein & Brooks 1983, Heck
& Thoman 1984, Orth & van Montfrans 1987), and as
many as 95% of the blue crabs collected in these habitats are less than 25 mm CW (Zimmerman & Minello
1984, Orth & van Montfrans 1987, Williams et al. 1990).
Positive correlations between the areal extent of SAV
and the production of commercially important species
have been well documented for a variety of estuarine
taxa (Thayer & Stuart 1974, Turner 1977, Nixon 1980,
Boesch & Turner 1984). However, not all vegetated
habitats are equally important to the survival of populations of commercial species, including blue crabs.
For example, young juvenile blue crabs are much more
abundant in seagrass beds (Zostera marina, Ruppia
maritima and Halodule wrightii ) than in adjacent
marshes (Spartina alterniflora) (Orth & van Montfrans
1987, Thomas et al. 1990).
Because the abundance of juvenile blue crabs
depends upon the supply of postlarvae (megalopae)
entering nearshore nursery areas, as well as the subsequent survival of postlarval and juveniles, low densities of juvenile blue crabs in some habitats may be due
either to high mortality rates or to few settlers. In the
Chesapeake Bay, little correspondence exists between
post-larval and juvenile blue crab abundance, suggesting that post-settlement processes dominate there
(Pile et al. 1996, Moksnes et al. 1997, Orth & van Montfrans 1987). In the Gulf of Mexico, very limited information was available on contemporaneous patterns of
habitat use, settlement rates and post-settlement mortality of blue crabs prior to our work. Therefore, in a
companion study, we first reported on estimates of the
abundance of megalopae, and determined their settlement patterns and substrate preferences (Morgan et al.
1996). Here, we focus on the newly settled juvenile
blue crabs in selected ‘nursery’ habitats throughout
Mobile Bay and adjacent coastal waters. We anticipated that mortality rates would differ greatly between
study sites and habitats, primarily due to shifts in the
abundance and composition of predators and vegetation, and we used tethering experiments to address
this issue.
Our overall research plan, including the work
reported by Morgan et al. (1996), was designed to:
(1) assess the relative roles of pre- (postlarval supply)
and post- (predation losses) settlement events in determining the abundance of YOY blue crabs in estuarine
‘nursery’ habitats; and (2) evaluate the relative value of
upper- and lower-Bay SAV and marsh habitats for
YOY blue crabs. Ultimately, we expect that our work
will provide information relevant to the management
of Gulf of Mexico blue crab populations.
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METHODS
Study species. Blue crabs, Callinectes sapidus, may
attain marketable size in coastal Alabama in less than
1 yr (Adkins 1972, Tatum 1982), which partially
explains their potential for commercial exploitation.
Historically, most blue crabs have been harvested from
the Chesapeake Bay and South Atlantic Bight. However, blue crab landings from the Gulf of Mexico have
recently surpassed those from the South Atlantic and,
during the late 1980s nearly equaled those from
Chesapeake Bay. For example, blue crab harvests in
the Gulf of Mexico during 1987 had an ex-vessel value
of US$ 37 million, second in regional economic value
only to shrimp (NMFS 1988).
From February to September, ovigerous blue crabs
migrate to the mouths of estuaries in the Gulf of Mexico to release larvae (Daugherty 1952, More 1969,
Adkins 1972, Perry 1975, Milliken & Williams 1984).
Larvae may be transported as far as 100 km offshore
(Tagatz 1968, Smyth 1980, Truesdale & Andryszak
1983), where they feed and develop for approximately
31 to 49 d before metamorphosing to a postlarval or
megalopal, stage (Costlow & Bookhout 1959). After
spending 6 to 20 d in the plankton (Costlow &
Bookhout 1959), megalopae reenter estuaries, settling
in shallow ‘nursery habitats’, and molt to the first crab
stage. Megalopal reinvasion of estuaries in the northern Gulf of Mexico can occur from March to November, but appears to be greatest during late summer and
early fall, with a smaller peak occurring during spring
(Adkins 1972, Stuck & Perry 1981, Rabalais et al. 1995,
Morgan et al. 1996). We therefore sampled megalopae
(see Morgan et al. 1996) and juveniles
from summer through fall, when they
were present in greatest numbers.
Study sites. Four sites spanning a
broad range of physical and biological
environments around Mobile Bay and
Mississippi Sound, Alabama, USA, were
chosen for the study (Fig. 1). These
were: (1) a Dauphin Island salt marsh
near the mouth of the Bay, seaward of
the airport at Dauphin Island; (2) Point
aux Pins, a protected SAV-marsh area
on Grand Bay; (3) Fowl River, a marshdominated area on a sub-estuary on the
bay’s western shore; and (4) a delta site
containing both freshwater marsh and
SAV habitats in upper Mobile Bay’s
Meaher State Park.
The Dauphin Island site was used for
both megalopae and juvenile collections, but only in the first year of study
(1990). Average salinity recorded dur-
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ing biweekly sampling was 24.0 psu. Quantitative sampling for YOY crabs was conducted in flooded Spartina
alterniflora, with an average depth of 0.5 to 1.0 m.
Both megalopae and juvenile collections were made
at the Point aux Pins site. The average salinity at this
site was 26.6 psu in 1990 and 20.3 psu in 1991. Average
salinity over both years was 23.1 psu. YOY samples
were taken in SAV beds at depths <1.0 m. Dominant
SAV at the Point aux Pins site included widgeon grass
Ruppia maritima and shoal grass Halodule wrightii.
The marsh samples were taken in depths of < 0.5 m in
black needlerush Juncus roemerianus, with lesser
amounts of smooth cordgrass Spartina alterniflora.
The Fowl River site had an average salinity of
24.0 psu in 1990 and 6.5 psu in 1991, with a 2 yr average of 11.7 psu. This site was used for both megalopae
collections and juvenile sampling. Quantitative samples of juveniles were taken in Spartina alterniflora
(0.5 to 1.0 m water depth).
The delta site salinity averaged 4.8 psu in 1990, the
only year in which salinity samples were taken. Both
megalopal collections and YOY samples were taken at
this site. Juvenile samples were taken in SAV beds
(tape grass Vallisneria americana, with smaller
amounts of Eurasian water milfoil Myriophyllum spicatum and pondweed Potamogeton sp.), where water
depth ranged from 0.5 to 1.0 m. Sampling also
occurred in adjacent marsh vegetation, which was
dominated by bulrush Scirpus robustum, at a depth of
less than 0.5 m.
YOY collections. We determined the abundance of
juvenile blue crabs (< 25 mm CW) at 4 sites using a
suction dredge. The suction sampling technique has

