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PREDATION ON SINGLE SPAT OYSTERS CRASSOSTREA VIRGINICA (GMELIN) BY BLUE
CRABS CALLINECTES SAPIDUS RATHBUN AND MUD CRABS PANOPEUS HERBSTII
MILNE-EDWARDS

ROBERT BISKER AND MICHAEL CASTAGNA
Virginia Institute of Marine Science

School of Marine Science

College of William and Mary

Wachapreague, Virginia 23480 (U.S.A.)

ABSTRACT Single spat oysters Crassostrea virginica of four size classes (3.4~24.6 mm mean shell heights [SH]) were offered to
six size classes of blue crabs Callinectes sapidus (9.3~85.5 mm mean carapace width [CW]) and five size classes of mud crabs
Panopeus herbstii (7.1-34.4 mm mean CW) for 48 hr. Predation rate, recorded as the number of dead oyster spat/crab/day, was
directly proportional to crab size and inversely proportional to oyster size. Mud crabs of 34.4 mm CW and blue crabs of 85.5 mm CW
had predation rates of 22.5 and 16.7 spat/crab/day on oyster spat of 24.6 and 24.4 mm SH, respectively. Larger sized spat could be
more readily preyed upon by mud crabs than by blue crabs of similar size. Mud crabs of 7.1 and 25.2 mm CW caused significant
mortalities to oyster spat of 8.1 and 24.6 mm SH, respectively. Blue crabs of 9.3, 24.5 and 85.5 mm CW caused significant
mortalities to oyster spat of 3.4, 13.9 and 24.6 mm SH, respectively.

INTRODUCTION

Predation on juvenile American oysters Crassostrea vir-
ginica by portunid and xanthid crabs is an important cause
of oyster mortality (Luntz 1947, Menzel and Hopkins
1956, McDermott 1960, Krantz and Chamberlin 1978,
MacKenzie 1981, Elner and Lavoie 1983). Blue crabs Cal-
linectes sapidus prey on cultchless oysters up to 40 mm in
shell length (Krantz and Chamberlin 1978). Mud crabs
Panopeus herbstii with carapace widths of 28.0 to 35.5 mm
will attack oysters 17 to 54 mm length (McDermott and
Flower 1952). MacKenzie (1981) found that adult mud
crabs consumed attached oyster spat 10 mm long or less
and single oyster spat up to 25 mm long. Estimated preda-
tion rates vary from 0.4 to 19.0 spat per crab per day
(Menzel and Hopkins 1956, McDermott 1960, Dare et al.
1983, Elner and Lavoie 1983). Larger crabs exposed to
smaller single or cultchless spat at near optimum tempera-
tures typically cause higher oyster mortality.

Nursery growout of spat to a larger size less susceptible
to predators and the use of predator-exclusion devices such
as netting are techniques used to reduce the effects of crab
predation (Walne and Davies 1977). Determination of the
effects of crab size and oyster spat size on survival is neces-
sary before predator exclusion can be planned for in field
growout. This study examines size interactions influencing
predation rates of Callinectes sapidus and Panopeus herb-
stii on single spat of Crassostrea virginica in the labora-
tory.

MATERIALS AND METHODS

Laboratory experiments were conducted from August to
December 1985 using single C. virginica spat, set on small
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pieces of crushed oyster shell. The spat were graded into
four size classes 15, 610, 11-20 and 21-30 mm shell
height (SH), measured from umbo to greatest height (Galt-
soff 1964), and held in flowing seawater, Callinectes sa-
pidus and P. herbstii were collected locally, held in
flowing seawater and starved for at least 24 hours prior to
use. Six size classes of blue crab 7-10, 13-20, 21-26,
30-34, 35-45, 70—100 mm carapace widths (CW) (Table
1), and five size classes of mud crab 68, 10—-15, 16-20,
22-27, 31-40 mm CW (Table 2) were tested. All the ex-
perimental crabs appeared to be healthy and intact. Crabs
that lost appendages, molted or died during the experiment
were replaced.

Experiments were conducted at the Virginia Institute of
Marine Science in Wachapreague, Virginia. Seawater was
pumped onto a seawater table holding 24 experimental
containers 29 X 18 X 12 cm arranged in two rows. Holes
in the sides of each container permitted an exchange of sea-
water. Water level was maintained at a depth of 7 cm and a
cover was placed over the containers to prevent escape of
crabs. Temperature and salinity were measured daily and
ranged from 20 to 28°C and 24 to 35 ppt, respectively.

