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STEELE

parasite is mostly internal but hasan enormous sac (externa)
which protrudes from the crab’s abdomen, prohibiting the
crab from molting, and modifying the secondary sex
characteristics.

Microsporidan protozoans infect muscles of blue crabs,
turning the tissue white. “Sick crabs,” as these animals are
called by local fishermen, are infected by protozoan spores
transmitted to the crab by feeding on other sick crabs.
Infected crabs, when cooked, have a cotton-like texture.
Protozoans responsible are Ameson sapidi, A. michaells,
and Pleistophora cargoi.

Larval helminths and trematodes (flukes) are found in
blue crabs. Trematodes in the family Microphallidae encyst
in blue crabs, using them as intermediate hosts. These cysts
when hyperparasitized by a haplosporidan protozoan cause
the condition known as “buckshot” by commercial
fishermen.

Bacterial and fungal infections also are known in blue
crabs. Vibrio cholerae strains have been responsible for out-
breaks in some Gulf states due to poor sanitary practices
in home-cooked crabs. This was caused by reinfection of
cooked crabs by putting them back into the original con-
taminated container.

ADVERSE ENVIRONMENTAL PARAMETERS

Flood

Avoidance responses of blue crabs to storm-water runoff
have been documented in Florida; Livingston et al. (1976)
reported avoidance responses by juvenile blue crabs held in
the laboratory to runoff waters having a pH lower than 6.0
or 7.0. However, field studies in Apalachicola Bay indi-
cated that although adult crabs actively avoided waters with
low pH caused by high spring/summer runoff, juveniles
actually increased in abundance under similar conditions
of low pH.

Pesticides

Pesticide levels lethal to blue crabs are difficult to esti-
mate in the natural environment. However, concentration
of pesticides through the food chain to levels higher than
those present in the natural environment affect crab spawn-

ing, hatching, and larval and juvenile development.

Bookhout et al. (1979), reporting chronic effects of
Kepone on early development of C. sapidus, found concen-
trations of Kepone sublethal from 0.1 to 0.75 ppb but
lethal at 1.0 ppb for larval crabs through the first crab stage.

Bookhout and Costlow (1976) found concentrations of
Mirex from 0.01 to 10.0 ppb had no effect on mortality of
blue crab larvae for 5 days after hatching. Thereafter, signifi-
cantly greater mortality of larvae occurred in zoeal stages
III and VII, and megalopae at 0.1 ppb, in zoeal stages Ii
and IIl at 1.0 ppb, and in zoeal stages I and IT at 10.0 ppb
than in other stages. Concentrations of Methoxychlor
between 1.3 and 1.9 ppb were lethal for C. sapidus.

Mahood et al. (1970) found crabs to be less tolerant of
pesticides (DDT, DDD, DDE, Mirex, and Dieldrin) at low
salinities and high temperatures, and at high salinities and
low temperatures. Initial tests with DDT and Toxaphene
indicated that concentrations of 1.0 and 10.0 ppm were
100% lethal to adult blue crabs after 24 and 72 hours. Mirex,
if ingested, was found to be toxic to juvenile blue crabs.

CONCLUSIONS

Commercial fisheries landings of blue crabs in Florida
have fluctuated widely since the late 1940s because of
variations in year-class strength and distribution of stocks,
both of which are determined by density-independent
environmental parameters. Although exact mechanisms by
which these parameters affect year classes are yet undeter-
mined, they occur at critical times in the life cycle, and
affect (1) egg extrusion (spawning), hatching, growth,
survival, and distribution of larvae; (2) early postlarval
(megalopal) distribution and survival; (3) juvenile distribu-
tion and survival; and (4) adult distribution and survival
(W. A. Van Engel, personal communication).

Salinity, temperature, pollutants, predation, disease,
habitat loss, and food supply all affect blue crab survival.
The diversity of parameters and their probable synergistic
effects preclude the identification of any one of these as
having the greatest effect. Concentrations of industrial and
residential pollution, landfills, drainage alterations, and
alteration of freshwater inflow into the estuary must be
carefully monitored and controlled if survival of the blue
crab is to be ensured.

REFERENCES CITED

Adkins, G. 1972. A study of the blue crab fishery in Louisiana. La.
Wildl. Fish. Comm. Tech. Bull. 3:1-57.

Bateman, H. A. 1965. Clapper (Pallus longirostrus) studies on Grand
Terre Islund, Jefferson Parrish, Louisiana. M.S. thesis. Louisiana
State University, Baton Rouge, LA. 145 pp.

Bookhout, C. G. & J. D. Costlow, Jr. 1976. Effects of Mirex,
Methoxychlor, and Malathion on development of crabs. U.S.
Environ. Prot. Agency Nat. Environ. Res. Cent. Ecol. Res. Ser.
EPA 600/3-76-007. 83 pp.

& R. Munroe. 1979. Kepone effects on development of
Callinectes sapidus and Rhithropanopeus harrisii. U.S. Environ.

Prot. Agency Nat. Environ. Cent. Ecol. Res. Ser. EPA-600/3-79-
104. 36 pp.

Boyd, C. E. & C. P. Goodyear. 1972. Nutritive quality of food in
ecological systems. Arch. Hydrobiol. 69:256—-270.

Cargo, D. G. 1958. The migration of adult female blue crabs,
Callinectes sapidus Rathbun, in Chincoteague Bay and adjacent
waters. J. Mar. Res. 16(3):180—-191.

Churchill, E. P. 1919. Crab industry of Cheasapeake Bay. U.S. Com-
missioner of Fisheries Report for 1918. Appendix 4. 25 pp.

Costlow, J. D., Jr. & C. G. Bookhout. 1959. The larval development
of Callinectes sapidus Rathbun, reared in the laboratory. Biol.



























Pensacola

Cedar Key

CRYSTAL RIVER RELEASE

*Crystal River
21 January 1975--484 released, 358 females

Recapture Location & Number Recaptured
Females Males

Locally 11 3
Cedar Key 19 1
Suwannee 3 -
Horseshoe Bch. 2 -
Steinhatchee 1 -
Fenholloway R. 1 -
St. Marks 1 -
Panacea 2 -

Figure 7. Blue crab releases made at Crystal River showing sites of major recaptures.
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Pensacola

STEINHATCHEE RELEASES

24 May 1974--478 released, 39 females

St. Marks

AucillaR.
v

25 November 1974--521 released, 291 females
3 October 1975--198 released, 63 females
29 October 1975--325 released,

74 females

Recapture Location & Number Recaptured

Females

Locally 1
44

7

3

Cedar Key -
Keaton Beach -
Fenholloway -
Apalachicola -

T e

Males

62
22
25
11

1

Figure 9. Blue crab releases made at Steinhatchee showing sites of major recaptures.
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distances traveled by males and (emales (student t—test, 1%
level of confidence). Male crabs exhibited no real trend in
their movement, remaining in their “home territory.”

TABLE 2.

Distances traveled by recaptured crabs.

Number of

Distance Traveled*  Recaptured Crabs Cumulative % Returns

Kilometers Miles Males Females  Males Females
0 - 80 0- S 3438 232 83.9 52.5
9.7~ 160 6- 10 47 24 95.2 57.9
177 - 241 11— 15 4 11 96.1 60.4
257 - 322 16— 20 3 21 96.9 65.2
338 - 402 21 - 25 4 41 97.8 74 .4
41.8 - 483 26 - 30 2 10 98.3 76.7
499 — 644 31 - 40 2 30 98.8 83.5
66.0 — 80.5 41 - 50 1 8 99.0 85.3
82.1 — 96.5 51 — 60 1 22 99.8 90.3
98.1 —112.6 61 — 70 10 92.5
1142 -128.7 71 — 80 3 93.2
130.3 — 1448 81 — 90 1 934
1464 —160.9 91 — 100 3 94.1
1625 -177.0 101 — 110 1 94.3
178.6 —193.1 111 - 120 1 94 .6
210.8 — 225.3 131 — 140 1 5 100.0 95.7
275.1 —289.6 171 — 180 1 95.9
3234 -337.9 201 -210 7 98.1
339.5 - 354.0 211 - 220 | 97.7
355.6 —370.1 221 - 230 1 98.0
387.8 —402.3 241 - 250 4 98.9
419.9 —434.4 261 - 270 1 99.1
436.0 —450.5 271 — 280 1 99.3
468.2 —482.7 291 — 300 1 99.5
484.3 —498.8 301 — 310 2 100.0

*Note the concentration of malesrecaptured under 16 km (10 miles)
distance from the release site and the spread of females up to 499
km (310 miles).

The most notable return trend (in other words, migration
trend) is represented graphically in Figures 3 through 12.
These figures depict the release sites and capture points for
tag returns. No inference should be made as to the actual
pathway taken by migrating crabs (i.e., arrows on the maps
only indicate direction). Note that the sex of these migrants
was female, with just 15 males exhibiting any movement
outside of local waters. With only eight exceptions, all non-
local female movement was in a northerly direction along
the peninsular portion of the state and westerly along the
panhandle.

These directional trends would appear to be the result
of female blue crabs migrating toward a spawning area
following mating. The Apalachicola Bay system (Panacea
westward through Apalachicola Bay to Cape San Blas) could
be the major spawning area (source area) for the Florida
penisular Gulf coast blue crab fishery. This has led us to
develop the following hypothesis:

Adult female blue crabs, moving into Florida's
coastal waters, exhibit a direct, along-shore migration
toward spawning areas. Within these regions of spawn-
ing activity, Cuallinectes zoeal populations become
entrained into nearby major river runoff. The zoea,
carried by this river discharge to areas of major off-
shore water currents, are subsequently distributed
along the Florida peninsula. As the larval stages develop
to the megalops and early crab forms, they are
recruited into estuaries at a distance from the site of
spawning.

DISCUSSION

In this study, male crabs exhibited no real trend in their
movements, remaining in their “home estuary.” When they
did travel, it was not as dramatic as the females (Table 2).
Although one male did travel 212 km (132 miles) south of
the release site, generally there was a tendency to disperse
back into the surrounding creeks and marshes. This is in
keeping with Cargo’s (1958) Virginia findings—that males
exhibit a nondirectional and random movement within
their home estuary. Further substantiation of this was the
two male crabs caught only a short distance from the
initial release point, 205 and 245 days, respectively, after
tagging.

In North Carolina, Judy and Dudley (1970) found that
crabs may “scatter widely within their respective habitats
[estuaries] but show only limited movement to other inland
and coastal waters.”” Florida’s peninsular Gulf coast blue
crab population does not migrate in that fashion; the inshore/
offshore movement was not evident. Rather, along-shore
migrations were documented. Figures 3 through 12 clearly
indicate that female blue crabs moved out of the estuaries
in which they were tagged, and were subject to mixing with
adjacent stocks. The distances traveled (up to 499 km [310
miles] ) by females indicate that these migrants were more
than “scattered widely™ (Table 2). We must assume that
these crabs have indeed moved along shore into (or through)
a neighboring estuarine area. In the case of the three crabs
that moved from Punta Gorda to the Panacea area (Figure 5),
at least seven estuarine areas were traversed.

It has been pointed out previously that migrations of
females are directly linked to reproduction. The migrations
observed in this study correspond to movement towards the
spawning area after mating. In the classic description, this
movement would be to “offshore,” higher-salinity waters.
Migrations, observed along the peninsular Florida Gulf coast,
demonstrated that movement would be to a site, or sites,
north of the mating estuary. The Apalachicola Bay region
(defined as being from Panacea through Apalachicola
Bay to Cape San Blas) appeared to be a primary spawning
ground for the blue crab along the Florida penisular Gulf
Coast. In recaptures from the Gulf coast, only nine crabs
(of 857 tagged or about 1%) moved to the west of Apalachi-
cola Bay (Figures 3 through 12). The majority of recaptures
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either seemed to be heading toward or to be terminating in
the Apalachicola Bay region.

Personal communications with local crabbers and
shrimpers in the Apalachicola area, and results from a ques-
tionnaire survey of commercial crabbers, support the
hypothesis that this area is a major spawning area for Gulf
coast blue crabs. Fishermen have reported great concentra-
tions of egg-bearing crabs. Further corroboration of the
importance of this area occurred in the return of tagged
ovigerous crabs from the Apalachicola Bay region. Tagged
crabs were caught bearing egg masses which were not present
at the time of tagging. These egg masses were all orange,
indicating they had been laid only recently (Van Engel 1958,
Darnell 1959). No other tagged ovigerouscrabs were returned
from any other location along the Gulf coast. This is not to
say that blue crab spawning does not occur along the entire
length of the west coast of Florida; for indeed it does.
However, the concentrations of spawning (egg-bearing) blue
crabs along the Florida Gulf coast apparently did not
approach the large numbers of ovigerous blue crabs found
in the Apalachicola Bay area.

We have presented strongevidence suggesting that oviger-
ous crabs concentrate in the Apalachicola Bay region. Such
a trend, without continued recruitment in southwestern
Florida, would result in declining stocks in that area. Landing
statistics indicate no significant decline. Thus, recruitment
along the southwestern coast can be assumed.

For the blue crab, life begins as a planktonic zoeal larva
(Costlow and Bookhout 1959). Because of their planktonic
nature, zoeae are carried along with prevailing currents. It is
not inconceivable that larvae could be transported to an
area unassociated with the spawning area. Following develop-
ment (31 to 49 days), zoea metamorphose into the
megalopal stage which has both planktonic and benthic
features (Williams 1971, Sulkin 1974). The megalopal stage
persists for 6 to 20 days after which it molts into the first
crab stage (Costlow and Bookhout 1959). Evidence indicates
that hatching and molting of blue crab larval stages might
proceed most efficiently in waters of salinities found out-
side river outfalls (Sandoz and Rogers 1944).

Classically, blue crab larval development has been consid-
ered to take place “offshore” in more saline waters than
within the confines of the estuary. Young crabs, however,
spend the majority of their growing life within estuarine
nursery grounds. To reach these areas, there must be some
mechanism to return larvae/young crabs to the estuaries.
This appears to be accomplished during the megalops and
first few crab stages by way of a “directed migration”
shoreward (Van Engel 1958, Damell 1959, Tagatz 1968,
Sulkin 1974, Williams 1974). It has been suggested that
the megalops takes advantage of incoming tidal currents
by rising into the water column during flood tide, settling
and holding to the bottom during ebb tide, and thus eventu-
ally reaching the estuary (Williams 1971, Sulkin 1974).

For that system to work, there must be some mechanism

to redistribute the zoeal larvae if the major spawning occurs
in the Apalachicola Bay region. This appears to function
via the water current system of the Apalachicola River and
the eastern Gulf of Mexico.

The Apalachicola River outfall has been thoroughly
studied (Livingston 1974). The Apalachicola River has the
largest drainage area (764 km?, 19,600 mi%), and the
greatest mean-water-discharge rate (25,000 cfs) of any river
in Florida. The “influence” of the River extends as far as
257 km (160 miles) seaward into the Gulf of Mexico
(Livingston 1974).

From gauge station data, the maximum mean-discharge
rate of the Apalachicola River generally occurs during the
month of March. This conclusion is based on 13 years of
data for the Chattahoochee, Florida, gauging station, and
8 years of data for the Blountstown, Florida, gauging station.
According to local sources in the Apalachicola Bay region,
the first “big run” of female blue crabs during 1975 began
in mid-January. As of March 1975, sponge crabs were
appearing in catches from Apalachicola Bay. The maximum
water output from the Apalachicola River thus occurs within
a period of six to eight weeks after the first “runs” of female
blue crabs into Apalachicola Bay, and at about the same
time as the advent of spawning.

Oceanographic studies indicate the presence of a large,
but somewhat ephemeral clockwise current, known as the
Gulf Loop Current, within the Gulf of Mexico. This current
enters the Gulf near the Yucatan Peninsula, and may travel
northward as far as the Mississippi River Delta before turning
east and south to exit via the Florida Straits.

Current patterns in the Gulf of Mexico generally are
known (Leipper 1954, Curl 1969, Gaul and Boykin 1964,
Leipper 1970, Austin 1971, Nowlin 1971, Ichiye et al. 1973,
Jones et al. 1973, Maul 1974, Murphy et al. 1975). These
studies have described general patterns of surface circula-
tion in the Gulf of Mexico. During spring, the Gulf Loop
Current encroaches increasingly northward (Figure 13),
reaches maximum penetration by fall, and recedes during
winter (Leipper 1970, Maul 1974). Sometimes gyres from
the main current body detach as eddies and wash onto the
Florida shelf (Jones et al. 1973). Gaul and Boykin (1964),
Nowlin (1971), and Ichiye et al. (1973) have illustrated
Loop Current-related circulation patterns in the northeastern
Gulf of Mexico.

Jones et al. (1973) state that “‘except for gross generalities
and studies limited to small selected areas, little has been
published on the circulation patterns of the western Florida
shelf.”” Nautical pilot charts, prepared from ships’ log data,
show a northward inshore current most of the year. The
Gulf Loop Current, known to have an annual growth and
decay pattern of high variability, has a major influence over
long-term circulation. Although the major shallow-water
factor to induce water motion is wind stress, Maul (1974)
pointed out that the Loop Current “interacts to exchange
waters and hence, particles and organisms.” Leipper (1954)
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DISCUSSION

Q. Random DuBois: I would like to ask two questions.
There is a lot of distrust that exists between New England
fishermen and scientists and politicians. I was wondering
how you can explain such a high level of cooperation
as evidenced by your high percentage of returns of your
tags. Is it a result of methodology, your high levels of
awareness in the blue crab industry? The other question
I have is of the four or five individuals that traveled 200
to 300 miles, is the distance substantiated in literature?