Fig. 1. Study area in coastal Alabama
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been used effectively in Chesapeake Bay eelgrass
habitats (Orth & van Montfrans 1987, Pile et al. 1996),
Texas salt marshes and seagrass beds (Zimmerman &
Minello 1984, Zimmerman et al. 1984, Thomas et al.
1990) and local marshes and grass beds in Mobile and
Perdido bays (Williams et al. 1990, Stout & Heck
1991).
Samples were taken by rapidly placing a plastic
cylinder (open at both ends) over a 0.307 m2 area in
either SAV or marsh habitat. Once the cylinder was in
place, it was driven into the sediment to create a tight
seal that prevented the exchange of water or organisms, whereupon the water inside the cylinder was
evacuated by a pump and passed through a 0.5 mm
mesh collecting bag. Water exiting the collecting bag
was then used to refill the cylinder and the contents
were again removed and passed through the collecting
bag. The suction dredge was then allowed to remove
the remainder of the water until the area was dry, and
the uncovered bottom was then searched for any
remaining blue crabs. This technique has been shown
to be approximately 65 to 88% effective in capturing
juvenile blue crabs (Wilson et al. 1990).
Triplicate suction samples were taken haphazardly
at biweekly intervals, and all 4 sites were usually sampled on the same day. In Year 1, sampling began on
August 8, 1990, and continued through November 14,
1990. In Year 2, to ensure that early settlers were not
missed, sampling began 1 mo earlier than the previous
year, starting on July 3 and continuing until November 6, 1991. In addition, samples were taken once during February 1991 and March 1992 to determine overwintering crab abundances at each of the study sites.
To economize our efforts, the airport site, where the
fewest megalopae and YOY crabs were captured, was
deleted in 1991.
To determine if the abundance of juvenile crabs
was correlated with vegetation characteristics, four
25 cm2 replicate SAV samples were collected (when
present) during each sampling effort from the area
surrounding the suction samples. Dry weights of each
major plant species were quantified by drying at 60°C
to constant weight in a drying oven. In marsh habitats
we quantified vegetation abundance by counting the
number of stems enclosed by the cylinder as samples
were taken.
Megalopal abundance patterns. As we reported previously (Morgan et al. 1996), triplicate megalopae samples were collected daily from the study sites during
summer and fall in both 1990 and 1991 using passive
collectors. These collectors have been used effectively
to sample blue crab megalopae in Atlantic and Gulf
coast estuaries (see Epifanio 1995, Mense et al. 1995,
Metcalf et al. 1995, Perry et al. 1995, Rabalais et al.
1995, van Montfrans et al. 1995, Wrona et al. 1995).