Each test consisted of exposing one size class of crabs to
four size classes of spat for 48 hr. A crab was placed in a
container with fifty spat of one size. Control containers
held only spat. Tests were run in triplicate, requiring six
containers (3 test replicates + 3 control replicates) for each
of the four spat sizes. Placement of spat and crabs was
random. Oyster mortality was recorded after 24 hours.
Dead spat were replaced with live spat of the same size
class and the test continued for a second 24 hours.

Fifty spat were randomly selected from each size class
and shell heights measured to the nearest 0.1 mm prior to
each experiment. Carapace width of each crab was mea-
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TABLE 1.

Shell heights in the four size classes of oysters (Crassostrea virginica)

according to the ratios described by Williams (1965). The
proper net mesh sizes which should prevent crab entrance

exposed to blue crabs (Callinectes sapidus) and carapace widths
in the six blue crab size classes.

Oyster Shell Height (mm)

size class Mean % SD Range N
1 3.4 = 0.84 1.6-5.4 300
2 7.6 = 1.56 4.8-11.0 300
3 13.9 = 2.84 8.8-20.1 300
4 24.4 + 2.93 19.3~31.4 300

Blue crab Carapace Width (mm)

size class Mean =+ SD Range
1 9.3 + 0.65 7.8-9.8 12
2 17.2 + 2,16 13.3-20.4 12
3 24.5 = 1.00 23.1-26.0 12
4 31.7 = 1.04 30.5-33.9 12
5 39.2 = 3.20 34.9-45.7 12
6 85.5 = 8.50 73.2-96.4 12

sured to the nearest 0.1 mm at the beginning of each exper-
iment. Shell height and CW data were analyzed using anal-
ysis of variance. Predation rates were recorded as the
number of dead spat per crab per day and compared using
analysis of variance after log (x + 1) transformation of
data (Sokal and Rohlf 1981).

A maximum successful predator ratio (Whetstone and
Eversole 1981) for crab size classes with mean CW less
than or equal to 25.2 mm was determined by dividing the
mean SH of the largest spat size class which was signifi-
cantly (p < 0.05) preyed upon by the mean CW. A max-
imum successful predator ratio for each crab species was
also estimated by averaging the ratios.

Although actual predator exclusion tests were not con-
ducted in this study, the authors suggest proper net mesh
sizes which should prevent crab entrance. This determina-
tion was first made by estimating the carapace lengths (CL)

TABLE 2.

Shell heights in the four size classes of oysters (Crassostrea virginica)
exposed to mud crabs (Panopeus herbstii) and carapace widths in the
five mud crab size classes.

Qpyster Shell Height (mm)

size class Mean *= SD Range N
1 3.7 £ 1.19 1.2-6.8 250
2 8.1 = 1.60 4.2-13.7 250
3 15.1 = 3.03 8.3-22.6 250
4 24.6 = 3.07 19.4-39.9 250

Mud crab Carapace Width (mm)

size class Mean = SD Range
1 7.1 £ 0.48 6.3-7.9 12
2 13.0 = 1.26 10.7-14.6 12
3 17.8 = 1.20 16.4-19.9 12
4 252 = 1.09 22.9-27.0 12
5 344 = 2.18 31.3-39.1 12

were then determined.

RESULTS

Mortality of spat in the controls averaged less than 0.3%
(max. 0.8%) for all experiments. Crab mortality and shed-
ding was normally less than 5.0% (max. 20.0%) for all
experiments. Most oysters were crushed or chipped and
tissues removed in the manner described by Krantz and
Chamberlin (1978) and Elner and Lavoie (1983). Some
spat were crushed but not consumed.

Predation rates are shown in Table 3. Significant differ-
ences (p < 0.01) in predation were associated with crab-
spat size interactions, but there were no differences (p <
0.01) in predation rates between the two sampling periods.
Predation rates increased as oyster size decreased or crab
size increased. Mud crabs caused higher mortalities than
blue crabs of similar size. Mud crabs with mean CW of
34.4 mm had a higher predation rate than blue crabs with
mean CW of 85.5 mm. Both predators caused significant (p
< 0.01) mortalities on spat with mean SH of 24 mm. Total
mean predation including all spat and crab sizes for blue
crabs and mud crabs were 17.4 and 21.5 spat/crab/day, re-
spectively.

Maximum successful predator ratios are shown in Table
4. Mean ratios for blue crabs and mud crabs were 0.42 and
1.03, respectively. Net mesh sizes with the diagonal di-
mension less than the carapace length of a selected crab
size are shown in Table 5.