A. Mike Oesterling: Your first question is how did we get
such good cooperation, and my answer is that there was
a lot of leg work and a lot of being just good friends to
the fishermen. We spent quite a bit of time out on the
waterfront talking to the crabbers before we ever did
any tagging, letting them know what was going on so
that they knew that we were trying to do something
that would hopefully help their fishery. The second
question about the long distant movements, there have
been instances of long distance movements along the
eastern coast, but not, I don't believe, to the extent
we saw.

Q. DuBois: Are you satisfied that the 4 or 5 individuals
that traveled 200 to 300 miles are representative of the
population as a whole?

A. Oesterling: Actually about 30 crabs traveled over 200
miles, representing about 5% of the tagged crabs.

Q. Corky Perret: With the Punta Gorda tagging program, I

think you indicated you had a rather large movement
from that area to the north, and 1 think you indicated
that these crabs may have moved through several different
estuarine systems. When you say estuarine, do you mean
from offshore to inshore, a back-off, in-off kind of thing?

A. Oesterling: No sir. We cannot make any inference as to
their absolute pathway. What we are saying is thal there
are different estuaries along the coast that they could
have passed through or may have passed through. As I
said, we cannot really say what their actual path was,
we can give you the starting point and the ending point.

Q. Perret: One other brief question. On your returns, were
any or many taken outside of Florida’s terrilorial waters
in the FCZ [fisheries conservation zone]?

A. Oesterling: No sir.

Q. Paul Hammerschmidt: On your migrations of 200 miles
plus, what is the time frame involved in that? My other
question is, with the river flow of the Apalachicola, what
is your harvest information on drought and nondrought
periods?

A. Oesterling: On the second question about harvest with
drought and nondrought, I cannot answer that question;
I am sorry. However, in the time frame we are talking
about, anywhere from 70 days, from Punta Gorda, FL,
to Panacea, which is a pretty fast rate, to about 150
days for the longest. Obviously the shorter distances,
where crabs that moved, say from Steinhatchee to
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Apalachicola, were traveled in fewer days. There were
cases where it was reversed, however, As far as absolute
time, I cannot give you that right now. [ can talk to you
later about it though.

. Edwin Joyce: Do you think that the erratic nature of
the Loop Current, unpredictable as it is, might explain
some of the variations and abundance of blue crabs in
the lower section of the state?

. Oesterling: Definitely. Especially in some cases. I have
talked with Charlie Futch [Florida Department of
Natural Resources] very extensively about 1975 when
the Loop Current really didn’t even come up into the
Gulf of Mexico very much. But there still is a basic
southern offshore current that would carry them down.
I also think that another reason why the Panhandle has
such a large number of crabs, is that quile a few of the
larvae do not get transported out of the area, but stay
right in that area.

Comment—Elliott Norse: The information you have shown

is some of the most satisfying I have ever seen in contri-
buting to our understanding of migration; animal migra-
tion, and why it happens. People that have been studying
migration, typically have been looking at the mechanism.
People want to know how salmon, for example, find
their way to their home stream; what pigeons use to
navigate; but they do not look sufficiently often at the
whys. What you have here, | think, is a brilliant example
of how an organism is, in some ways, a prisoner of its
own biology and, in some ways, can use features of his
own biology, his behavior, to get around problems that
it has. An organism that has a long planktonic life has a
blessing and a curse. The blessing is if things get really
bad where he lives, if there is a disaster, his young, if
he releases them on time, will be able to disperse far
enough so that he has a chance to pass on his genes. He
has a future, that is a good thing. But the bad thing is,
if things stay good where he is, most of his young are
likely to be swept to a place where they are wasted.
Organisms that have planktonic larvae have lots and lots
of young and, by pure dumb luck, some of them find
their way into places that are helpful. But people have
been finding that it is not just dumb luck. In estuaries,
it T remember correctly, barnacle larvae and cladocerans
take the surface tides out during the day and take the
ebb currents up at night, and your vertical migration
keeps them within the estuary instead of getting swept
out to sea where they would be unsuited. We have a
beautiful example, which seems to be the, same case
here. You don’t have surface and deep currents that are
flowing, let’s say southeasterly and a counter current
going westerly, so you have the adults doing the same
kind of thing. T imagine if a female spawned in Shark

River, most of her larvae would be carried through the
passes and most of them would wind up in the Atlantic.
The continental shelf on the eastern coast of Florida is
sort of narrow and when it came time for the larvae to
metamorphose, they would find themselves in 10,000
feet of water and that is unsuitable for blue crabs. So
this is a beautiful way that these critters can increuse
their chances (over what they have randomly) by a
behavioral mechanism—migration. They release their
larvae in waters so (hat when the time is right for the
young to settle, they will be in pretty friendly territory.
The shelf is pretty broad there, young blue crabs can live
and start their migration inward to the estuaries. This is
very appealing and the best evidence I have ever seen
that there are real populations, localized populations
of these organisms rather than the random mix that
people have cited in literature in the past.

For fisheries other than the blue crab then, this has
a lot of implications because the longer an organism
stays in the planktonic stage, the worse is its problem of
wasting all of its larvae, so I think what we have to do
is, for organisms of long planktonic life, look for the
kind of mechanism that Mike has discovered here,
and there are lots of implications to that.

. (Unidentified): From your tagging and recapture data,

did you make any total population estimates?

. Oesterling: No. We did not.
. (Unidentified): What about fishing mortality—I mean do

you assume the fishermen are catching the same per-
centage as your returns?

. Oesterling: [ am not sure I understand your question. Do

you mean are the fishermen removing 12.3% of the
population? We did not make any inference on that
either. We were strictly concerned with migration, we
did not want to get into the number games.

. Kimbal Brown: It occurs to me that it might be interesting

to have a comment from Mr. Van Engel [discussion
moderator] . Is there any parallel between the circulation
patterns in the Chesapeake Bay and the adjacent areas
to what has been described in this talk?

. Willard Van Engel: I will have to think about that one. I

do have, however, some other things on my mind. I
have some serious criticisms of this, with some of the
things that Mike has said. I would like to throw them
out to see if others share them or...let’s have some
argumentation. First of all what I think we have here is
an exaggerated picture of migration. Mike has described
what he has called the individuals that have moved the
greatest distance. I would like to see a pattern, a picture,
showing where the majority of the females did get
recovered. Now we are talking about perhaps, what
would you say are the returns, maybe 10%, 5%, 1%, of
the releases from an area; I do not know what percentage.
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there might be room for both kinds, migratory and
nonmigratory females.

Comment—Van Engel: Perhaps. Gelting back to Kimbal

Brown’s question—was there any parallel between the
circulation patterns in the Chesapeake Bay and adjacent
area to what we see here? I think what we are looking at
is that we don’t know about the circulation pattern over
the continental shelf off the mid-Atlantic states. I think,
very likely, that they may be more complex than the
one Mike has described in the Gulf. It might be identical,
who knows? We just don’t know much about it. But
within the Chesapeake Bay, we have a different circula-
tion pattern which is a circulation pattern all of its own,
where water entering into the mouth of the Bay does
move up to the Bay and it is the mechanism of redistri-
buting the megalopae to the fresher water. So we have
perhaps two circulation patterns in the Chesapeake
region: one is the shelf circulation, and the other is the
Bay circulation.

Comment—Dr. Gordon Gunter: I want to call attention to

the fact that these crabs are quite capable of moving
long distances as shown by the distances they traveled

within the Chesapeake Bay itself. Now the Marylanders
know that crabs don’t always stay in Virginia; they have
to go quite a distance. In Louisiana, we have taken crabs
in the Atchafalaya River, 150 miles from the sea. I think
that these animals can ride the currents because they arc
generally found after the spring floods. Somehow or
other, they will breast a very strong current and you
have all sorts of eddies in the rivers which these animals
apparently can take advantage of and I don’t see why
they couldn't do it in the open ocean, too.

Comment—Van Engel: 1 agree 100%. I also agree that there

are long distance movements which may occur within
river systems and within bay systems, but I think those
are the more classic descriptions I was getting at before—
the toward shore and away from shore with the same
system. What T was trying to get at here was that they
actually move out of the main estuary and go elsewhere.
Quite obviously, those that went along the shore did not
walk the entire way nor did they swim the whole way.
They had to have taken advantage of some prevailing
currents which were in the northward direction along
the nearshore coast.
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INTRODUCTION

The blue crab is found along the Atlantic coast of the
United States from Maine to southern Florida. It is uncom-
mon north of Cape Cod and is most abundant in the Chesa-
peake Bay where almost half of the United States commer-
cial blue crab landings occur.

The Chesapeake Bay has the largest semi-confined area
for blue crab spawning, more nursery area and probably the
best mix of environmental conditions for blue crab along
the United States eastern coast. In addition, an intensive
commercial fishery enables the Chesapeake Bay region to
be the area of highest blue crab production.

There are many basic similarities in the life history of
the blue crab all along the Atlantic coast. Some differences
do occur, however, in timing of some of the life processes,
probably due to the different temperature regimes that
exist along the coast.

The biology of the blue crab in the Chesapeake Bay has
been described by several authors: Churchill (1919, 1942),
Robertson (1938), Truitt (1939), and Van Engel (1958).
Sumimarization of their studies leads to a model of the life
history and ecology of the blue crab along the eastern coast.
Geographic variations on this general life history and
ecological pattern for blue crab stocks north and south of
Chesapeake Bay are considered in this review.

LIFE HISTORY AND ECOLOGY

Blue crabs inhabit the entire salinity regime in our model
estuary, the Chesapeake Bay. They are found from the
fresh waters of the northern section of the bay to the high
salinity waters in the southern part of the bay and the
adjacent Atlantic Ocean.

Mating inblue crabs occurs in themoderate-to-low-salinity
waters of the bay between early spring and fall. Males,
also known as jimmy crabs, are in the hard-shelled condition
when mating, while females are in the soft-shelled condition.
Females do not molt again, but males may molt several
times more after mating.

*Based on a talk given at the Blue Crab Colloguium sponsored
by the Gulf States Marine Fisheries Commission, October 18,
1979, Biloxi, Mississippi.

VIMS Contribution Number 1011.
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Several days prior to her terminal molt, the female is
attracted to the male by a pheromones-a sex hormone that
the male releases (Gleeson 1977). The interest of the male
in the female is sustained by a pheromone which is released
by her near the time of her molt. He cradle-carries his
prospective mate under his body for several days before she
molts (Williams 1965). These pairs of crabs are called “buck
and rider” or “doublers.”

After the female molts, copulation occurs, which may
last for several hours, and the male again cradle-carries his
mate until her shell hardens. All the eggs that the female
later produces will be fertilized by sperm transferred in this
single mating.

Ovarian development in female blue crabs may take
from as little as 2 months to as much as 9 months after
mating. Environmental conditions, especially temperature,
play a role in determining the length of time it takes for
the ovary to develop. Warmer temperatures speed develop-
ment. Time of mating is another factor in determining the
length of time it takes the ovary to develop. If mating
occurs in late spring or early summer, the ovary should be
well developed and ready for egg extrusion by late summer.
If mating occurs late in the summer or early in the fall, the
ovary develops during the winter and egg extrusion does not
occur until late spring to mid-summer of the following year.

Females spawn in moderate to higher salinity portions
of the bay and just outside the mouth of the bay from early
May through September, although most spawn between
June and August. The ovary may regenerate very quickly.
Females that spawn in late spring may spawn again later
in thal same year and may spawn once again late the
following spring.

Spawning consists of two distinct phases. The first,
egg extrusion, is the process in which eggs pass from the
ovaries, are fertilized as they go through the seminal
receptacles, and are attached to the pleopods of the
abdomen. The second spawning phase is egg carrying. Eggs
are attached on the abdomen of the female for approxi-
mately 7 to 10 days before hatching. Females with external
eggs are known as berried females, busted sooks or sponge
crabs. The egg mass contains from three-quarters of a million
to 2 million eggs each time the female spawns.
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Four distinct stages occur in the life history of the blue
crab, the egg, zoea, megalopa, and true crab forms. The
embryos change in color from orange to black as they
develop on the abdomen of the female. Eggs are initially
orange because of their high yolk content. As the yolk is
absorbed by the developing embryo and as the eye spots
appear, the egg mass appears almost black prior to hatching.
Optimum conditions for the development and survival of
blue crab eggs are 20 to 30 ppt salinity and from 20 to 30°C
temperature,

Upon hatching from the egg, the crab reaches the zoeal
stage. Prezoeae are nonviable forms from eggs that have
hatched prematurely, usually because development has
occurred in unfavorable environmental conditions, particu-
larly in low salinity. Forinstance, if eggs hatch in the middle
portion of the bay where salinity is 15 to 20 ppt, this pre-
nmature stage will predominate, and survival is likely to be low.

Normal egg development and hatching produces zoeae
which have seven or eight stages. Zoeae are initially found
in the surface layers; as they advance through the various
stages, they generally move lower in the water column.
Optimum salinity and temperature for zoeal development
and survival are, as for the egg, 20 to 30 ppt and 20 to
30°C. Development through the shrimp-like zoeal stages
until transformation to the megalopal stage occurs takes
about 1 month. Megalopae are usually found in the bottom
waters in the high salinity areas. Peak occurrence of mega-
lopae is usually in August about 1 to 2 months after peak
spawning time. During their approximately 1 week of
existence in this stage of development, megalopae generally
feed on larval molluscs or other larvae. Again, 20 to 30 ppt
salinity and 20 to 30°C temperature are optimum for blue
crab megalopae as well as eggs and zoeae.

About 1 to 2 months after hatching from the egg, the
true crab form isattained. Immature (juvenile) crabs migrate
with flood currents to their “nursery grounds™ into the
tributaries and up the bay in search of food, protection
from predation, and optimum hydrographic conditions for
their growth and survival.

Nursery grounds are usually tidal marshiands and areas
of muddy substrate. Prime nursery areas in the Chesapeake
Bay occur where there are concentrations of submerged
aqualtic vegetation, most notably Zostera marina, the eel-
grass. Eelgrass beds presently occur in the southwestern
portions of the bay, around the mouths of the major rivers,
and in the middle portions of the bay in the Tangier and
Smith Island areas (Rooney-Char and Ayers 1978). The
locations are the beds that survived a massive reduction in
acreage that began in the early 1970’s. With the reduction
in eelgrass acreage in the Chesapeake Bay in the early 1930's
and early 1970%, there was a decline in crab abundance.
Other factors may have been involved, but we at least
have circumstantial evidence that the quality of the nursery
areas is very important in determining the level of crab
abundance.

Growth of acrabisusually initiated when water tempera-
fure is about 15°C; molting occurs at varying time intervals
depending on the size of the crab. Molting in the smallest
crabs, those 1/10 to 1/2-inch carapace width, occurs every
3 to 5 days. As the crabs get larger, the frequency of molting
decreases; with crabs of from 1/2 to 1 inch in width,
molting occurs every 1 to 2 weeks, and larger crabs molt at
intervals of 3 to 7 weeks until low water temperatures cause
cessation of shedding.

Growth increment in width at each molt varies from
1/4 to 1/3 of the original size. Both sexes shed [rom 18 to
20 times after the megalopal stage to reach their largest
size. Females reach sexual maturity at their terminal molt
while males may continue to shed another three to four
times after reaching maturity. Jimmy crabs generally remain
in brackish waters throughout their adult life while females,
after reaching sexual maturity and mating, migrate toward
the “spawning grounds.”

Variations from this life history model occur in blue
crab stocks north and south of the Chesapeake Bay.

North of Cape Cod, blue crabs are so rare that distribu-
tion and migration patterns cannot be recognized. Blue
crabs were, however, numerous along the southwestern
coast of Maine in the abnormally warm years of 1948~
1956. Scattergood (1960) suggested that these crabs could
have migrated from the Cape Cod region to the southwestern
coast of Maine during the summer, possibly wintering in
Maine waters and becoming active again as the water tem-
peratures increased in summer and fall. All blue crabs
reported by Scattergood (1960) and those reported by
Krouse (1979) as recently as 1977 were adult crabs caught
incidental to the inshore lobster trap fishery in Maine.

Blue crabs are commonly found along the southern New
England coast where their mating, spawning, and growth
seasons are contracted in comparison to those in the
Chesapeake Bay: mating of blue crabs occurs only in the
summer months; spawning in eastern Long Island Sound
and Narragansett Bay occurs primarily in August and early
September; and molting occurs from the last of April
through the summer months. Blue crab larval distribution
patterns in this area are virtually unknown.

Nursery grounds and migration patterns of blue crabs
along the southern New England coast are similar to those
in Chesapeake Bay (Michael Fogarty, Northeast Fisheries
Center, Woods Hole, MA; David Chadwick, Massachusetts
Division of Marine Fisheries, Philip Briggs, New York State
Department of Environmental Conservation; and Eric
Smith, Connecticut Department of Environmental Pro-
tection; personal communications).