The collectors consist of a 38 × 20 cm section of ‘hog’s
hair’ air-conditioning filters (see Metcalf et al. 1995 for
details) that were lined with vexar mesh for support.
The filters were stretched around a 38 cm long PVC
pipe of 20 cm diameter and held in place with rubber
bands.
The availability of potential settlers in seagrasses
and marshes at each of the vegetated sites was estimated by placing collectors in surface waters immediately seaward of the vegetation. Collectors were sampled daily from August to November 1990 and from
July to November 1991 and all megalopae retained
each day were washed from the filter material, identified and counted. Here we use these data, which have
been previously published (Morgan et al. 1996), to
evaluate megalopae-juvenile abundance relationships.
Predation potential for YOY crabs. Predation pressure on juveniles has been shown to be greater in
unvegetated than vegetated habitats by a number of
investigators, and this may explain, in large part, the
importance of vegetation for juvenile blue crabs (Heck
& Wilson 1987, Wilson et al. 1987, Thomas et al. 1990,
Williams et al. 1990, Pile et al. 1996). However, it is not
known whether predation rates differ between zones
in the estuary in similar types of habitats (e.g., marshes
or SAV beds). Predators of blue crabs in the Gulf of
Mexico include a wide variety of mammals, birds,
fishes and macroinvertebrates (Gunter 1945, Darnell
1959, Lambou 1961, Bateman 1965, Day et al. 1973,
Evink 1976, Overstreet & Heard 1978a,b). Blue crabs
also frequently cannibalize smaller individuals (Laughlin
1982, Hines et al. 1987, 1990, Moksnes et al. 1997).
We estimated predation rates on juvenile crabs having a carapace width between 5 and 20 mm. Juveniles
were collected with a small bag seine from vegetated
habitats and returned to the laboratory, where they
were tethered by making a loop with a slip knot at one
end of a 0.5 m long monofilament line (using an 8 lb
[~3.6 kg] test line). This loop was placed around the
crab body between the last pair of walking legs and
the swimming legs. The slip knot was then secured to
the carapace of the crab using cyanoacrylate cement.
The other end of the line was tied to a 0.3 m J-shaped
stake that was shoved into the ground.
Ten measured crabs were placed in each of several
potential nursery habitats at both the delta and Point
aux Pins sites. The habitats compared were: sand, lowdensity SAV, medium-density SAV (Point aux Pins
only), high-density SAV, low-density marsh and highdensity marsh. Tethered crabs were examined every
24 h to assess loss rates. The remaining line from missing crabs was examined to determine if crabs had
escaped, molted or been eaten. Once the results were
recorded, missing crabs were replaced so that a full set
of crabs was placed out again for the next 24 h. Each

experiment ran for two 5 d periods during September
in both 1990 and 1991. To determine the effects of vegetation density and species composition on predation
rates of juvenile crabs, vegetation was harvested and
quantified following each trial, as described above.
There is little chance of mistaking crabs that escape
by molting or through tether failure as having fallen
victim to predation. Crabs that have molted leave a
complete carapace, often with pieces of the gastric mill
attached, whereas only fragments of the carapace
remain attached to tethers when crabs are preyed
upon. Nevertheless, when a tether was occasionally
found without a carapace or remnant of a carapace
attached, it was dropped from the data set.
Tethering studies have engendered a healthy discussion on the potential artifacts associated with this
method (Peterson & Black 1994, Aronson & Heck 1995,
Zimmer-Faust et al. 1995). Pile et al. (1996) have thoroughly tested for significant habitat-specific tethering
artifacts with juvenile blue crabs in seagrass and
unvegetated substrates, and found none. Therefore,
we do not expect tethering artifacts to influence our
conclusions significantly.
Statistical analyses. We calculated correlations between megalopal supply in samples taken 1, 3 and 7 d
prior to suction sampling (data reported by Morgan et
al. 1996) and YOY abundance. In this way, we determined whether there were immediate or delayed correlations between post-larval supply and early juvenile
crabs.
Differences in abundance of blue crabs among sites,
types of vegetation and sampling periods were evaluated using analysis of variance (ANOVA). Data on
abundance of blue crabs were log10-transformed prior
to analysis. We also calculated correlation coefficients
between the abundance of blue crabs and mortality
rates, and SAV biomass and marsh stem counts. For
tethering experiments, 1-way ANOVA of arcsinetransformed proportions was used to test for differences in the proportion of crabs eaten among habitats
in each location.
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RESULTS
YOY temporal and spatial abundance patterns
During Year 1, abundance of juvenile Callinectes
sapidus ranged from 0 at the delta site in September to
over 330 m–2 at the Point aux Pins marsh site during late
October (Fig. 2). On most sampling dates in 1990, both
Point aux Pins SAV and marsh habitats had significantly more juvenile blue crabs than the other sites, and
the Point aux Pins SAV site had slightly, but not significantly, greater overall mean crab abundance than the