DISCUSSION

The increase in predation found when spat size de-
creases or crab size increases has been reported by other
crab-bivalve interaction studies (Whetstone and Eversole
1981, Dare et al. 1983, Gibbons 1984). High predation
rates of the larger crabs on even the smallest spat suggests
an opportunistic feeding behavior. Although tests on prey
size preference were not conducted, Seed (1980) concluded
that the preferred size is below the maximum size the crabs
can consume. Mean predation rates greater than S50 spat/
crab/day were probable as some crabs preyed on all fifty
spat offered.

Panopeus herbstii, having higher predation rates than C.
sapidus of similar size, may be more efficient at spat pre-
dation. Elner and Lavoie (1983) reported that mud crabs
Neopanope sayi had predation rates on attached spat similar
to that of rock crabs C. irroratus twice their size.

Panopeous herbstii had a higher maximum successful
predator ratio than did C. sapidus. McDermott (1960)
found that P. herbstii of 30 mm CW could kill oysters of 33
to 35 mm length. This indicated a maximum successful
predator ratio of 1.13 which is close to that of 1.03 found
herein. Ogle (1978) estimated a maximum successful pred-
ator ratio of 0.40 for C. sapidus—C. virginica interactions,
which is very similar to 0.42 calculated in this study.
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TABLE 3.

Predation rate (arithmetic mean and range; n = 3), # dead spat/crab/day on four size classes of oysters (Crassostrea virginica) exposed to six
size classes of blue crabs (Callinectes sapidus) and five size classes of mud crabs (Panopeus herbstii).

Oyster Shell Height

X predation for

Carapace width (mm) 3.4 mm 7.6 mm 13.9 mm 24.4 mm each crab size
Blue crab
9.3 mm 17.8(11-26)%, 0.0 0.0 4.6
17.2 36.7(18-50)** 0.3(0-1) 0.2(0~1) 10.0
24.5 49.8(49-50)** 1,8(0—4)** 0.0 15.5
31.7 49.2(47-50)** 0.8(0—3)*%* 0.3(0-1) 19.6
39.2 49.5(49-50) 12.5(0—~31)#skk 0.8(0-4)* 255
85.5 41.5(6-50) 49.7(49~50)* 9.7(1-30) 16.7(3~39) 29.4
X predation rate for
each spat size 40.8 21.8 4.2 3.0 17.4 Total predation
3.7 mm 81mm — 15.1 mm 24.6 mm
Mud crab
7.1 mm 19.7(8-30)% 4 3.0(0—6)# 0.0 ook 0.0 5.7
13.0 47.5(42-50) 21,0(0-36) 2.2(0-8)* 1.0(0-3) 17.9
17.8 47.8(47-50)** 22.8(6-43)%,, 8.8(5—12)** 0.5(0-1)* 20.0
25.2 44.3(30-49) 43.5(29-50)%* 10.3(5-21)** 7.8(5-12)* 26.5
34.4 ) 46.8(43-49) 48.2(47-49)** 31.7(21-46) 22.5(10-38) 373
X predation rate for
— each spat size 41.2 21.7 10.6 6.4 21.5 Total predation

* = significantly different from predation below (p = 0.01).
** = significantly different from predation to the right (p = 0.01).
**% = significantly different from predation below (p = 0.05).
% = significantly different from predation to the right (p = 0.05).
= significantly different from control (p = 0.01).
= significantly different from control (p = 0.05).

¢f 1w

Whetstone and Eversole (1981) reported maximum suc-
cessful predator ratios for P. herbstii—Mercenaria merce-
naria interactions of 0.65. Predator ratios for C. sapidus,
Cancer irroratus, Carcinus maenas, Neopanope sayi and
Ovalipes ocellatus preying on M. mercenaria are estimated
to be 0.30 (Walne 1974, Mackenzie 1977, Castagna and
Kraeuter 1981, Whetstone and Eversole 1981, Gibbons
1984). The data of the authors and others suggest that P.
herbstii can cause mortalities to juvenile clams and oysters
which are more than twice the size of those affected by
other crabs of similar size. The presence of a large molari-
form tooth on the crushing edge of the dactyl of the major

TABLE 4.

Maximum successful predator ratios for blue crabs (Callinectes
sapidus) and mud crabs (Panopeus herbstii) preying on single spat
oysters (Crassostrea virginica).

claw in P. herbstii gives it a distinct mechanical advantage
at crushing bivalve shells (Vermeij 1977).