The Delaware Bay has almost the same characteristics
as the Chesapeake except that it is not vegetated as heavily
with Zostera, and extremely low winter temperatures lead
to more frequent crab kills (Richard Cole, Delaware Depart-
ment of Natural Resources and Environmental Control,
personal communication).
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Blue crab stocks south of the Chesapeake tend to have
protracted times of mating, spawning, and growth. In the
St. Johns River, Florida, blue crabs mate from March to
July, and from October to December, mating not being
common in August and September. Crabs spawn from
February until October. Molting occurs throughout the
year but the time interval between molts increases during
the winter months (Tagatz 1968).

Along the South Atlantic coast, blue crab spawning areas
are not as confined as those of the Chesapeake Bay. Appar-
ently, larvae become more at the mercy of currents in this
area than in the Chesapeake. According to Nichols and
Keney (1963) in their analysis of plankton from cruises
of the M/V THEODORE N. GILL, Callinectes zoeae and
megalopae, not identified to species, were found as far as
40 miles offshore. Early stage zoeae were more abundant
near the shore, while more advanced zoeal stages and mega-
lopae were more abundant offshore. The greatest concentra-
tions of all stages of zoeae and megalopae were at stations
20 miles off the coast. There are several species of the genus
Cuallinectes found in this area and their larvae cannot be
distinguished, so the percentage of larvae which were
Callinectes sapidus could not be determined.

In the southeast, nursery areas are similar to those in the
Chesapeake in that bottom types are muddy. Zostera is
found in North Carolina, but the St. Johns River, Florida,
is vegetated with Ceratophyllum, commonly known as
coontail, and Vallisneria, known as eelgrass or tapegrass
(Terry Sholar, North Carolina Division of Marine Fisheries,
personal communication; Tagatz 1968).

The same migration patterns exist along the South
Atlantic coast as have been described for the Chesapeake
Bay area.

ASSESSMENT

Currently along the east coast, blue crab assessment
work is being done from Delaware through Georgia, and
there is interest in getting programs started in New Jersey
and Florida. Nursery and spawning grounds are being iden-
tified so that anticipated encroachment on those areas by
industrial, agricultural, residential, or other developments
can be evaluated. Abundance estimates are being made to
determine current year-class strength and its relation to
that of prior years. Commercial catch predictions are being
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made, using knowledge of year-class strength and environ-
mental conditions which affect survival at various growth
stages. These predictions are a service to industry to assist
them in planning their fishing and marketing activities.

Knowledge of the life history stages and ecology of blue

crabs in relation to research and commerciul gear is essential
for the crab assessment surveys. A generalized time schedule
for this relationship has been developed for the Chesapeake
Bay area, showing the assumed relationship between the
1978 year-class (hatch) of crabs, juvenile crab abundance
surveys made by the Virginia Institute of Marine Science
(VIMS), and the Chesapeake Bay crab fisheries (Figure 1).

1. The peak of epg extrusion and egg carrying occurs
from June through August (1978).

2. Eggs hatch in about 2 weeks so peak larval abun-
dance is in July and August (1978).

3. Juvenile crabs of the new (1978) year-class first
become available to our research trawl survey gear
in September. Throughout the fall, September—
November, we catch the new (1978) year-class of
crabs which are 1/2 to 2 inches carapace width, and
some older and larger crabs of the 1977 year-class.

4. Preliminary abundance estimates are made after
our fall survey work.

5. During the winter, crabs are not vulnerable to our
survey gear because low temperatures inhibit crab
movement.

6. The 1978 year-class of crabs is available to our {rawls
from May through August of 1979, At this time the
crabs are being caught in the peeler fishery.

7. Examination of the size composition and numbers
of crabs in the fall, spring, and summer survey
work leads to an update of abundance estimates.

8. The 1978 year-class of crabs is available to the pot
fishery in late August or September 1979, when the
crabs are about IS months old.

9. Many of the females, recently mated, will migrate
toward the higher salinity areas in late fall to
become the bulk of the winter dredge fishery in
December 1979 through March 1980.

10. 1In the spring of 1980, there should be a continued
migration to higher salinity waters of those females
which did not make the trip to the southern portion
of the Bay the previous fall.
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Figure 1. Generalized time relationship between blue crab life history stages and vulnerability to research and commercial tishing gears.
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11. Both sexes of crabs of the 1978 year-class will com-
prise a small portion of the summer and fall crab
pot fishery of 1980.

12.  Each female may spawn once or twice during the
summer when they are about 2 years old.

13. The females, about 2 1/2 years old, will be a very
small percentage of the 1980—1981 winter dredge
fishery.

14. The remaining crabs of both sexes of the 1978 year-
class will contribute very little to the 1981 pot
fishery in their third and final year of life.

1 suggest that we, whether as scientists, administrators,
or industry representatives, consider several things to get a
better hundle on variations in crab catches and to protect
as well as we can this valuable resource.

There should be better coordination among the various
blue crab assessment agencies. Improvements in crab survey
gear and saumpling techniques should be made along with
comparison of indexes of abundance.

To improve our catch prediction capabilities, we should
concentrate research in several areas. Density-independent
environmental factors, such as temperature, salinity, and
water-transport mechanisms, and density-dependent factors,

such as food availability and predation, should be investi-
galed more completely as to what affect they may have on
various stages in the life history of the blue crab. Particular
emphasis should be put on studying those factors which
most affect the survival of egg, larval, and juvenile forms.

SUMMARY

Blue crabs inhabit various portions of an estuary at
different stages in their life cycle. Mating occurs in the
lower salinity areas. Females move to the high salinity
portions of the estuary and adjacent ocean to spawn. Early
zoeal stages are found in surface layers gradually moving
deeper in the water column as they develop and become
demersal when reaching the megalopal stage. Juvenile crabs
move toward the lower salinity nursery areas as they grow.
Adult males tend to remain in the brackish waters, while
the adult females move to the spawning grounds. Migration
between estuaries appears to be infrequent.

A prediction and management strategy for the blue crab
should be developed in which consideration is given to the
discreteness of the crab stocks at the various life-history
stages, the short-lived nature of the species, and the fluctua-
tions in abundance due to climatological factors and
environmental alteration,
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DISCUSSION

Comment—Elliott Norse: [ have worked on hatching out a

number of species of Callinecres. 1 hatched out nine of
the American species to get the first larvae. One of the
things I found was that prezoeae were indicative of
something wrong, but not necessarily just salinity. It
could also be pollution. I found this out by pure dumb
luck, the way I find out most things. If I kept ovigerous
blue crabs with eggs ready to hatch in a vessel with
circulating sea water, an open seawater system, I virtually
never got hatching as prezoeae unless I greatly disturbed
the females. If, however, I kept the female in a bucket of
water overnight and the eggs hatched, they almost
always hatched as prezoeae. This is something that was
not generally realized in many of the crab-hatching
studies in the past 10 years or so. In some cases, a pre-
zoea may be a normal larva for other kinds of crabs;
however, in the case of blue crabs, I strongly suspect
that it is not.

. Kimball Brown: Is it true, in the fall as the Bay water
temperature declines, if the watermen start dredging
for crabs before the crabs have gone into hibernation,
that it will cause them to disperse and will cause it to be
a poor dredging season?

. Robert (Bob) Harris: I would ask Van to comment on
that.

Comment—Willard Van Engel: So called hibernation in

which the crab is fairly immobile occurs when the
water temperature is about 47°F. But temperatures in
the Chesapeake region do not reach that low level until
sometime after the end of December. Therefore, hiber-
nation, as we might call it, or the slowing down of
activity, or the “bedding in,” of crabs in the lower
Chesapeake cannot occur in December if that kind of
temperature control mechanism is the thing that makes
them stay where they are. If the fishery wanted to have
a situation where no crabs would get up and move when
the dredges pass over them, then the fishery would have
to wait until after the first of January to start its opera-
tion. Economically this would be disastrous to the
fishery, but temperature data for the Bay are not very

large in number. We have been getting, as Bob said, some
data from selected stations; we will be getting additional
information out later,

Q. (Unidentified): Bob, what sort of effect does the crab

dredging during the winter have on the spring spawning?

A. Harris: This has been a big controversy in Maryland and

Virginia for quite sometirhe. Maybe Van would like to
comment on that, too.

Comment—Van Engel: About 85 to 95% of the winter

dredge catch consists of the adult females, which have
not yet spawned. They have mated in the previous fall
and will spawn next suminer. The commercial fishery,
the dredge fishery, takes an average of 10 million pounds
of crabs. If we assume that all of these are adult females
which have not spawned before, then about 2% million
pounds of adult female crabs are taken each month
during the 4-month winter fishery. Of course, this is
not spread out evenly that way; December taking almost
half or 40% of the 4-month catch. During the remaining
8 months, the total landings in the Chesapeake average
about 60,000 million pounds. If you say, one half of
them are males, that means 30,000 million pounds of
temales are taken out of the Chesuapeake in a year. Take
10 million off of that for the winter dredge fishery and
you have 20,000 million pounds less spread over 8 months.
So really there is no great threat; in fact a lesser threat
by the winter dredge fishery in taking adult females
than by the pot and trotline fisheries of Maryland and
Virginia. [ think the sentiment is misplaced; if you look
at the statistics, the dredge fishery is taking crabs prior
to a time when they could be spawning. Now the question
might be . .. these females have nol yet spawned. True,
but in the fall fishery (September, October, November),
there are heavy catches in the Chesapeake of females
that have not yet spawned, and in May and June, there
are many females taken that have not yet spawned.
When you take them in the middle of their adult life or
early in adult life, it makes no difference. Just based on
figures, I don’t think there is any basis for an argument
that the winter dredge fishery is harmful.
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LIVE BLUE CRAB— COOK—— CONTAINER— COOL——CONSUMER

a. Improper steaming or boiling.

b. Crabs put back into original container,
: Cross contaminate cooked crabs with live crabs.

c. Crabs maintained warm for an extended period of

time.

Figure 1. Major points in the processing scheme of blue crab where contamination may take place.

Lake
Charles

SN EN

X X
SIS .-

Rockefeller
Wildlife Pecan
Refuge Island Vermilion D

Bay - ¢

a S =
GULF OF MEXICO

Figure 2. Locations (marked by an “X’") where crabs eaten by patients with cholera were obtained along the Louisiana Gulf coast.

By the end of September, 11 cases of cholera in Louisiana
had been reported to the CDC. Eight of the 11 became ill,
and 3 were asymptomatic. Prior to becoming ill, all had
eaten either steamed or boiled crabs. Those individuals with
symptoms had eaten crabs within 5 days prior to the onset
of illness while the asymptomatic-infected persons had
eaten crabs within 9 days before culture (Center for Disease
Control 1978d). Table 1 summarizes information on each
patient as it relates to the cholera outbreak.

In early October, the FDA recommended to health
officials in Louisiana that a broad area in coastal south-

western Louisiana be closed to commercial and private
crabbing. The failure to do so, said the FDA, could result in
seizure of crabs caught in those areas if they were introduced
into interstate commerce. Louisiana health officials refused
to follow the recommendations stating there was insufficient
evidence of live crabs being contaminated with V. cholerae.
In addition, all water samples were negative for V. cholerae.
Newspaper and radio reports indicated that on Friday,
October 6, 1978, a shipment of Louisiana crabs was inter-
cepted in Baltimore, Maryland, and destroyed at the urging of
the FDA as a precaution against the spread of cholera.
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TABLE 1.

List of Patients (from Dr. Don Allegra, Center for Disease Control, New Orleans, LA).

Case Onset of
No. Age Sex Location Hospitalized Iliness Area Fished Preparation and Handling
1 44 M Abbeville Yes 8/10/78 Rockefeller Wildlife Crabs boiled 20 minutes and then put back
Refuge into storage chest cleaned with soap and
water.
2 52 I Abbeville Yes 9/19/78 Dewitt and Louisiana Steamed crabs 30 to 35 minutes.
FFur Canal
3 IS I Abbeville No No [lness Dewitt and Louisiana Steamed crabs 30 to 35 minutes.
Fur Canal
4 69 M Kaplan Yes 9/14/78 Mud Lake (west of Boiled crabs 10 minutes.
Cameron)
S 19 I Intracoastal Yes 9/18/78 Vermilion Bay Steamed about 30 minutes with paor litting
City lid and crabs put back into storage chest and
eaten 4 hours later.
6 58 | Lafayette Yes 9/24/78 White Lake and Three groups: first and second, boiled 20
Old Intracoastal minutes and put back into same storage ice
Canal chest and eaten about 6 hours later. Third,
boiled 7 minutes and caten 1 to 2 hours later.
7 62 M Lafayette No 9/24/78 Same as above Same as above
56 M Lufayette No 9/24/78 Same as above Same as above
9 12 M Lafayette No 9/27/78 Same as above Same as above
10 47 M Pecan Island No No Illness  Same as above Same as ubove
11 42 F Pecan Island No No Illness Same as above Same as above

Shortly thereafter, a water sample taken from the Old
Intracoastal Waterway, between the Schooner Bayou central
structure and White Lake, was confirmed as having cholera
bacteria. Consequently, state health officials closed this
specific area to commercial and private crabbing. Because
of the uncertainty of further closing of crabbing waters
and the posting of FDA inspectors at airports in Baton
Rouge and New Orleans to examine and/or sample inter-
state shipments of crabs, the industry representing the
affected area petitioned the Louisiana Cooperative Exten-
sive Service for guidance.

Shortly after it was determined that the first few ill-
nesses were not isolated cases, appropriate federal, state,
and local agencies began an intensive sampling program. As
of March 8, 1979, 491 live crab samples, involving approxi-
mately 2,455 crabs, failed to yield any positive results;
from 109 shrimp samples involving approximately 1,448
shrimp, one sample was positive; 75 raw oyster samples
involving approximately 923 oysters failed to yield any
posilive samples; 187 samples of commercially produced
crabmeat did not yield any positive samples. From the
150 crab-plant drains examined, none were positive; from
the 316 estuarine water samples taken, only one was posi-
tive. Since this reporting period, however, another positive
water sample was teken in early April from St. Bernard
Parish. In addition to the above sampling, ice houses were
examined. All 20 ice samples were negative. Results of the

sampling program as of March 8, 1979, are shown in
Table 2.

Even though evidence showed that the problem was
with mishandling practices of recreationally caught, home
prepared and consumed crabs, Louisiana commercial crab
and seafood processors and dealers indicated their sales
were being affected. Retailers and restaurants were especially
affected. As the problem developed, obvious confusion and
gross misunderstanding existed. For example, daily accounts
of the situation in many Louisiana newspapers, television
and radio broadcasts contributed toward an emotionally
involved public. The fact that the disease was not associated
with commercially processed products did not surface in
the numerous media reportings. Consumers were not aware
of exactly how the disease was transmitted or how it could
be controlled, except that some people who had eaten crabs
had become ill from cholera. Consumers often associate
cholera with diseases such as the plague. In addition, federal
and state health officials did not agree on methods ot con-
trolling the problem. The crabbing industry was not
informed of developments, and there was no mechuanism to
do so.

THE VIBRIOS

Vibrio cholerae is a gram negative, actively motile rod
that causes the intestinal disease cholera. This disease is highly
specific to man. Worldwide, there are two major biotypes,
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the Classical and the El Tor. The disease resulting from
ingestion is the same regardless of the biotype. Three sero-
types, Ogawa, Hikojima, and Inaba are known.
Traditionally, the organisms are transmitted to man
through water. In the case of the Louisiana outbreak, the
organisms were transmitted to man from blue crabs, a
water-dwelling species. The incubation period is about 48
hours. Individuals who become ill usually experience
diarrhea. In some cases, severe dehydration may result.
Patients who receive the proper medical attention will
excrete organisms for a few days while untreated patients
may excrete organisms for several weeks. Not all individuals
consuming the organisms become sick. One study (Bart and
Gangarosa (1971) has shown that 75% of the individuals
infected with El Tor biotype were asymptomatic.
Previously, it was thought that V. cholerae did not survive

well in the environment, however, recent evidence indicates
that it may. Vibrio cholerae does not have to be ingested
to produce illness. In 1979, a man from Jefferson Parish,
Louisiana, had V. cholerae 0-1 isolated from a leg ulcer.

Nonagglutanatable V. cholerae (often referred to as
NAGS) are indistinguishable from V. cholerae except
they will not agglutanate 0-1 serum (Hughes et al. 1978).
Although these organisms do not produce the disease
cholera, they may produce a cholera-like illness. NAGS can
be isolated from coastal waters and seafood of the Gulf of
Mexico. There were several NAGS infections identified
in Louisiana in 1979. Like V. cholerae, NAGS can also
produce wound infections.