Habitat sampled
Fig. 2. Callinectes sapidus. Mean (±15 SE) number of crabs collected
0.307 m–2 by suction-sampling during 1990 and 1991. Bars with similar letter not significantly different according to LSD test. SAV: submerged aquatic vegetation; FR: Fowl River; PAP: Point aux Pins;
DI: Dauphin Island; MAR: marsh
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Frequency

Point aux Pins marsh site (Fig. 2). These data indicate
that most juveniles occur in the lower portion of the Mobile Bay system.

For most of the dates sampled in 1990, the largest
number of crabs was found in the 2 to 8 mm carapacewidth size range, with abundance decreasing with
increasing size (Fig. 3). Most of these early
juvenile crabs were found at the lower bay
sites, suggesting their role as primary settlement locations.
In 1991, mean juvenile abundances ranged
from 0 at the delta site during most months to
nearly 290 m–2 in August at the Point aux Pins
SAV site (Fig. 4). As in 1990, greatest numbers
were found at both Point aux Pins sampling
locations, with abundance in SAV generally
significantly greater than that at the marsh
site (Fig. 4). However, 1991 abundance was
higher at the Fowl River marsh site than in
1990, and juvenile crab abundance there was
not significantly lower than at the Point aux
Pins marsh site (Fig. 4).
Most of the crabs taken in 1991 were again
in the 2 to 8 mm size classes, and the majority
of these, as in 1990, were taken at the Point
aux Pins sites (Fig. 5). However, reflecting the
greater total numbers captured, many very
small crabs were also taken at the Fowl River
marsh site. Nevertheless, these data also suggest that the lower bay sites contain the primary habitats for juvenile blue crabs.
SAV biomass was usually greater at the delta
site than at Point aux Pins during both 1990
and 1991, especially during late July and in
August (Fig. 6). We examined the relationship
between the abundance of juvenile blue crabs
and SAV biomass and marsh stem counts,
using Pearson product-moment correlations,
and found no significant correlations between
the number of blue crabs and vegetation meaTable 1. Callinectes sapidus. Summary of correlations between juvenile abundance and vegetation
biomass (SAV) and stem number (Marsh). *p < 0.5;
**p < 0.01
Area
r

n

r

1991
p

n

Point aux Pins
SAV
–0.16 0.45 24
Marsh
0.05 0.79 28

0.40 0.04* 27
0.22 0.21 34

Delta
SAV
Marsh

0.12
0.13

Fowl River
Marsh
Fig. 3. Callinectes sapidus. Size-frequency distributions of crabs collected by suction-sampling during 1990. Habitat abbreviations as in
Fig. 2

1990
p

–0.18 0.45 19
0.16 0.48 23
0.18 0.40 25

Dauphin Island
Marsh
–0.10 0.60 28

0.49
0.47

33
34

0.53 0.005** 27
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Predation potential
At the delta site in 1990, estimated predation potential was high, with all mean losses greater than 80%
(Fig. 8). The greatest survival occurred in the highdensity marsh treatment, although the 1-way ANOVA