Blue crabs support a major commercial and recreational
fishery on the Atlantic and Gulf coasts but population den-
sities are hard to determine. Wells (1961) estimated four
blue crabs to every 6 m of reef edge, while Larson (1974)
found blue crab densities ranging up to 13 m-2. Estimated
population densities of P. herbstii on oyster reefs range up
to 103 m-2 with highest densities during the surnmer (Bahr

TABLE 5.

Carapace widths (CW) and estimated carapace lengths (CL) in mm
of blue crabs (Callinectes sapidus) and mud crabs (Panopeus herbstii)
and net mesh dimensions which should exclude crabs.

Net mesh square

Cw CL mm

. Blue crab 9.3 3.7 2.6

CW mm Ratios 17.2 6.9 4.9

Blue crab 9.3 0.37 24.5 9.8 6.9
17.2 —0:44 31.7 12.7 9.0

24.5 0.44 39.2 15.7 111

0.42% 85.5 34.2 24.8

Mud crab 7.1 1.14 Mud crab 7.1 4.8 3.4
13.0 1.16 13.0 8.7 6.2

17.8 0.85 17.8 11.9 8.4

25.2 0.98 25.2 16.9 12.0

1.03%x 34.4 23.0 16.3
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1974, Larson 1974, Dame 1979, Dame and Vernberg
1982). Panopeus herbstii is the largest (43 mm CW)

Opyster culturists may reduce crab predation on spat by

using plastic mesh netting for predator exclusion. Although

xanthid crab present in Maryland and Virginia waters and is
found in salinities of 10 to 34 ppt (Schwartz and Cargo
1960). McDermott and Flower (1952) also found it to be
the largest and dominant xanthid species in the Delaware
Bay, as well as the most destructive to oysters (McDermott
1960). Callinectes sapidus ceases activity at 13°C whereas
P. herbstii is still active at temperatures below 12°C (Wil-
liams 1965, Van Den Avyle 1984). Mud crabs, tending to
be less migratory than blue crabs, are usually present
within the oyster reef most of their life (Bahr and Lanier
1981). Thus, Panopeus herbstii potentially may be a more
dangerous predator than C. sapidus of single oyster spat in
high salinity waters.

not tested, the net mesh sizes presented in Table 5 should
prevent crab entrance. Crabs smaller than the net meshes
can enter the nets and grow to sizes which may cause some
spat mortality if not eliminated by constant monitoring or
addition of a biological control such as the toadfish
(Gibbons and Castagna 1985).

ACKNOWLEDGMENTS

The authors would like to thank B. Blaylock, M.
Gibbons, R. Mann, and D. Stilwell for their critical review
of the manuscript. The authors also would like to thank N.
Lewis, J. Moore, J. Watkinson and T. Watkinson for their
valuable assistance.

REFERENCES CITED

Bahr, L. M., Ir. 1974. Aspects of the structure and function of the inter-
tidal oyster reef community in Georgia. Ph.D. Dissertation. University
of Georgia, Athens.

Bahr, L. M. and W. P. Lanier. 1981. The ecology of intertidal oyster
reefs of the South Atlantic coast: a community profile. U.S. Fish and
Wildlife Service, Office of Biological Services, Washington, D.C.
FWS/OBS-81/15. 105 p.

Castagna, M. and J. N. Kraeuter. 1981. Manual for growing the hard
clam Mercenaria. Spec. Rep. Applied Mar. Sci. Ocean Engin. No.
249. Virginia Institute of Marine Science, Gloucester Point, VA. 110 p.

Dame, R. F. 1979. The abundance, diversity and biomass of macro-
benthos on North Inlet, South Carolina, intertidal oyster reefs. Proc.
Nat. Shellfish. Assoc. 69:6—10.

Dame, R. F. and F. J. Vernberg. 1982. Energetics of a population of the
mud crab Panopeus herbstii (Milne Edwards) in the North Inlet es-
tuary, South Carolina. J. Exp. Mar. Biol. Ecol. 63:183~193.

Dare, P. 1., G. Davies and D. B. Edwards. 1983. Predation on juvenile
Pacific oysters (Crassostrea gigas Thunberg) and mussels (Mytilus
edulis L.) by shore crabs (Carcinus maenas {L.]). Fish. Res. Tech.
Rep., MAFF Direct. Fish. Res., Lowestoft No. 73. 15 p.

Elner, R. W. and R. E. Lavoie. 1983. Predation on American oysters
(Crassostrea virginica [Gmelin]) by American lobsters (Homarus
americanus Milne-Edwards), mud crabs (Neopanope sayi [Smith)). J.
Shellfish Res. 3:129-134.