Vibrio parahaemolyticus has been associated with gastro-
entiritis in humans as a result of ingesting crabmeat (Molenda
et al. 1972).
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Paramoeba-infected crabs, when you find an extremely
gray crab on the Atlantic coast, it almost invariably does
have Paramoeba. You can have crabs that are still white
in appearance which also have fairly heavy infections of
the amoeba; the crabs have not undergone the graying of
the carapace yet. In following years, in subsequent studies
related to mortality, other people from the Oxford
Laboratory and from the University of North Carolina,
looked into these kills. They found seasonal occurrences
of the amoeba in May and June at levels of 15 to 18% of
the crabs examined. I believe, at least [ believe intuitively,
that Paramoeba played a significant role in those mortali-
ties. That is my personal opinion. At that time, peoplewere
looking at Mirex, which was being used along the coasts
of North and South Carolina, as a possible cause of death
for these crabs. There were no Mirex residues of signifi-
cance found in crabs when they were taken during those
periods, therefore, I believe Paramoeba probably played
a greater role in those crab mortalities than pesticides.

Comment—Van Engel: It seems to me that we have a

possible problem here in interpretation of the cause of
mortalities, extensive amounts of mortalities, in different
geographic areas. I have the impression from the literature,
which has been very casually handling the report that
came out of that cooperative study in the Carolinas and
Georgia, that Paramoeba was the primary agent. I dis-
agree entirely with the conclusion reached. Maybe
intuitively you feel it that way, I don’t. I think that
what has happened is that many scientists have casually
said well that is the reason—we won’t look any further
for any evidences of mortality. Admittedly Mirex, DDT,
and its derivatives were found to be at very low quantities.
I think the possible problem here is that other people
have been discouraged or perhaps accepted this as a total
explanation of those mortalities during those mid-1960’s,
and have said we will not look any further. I think that
is the danger in this particular instance. That is why 1
asked John if he would talk to us about Paramoeba, but
I cannot accept his intuitive answer.

Comment—Couch: I had just the opposite impression.

Usually parasitologists and pathologists are rarely called
upon to look into mortalities in marine animals until
the ecologists, fisheries biologists, and a whole host of

other people have had their go at it. My impression
from reading the published cooperative report, I think in
the little blue book, was that Paramoeba was alluded to
as a possible cause of the mortalities of the crabs, but
still there was a great implication that pesticides may
have been involved in the deaths. I did not get that same
impression. Another thing, Van, I think what you are
referring to, and perhaps you would phrase it differently
than I would, is that I would not have said people were
discouraged from looking for causes of mortalities of
these crabs. Perhaps funding agencies used it as an
excuse for not putting more money into the investigation
of the mortality, but I think a lot of people would like
to follow it up. As a matter of fact, Charlie Johnson at
the Oxford Laboratory, followed up on Paramoeba as
a pathologic agent for several years and is still working
on it at Oxford. I think if scientific opinion is misinter-
preted like that, it is not the fault of the scientists.
Often the scientists have to help the fishery people, and
so forth, to look at the right direction for what kind of
studies should be done because, in absence of numerical
data, I think the intuitive opinion of the experts is all
you have. It should not be taken as a point at which to
stop because that appears to be the obvious cause. I
had a slightly different impression of that. I thought the
pesticide people were pushing pretty hard to make it a
pesticide-related mortality myself.

Comment—Van Engel: You are correct, and | was in error.

The blue book cooperative report, as I recall as you
stated correctly, did not state that Paramoeba was very
heavily implicated. It did mention other things, pesticides,
etc. I like your other further explanation.

Comment—Couch: I think when 13 or 15% of the natural

population of any animal species, whether it isan aquatic
species, terrestrial species, or a human population, is
infected with a pathogen which is causing death, we
ought to be alarmed. For example, 11 people with Vibrio,
11 people out of how many million in Louisiana? Rather,
11 people out of how many thousands that ate blue
crabs. That caused quite a significant stir. Eleven people,
that’s not even part of a percent hardly, and we are
talking about 13 or 14% of the blue crab population, for
example, with this infection. Thank you.
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and helminth in muscle tissue of C. sapidus throughout
much of its range is M. basodactrylophallus!

Some ascaridoid nematodes have been implicated in
anisakiasis, a human disease which can cause severe abdom-
inal or intestinal pain and even death. The single species
identified {from the blue crab has not been shown to pene-
trate the alimentary tract of mammals, as has a close rela-
tive found in several penaeid shrimps, other invertebrates,
and fishes. Presumably that worm can infect the crab also,
but infrequently.

A few of the microbial agents infecting blue crabs that
also cause disease in man will be treated separately in this
colloquium.

When consumers cook the blue crab, heat kills the para-
sites and other harmful organisms. However, some gourmet
chefs, especially oriental ones, suggest eating crab and its
juices uncooked for enhancement of flavor. The blue crab
should be cooked.
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spawning females in both Georgia and the northern Gulf of
Mexico, recollects at least 30 fouling species on encrusted,
postspawning females in Mississippi. These include bryozoans,
caprellid amphipods, and at least five hydroids. Large male
crabs occasionally host the bryozoans Membranipora tenuis
Desor and Conopeum tenuissium (Canu), the latter which
when in low-salinity water has some altered morphological
features and can be mistaken for M. fenuis. Rather than
being attached to the crab’s carapace, the high-salinity
sessile forms usually attach to the barnacles Chelonibia
patula and Balanus venustus niveus.
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distribution. If managerial decisions are to be made to
protect the blue crab resource, then both qualitative and
quantitative information regarding the resource must be
better described, including its relationship to chemical,
physical, and biological factors of the aquatic ecosystemn, as
well as its economic value. There is a growing awareness of
the effects of specific factors on aquatic life. Temperature,
salinity, and substrate are the primary factors affecting
growth, survival, and distribution of the blue crab. That
these factors are optimal in the Chesapeake Bay is suggested
by the fact that hard-shell crab landings by Virginia and
Maryland watermen account for 45% of the total of east
and Gulf coast landings (of those that are reported).

Surface water temperature in the bay normally ranges
from 30 to 80°F, with lower and higher values being
recorded. Salinities where crabs have been found range
from fresh water to 34 ppt. Male crabs and juveniles of
both sexes adjust to low salinities at low temperatures during
winter when crabs are in the tributaries of the bay. Adult
female crabs cannot adjust to these conditions in winter.
Their migration each fall to the deeper waters of the
southern end of the Chesapeake Bay, where salinities are
greater than 15 ppt and temperatures are greater than 38°F,
removes them from the stress in most winters. Watermen
relate extreme winter cold to large dredge catches of dead
female crabs in winter and a subsequent scarcity of crabs
in their catch the following spring. After the extreme cold
spells in the Chesapeake region in January 1977 and in
February 1978, dead crabs were found in the dredge catch
through March, varying from 20% of the catch in the
southern, more saline portion of the bay, to 100% at the
Virginia-Maryland border, where the salinity averages 15 ppt.
Landings of crabs from January through May 1977 were
only 29% of the 5-month average catch for the prior 18
years, and landings from February through May 1978 were
50% of the 4-month average landings of the last 18 years.

Eelgrass (Zostera) beds and tidal marshes are nursery
grounds for juvenile blue crabs. The decimation of celgrass,
beginning in 1973 in the Chesapeake Bay and continuing
to the present, coincides with a gradual decline in blue crab
landings. In 1972, the Chesapeake Bay blue crab catch was
72 million pounds. The catch declined to 45 million pounds
in 1976, adecrease of 37%. A striking parallel exists between
the recent decrease inlandings and the reduction in landings
between 1930 and 1934. The commercial catch of 60.5
million pounds in 1930 declined to 36 million pounds in
1934, a decrease of 40% over 5 years. Explanations are
varied for the die-off of the eelgrass in these two periods,
separated by over 40 years. Warmer than normal winter
and summer water temperatures occurred in the bay since
1972 these variations would discourage regrowth in winter
and encourage massive defoliation of eelgrass in summer.
Cownose rays, which cause destruction of eelgrass beds by
digging for bivalves for food, are not believed to have been
numerous enough to cause more than isolated instances of

the disappearance of eelgrass. Herbicides are a potential
pollutant and would be delivered to the rivers and the bay
along with other chemicals in agricultural runoff. Their
alfects on eelgrass are now being studied. The original
demise of eelgrass in the early 1930s in the Chesapeake Bay
has frequently been ascribed to a mycetozoan called
Labyrinthula.

Alternative evidence has been given that Labyrinthula
does not kill Zostera but invades already destroyed plants.
Also, it has been suggested that the 1930 Zosfera die-off
could have been caused by abnormal winter temperatures.

That commercial crab landings did not disappear during
these two episodes suggests that the eelgrass beds are not
the sole nursery grounds for blue crabs in the Chesapeake
Bay. The value of tidal marshland as a nursery ground
should be investigated.

Low pressure centers accompanied by high winds over
the southern end of Chesapeake Bay occur frequently in
winter. Winds blowing onshore or offshore for long periods
of time produce large magnitude water currents, called
wind tides. When the wind is blowing onshore, there will
be a strong onshore surface current and a strong offshore
subsurface current. The strength of these currents will be
enhanced in relatively shallow water, such as in the Chesa-
peake Bay and on the Virginia coast, and when there is a
large atmospheric pressure difference occurring in the
passage of a storm center.

Apparently, crabs on the bay bottom can be helplessly
swept along by these currents, and their shells abraded by
the rough, sandy bottom. On February 16, 1964, thousands
of dead female blue crabs were washed ashore at Virginia
Beach, on the ocean side of Virginia, south of the mouth of
the bay. These females had matured and mated the previous
fall and could have spawned in about 4 months. They were
not old, not reproductively exhausted females such as are
seen dead along the southern shore of the buy each fall.
Their top shells were smoothly abraded, superficially
exposing a chalky layer, but often the shell was worn
through. On March 6, 1969, the day after a storm had
moved through the southern end of the Chesapeake Bay,
over 40% of the crabs caught by crab dredgers had abraded
shells; one half of them were dead. The abrasions were
distinctly different from the marks of dredges. About 14%
of the crabs were crushed, or had dredge tooth marks
through the carapace or were missing the carapace. Atmos-
pheric pressure at the center of the low was 972 mb at its
passage through the southern end of Chesapeake Bay on
March S. The position of the low at 0700 EST on March 7
is shown in Figure 2.

Variations in the chemical, physical, and biological
factors may be man made. Some have been described as
being stresses on water quality and act upon physiological
processes or ecological relationships or both. Pollution
crises have become more common in news headlines, not
because more of them are occurring now than there were






92

VAN ENGEL

25 or 50 years ago, but because we have developed more
sensitive types of analytic instruments, devised better field
sampling techniques and performed more numerous and
more accurate, acute and chronic bioassays of potential
pollutants on marine and estuarine organisms.

Awareness of chemical pollutants grows larger every year.
Dichloro-diphenyl-trichloroethane (DDT), which had the
most widespread use of all pesticides in the Chesapeake
region from the end of World War Il until the early 1970s,
produced a characteristic paralysis and, ultimately, the
death of blue crabs that were directly exposed or had
consumed contaminated carcasses of other animals. The
annual mortality from this pesticide remains unknown.
The chlorinated hydrocarbon pesticide Kepone, released
into the James River from the late 1950s to late 1975, was
more restricted geographically in the Bay than was DDT.
Mortality and lower rates of molting of crabs can be caused
by the accumulation of the insecticide through consumption
of contaminated live or dead animals which had accumulated
Kepone. Commercial landings and juvenile crab abundance
estimates have been lower in the James River than in the
adjacent York and Rappahannock rivers for the past 15 years.
However, the contribution of Kepone-related mortality
to total deaths is unknown. There are numerous other
potential sources of mortality in the James River. Between
the James, York, and Rappahannock rivers, stresses on
water quality are greatest in the James which has the heaviest
industrial and municipal uses.

Sediment is the most significant pollutant from agricul-
ture affecting water quality, although little is known of
the full nature of its effects except for physical alteration
of the substrate and reduction of light penetration. Pesti-
cides, herbicides, fertilizers, and animal wastes, which are
carried off the land, are potential aquatic poliutants dissolved
in the water or adsorbed on sediment particles. Soft-shell crab
shedding losses dramatically increase following each heavy
rainfall in summer in the Chesapeake region, especially

when the water is colored with suspended sediments.

Isolated instances of crab and fish mortalities occur in
small tributaries following excessive freshwater runoff.
Rapid decomposition of organic matter washed from the
land, and decomposition of animals and plants killed by
fresh water deplete the oxygen from the upper reaches of
the tributary. The oxygen-depleted water mass then moves
downstream with an ebb tide and a wave of mortalities
ensues. After heavy rains in Norfolk, Virginia, in August
1949, refuse from a city sewage outfall overflowed into the
Lafayette River. Decomposition and the resulting depletion
of oxygen killed thousands of fish and crabs. Dissolved
oxygen ranged from 0.2 to 1.4 ppm.

Low levels of dissolved oxygen are barriers to the migra-
tion of juvenile crabs from high salinity waters at the
southern end of the bay to the brackish waters ot the tribu-
taries, and barriers to foraging by all sizes of crabs in the
deeper channels of the rivers. Oxygen depletion in the
deeper waters of Chesapeake Bay and in the Rappahannock,
York, and James rivers occurs frequently in middle and late
summer. Over the past 30 years, commercial crab-pot
fishermen have frequently reported dead blue crabs in pots
set in summer in deep waters in the mouth of the Rappa-
hannock River and along the western shore of the Bay from
the Patuxent River, Maryland, to New Point Comfort,
Virginia.

During juvenile blue crab abundance surveys in the
Potomac River in 1979, the only year we have trawled in
that river, we found dissolved oxygen levels in the deeper
waters to be as low or lower than those in other rivers we
surveyed.

In summary, I have described probable important causes
of mortality among blue crabs in the Chesapeake Bay.
Intuitively and through circumstantial and some direct
evidence, I believe that 10 to 50% of the crab population
may die at any one time from one or a combination of
physical and chemical factors.
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resource management responsibilities may need to take the
lead in requesting legislation. However, it is difficult for a
state agency to influence the political structure. Without
legislative mandates statistical analysis is crippled from the
beginning.

Education of Processors

The bulk of the blue crab catch is purchased by crabmeat
producers and live crab shippers. The necessity of producing
a wholesome product has placed the processor under the
regulatory authority of state health departments. However,
the health department is interested in the quality of the
product and not in the quantity, The processor is forced by
economics to determine the number of pounds of live crab
purchased and the number of pounds of crabmeat product
processed. With the processor identitied and the record
keeping already established, it would appear that the bulk
of the landings of blue crab could be determined if proper
education of the processor was undertaken. The main
deterrent here is a lack of faith in the confidentiality of the
information and the ultimate use of the information. There
must be some method to assure confidentiality and to ensure
that the end use of the information is for resource manage-
ment that will ultimately upgrade and benefit the industry.
This is the responsibility of a convinced industry association.

Nonreported Use of the Resource

Bootleg activities are clandestine by necessity. Roadside
vendors, recreational fishermen, direct-sale fish markets,
all affect the landings. There is no problem that money
cannot solve. Creel surveys, and investigation of roadside
vendors have been successfully conducted. The problem of
bootlegging is a difficult matter.

Licensing

It is generally agreed by those who are charged with the
responsibility of regulation that it is necessary to license
commercial and recreational crabbers. The purpose is not
to gain financial benefit to the state, but rather to identify
who is harvesting the resource. Without this information,
regulation and data keeping are difficult.

Tagging Pots

The identification of the harvesting instrument is a key
to managing the resource because it provides information
concerning catch and effort. It is also helpful in preventing
theft. There are no restrictions of the industry in the
determination of how many units are involved in the
harvesting of the resource.

With the preceding suggestions implemented, it is possible
that an accurate statistical base could be developed and
responsible management decisions made.

HISTORY OF EXPLOITATION

Histcry does not record the name of the seafood hero

and venturesome gourmet who first beheld the spidery
clawed crustacean and began to think of dinner. Qur hoary
forefathers may have observed the ever-present gull dining
on crab or perhaps in the stomach contents of a recently
slain dinner of drum; he may have seen the partially digested
remains of Callinectes sapidus and then reasoned that the
animal was good to eat. Whoever is responsible for the first
pursuit, capture, demise and devouring of that delectable
delicacy, the Blue Crab, he or she did usall a favor. At the
tomb of the unknown seafood gourmet, we lay our grateful
wreath bearing the legend, “To Whom It may Concern.”

In the light of cold statistics, the first Gulf states to
record landings were Louisiana and Texas in the year 1880.
It was 1927 before all five states reported landings. It was
1936 before any significant amount of crabs was reported.
The statistical effort ceased during World War II, and
resumed in the middle 1940’s.

The first crab-picking plants were begun in 1924 in
Berwick and Morgan City, Louisiana. In 1934, Westwego
began the production of crab meat. Commercial picking
plants were developed in 1958 in Texas.

The blue crab industry has not been subjected to the
close scrutiny of dedicated historians. It is difficult to
determine who has responsibility in this area.

However, following World War 11, the industry developed
rapidly. Many of those pioneer processors are still avail-
able and their fund of information could provide a fascina-
ting picture of the second beginning of the blue crab
industry in the Gulf states. It might be important that some
agency begin to address this potential.

In the beginning, the crab fisherman utilized longlines or
trotlines to gather his harvest. These were simple, inexpensive
lengths of line, baited at intervals, and run as soon as they
were set. Some lines extended for a mile or more. The crabs

- were taken from the bait by eithera hand-held dip net orby a

mechanism in which the line was passed over rollers and the
crab dropped into a framed net which was emptied as it filled.