Mean no. of juvenile crabs

surements in 1990 (Table 1). However, in 1991 we
found significant positive correlations between SAV
biomass and the abundance of juvenile blue crabs
at the Point aux Pins site and between marsh stem
number and crab abundance at the Fowl River marsh
habitat.
Megalopal-juvenile abundance relationships. Relationships between megalopal abundance on the
collectors reported by Morgan et al. (1996) and juveniles taken by suction sampling were only infrequently correlated with each other, whether using 1,
3 or 7 d lags (Fig. 7). Megalopal and juvenile abundance at the Point aux Pins SAV site was not significantly correlated during 1990 or 1991 for 1, 3 or 7 d
lags, although there was a trend toward a positive
relationship when megalopae numbers were especially high in 1991 (Fig. 7). When the data sets for the
2 yr were combined, significant correlations existed
for both 3 and 7 d lags (0.05 < p < 0.01). At the Point
aux Pins marsh site, no significant correlations were
found (Fig. 7).
At the Fowl River site, significant correlations
(0.05 < p < 0.01) were found in 1990 between
megalopal abundance and juvenile abundance for
1 d lags, although there was a positive relationship
between these parameters for 3 and 7 d lags as well
(Fig. 7). In 1991, similar trends were also observed,
but only the 7 d lagged megalopal data approached
significant levels (0.05 < p < 0.06). The combined
1990 and 1991 Fowl River data set showed significant correlations (p < 0.01) for 1, 3 or 7 d lags (Fig. 7).
In each of the data sets examined, significant correlations between megalopal abundance and juvenile abundance often occurred when very large numbers of megalopae were found on the collectors (e.g.,
at means of 200 to 400 per collector: Fig. 7). Inspection of data from suction-sample collections showed,
however, that the high number of juveniles that occur
after large megalopal collections usually were reduced to prior ‘background’ levels within 14 d, the
time interval between successive suction-sampling
efforts. This can be seen by closely examining data
when large settlement occurred on the megalopae
collectors (cf. Figs 3 & 5). For example, a large settlement event occurred in the marsh and SAV habitats
at Point aux Pins on October 31, 1990 (Fig. 3), yet
2 wk later on November 14, when suction samples
were taken, there was little evidence that the settlers
from October 31, were still present in the marsh and
seagrass habitats, as relatively few small juveniles
appeared in the suction samples. Similarly, in 1991 a
large settlement event occurred on October 22 at the
Point aux Pins marsh and SAV habitats, yet few early
juveniles were present when the next suction sampling was done on November 6, 1991.
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Habitat sampled
Fig. 4. Callinectes sapidus. Mean (± 15 SE) number of crabs collected 0.037 m–2 by suction-sampling during 1991. Bars with
similar letter not significantly different. Habitat abbreviations
as in Fig. 2
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Frequency

Suction Samples

Carapace width (mm)
Fig. 5. Callinectes sapidus. Size-frequency distributions of crabs collected
by suction-sampling during 1991 and 1992. Habitat abbreviations as in
Fig. 2

showed no significant differences among
treatments. In 1990, estimated potential
predation rates exceeded 80% of the crabs
tethered in all of the Point aux Pins habitats
investigated (Fig. 8), with the lowest losses
in the high-density SAV treatment. A 1-way
ANOVA of arcsine-transformed data found
no significant difference in blue crab losses
among treatments.
There was little evidence for size-dependent mortality during 1990 tethering studies
at either Point aux Pins or the delta study
sites (Fig. 8). This does not mean that there
is no size refuge for juvenile blue crabs,
only that there was no refuge in size among
the relatively small range of carapace
widths we used in our experiments.
In 1991, losses to predators at Point aux
Pins were lower in every habitat than in
1990. Greatest losses were found on sand,
while lowest vulnerability existed in highdensity marsh (Fig. 9). However, a 1-way
ANOVA on arcsine-transformed data found
no significant differences among treatments. At the delta, rates were still high,
ranging from 100% on sand to a low of
slightly less than 80% in the low-density
marsh. Differences among habitats were
significant at the p = 0.06 level, and the