Galtsoff, P. S. 1964. The American oyster Crassostrea virginica Gmelin.
U.S. Fish Wildl. Serv. Fish. Bull. 64:1-480.

Gibbons, M. C. 1984. Aspects of predation of the crabs Neopanope sayi,
Ovalipes ocellatus, and Pagurus longicarpus on juvenile clams Mer-
cenaria mercenaria. Ph.D. Dissertation. State University of New
York, Stony Brook.

Gibbons, M. C. and M. Castagna. 1985. Biological control of predation
by crabs in bottom culture of hard clams using a combination of
crushed stone aggregate, toadfish, and cages. Aquaculture 47:101~
104.

Krantz, G. E. and J. V. Chamberlin. 1978. Blue crab predation on
cultchless oysterspat. Proc. Nat. Shellfish. Assoc. 68:38—41.

Larson, P. 1974. Quantitative studies of the macrofauna associated with
the mesohaline oyster reefs of the James River, Virginia. Ph.D. Dis-
sertation. School of Marine Science, College of William and Mary,
Virginia.

Luntz, G. R., Jr. 1947. Callinectes versus Ostrea. J. Elisha Mitchell Sci.
Soc. 63:81.

MacKenzie, C. L., Jr. 1977. Predation on hard clam (Mercenaria mer-
cenaria) populations. Trans. Amer. Fish. Soc. 106:530-537.

MacKenzie, C. L., Jr. 1981. Biotic potential and environmental resistance
in the American oyster (Crassostrea virginica) in Long Island Sound.
Aquaculture 22:229-268.

McDermott, J. J. 1960. The predation of oysters and barnacles by crabs of
the family Xanthidae. Penn. Acad. Sci. 34:199-211.

McDermott, J. J. and F. B. Flower. 1952. Preliminary studies of the
common mud crabs on oyster beds of Delaware Bay. Conv. Addr. Nat.
Shellfish Assoc. 47-50.

Menzel, R. W. and S. H. Hopkins. 1956. Crabs as predators of oysters in
Louisiana. Proc. Nat. Shellfish. Assoc. 46:177~184.

Ogle, J. T. 1978. Predator prey relationshp between blue crabs and
cultchless oyster seed. Miss. Acad. Sci. 23:112,

Schwartz, F. J. and D. G. Cargo. 1960. Recent records of the xanthid
crab, Panopeus herbsti, from Maryland and Virginia waters. Chesa-
peake Sci. 1 (3-4):201-202.

Seed, R. 1980. Predator-prey relationships between the mud crab Pa-
nopeus herbstii, the blue crab, Callinectes sapidus and the atlantic
ribbed mussel Geukensia (= Modiolus) demissa, Estur. Coast. Mar.
Sci. 11:445-458.

Sokal, R. R. and F. J. Rohlf. 1981. Biometry, 2nd edition. W. H.
Freeman, San Francisco, CA, 859 p.

Van Den Avyle, M. J. 1984. Species profiles: life histories and environ-
mental requirements of coastal fishes and invertebrates (South At-
lantic)—Dblue crab. U.S. Fish Wildl. Serv. FWS/OBS-82/11.19. U.S.
Army Corps of Engineers, TR EL-82-4. 16 p.

Vermeij, G. I. 1977. Patterns in crab claw size: the geology of crushing.
Syst. Zool. 26:138-151.

Walne, P. R. 1974. Culture of bivalve molluscs: 50 years’ experience at
Conwy. Fishing News (Books) Ltd., Surry England. 173 p.

Walne, P. R. and G. Davies. 1977. The effect of mesh covers on the
survival and growth of Crassostrea gigas Thunberg grown on the sea
bed. Aquaculture 11:313-321.

Wells, H. W. 1961. The fauna of oyster beds, with special reference to
the salinity factor. Ecol. Monogr. 31:239-266.

Whetstone, J. M. and A. G. Eversole. 1981. Effects of size and tempera-
ture on mud crab, Panopeus herbstii, predation on hard clams, Mer-
cenaria mercenaria. Estuaries 4:153-156.

Williams, A. B. 1965. Marine decapods crustaceans of the Carolinas.
U.S. Fish Wildl. Serv. Fish. Bull. 65:1-298.



	Predation On Single Spat Oysters Crassostrea Virginica (Gmelin) By Blue Crabs Callinectes sapidus Rathbun And Mud Crabs Panopeus herbstii Milne-Edwards
	Recommended Citation

	Predation On Single Spat Oysters Crassostrea Virginica (Gmelin) By Blue Crabs Callinectes sapidus Rathbun And Mud Crabs Panopeus herbstii Milne-Edwards