The development of the crab pot in the 1950’s was the
end of the longline because of the efficiency of the pot.
In fact, with the exception of bush lines for peeler crabs,
there is no other statistically significant method of taking
crabs in the Gulf states.

There is industry resistance to trawl-caught crabs or
dredged crabs even though the states have regulations
concerning trawls and dredges. The primary factor in the
discouragement of trawl-caught crabs is the superior quality
of the pot-caught crab and the seasonality factor which
brings trawl-caught crabs to the processor at a time when he
is receiving ample pot-caught crabs. Trawling or dredging
winter crabs concerns many processors, not only because of
quality, but because of the lack of information concerning
the effect on breeding stock, thus making the industry
reluctant to consider these practices. Innovation in pot
design consists of refining the basic trap developed in the
1950°s and fully utilized in the 1960’s.
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TABLE 1. TABLE 4.
Florida landings of blue crabs (in pounds). Louisiana landings of blue crabs (in pounds).
21% 35% 28% 16% 17% 27% 30% 26%
Year Jan—Mar Apr—Jun Jul—Sep Oct—Dec  Year Jan-Mar Apr=-Jun Jul-Sep Oct—Dec
1970 2,747,091 3,974,435 4,140,573 2,813,681 1970 1,948,298 2,635,329 2,604,567 3,066,006
1971 2,510,399 4,220,122 3,118,495 2,201,013 1971 2,374,034 3,518,210 3,393,391 3,026,792
1972 2,555,845 4,137,630 2,576,197 1,403,595 1972 2,428,873 3,420,556 5,418,159 3,917,052
1973 1,280,437 3,704,329 2,899,775 1,713,704 1973 3,838,910 7,757,453 5,877,938 5,725,331
1974 2,452,056 2,999,287 2,727,046 1,955,448 1974 4,588,166 5,386,398 6,039,156 4,721,277
1975 3,308,194 4,254,597 3,285,559 1,959,807 1975 3,007,022 5,257,365 5,207,359 3,782,303
1976 2,506,501 4,671,447 3,385,927 1,484,569 1976 2,373,455 4,498,686 4,994,029 3,433,078
1977* 2,499,000 4,165,000 3,332,000 1,904,000 1977 2,109,782 4,771,727 4,751,098 4,764,285
1978* 2,415,000 4,025,000 3,220,000 1,840,000 1978 1,858,478 2,512,073 6,036,413 4,497,283
1979* 2,407,650 4,012,750 3,210,200 1,834,400 1979*% 2,952,900 4,689,900 5,211,000 4,516,200
1980* 2,365,230 3,942,050 3,153,640 1.802,080 1980* 2,778,140 4,412,340 4,902,600 4,248,920
*Extrapolated {rom annual reported landings. *Extrapolated from annual reported landings.
TABLE 2. TABLE 5.
Alabama landings of blue crabs (in pounds). Texas landings of Blue crabs (in pounds).
9% 31% 38% 22% 13% 31% 32% 24%
Year Jan—Mar Apr—Jun Jul—-Sep Oct—Dec  Year Jan—Mar Apr—Jun Jul-Sep Oct-Dec
1970 118,370 319,296 556,479 413,103 1970 499,800 1,328,300 2,065,600 1,631,700
1971 138,257 1,003,951 527,657 327,425 1971 777,800 1,887,600 1,858,100 1,286,100
1972 154,590 356,154 773,408 328,254 1972 958,800 2,261,400 2,138,900 1,105,300
1973 209,287 756,079 828,693 304,412 1973 854,100 2,137,100 2,242,900 1,647,000
1974 250,635 760,567 560,432 254,074 1974 953,200 2,084,100 1,863,000 1,187,300
1975 260,330 363,056 616,712 426,386 1975 978,300 1,667,600 1,769,000 1,576,600
1976 104,839 440,873 547,321 205,620 1976 1,320,200 2,005,700 2,064,300 1,278,200
1977 49,564 521,160 805,344 798,074 1977 808,800 2,508,500 2,786,900 2,144,400
1978 224,576 453,711 862,878 467,761 1978 1,070,400 2,379,000 2,382,500 1,637,600
1979* 118,260 407,340 499,320 289,080 1979 546,000 2,425,000 1,617,600 2,150,720
1980* 140,130 482,670 591,660 342,540 1980* 1,190,280 2,838,360 2,929,920 2,197,440
*Extrapolated from annual reported landings. *Extrapolated from annual reported landings.
Even though crab buyers seldom willingly buy undersize
crabs, Texas and Louisiana legislate a 5-inch minimum-size
TABLE 3. legal crab. Alabama permits a 4-inch minimum. Louisiana,
Mississippi landings of blue crabs (in pounds). Florida, and Mississippi require licenses. Louisiana and
Florida tag and/or color code traps and limit the number to
14% 29% 27% 20% 300 pot.s maximum per crabber. Most Gulf states p[Ohlblt
Year Jan—Mar Apr—Jun Jul—Sep Oct—Dec  the taking of egg-bearing females. Rules and regulations
- are presented in Appendix 1.
1970 399,800 518,240 580,800 528,590
1971 214,660 347,800 478,100 218,450 CONCLUSION
1972 101,000 306,700 583,000 364,900
1973 179,300 547,850 741,000 346,300 In conclusion, one topic needs to be considered. In the
1974 310,920 759,200 473,900 123,000 increasing demand for energy and the expanding marine
;3,7]2 ;?i;gg zigggg ii?;gg %;gggg resource-user based, the crab fishery can scarcely compete
1977 154.000 452600 713.000 567.000 dol@arwme for an eql{ltable share of thf already extended
1978 191,500 532,900 832,500 383,200 environment. It is estimated that 20% of our wetlands have
1979* 183,540 380,190 485,070 262,200 been lost to production. Our nurseries are vital to a con-
1980* 384,720 796,920 741,960 549,600  tinued healthy industry. The really big confrontation is

*Extrapolated from annual reported landings.

yet to come. Who gets to use what and what can they do

| m o
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TABLE 12.

Historical hard-shell blue crab landing statistics, 1880—-1980.
(thousands of pounds; thousands of dollars)

Florida
West Coast Alabama Mississippi Louisiana Texas Total
Year  Quantity Value Quantity Value Quantity  Value Quantity Value Quantity Value Quantity  Value
1880 - - - - — - 288 7 36 1 324 8
1887 2) ) (2) (2) 38 1 837 13 111 4 2) (2)
1888 3 1) 96 6 16 (1) 851 13 115 4 1,081 23
1889 - — — - 48 1 842 14 189 5 1,079 20
1890 - - - - 33 1 851 13 191 5 1,075 19
1891 2) ) 2) (2) ) (2) (2) 2) (2) (2) (2) 2)
1892 (2) 2) ) 2) (2) 2) 2) () 2) (2) (2) 2)
1895 2) (2) (2) Q) 2) 2) 2) (2) 2) 2) 2) (2)
1897 6 (1) 24 1 132 3 1,459 13 138 4 759 21
1898 2) 2) 2) 2) (2) 2) ) ) (2) (2) (2) (2)
1899 2) (2) 2) ) (2) 2) (2) ) (2) 2) (2) 2)
1901 (2) (2) (2) ) (2) (2) ) 2) (2) (2) ) (2)
1902 1 (1) 75 2 235 5 312 16 43 2 1,666 25
1904 (2) (2) (2) (2) (2) (2) ) ) ) 2) (2) 2)
1905 ) (2) ) 2) (2) 2) 2) 2) 2) (2) ) 2)
1908 2 @)) 246 6 380 10 244 8 199 ) 1,071 29
1915 2) (2) ) (2) (2) 2) 2) (2) 2) (2) (2) 2)
1918 - - 96 3 216 6 282 10 193 11 787 30
1919 2) 2) ) 2) ) ) ) (2) (2) 2) 2) (2)
1920 2) ) 2) (2) 2) (2) 2) (2) (2) ) (2) )
1921 2) (2) (2) (2) (2) (2) (2) (2) 2) ) (2) 2)
1922 ) ) ) ) (2) 2) (2) ) 2) (2) (2) 2)
1923 - - 84 3 435 11 312 8 109 9 940 31
1924 (2) 2) ) 2) () (2) (2) () (2) 2) 2) )
1925 2) 2) 2) 2) ) (2) 2) Q) (2) 2) (2) 2)
1926 ) ) 2) 2) (2) ) (2) ) (2) 2) ) (2)
1927 12 1 32 1 2,426 62 1,091 51 121 9 3,682 124
1928 7 1 102 4 1,518 40 2,320 78 300 12 4,247 135
1929 2 ) 103 3 1,247 33 2,675 78 163 11 4,190 125
1930 4 (1) 80 1 673 11 4,186 63 29 1 4972 76
1931 4 (1) 78 1 454 7 4,985 53 49 1 5,570 62
1932 4 (D) 70 1 320 5 5,878 57 45 1 6,317 64
1933 (2) (2) @) 2) 2) 2) (2) 2) ) (2) ) 2)
1934 49 1 257 4 603 7 11,676 164 258 13 12,843 189
1935 2) 2) (2) (2) (2) 2) 2) (2) 2) 2) 2) (2)
1936 821 12 997 14 2,011 30 12,576 168 320 8 16,725 232
1937 775 12 756 11 1,435 25 14,717 195 922 24 18,605 267
1938 1,104 16 511 8 1,016 17 10,533 106 971 24 14,135 171
1939 722 11 558 8 1,469 25 11,228 129 406 8 14,383 181
1940 1,170 16 1,381 28 1,488 26 14,062 172 252 6 18,353 248
1941 2) 2) 2) (2) (2) 2) (2) (2) 2) 2) 2) (2)
1942 (2) 2) 2) 2) 2) 2) (2) 2) (2) 2) 2) (2)
1943 (2) ) (2) (2) 2) (2) Q) (2) (2) (2) 2) 2)
1944 2) (2) (2) 2) (2) 2) (2) 2) (2) ) ) (2)
1945 1,092 54 2,207 110 5,639 282 31,280 1,418 339 39 40,557 1,903
1946 ) (2) (2) (2) ) (2) (2) ) - (2), (2) (2) (2)
1947 2) (2) 2) ) (2) (2) (2) (2) () (2) (2) (2)
1948 ) (2) 2,373 119 5,503 275 21,110 608 526 34 (2) (2)
1949 2,056 91 2,128 106 4,163 208 17,874 555 374 22 26,595 982
1950 684 27 599 26 4,040 202 13,106 599 387 30 18,816 884
1951 2,076 83 1,109 46 1,623 82 8,710 461 280 24 13,798 696
1952 1,984 89 655 39 1,726 86 7,334 314 338 24 12,037 552
1953 3,153 126 1,087 54 1,412 71 8,131 333 432 39 14,215 623
1954 2,903 145 972 49 1,256 68 7,085 294 379 26 12,595 582
1955 4954 248 1,613 81 1,763 88 10,811 449 356 29 19,497 895

1956 3,728 180 725 36 1,979 99 9,402 433 195 20 16,029 768
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TABLE 13.

Historical soft-shell blue crab landing statistics, 1880—1980.
(thousands of pounds; thousands of dollars)

Florida
West Coast Alabama Mississippi Louisiana Texas Total
Year  Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity  Value
1880 2) 2) (2) 2) (2) ) 2) 2 2) 2) (2) 2)
1887 2) 2) 2) 2) 15 1 133 7 - - 2) (2)
1888 - - - — 40 1 143 7 - - 183 8
1889 - - - - 19 1 147 8 — - 166 9
1890 - - - - 15 1 130 7 - - 145 8
1891 2) () (2) (2) 2) 2) 2) (2) (2) 2) 2) 2)
1892 2) (2) ) 2) ) (2) (2) ) 2) (2) ) (2)
1895 (2) ) (2) ) 2) @) (2) () (2) (2) ) (2)
1897 - - - - 21 2 — — - - 21 2
1898 2) (2) 2) 2) ) 2) ) (2) ) 2) (2) (2)
1899 (2) () (2) (2) 2) 2) (2) ) 2) (@3] (2) )
1901 (2) (2) 2) (2) (2) (2) 2) Q) (2) (2) (2) (2)
1902 (1) ) — - 30 3 - - - - 30 3
1904 2) 2) (2) ) 2) (2) (2) (2) (2) (2) ) 2)
1905 2) (2) 2) ) 2) 2) ) 2) ) (2) 2) (2)
1908 - - — - 47 6 78 21 1 (N 126 27
1915 (2) (2) (2) ) (2) (2) 2) 2) (2) (2) 2) (2)
1918 - - - — 9 2 - - 1 (1) 10 2
1919 2) 2) 2) @ (2) @) 2) (2) 2) (2) (2) (2)
1920 (2) 2) (2) 2) (2) (2) ) 2) 2) ) (2) 2)
1921 (2) (2) (2) ) 2) 2) 2) 2) (@3} (2) (2) (2)
1922 (2) (2) (2) ) 2) (2) 2) (2) (2) ) (2) (2)
1923 — - - - 9 2 3 1 - - 12 3
1924 (2) (2) 2) ) (2) 2) (2) (2) (2) 2) (2) 2)
1925 2) (2) (2) ) 2) (2) 2) 2) ) (2) (2) 2)
1926 (2) 2) (2) (2) 2) 2) (2) (2) ) 2) 2) 2)
1927 — - — — 8 2 137 48 — — 145 50
1928 - - 3 67 12 183 52 — - 253 65
1929 - - 4 12 4 81 25 - - 97 30
1930 - - 1 (1) 6 2 146 58 - - 153 60
1931 - — 1 (1) 5 1 121 45 - - 127 46
1932 - - 1 (1) 4 1 99 25 — — 104 26
1933 2) 2) ) 2) ) (2) () (2) (2) (2) 2) (2)
1934 — - 2 () 4 1 651 86 - - 657 87
1935 (2) ) ) (2) 2) 2) (2) 2) ) 2) ) (2)
1936 - - 1 (1) 3 1 365 53 - - 369 54
1937 2 (D) - - 2 (@8] 329 51 - — 333 51
1938 - — — - — - 248 37 - - 248 37
1939 - - - - - - 215 33 - - 215 33
1940 - - — — ) (1) 252 40 - - 252 40
1941 2) (2) (2) ) 2) ) (2) (2) (2) 2) (2) 2)
1942 2) (2) 2) (2) 2) (2) 2) 2) ) (2) 2) (2)
1943 ) (2) ) ) (2) (2) 2) (2) ) (2) (2) (2)
1944 (2) (2) ) ) (2) (2) (2) (2) 2) 2) (2). 2)
1945 — — - — - - 2,370 1,706 - - 2,370 1,706
1946 2) 2) (2) (2) (2) ) (2) ) 2) (2) 2) (2)
1947 (2) (2) (2) 2) (2) 2) 2) (2) ) (2) 2) 2)
1948 2) 2) — - - - 881 440 — — 2) 2)
1949 — — — — — — 455 192 - - 455 192
1950 1) €8] N (1) - — 364 165 - - 364 165
1951 4 n (1) 6 2 350 188 - - 360 191
1952 15 - - 15 4 448 215 — - 478 221
1953 3 09 — - (1) (1) 488 203 - - 491 203
1954 (1) (1) — - - - 455 215 - - 455 215
1955 1 (1) - — 7 3 581 290 — - 09 293
1956 1 — — 6 1 600 250 - - 607 252
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the total number of blue crabs possessed by the licensee,
excluding bait blue crabs.

Protection of female crabs — unlawful to take egg-bearing
female crabs and in Chambers, Galveston, Harris, and
Victoria counties it is unlawful to buy or sell a female
crab that has its abdominal apron detached and was
taken from coastal waters.

Restrictions on fishing methods, gears, etc.

(a) In Aransas, Brazoria, Cameron, Jackson, Jefferson,
Kennedy, Kleberg, San Patricio, Matagorda, Nueces,
Orange, Refugio, and Willacy counties, crabs may be
taken in any number and at any time by dip net, set
line, hand line, gig, trotline, crab pot, and 20-foot seine.
Crabs taken during legal shrimping operations may be
retained. Crab traps must be marked with the owner’s

name, address and license number imprinted on material
as durable as the trap. All crab traps shall be marked
with a floating visible buoy not less than 10 inches
above the water and 10 inches in width, or with plastic
bottles of not less than one gallon size. Crab trawls
with a webbing size of not less than 5 inches stretched
mesh are permitted in coastal waters as defined in
Section 77.001, Texas Parks and Wildlife Code.

(b) Crabs may be taken only by crab lines, hooks or
lines, trotlines and no more than three (3) crab pots per
person in Burnett Bay, Scott Bay, Crystal Bay, and
Black Duck Bay in Harris County.

(¢} No crab traps may be placed within 200 feet of a
marked navigable channel orin a net-free zone in Aransas
County.
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Section 3. Section 372.72, Florida Statutes, is amended to read:
372.72 Disposition of Fines, Penalties, and Forfeitures.——

(1) All moneys collected from fines, penalties, or forfeitures of bail of persons convicted under this chapter shall
be deposited in the fine and forfeiture fund of the county where such convictions are had, except for the disposition of
moneys as provided in subsection (2).