Fig. 6. Mean (± 15 SE) submerged aquatic vegetation dry weights at the Point aux Pins and Delta
study sites during 1990 and 1991 (n = 3). Dates
presented as mo/d
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Mean megalopae abundance
Fig. 7. Callinectes sapidus. Relationships between mean
megalopal abundance (n) and mean juvenile abundance (n)
at the Point aux Pins (PAP) and Fowl River study sites during
1990 and 1991 (SAV: submerged aquatic vegetation). Significant relationships indicated by *p < 0.05 and **p < 0.01

only significant pairwise comparison (p < 0.05) was
between the sand and the low-density marsh treatments.
During 1991, the largest size category of crabs (20 to
21 mm CW) used at Point aux Pins survived in greatest
numbers (Fig. 9). As in 1990, there was little evidence
for size selectivity by predators at the delta during
1991 (Fig. 9).
Finally, Fig. 10 shows the relationship between SAV
biomass and the percentage of juvenile crabs con-

sumed at the Point aux Pins tethering site, as well as
data from 2 similar tethering studies in eelgrass beds in
New Jersey (Wilson et al. 1990) and in the Chesapeake
Bay (Pile et al. 1996). Each of these studies was done in
the summer-fall period, with similar-sized crabs in
roughly similar salinities. As Fig. 10 shows, SAV biomasses during our tethering studies were quite low,
suggesting that they may have been insufficient to
bring about large reductions in predation losses compared to those experienced on unvegetated substrates.
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Fig. 8. Callinectes sapidus. Percentages and sizes of crabs eaten during 1990 tethering studies at the Delta and Point aux Pins
study sites

Fig. 9. Callinectes sapidus. Percentages and sizes of crabs eaten during 1991 tethering studies at the Delta and Point aux Pins
study sites

Heck et al.: Factors determining juvenile blue crab abundance
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DISCUSSION
Correspondence between megalopal and YOY
abundance
Studies on decapod crustaceans have often produced differing results regarding the importance of
postlarval supply in determining juvenile abundance
in coastal nursery habitats. For example, the rock lobster harvest in Western Australia can be quite accurately predicted by measuring postlarval abundance in
the rocky reef nursery grounds (see Pearse & Phillips
1994 for a summary), and clawed lobsters in the Gulf of
Maine have been found to exhibit significant correlations between postlarval supply and juvenile abundance in nursery habitats (Incze et al. 1997, Wahle &
Incze 1997, Palma et al. 1998). Conversely, studies of
Dungeness crabs Cancer magister in Washington state
(USA) (Eggleston & Armstrong 1995), rock crabs C.
irroratus in the Gulf of Maine (Palma et al. 1998), and
blue crabs in the Chesapeake Bay (Pile et al. 1996)
found substantial density-dependent mortality that
eliminated the positive relationships between postlarval supply and juvenile abundance.
In the Eggleston & Armstrong (1995) study, a
decoupling of postlarval supply and density of firststage juvenile Dungeness crabs occurred within a
48 h period. Only in areas where predators were
excluded was there a significant postlarval-early juvenile relationship. Rock crabs are also highly susceptible to predators, and early post-settlement mortality
appears to eliminate the influence of postlarval supply
(Palma et al. 1998). Pile et al. (1996) found early blue
crab juveniles to suffer very high density-dependent
losses, much of which appeared to be due to cannibalism from slightly larger blue crabs (see Moksnes et
al. 1997).
In agreement with prior crab studies, we generally
found, for Callinectes sapidus, little correspondence
between postlarval abundance and juvenile numbers
unless there were very large megalopal settlement
events (Fig. 7). Even when there were significant correlations between megalopal and juvenile abundance
with lags of 1, 3 and 7 d, by 14 d after settlement there
was no evidence that even these large settlement
episodes had resulted in significant numbers of surviving juvenile crabs (Figs 3 & 5). Our tethering results
suggest that high mortality of early instar crabs eliminates most of the individuals produced by episodic settlement events. Therefore, even though megalopal settlement rates are much higher in the Gulf of Mexico
than those recorded in Atlantic coast estuaries like the
Chesapeake Bay, high rates of density-dependent
mortality appear to quickly reduce juvenile crab numbers to levels approaching those in mid-Atlantic estu-

Fig. 10. Callinectes sapidus. Relationships between percentage of tethered crabs eaten and plant biomass among studies
conducted on the Atlantic coast (Wilson et al. 1990, Pile et al.
1996) and Gulf coasts (this study)

aries (Heck & Coen 1995), and somewhere between 7
and 14 d eliminate any evidence that large megalopal
settlement had taken place.
Whether differences in the degree of correspondence between postlarval supply and juvenile abundance reported for lobsters and crabs represent some
fundamental differences in life-history strategies
among these functional groups of decapods, perhaps
with respect to the prevalence of cannibalism among
these taxa, or whether they are simply species-specific
patterns, is not clear. Answering this question, with
additional information from other species of lobsters
and crabs should have a great deal of relevance for
fishery managers.