(2) All moneys collected from fines, penalties, or forfeitures of bail of persons convicted of violations of rules,
regulations, or orders of the Game and Fresh Water Fish Commission concerning endangered or threatened species, or for
violation of ss. 372.662, 372.663, 372.6645, 372.671, or 372.667, shall be deposited in the Endangered and Threatened
Species Reward Trust Fund. ‘ A

Section 4. The sum of $10,000 is appropriated from the General Revenue Fund to the Game and Fresh Water
Fish Commission for the purposes of establishing the Endangered and Threatened Species Reward Trust Fund.

Section 5. This act shall take effect October 1, 1979.
Approved by the Governor June 28, 1979,

Filed in Office Secretary of State June 29, 1979.

FLORIDA DEPARTMENT OF NATURAL RESOURCES
202 BLOUNT STREET
CROWN BUILDING
TALLAHASSEE, FLORIDA 32301

APPLICATION FOR PERMIT TO TRAP BLUE CRABS

| hereby make application for permit as indicated herein and do declare the following to be true and correct.

NAME AND ADDRESS This space for address correction or use if
label is missing.

PLEASE PRINT YOUR NAME

ADDRESS

CITY OR TOWN

) X STATE ZIP CODE
Maximum number of traps fished:
i . o COUNTY
Do you fish full-time for blue crabs? That is, is this
your only occupation?
YES NO Blue crab trap permit number last year:
V.

Telephone Number:
Boat Registration or Documentation number:

(Area Code) (Number) FL 0o
Colors on buoys and boat: ' In whose name is boat registered?
Address

Counties where products are landed:

Do you sell small blue crabs {less than 5 inches wide) as: Bait E‘
Soft Shell Crabs O
Neither D

| have read the appropriate laws accompanying this form, and understand that a viotation of any regulations
concerning blue crab trapping may be cause for revocation of the blue crab trapping permiit, and that | am to
have my permit whenever | arm engaged in blue crab trapping.

Signature of Applicant Date

DNR 105 (18}
(Rev. 4/20/79
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Figure 1. Total annual hard
Atlantic states, 1950-1978.

blue crab landings for the middle
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YEAR

Figure 2. Annual percent contribution of the major gears to hard
blue crab landings for the middle Atlantic states, 1950-1977.

1960s, there was an accompanying decrease in the number
of fishermen and boats.

Recreational crabbing is very popular in the mid-Atlantic.
During 1976, it was estimated that over 60,000 man-days
were spent crabbing recreationally in Delaware (Richard W.
Cole, personal communication). In both New Jersey and
Delaware, crabs are caught recreationally with pots, hand
lines, trot lines, and collapsible traps.

The soft and peeler crab industry is somewhat limited.
Since 1970, Delaware and New Jersey reported landings on
an average of 40,000 pounds per year. Peelers are caught
almost exclusively with standard blue crab pots.

New Jersey and Delaware have regulations dealing with
the time and method of fishing. Licenses are required, and
Delaware has a limit on the number of pots that can be used
per license.

Mid-Atlantic data are summarized in table form in the
appendix,

CHESAPEAKE BAY REGION

Chesapeake Bay is the major blue crab production area

TABLE 1.

Numbers of gear units, fishermen, and boats operating in
the blue crab fisheries of the middle Atlantic states,

1950-1975*
Year Pots Trot line baits  Dredges Fishermen Boats
1950 1,780 49,200 70 236 132
1951 2,490 29,800 64 223 124
1952 6,800 24,600 69 219 146
1953 7,360 13,250 55 195 139
1954 9,125 18,200 88 279 180
1955 8,065 29,200 64 297 159
1956 8,310 21,850 88 313 162
1957 7,950 16,600 112 346 161
1958 6,300 15,807 167 403 191
1959 5,444 10,750 110 290 141
1960 8,020 7,700 162 319 182
1961 5,580 5,400 64 154 92
1962 8,107 9,150 68 235 130
1963 5,450 8,700 57 171 103
1964 6,074 19,000 24 116 85
1965 6,132 1,350 39 124 102
1966 4,859 0 33 113 75
1967 5,197 0 21 93 69
1968 3,228 0 15 65 49
1969 4438 0 12 92 68
1970 6,321 0 0 108 102
1971 6,240 0 S 90 86
1972 10,915 0 45 190 158
1973 14,214 0 69 307 248
1574 24,129 0 83 420 306
1975 26,387 0 93 464 362

*In this and subsequent tables the number of fishermen and boats
are those reported to fish blue crab gear specifically.

with a long history and rich tradition associated with its
fishery. It produces approximately 60 million pounds per
year. Blue crab catches in the Chesapeake region since 1950
have been somewhat steady, although there have been
yearly fluctuations in landings (Figure 3). Viginia generally
leads Maryland in crab production.

As seen in Figure 4, the importance of pots for harvesting
blue crab has been on the increase. This has been accom-
panied by a general decrease in importance of trot lines.
Production by dredges has remained the same although
fluctuating somewhat from year to year. In recent years,
trot lines have contributed insignificantly to Virginia s crab
landings, but in Maryland, ll].'ey contributed about 30 to
40% of the catch annually. Dredging is done generally in the
Virginia portion of lower Chesapeake Bay from December
through March. Scrapes (small, lightweight dredges) are used
primarily for catching peelers on the Eastern Shore. Pots
are used throughout Chesapeake Bay from April to Decem-
ber. In addition, other gears such as peeler pots, bank traps,
channel pounds, and fyke nets are used mainly on the
Eastern Shore to catch peelers.

From 1950 to 1975, the number of pots used increased
steadily in Chesapeake Bay (Table 2). The number of trot












TABLE A2.  Annual landings* and percent contribution of hard blue crabs by gear, New Jersey, 1950-1977.

Year Pot Percent Trot Line Percent Dredge Percent Pound Net Percent Dip Net Percent Wier Percent Haul Seine Percent Trawl Percent Total

1950 1,3184 619 7350 345 4.2 0.2 70.0 33 3.8 0.2 2,131.4
1951 524.3 50.1  470.0 45.0 4.6 0.4 42.6 4.1 4.0 0.4 1,045.5
1952 2928 275 420.4 394 321.7 30.2 3.6 0.3 8.4 0.8 16.0 1.5 3.7 0.3 1,066.6
1953 3428  61.5 146.5 26.3 56.6 10.1 1.9 0.3 7.4 1.3 1.4 0.3 1.2 0.2 557.8
1954 549.2 631 271.6 31.2 17.8 2.0 2.8 0.3 17.4 2.0 11.9 1.4 870.7
1955 359.0 57.0 81.4 12.9 161.9 25.7 1.5 0.2 13.1 2.1 5.1 0.8 6.6 1.0 1.0 0.2 629.6
1956 3764 544 59.0 8.5 2328 33.6 3.5 0.5 13.3 1.9 6.5 0.9 0.9 0.1 692.4
1957 8751 721 86.1 7.1 196.8 16.2 36.3 3.0 12.6 1.0 6.2 0.5 0.6 <0.1 1,213.7
1958 379.2 437 161.6 18.6 318.7 36.7 1.9 0.2 5.5 0.6 1.6 0.2 868.5
1959 586.8 59.7 51.2 5.2 3425 34.8 0.5 0.1 1.8 0.2 0.5 0.1 983.3
1960 11,0379 677 70.2 46 4231 27.6 1.7 0.1 1,532.9
1961 459.1  71.0 18.2 2.8 161.4 25.0 0.7 0.1 2.0 0.3 4.1 0.6 0.9 0.1 646.4
1962 1,188.0 789 50.3 3.3 266.1 17.7 0.2 <0.1 0.5 <01 1,505.1
1963 694.2  80.6 36.2 42 1304 15.1 0.2 <0.1 861.0
1964 4946 86.8 0.7 0.1 74.2 13.0 569.5
1965 728.6  80.5 4.1 0.5 172.6 19.1 905.3
1966 5713 835 112.7 16.5 684.0
1967 416.8 89.8 47.6 10.2 464.4
1968 1135 84.0 216 16.0 135.1
1969 607.5 977 14.6 2.3 622.1
1970 7509 999 0.4 0.1 751.3
1971 1,0534 953 48.8 4.4 0.4 <0.1 1,102.6
1972 1,2546 825 180.8 11.9 0.3 <0.1 1.2 0.1 1,520.7
1973 19422 755 628.6 244 1.3 0.1 2,572.1
1974  2,345.6  88.1 02 <01 3141 11.8 1.3 <0.1 2,661.2
1975 2,331.7 81.2 535.9 18.7 2.4 0.1 2.870.0
1976  2,011.4  74.6 682.1 25.3 0.9 <0.1 1.6 0.1 2,696.0
1977 2669  68.3 123.6 31.6 0.1 <0.1 390.6

#Landings in thousands of pounds.
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TABLE A4.  Annual landings* and percent contribution of hard blue crabs by gear, Maryland, 1950-1977.

Year Pot Percent Trot Line Percent Dredge Percent Scrape Percent Pound Net Percent Dip Net Percent Total

1950 8,806.8 32.0 18,349.1 66.7 202.9 0.7 127.0 0.5 36.5 0.1 27,522.3
1951 12,026.4 443 14,899.3 54.8 138.4 0.5 77.8 0.3 34.5 0.1 27,176 .4
1952 11,153.6 40.6 15,799.2 57.5 305.6 1.1 2249 0.8 15.9 0.1 27,499.2
1953 11,664.8 4472 14,303.5 54.2 256.0 1.0 130.2 0.5 13.4 0.1 26,367.9
1954 9,263.0 48.6 9,597.7 50.3 86.7 0.5 107.3 0.6 18.7 0.1 19,073.4
1955 7,278.3 47.8 7,771.5 51.0 72.5 0.5 90.7 0.6 18.5 0.1 15,231.5
1956 11,911.1 56.2 8,415.3 39.7 75.2 0.4 775.2 3.7 31.0 0.1 21,207.8
1957 15,9247 56.1 10,747.7 37.9 98.5 0.3 1,513.9 5.3 83.2 0.3 28,369.0
1958 15,661.3 57.8 11,070.1 40.9 104.0 0.4 220.3 0.8 39.7 0.1 27,095.4
1959 11,887.4 56.1 9,062.9 42.8 577 0.3 160.6 0.8 18.5 0.1 21,187.1
1960 15,446 .4 571 11,2221 41.5 192.9 0.7 183.7 0.7 229 0.1 27,068.0
1961 13,854.0 52.0 12,597.2 47.3 12.3 <0.1 167.9 0.6 26.9 0.1 26,658.3
1962 14,883 .4 53.8 12,573.3 45.5 10.1 <0.1 176.0 0.6 18.3 0.1 27,661.1
1963 8,481.0 50.1 8,320.8 491 30.1 0.2 974 0.6 4.6 <0.1 16,933.9
1964 12,060.5 53.5 10,361.6 46.0 24.6 0.1 87.8 0.4 5.7 <0.1 22,540.2
1965 17,5924 55.0 14,2539 44.5 5.2 <0.1 82.1 0.3 57.8 0.2 6.6 <0.1 31,998.0
1966 16,187.7 53.3 14,051.3 46.3 86.7 0.3 40.7 0.1 6.4 <0.1 30.372.8
1967 12,833.6 522 11,634.2 473 72.6 0.3 35.6 0.1 11.9 <0.1 24,5879
1968 5,003.3 53.5 4,264.4 45.6 71.9 0.8 54 0.1 9,345.0
1969 13,053.2 56.7 9,812.8 42.6 129.9 0.6 5.9 <0.1 12.1 0.1 23,0139
1970 14,2832 573 10,496.2 42.1 1335 0.5 6.4 <0.1 16.1 0.1 24,935.4
1971 15,394.1 59.0 10,549.1 40.5 107.2 0.4 4.7 <0.1 19.9 0.1 26,075.0
1972 13,7254 58.5 9,639.8 41.1 91.1 0.4 8.8 <0.1 16.6 0.1 23.481.7
1973 11,4764 58.7 7.943.7 40.7 95.6 0.5 8.1 <01 14.8 0.1 19,538.6
1974 15,448.7 62.6 9,091.0 36.9 97.4 0.4 7.7 <0.1 15.5 0.1 24,660.3
1975 15,649.1 64.5 8,499.0 35.0 93.0 0.4 7.5 <0.1 15.4 0.1 24.264.0
1976 12,9184 66.5 6,424.7 331 68.5 0.4 7.0 <0.1 10.9 0.1 19,429.5
1977 12,7139 66.1 6,440.6 33.5 70.0 0.4 9.0 <0.1 9.9 0.1 19,2434

*Landings in thousands of pounds.
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TABLE A6.  Annual landings* and percent contribution of hard blue crabs by gear, North Carolina, 1950-1977.

Year Pot Percent Trot Line  Percent Trawl Percent Dredge Percent Dip Net  Percent Haul Seine Percent BagNet Percent Total

1950 4,414.5 66.1 2,265.7 33.9 0.3 <0.1 6,680.5
1951 4,709.2 60.2 3,113.0 39.8 7,822.2
1952 4.700.2 76.3 1,461.5 23.7 6,161.7
1953 185.7 1.8 8,524.3 81.3 1,776.9 16.9 10,486.9
1954 350.0 3.6 7,675.3 78.9 1,701.9 17.5 9,727.2
1955 1,800.0 19.0 6,781.9 71.5 898.2 9.5 9,480.1
1956 44712 542 3,263.9 39.6 509.9 6.2 8,245.0
1957 3,530.2 305 6,184.0 534 1,857.4 16.1 11,571.6
1958 3,749.1 29.9 7,061.5 564 1,712.9 13.7 12,5235
1959 6,736.8  45.7 5,866.9 39.8 1,785.0 11.9 380.2 26 14,738.9
1960 6,072.9 407 5,744.0 385 3,044.8 204 75.0 5 14,936.7
1961 6,030.1 37.9 6,479.8 40.8 3,370.2 21.2 11.0 0.1 15,891.1
1962 49643 406 4,957.0 40.6 2,300.0 18.8 12,221.3
1963 11,7553 624 3,555.1 18.9 3,525.0 18.7 18,8354
1964 13,296.5 55.2 4,745.0 19.7 6,050.0 25.1 24,091.5
1965 8,935.2  40.0 54349 243 7,963.6 35.7 22,3337
1966 7,9664 421 2,920.3 154 8,027.4 424 18,914.1
1967 4,071.8 285 2,740.0 19.2 7,440.6 52.1 2.2 <0.1 17.7 0.1 14,272.3
1968 7,820.5 408 2,965.1 15.5 8,358.2 43.6 27.4 0.1 19,171.2
1969 11,6123 524 2,716.4 12.3 7,830.6 35.3 22,1593
1970 13,1488  63.0 2,263.1 10.8 5,468.3 26.2 20,880.2
1971 10.893.0 753 14128 9.8 2,169.7 15.0 14,475.5
1972 10,924 .8 81.0 1,119.3 8.3 1,435.3 10.6 13,4794
1973 9,436.3 78.9 2415 2.0 2,275.4 19.0 9.9 0.1 11,963.1
1974 11,173.5 84.9 435.4 3.3 1,554.7 11.8 13,1636
1975 7,879.2 71.2 374.4 34 2,818.5 25.5 11,072.1
1976 8,005.1 68.2 572.3 4.9 2,426.7 20.7 727.5 6.2 11,731.6
1977 9,528.1 78.0 387.7 3.2 2,304.9 18.9 12,220.7

*Landings in thousands of pounds.
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TABLE A8. Annual landings* and percent contribution of hard blue crabs by gear, Georgia, 1950-1977,

Year Pot Percent Trot Line Percent Trawl Percent Dip Net Percent Total
1950 1,320.0 26.3 2,662.6 53.0 1,045.0 20.8 5,027.6
1951 1,055.0 16.2 3,936.4 60.3 1,535.0 23.5 6,526.4
1952 1,987.7 21.0 3,060.1 324 44104 46.6 9,458.2
1953 5,962.8 62.9 1,538.0 16.2 1,985.0 20.9 9,485.8
1954 6,289.0 59.1 2,091.5 19.7 22594 21.2 10,639.9
1955 4,767.8 444 3,965.0 36.9 2,012.5 18.7 10,745.3
1956 5,293.7 62.0 875.7 10.3 2,140.8 25.1 232.1 2.7 8,542.3
1957 6,088.8 67.9 659.5 7.4 2,067.7 23.1 1518 1.7 8.967.8
1958 5,655.5 55.5 598.8 5.9 3,658.3 359 272.3 2.7 10,184.9
1959 7.908.2 62.4 283.5 2.2 4,192.6 33.1 298.2 24 12,682.5
1960 10,111.7 64.1 174.2 1.1 5,107.4 32.4 372.7 2.4 15,766.0
1961 7,653.8 62.2 148.6 1.2 3,965.3 322 544.5 4.4 12,312.2
1962 7,517.9 61.1 110.0 0.9 4,095.3 333 580.0 4.7 12,303.2
1963 8,022.3 55.3 221.3 1.5 4,286.0 36.5 970.4 6.7 14,500.0
1964 2,859.4 24.8 100.8 0.9 8,484.5 73.6 87.2 0.8 11,531.9
1965 2,964.7 289 73.3 0.7 7,089.7 69.1 131.3 1.3 10,259.0
1966 4,102.3 479 4,409.3 51.5 44.1 0.5 8.555.7
1967 4,140.4 48.7 4,356.1 51.3 8,496.5
1968 2,229.1 60.8 1,439.8 39.2 3,668.9
1969 3,469.9 67.4 1,647.2 32.0 29.7 0.6 5,146.8
1970 4,386.5 61.8 2,705.7 38.2 7,092.2
1971 5,224.1 61.9 3,211.4 38.1 8,435.5
1972 6,145.7 67.8 2,913.9 322 9.058.6
1973 5.515.6 69.1 2,468.6 30.9 7,984.2
1974 8,087.4 79.8 2,043.6 20.2 10,131.0
1975 7,398.4 83.5 1,466.8 16.5 8,865.2
1976 5,289.0 90.1 583.6 9.9 5,872.6
1977 7,390.3 95.7 331.2 4.3 7,721.5

*Landings in thousands of pounds.






124
SHOLAR

TABLE A10.  Annual landings* and pexcent contribution of soft and peeler blue crabs by gear, Maryland, 1950—-1977,

Year Pot Percent Trot Line  Percent Scrape Percent Pound Net Percent Dip Net  Percent Total

1950 168.7 5.8 2149 7.4 2,342.7 80.8 171.8 5.9 2,898.1
1951 94.4 4.7 130.8 6.5 1,667.9 82.5 128.5 6.4 2,021.6
1952 97.6 6.1 135.5 8.5 1,253.5 79.0 101.0 6.4 1,587.6
1953 101.0 5.3 120.3 6.3 1,586.3 83.2 98.3 5.2 1,905.9
1954 859 7.7 81.7 7.4 845.7 76.3 95.5 8.6 1,108.8
1955 90.3 7.5 83.8 7.0 938.4 78.1 88.5 7.4 1,201.0
1956 85.0 4.6 72.1 3.9 1,582.6 86.5 89.2 4.9 1,828.9
1957 9354 27.0 195.9 5.6 2,226.2 64.2 ) 111.5 3.2 3,469.2
1958 685.8 21.0 163.4 5.0 2,318.4 71.0 ' 917.7 3.0 3,265.3
1959 232.0 11.8 79.8 4.0 1,623.3 82.3 37.9 1.9 1,973.0
1960 328.6 11.8 94.2 34 2,324.0 834 41.1 1.5 2,787.9
1961 257.1 9.6 94.4 3.5 2,302.6 85.5 37.9 1.4 2,692.0
1962 333.8 8.6 117.9 3.0 3,397.9 87.3 42.4 1.1 3,892.0
1963 198.2 9.4 121.6 5.8 1,782.7 84.6 5.6 0.3 2,108.1
1964 264.6 7.6 153.8 4.4 3,067.0 87.7 12.5 0.4 3,497.9
1965 3375 12.5 137.2 51 1,993.7 74.0 212.1 7.9 13.6 0.5 2,694.1
1966 189.6 10.1 134.8 7.2 1,358.5 72.1 189.4 10.1 11.8 0.6 1,884.1
1967 254.7 11.6 163.7 7.5 1,558.6 71.3 190.0 8.7 19.3 0.9 2,186.3
1968 123.2 12.3 99.7 10.0 723.7 72.3 50.0 5.0 5.0 0.5 1,001.6
1969 161.9 7.2 110.0 4.9 1,740.8 77.3 202.7 9.0 35.2 1.6 2,250.7
1970 103.4 10.2 63.6 4.0 1,212.2 76.7 167.3 10.6 333 2.1 1,579.8
1971 156.3 10.2 60.9 4.0 1,170.8 76.5 106.7 7.0 354 2.3 1,530.1
1972 107.3 6.8 52.7 33 1,274.8 80.9 112.7 7.2 27.3 1.7 1,574.8
1973 126.8 8.4 41.7 2.8 1,193.8 78.9 125.5 8.3 25.7 1.7 1,513.5
1974 101.2 5.6 58.3 3.2 1,438.3 79.0 194.5 10.7 29.3 1.6 1.821.6
1975 153.8 9.3 47.8 2.9 1,231.6 74.5 200.0 12.1 20.7 1.3 1,653.9
1976 156.6 10.6 521 35 1,073.5 72.8 175.0 11.9 16.5 11 1,473.7
1977 70.1 6.1 45.6 4.0 8733 75.8 150.4 13.1 12.7 1.1 1,152.1

*Landings in thousands of pounds.
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of troughs has recently opened in Mississippi (Anon. 1979,
Perry et al. 1982). This large closed system claims to produce
60 to 90 dozen soft-shell crabs per day during the peak
season for peelers. Currently, Louisiana and Maryland
crabbers are trying to develop practical closed systems for
use near shore and inland. Thus the present trend in soft-
shell crab production is toward closed systems, but produc-
tion from these systemsstill depends on a source of premolt
crabs or peelers.

PEELER HARVEST

Regardless of the shedding system used, all methods
gradually became more dependent on the selective harvest
of premolt blue crabs or peelers. Initially, peelers were
collected at random. Folk tales recommended soft-shell
crab hunting was best during the light of a full moon when
peelers were more visible. Some producers argued that more
crabs molt on the dark moon when darkness provided pro-
tection from predators. The influence of the moon phase
on blue crab molting has not been studied, but the commer-
cial soft-shell crab “experts™ agree it is a definite part of
the soft-shell crab “‘art.”

Crabbers who had learned the signs for the premolt
condition would sort for peelers caught in their traps or on
their trotlines. Crabs caught in traditional crab traps or pots
were more difficult to examine and subject to damage
which would adversely affect the shedding process. Crabs
caught on trotlines (continuous lines of special baits tied at
measured intervals) could be individually examined and
were in better postharvest condition. Trotlines were produc-
tive and yielded the preferred peeler, but were more labor
demanding than traditional pots.

“Jimmie” potting was the first, simple attempt at
selective harvesting of premolting blue crabs. The principle
of the system was to use 1 to 3 large male crabs (jimmies)
as a live “bait” to attract female peelers. Female blue crabs,
during their last (terminal) molt, will mate with a mature
male crab. One large jimmie can attract many female peelers.
The males are placed in a closed compartment to prevent
cannibalism. The jimmie pot is built of 1-inch mesh wiring
as opposed to the 1.5-inch mesh used in common crab pots.
The effectiveness of the jimmie pot would depend on the
availability of free male crabs. A region and/or season with
a high female-to-male crab ratio is best for jimmie potting.

Some crabbers have used empty, unbaited pots (bare
potting) to attract peelers of both sexes. These bare pots are
constructed of 1-inch mesh wiring. A recent modification of
this pot,using shading material to enclose the pot as an “artifi-
cial habitat,” has been demonstrated as a potential method
to harvest peelers in South Carolina (Bishop et al. 1982).

In 1870, a patented crab scrape was invented for towing
through shallow grassbeds often inhabited by blue crabs
in premolt conditions (Warner 1976). The scrape consisted
of a rectangular metal frame (approximately 1 X 4 square
feet) weighing about 40 pounds and was equipped with

colton netting to bag the catch and a bridle for towing
from a small skiff. The frame would scrape through the
grass, cutting well above the root line and capture peelers
seeking grassy protection. Some hand-operated push
scrapes have been equipped with rollers to facilitate the
flow through the grass.

Bush lines and peeler pounds have also been used to
catch peelers from specific habitats. Bush lines are artificial
habitats created by bush cuttings strung in waters 3 to 6
feet deep (Horst 1979). One bush line can consist of over
100 bushes tied in one long row between permanent posts.
After the peelers seek the bushes for protection, the line
is periodically lifted for harvest. Bush lines made with
cuttings from wax myrtles are most popularly used in
Louisiana. Peeler pounds are modeled after the traditional
Chesapeake Bay fish pounds (Van Engle 1979). A wire
mesh (1 square inch) lead is built perpendicular from the
shore, running into the ‘“heart” which channels the crabs
into the head section (wire mesh, I square inch). The head
(approximately 3 X 4 X 5 cubic feet) is situated such that
the high tide line does not cover the entire trap. The crabber
can harvest the peelers directly from the top of the trap.
The selectivity of the peeler pound for premolt crabs is not
well understood, but location of the pound is critical. Loca-
tion depends on availability of peelers, but should avoid
destructive tidal flow.

Presently, peelers are harvested by all methods previously
discussed, but each method is area specific. The crab scrapes
and peeler pounds used in the Chesapeake Bay are not
suited for use in more southern regions which lack broad,
shallow grassbeds and gentle tidal flows. The traditional
wax myrtle bush line has not been used outside of Louisiana.
Hopefully, jimmie potting and the recently introduced artifi-
cial habitats (Bishop et al. 1982) will have more universal
application. Overall the common crab trap remains the
most popular source of peeler crabs. Despite damage
caused during harvesting and sorting, crab traps are more
practical and offer additional income from hard-shell crabs.
Peeler production from crab traps depends on the location
fished and the ability of the crabber to select true peelers.

Thus, the development of the soft-shell crab industry
has been an evolution of methods designed for convenient
mass shedding; and the shedding methods used have always
depended on a source of premolt crabs. Use of peelers
minimizes the holding time in the shedding facility and
assures a higher percent shedding. Use of green crabs (non-
peelers) would require feeding and monitoring of water
quality. Despite the extra care, experience indicates that
the extra labor is no assurance that green crabs would survive
and shed. Successful soft-shell crab shedding operations are
designed to minimize the work required for this labor-
intense art.

PRODUCTION AND VALUE

Average annual production (and/or landings—terms used












134
OTWELL AND CATO
TABLE 3.
Total annual landings and value of hard- and soft-shell blue crabs in states that record a substantial soft-shell crab fishery.
Market Form
Hard-Shell Crab Soft-Shell Crab
Hard-Shell Crabs oft-Shell Crabs Soft-shell crab landings Soft-shell crab landed value
Thousands Cents Thousands Cents (as % of hard-shell (as % of hard-shell
Year of pounds per pound1 of pounds per pound1 crab landingsz) crab landed value)
NEW JERSEY
1970 538 0.15 18 0:24 3.3 54
1971 1,153 0.16 15 0.33 1.3 2.8
1972 1,437 0.22 15 0.30 1.0 1.4
1973 2,572 0.26 23 0.67 0.9 2.3
1974 2,745 0.24 126 0.42 4.6 7.9
1975 2,870 0.22 39 0.41 1.3 2.5
1976 2,696 0.31 90 0.44 3.3 4.8
1977 390 0.38 5 0.53 1.3 1.7
Average 1,800 41 2.1 3.6
DELAWARE
1970 na na na na na na
1971 1,014 0.20 9 0.56 09 2.5
1972 2,552 0.26 10 0.80 0.4 1.2
1973 2,373 0.26 18 0.72 0.8 2.0
1974 2,248 0.18 73 0.71 3.2 13.0
1975 3,551 0.22 34 0.71 1.0 31
1976 3,565 0.30 na na na na
1977 862 0.35 na na na na
Average 2,309 29 1.3 4.4
MARYLAND
1970 24,935 0.08 1,579 0.42 6.3 32.1
1971 23,935 0.09 1,530 048 5.9 29.6
1972 23,482 0.10 1,575 0.48 6.7 31.8
1973 19,539 0.14 1,513 0.50 7.7 27.4
1974 24,660 0.16 1,822 0.57 7.4 25.4
1975 24,264 0.18 1,654 0.53 6.8 20.3
1976 19.429 0.24 1,474 0.73 7.6 234
1977 19,243 0.24 1,512 0.92 7.9 29.9
Average 22,703 1,582 7.0 27.5
VIRGINIA
1970 42,416 0.06 909 0.37 2.1 14.2
1971 47,807 0.08 693 0.46 1.4 8.7
1972 48,554 0.08 858 0.48 1.8 10.4
1973 36,746 0.11 983 0.41 2.7 12.2
1974 40,850 0.10 814 0.49 2.0 9.5
1975 34,319 0.14 754 0.51 2.2 7.7
1976 25,761 0.20 761 0.72 3.0 10.8
19717 37,160 0.18 695 0.84 1.9 8.7
Average 39,264 808 2.1 10.3
NORTH CAROLINA
1970 20,380 0.06 59 0:39 0.3 1.9
1971 14,476 0.08 49 0.51 0.3 2.2
1972 13,479 0.10 50 0.58 0.4 2.2
1973 11,963 0.13 45 0.62 0.4 1.8
1974 13,164 0.10 33 0.70 0.3 1.7
1975 11,072 0.13 20 0.85 0.2 1.2
1976 11,732 0.20 20 1.32 0.2 1.1
1977 12,221 0.18 16 1.06 0.1 0.8
Average 13,573 37 0.3 1.6
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shed crabs. Materials used to construct the tanks may include
wood, fiberglass, plastic, or concrete. Cedar and redwood
should not be used. Tanks constructed of wood, concrete
or cinder blocks should be sealed with a nontoxic epoxy
paint (one without a heavy metal base), epoxy resin, or
fiberglass. Before the tanks are put into operation, they
should be filled with water and flushed two to three times
to leach out any toxic materials or impurities.

Corners and obstructions in the tank collect debris and
can be areas subject to low concentrations of dissolved
oxygen. The incoming flow of water should be directed
into the tank in such a manner as to achieve adequate circu-
lation and eliminate dead areas. Rounding of corners aids in
water circulation and may prevent crabs from “bunching.”

Waler can be sprayed into the tanks though a closed
supply pipe with holes in the cap or through a series of
holes in an overhead pipe. A venturi aspirator can also be
used. Pumping water through holes in a pipe achieves
acration by breaking the surface tension and trapping air
into the water. One problem encountered with this type of
aeration is that the holes may clog and require periodic
cleaning. A venturi functions by reducing air pressure as
water velocity is increased when water is forced through a
constriction. The resulting vacuum draws air through a
connection or tee and thereby traps air in the water.

Commercial venturi aspirators are available from hot tub
distributors. They can also be built from PVC fittings
(Figure 18). A %4- by A-inch reducing bushing is sanded on
the outside so that it can be placed backwards into a long
arm of the tee. A %-inch polypropylene adapter is then
screwed into the bushing so it faces the inside of the tee.
The insert is cut off so that it just fits the throat of the tee
fitting. A 4-inch length of pipe is glued into the upright arm
of the tee. It is sometimes possible to improve the efficiency
by using a short length of pipe in the outflow arm of the

(&

—4——LENGTH OF
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Figure 18. Venturi aspirator.

fitting. The venturi can be used to direct currents in the
tanks so that dirt and debris collect in the center of the
tank. Other methods of aeration include air pumps and
mechanical agitators. Air compressors and aquarium air
pumps force air through diffusers. Agitators mechanically
trap air from the atmosphere into the water.

The tanks can be drained by a hole in the sides or the
bottom. Drains should e 1-% inches or larger and, if
plumbed into the bottom of the tank, they should be tlush
with the floor to allow easy cleaning. The water level is
controlled by the length of pipe fitting into the drain (a
standpipe).

A self-flushing tank can be made by placing a notched
pipe of larger diameter over abottom standpipe (Figure 19).
This causes water to be drawn from the bottom of the tank,

pulling some debris with it.

Figure 19, Detail of the drain showing a standpipe with a draw down
hole and a venturi to cause the water to be drawn off the tank bottom.
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Loss of power or a mechanical breakdown that shuts
off water circulation can be detrimental if prolonged.
Drilling a small hole (%-inch) in the standpipe approximately
Y-inch above the bottom of the tank will allow the system
to drain (Figure 19), leaving enough water over the crabs
to keep them alive. The crabs will actively aerate the gills
with atmospheric oxygen by bubbling water. If the crabs
are completely submerged, the oxygen in the water will
be quickly used up, foul, and the crabs will dic. In a
closed recirculating system, the lowest tank in the system
should be deep enough to hold the excess water from
the draw down of the crab tanks when pump
failure occurs.
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only dictates the rate at which the crabs excrete and secrete
their metabolic by-products, but also determines the micro-
bial utilization of these by-products. Nitrification and
mineralization are particularly affected by changes in
temperature. When temperatures are lowered, a time lag
may develop in the conversion of nitrogenous substances.
In elevated temperatures, these conversions may take place
at a more rapid rate. The sudden heating or cooling of the
system may adversely affect its equilibrium.