Relative role of upper- and lower-bay nursery
habitats
Our prior megalopal studies clearly showed that
most settlement was confined to the lower reaches of
the Mobile Bay system (Morgan et al. 1996). Similarly,
juvenile abundance was greatest in the lower half of
the Mobile Bay system, although densities of several
larger juvenile crabs m–2 were common in the late
summer and early fall in the delta (Figs 2 to 5). This
suggests that larger juveniles move up-bay toward
lower-salinity waters and oligohaline marshes and
SAV beds. Therefore, these lower-salinity marsh and
SAV habitats appear to have a significant nursery
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function for larger juveniles. However, it appears that
the lower Bay SAV beds and, to a substantial but lesser
extent, salt marshes, are the primary nursery habitats
for the earliest juvenile blue crab instars in the Mobile
Bay system. This is consistent with findings of earlier
studies on both the mid-Atlantic and Gulf coasts (Orth
& van Montfrans 1987, Thomas et al. 1990, Williams et
al. 1990).
The failure to frequently find significant positive correlations between YOY abundance and SAV biomass
or marsh stem density was somewhat surprising, given
that prior work has shown survival of decapod crustaceans to be an increasing function of vegetation density, both in freshwater and marine environments (see
review by Heck & Crowder 1991). Perhaps the initial
decision to settle may be a qualitative one (i.e., is vegetation present or not, as originally suggested by Bell &
Westoby [1986]), with subsequent redistribution of
juveniles by dispersion and differential survival. Alternatively, and in our estimation more likely, is the possibility that the low-density of vegetation at our study
sites in the lower bay may have obscured any significant relationships between SAV biomass and crab
abundance.

Predation rates
Predation potential at our sites, as estimated by our
tethering experiments, was very high compared to
similar studies of juvenile blue crabs in eelgrass beds
along the Atlantic coast in New Jersey and Chesapeake Bay (Wilson et al. 1990, Heck & Coen 1995)
(Fig. 10). This is consistent with reports for other crab
species, in which greatest predation losses occurred
in lower latitudes (Heck & Wilson 1987). Moreover,
as Heck & Wilson had found previously, predation
losses varied substantially from year to year both
within and between habitats, with the value of SAV
as protection from predators also being spatially and
temporally variable. For example, at Point aux Pins,
losses to predators were very high and quite similar
among habitats in 1990. In contrast, overall rates
were lower in 1991, and there was substantially
greater survival value in being associated with vegetation during this year (Figs 8 & 9). This supports
earlier notions that the value of SAV nursery habitats
for small crustaceans can vary greatly, presumably as
a function of differential annual success in recruitment by their predator species. In addition, the low
SAV biomass during our tethering studies, which
ranged from slightly above 0 to approximately 23 g
dry wt m–2 (Fig. 10), suggests that these values were
insufficient to produce large effects on predation
rates.

Summary and conclusions
Blue crab megalopae occurred abundantly at our
study sites in the lower half of Mobile Bay and at Point
aux Pins throughout the 2 yr study period (Morgan et
al. 1996), and probably recruit year-round, as has been
found elsewhere in the Gulf of Mexico (King 1971).
However, only after especially large recruitment
events did we find significant correlations between
megalopal and juvenile abundance, and these relationships became decoupled within 1 to 2 wk. Because
average juvenile abundance, which ranged from
approximately 30 to 300 m–2, was of the same magnitude as that reported from Chesapeake Bay (45 to
90 m–2; Orth & van Montfrans 1987), and because
megalopae numbers entering Mobile Bay were very
large (Rabalais et al. 1995, Morgan et al. 1996), there
must be high juvenile mortality rates to produce such
rapid decreases in abundance of early benthic settlers.
Our data also suggested that mortality rates among
sites were highest within 14 d after large settlement
events, indicating the importance of density-dependent mortality soon after settlement. The mean predation potential estimated for crabs in SAV and marsh
vegetation during 1990 and 1991 (~80% consumed d–1)
is substantially higher than values reported from
Chesapeake Bay (68%; Pile 1993) or New Jersey (25%;
Wilson et al. 1990). Because of the high mortality rates
characteristic of low latitudes, it appears that the
importance of SAV and marsh habitats as primary
nursery grounds for juvenile blue crabs and refuge
from predation in lower latitudes is relatively more
important than in higher latitudes, where predation
pressure on early juvenile crabs appears to be lower
and the importance of larval supply rates greater.
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