Biological filters require a period of time to develop. In
new systems it is advisable to allow at least 1 month for
conditioning of the filter. Filtrant bacteria can be intro-
duced into the system by the addition of natural bay water
or marine organisms that normally carry various types of
bacteria, by the addition of soil-nitrifying bacteria, or by
inoculation from an established filter bed. The latter two
methods are suggested to decrease the time period required
for the filter to develop. To obtain nitrifying bacteria from
soil, Paparella (1979) advises that well-cultivated garden
soil be put into a jar and the jar filled three-quarter full of
fresh water. After shaking vigorously, the soil should be
allowed to settle out and the overlying liquid can then be
gently added to the system. Individuals having access to
established recirculating seawater systems (home aquaria,
mariculture facilities) may simply introduce some of the
filtrant material and water from these systems into their
own filter bed. Once the bacteria are introduced into the
system, steps must be taken to supply the nutrients neces-
sary for their growth and proliferation. The addition of
marine catfish or hard crabs prior to the introduction of
shedding crabs is recommended. Catfish or hard crabs will
supply the metablic by-products necessary for bacterial
growth and, at the same time, are resistant to ammonia
toxicity. Once the system has been conditioned, it is
ready to receive premolt crabs. An effective filter is one in
which the microbial population of the filter bed is in equi-
librium with the normal input of waste from the crabs. A
balance has been reached when the nitrogen compounds
processed by the filtrant bacteria are equal to those pro-
duced by the crabs. Factors that upset this balance adversely
affect the ability of filtrant bacteria to assimilate the meta-
bolic waste products of the crabs under culture. Although
filtrant bacteria can accommodate gradual changes in the
number of crabs added to the system, a sudden, drastic
increase in the load may result in measurable increases in
the levels of ammonia and nitrate. If the filter beds are
overloaded, permanent rises in the levels of ammonia and
nitrate will exist. The addition of such a super-rich organic
load can have the same effect on the filtrant bacteria and
algae that overfertilization has on a garden. Conversely,
during periods when the system contains few or no shedding
crabs, a few fish or hard crabs should be kept in the system
to maintain the filters.

Secondary water treatment is an essential part of the
biological filtration system and is accomplished by the

culture of marine macroscopic algae. The specics selected
for culture should be a filamentous or leafy variety, and
must be tolerant of the salinity in the system. In most
instances, the algae used to inoculate the tank can be
collected locally from natural waters. Shallow tanks with
large surface areas are more conducive to the culture of
algae than are deep tanks. The algal tank must be provided
with light, either natural or artificial, for the plants to con-
duct their photosynthetic processes. Care should be taken
to ensure that the algae remain confined in its tank and
do not grow throughout the system. Growth and spread
of the algae are controlled by light. Keeping the biological
filter and crab tanks in dim light will help to prevent the
spread of algae through the system.

As with the microbial population of the biological
filter, the growth and viability of the algae under culture
will depend upon the supply of available nutrients. Again, a
balance or equilibrium is established belween the crab
wastes processed by the bacteria and the subsequent uptake
of nutrients by the algae. A reduction in animal load will,
in turn, reduce the microbial population which may cause a
loss of some of the algae. An increase in animal load (pro-
viding it does not exceed the carrying capacity of the system}
may have the opposite effect.

To fill the system initially, saline water can be transported
from natural waters or fresh water can be mixed with arti-
ficial sea salts to obtain the proper salinity. The salinity of
the crab shedding system will depend upon the salinity of
the water from which the peeler crabs are to be harvested.
Municipal tap water should be aerated for a period of
3 days to remove any chlorine in the water. The salinity of
the system should be checked periodically. As the water in
the system evaporates, the salinity will increase and fresh
water must be added to bring it to its original level. An
easy and inexpensive method of measuring salinity is to use
a hydrometer. These may be purchased in a pet store, but it
is best to have a direct-reading hydrometer with an expanded
scale (available from Kahl Scientific Instrument Corporation,
P.O. Box 1166, El Cajon, CA 92022, catalog number
110WA130). Pet store hydrometers are normally designed
to read full seawater (36.0 ppt) and are not accurate at the
salinities found in most crab-shedding systems (2.0 to
10.0 ppt).

Any shedding facility should be under a roof to afford a
more constant environment for the crabs. Covering the
facility will eliminate problems from rainfall and keep debris
out of the tanks. It will also aid in temperature control. If
natural light is desired for the algae tank, it can be placed
outside of the shed or building, but it must be covered with
a transparent material such as plastic, fiberglass panels, or
glass.

It is important to remember that any substance added to
a closed system will remain indefinitely, and care should be
taken to avoid the introduction of nonmetabolic contam-
inents such as hand lotions, tobacco, and insect sprays.












152

PERRY ET AL

dozen. I think some type of common terminology should
be adopted. We need to establish some standards, either
weight or some other means, so we are talking in the
same terms.

Comment—Eugene Jaworski: I would suggest standardiza-
tion by weight, perhaps calling 7-ounce crabs or larger,
jumbos; 4- to 7-ounce crabs, mediums; and under
4 ounces, small crabs.

Comment—May Usannaz: I would like to comment on an
earlier topic. If you put a crab in a box and hold him
too long, he will get box burn and will turn back and
not shed. '

Comment—Willard Van Engel: I think it is a good praclice
to discard any crab that does not shed within 10 days.
This is a Chesapeake [Bay region] practice. You are
wasting your space and your time by holding a crab
which has gone backward or is not going forward. To
have to cull it over and over again is a good waste of
time. Get rid of crabs that have box burn or ones that
have picked up a lot of “moss.” Getting back to a green
crab system, it is important to remember that a green
male crab will stop going through the molting process
if there are females in the tank with it. He will double
with them and want to wait until that female sheds to
mate with her. He will stay away from shedding day after
day as long as he is in a tank with females that are close
to molting. If you are going to hold green crabs, you
might want to hold the sexes separately.

Comment—(unidentified): We have had some obvious white
sign crabs in our tanks revert back.

ERRATA

FIGURE 23, P. 147.

SYNTHETIC,

Q. Lee Seymour: Van, did you say that they discard crabs
further than 10 days away from shedding to keep from
culling them over and over again?

A. Van Engel: What | said was that it is traditional in the
Chesapeake systems to separate the crabs into busters,
red signs and pink signs, and then white signs and hair
signs, although they don’t like to hold white signs and
hair signs. The pink and red signs are checked every
4 hours. The white signs and hair signs are checked
every three days. If these crabs have not progressed by
the third culling, they are discarded. That is common
practice in the Chesapeake.

Comment—Lee Seymour: I've found that I can kcep white
lines in with the pink and red lines and | don’t have any
white lines turning back—male or female.

Comment—Van Engel: This is what is done in Maryland and
Virginia. It may be that the warmer temperaturcs you have
down here or the different quality of water may make a
difference. From the point of view of economics, if you
can buy busters and pink and red signs only, and hold them
you turn the whole quantity of crabsover in your system
every 3 days. You are making more money with less elfort.

Comment—Seymour: For every pink line or red linc crab
brought in by a crabber, there are 100 to 150 white
line or hair signs. You can shed more crabs by accepting
the earlier signs.

Comment—Van Engel: You have a real problem with a
scarcity of peelers.

Comment—Seymour: Let me correct that—we don’t have a
scarcity of peelers—we have a scarcity of “catchers.”

KNOTLESS

WEBBING SHOULD READ PLASTIC SCREEN -
WEBBING RESTS ON FILTER PLATE.

PAGE 149,SECOND PARAGRAPH.

ONE-QUARTER

INCH HOLES SHOULD READ TWO,ONE-EIGHTH

INCH HOLES.
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Figure 1. Annual ex-vessel blue crab prices (actual and deflated) and quantities landed in the United States, 1950—-78.

A relatively lower price might have been expected for such
large crab landings in 1965.

In the 1970, the general price level in the United States
underwent the sharpest inflation rates in peacetime history
(Peterson 1978). These inflationary trends within the United
States economy have probably affected blue crab price
trends as well. [n the 1970—78 period, the visual comparison
of deflated prices with annual landings does display some
responsiveness to quantities landed (Figure 1).

REGIONAL TRENDS

Annual prices in the major regions have increased through
time (Figure 2) with the Chesapeake Bay states region
generally higher than the Gulf and South Atlantic states
regions prices before 1969. After 1969, the Gulf or
Chesapeake Bay region prices have usually been the highest
annual average ex-vessel price for hard-shell blue crabs. The
mean annual prices were 8.64, 7.52, 9.13 cents per pound,
respectively, for the Chesapeake Bay, South Atlantic, and
Gulf states during the 1955~77 period.

The price differences between the Chesapeake Bay

and the South Atlantic states may be indicative of buying
practices by crab processors during the 1950’s in the South
Atlantic states. Some fishing communities in these states were
apparently isolated from market information in the Chesa-
peake Bay states (H. F. Prytherch, personal communication).
In recent years, interstate shipment of live crabs by both
processors and other buyers has generally mitigated this
problem. In addition, the contribution of lower _ iced trawl-
caught crabs (see Harvesting Gear Effects section) to South
Atlantic states prices may have also decreased the average
annual price compared to the Chesapeake Bay states.

HARVESTING GEAR EFFECTS

Major harvesting gears used during the 1955-77 period
were crab dredges and scrapes, otter trawls, pots, and
trotlines (Table 2). Data for pots and trotline landings have
been pooled. Since the 1950’s, pots have replaced trotline
gear as the major hard-shell blue crab harvesting gear in the
United States. Ex-vessel price for trotline- and pot-caught
crabs compared to dredge and scrape prices indicated no
significant difference (Table 3).
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PRICE—RESPONSE EQUATIONS

Estimated price-response equations for hard-shell blue
crab in the United States, by regions and gear, are given
in Tables 4 to 6. Regression coefficients provided predictive
information concerning the possible effects of the quantity
of crabs and income. It is recognized that these equations
may be subject to simultaneous equation bias but given
project objectives and cost, this problem was not investi-
gated. In these equations, total disposable personal income
in the United State may represent a linkage between prices
and demand derived from higher population levels and
higher disposable incomes. The income coefficients in all
equations (Table 4 to 6) were significant. Previous analysis
for the 1947—71 period has indicated that the estimated
income elasticity for crab consumption in the United States
was greater than one (NMFS 1973). Consequently, the
annual increase in the blue crab ex-vessel price level may be
linked to changes in aggregate money demand if not real
aggregate demand for crab products in the United States.

The estimated United States price equation suggested
that a | million-pound increase in hard-shell blue crab
landings would only result in a 0.005 cent decrease in
average ex-vessel prices in the United States fishery (Table 4)
with the values of other variables affecting crab prices held
constant.

TABLE 4.

Price response equation for annual ex-vessel hard-shell blue crab
prices in the United States, 1950-1977."

Independent Variables®

Dependent Durbin-Watson
Variable?  Constant Q¢ It Rr? Statistic
Py 0.05978 —0.00005 0.00015 0.96 1.15*
(5.39) (23.83)

!Number of observations, 28; L-statistic in parentheses.

2 Dependent variable is annual ex-vessel price of hard-shell blue crab
in dollars per pound (live weight) in year t.

3Independent variables where Q¢ = annual hard-shell blue crab
pounds (millions) landed in year t in the United States, and I} =
U.S. total disposable income in billions of dollars in year t.

*There may be some serial correlation in this equation.

Total disposable income and quantity landed were both
significant in predicting annual blue crab prices in the
Chesapeake Bay region pot and trotline fisheries (Eq. 1,
Table 5). Historically, a 1 million-pound increase in the
quantity of hard-shell blue crab landed caused a 0.10 cent
decline in prices. Because the Chesapeake Bay region has
paid higher prices in the past, has landed a larger share of
the total United States catch,and has been able to influence
the total market (George Harrison, personal communication),
the other regions may have paid prices based on the Chesa-
peake Bay region landings.

To examine this hypothesis, regressions were estimated
using quantities landed and ex-vessel prices in the Chesapeake

Bay region. The influence of Chesapeake Bay region landings
on price was found to be (at the 1% level) only significant
in the South Atlantic region (Egs. 2 and 4, Table 5). A
I million-pound increase in Virginia and Maryland landings
resulted in a 0.08 cent per pound decrease of the South
Atlantic region ex-vessel prices (Eq. 2, Table 5). A 1.00 cent
increase in Chesapeake Bay region prices resulted in a 0.53
increase in the South Atlantic region ex-vessel prices.
Landings of blue crabsin the South Atlantic states were nol
statistically important in predicting the ex-vessel price in
the region. ‘

The pounds landed and ex-vessel prices in the Chesa-
peake Bay region were not significant in the Gulf states
region. Quantity landed in the Gulf states was significant
in influencing the pricesin the region, with a 1 million-pound
increase apparently causing a 0.13 cent decrease in price.
As might be expected, the influence of the Chesapeake Bay
region on the Gulf states compared to the South Atlantic
states wasnot readily apparent in these regressions. Marketing
logistics and costs to the Virginia and Maryland arcas have
probably motivated crab wholesalers to seek out other
markets. In contrast, it has been common for Carolina blue
crab processors to purchase picked crab meat or live crabs
from Virginia and Maryland. In recent years, the interstate
shipment of live crabs for basket-crab markets in Virginia,
Maryland, and Washington, D.C., has also increased (e.g.,
Rhodes and Bishop 1979).

Price response equations (Egs. 1 and 2, Table 6) for
otter trawl ex-vessel prices in the South Atlantic and Gulf
states regions suggested that quantities landed by pots and
trotlines or trawls were not statistically significant (at the
1% level) in influencing regional prices (Table 6). Chesapeake
Bay region landings were historically important in influencing
prices paid for trawl-caught crabs in the South Atlantic
region (Eqs. 1 and 3, Table 6). This influence probably
reflected the previously discussed market ties between the
South Atlantic states and the Chesapeake Bay states.

PRICE—-QUANTITY

If there is a relationship between quantities landed and
ex-vessel prices as suggested by these regressions, then a
calculation of price-quantity flexibilities may provide some
insight relative to other fisheries. Price-quantity flexibilities
display the percent change in price resulting from a 1%
change in quantity given the influence of other variables
affecting price remain constant. The assumed percentage
effect of hard-shell blue crab quantities by region for pot
and trotline catches on price are shown in Table 7. For
example, a 1% increase in the quantity of blue crabs landed
in the Chesapeake Bay region would result in a 0.591%
decrease in price. Cato (1976) reported that a 1% increase
in annual mullet landings caused a 1.251% decline in price.
From an annual perspective, mullet buyers might be consid-
ered quite responsive to changes in the quantities of mullet
landings since storage periods usually do not extend beyond
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4 months. From a comparative standpoint, the annual price-
quantity flexibilities for blue crab should be less (i.e., abso-
lute value) than mullet because the storage life of processed
crabs is usually many months longer than that of mullet.

TABLE 7.

Price-quantity flexibilities for regional hard-shell blue crab
ex-vessel prices based on pot or trotline.

Source! Region Price-quantity Flexibility2
Equation 1 Chesapeake Bay -0.591
Equation 2 South Atlantic -0.505
Equation 3 Gulf -0.439

IThe price response equations in Table S were used in computing
price-quantity flexibility.
7'Price-quantity flexibility was computed as

(8P/3Qy) (Q¢/P )

where (0P¢/0Qy) = partial derivative of estimated hard-shell blue
c¢rab price response equations with respect to quantities given as
independent variables; and Py , Q¢ = means of crab prices and
quantity variables used to estimate equations. In the South Atlantic
states, Q¢ = mean of Chesapeake Bay states region quantity variable
in Equation 2, Table 5.

FUTURE RESEARCH CONSIDERATIONS

This report does not present an exhaustive analysis of

variables affecting hard-shell blue crab prices. The influence
of monthly and quarterly blue crab landing patterns needs
to be investigated. Waugh and Norton (1969) have reported
that hard-shell blue crab prices on the Fulton Market did
display significant seasonal shifts in demand during the year.
Several structural variables in the marketing channels still
need to be evaluated when examining ex-vessel price-
response relationship at the fishermens level. For example,
the seasonality of hard-shell blue crab prices are probably
affected by the wholesale market for ‘“‘baske(” crabs in
coastal areas. Unfortunately, information on ex-vessel prices
for basket crabs was not differentiated in the NMFS data
collection except for three stales.

Besides the effects of seasonality and marketing channels,
an equally important consideration for future analysis is
the economic interdependencies between the hard-shell
blue crab fishery and other fisheries. The existence of signi-
ficant economic interdependencies between fisheries
involving different species has been hypothesized (c.g.,
Crutchfield 1973). With regard to the blue crab [ishery,
Strand and Matteucei (1977) have provided empirical
evidence for the existence of short-term economic inter-
relations between the Virginia oyster and the blue crab
fisheries. Historical interpretations of blue crab landing
trends in Georgia and South Carolina have also implicated
economic interrelations between the blue crab and the
shrimp trawling efforts.
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ECONOMIC VALUE—-A DEFINITION

Given a certain, socially desired distribution of wealth
and income, the economic value of a natural resource (or
of any goods and/or services) is the exchange value in a
perfectly functioning market. Under such conditions, the
economic value would reflect the value people place on the
marsh resource in all its uses, which may include esthetic
viewing, value derived from food production, wildlife pro-
duction, recreation, and value of the contribution of a
species to the ecosystem, among others. Some individuals
may gain satisfaction simply from knowing a certain natural
resource (e.g., a certain species) exists; this value would
also be captured in the value of the marsh in this perfect
market. Also, this exchange value will likely be different
from the value in use (use value),* and it will vary with the
distribution of wealth and income.

The nature of the concept of *“economic value™ is
depicted in Figure 1. The values held by society affect
tastes and preferences for goods and services (such as
recreation, preservation of species, and food production).
Use value is affected either directly or indirectly. The
indirect effect arises through the derived demand value,
which simply means that some share of the use value of a
good or service will affect the exchange value of that parti-
cular natural resource.

The use values generated by society are combined with
a set of income and wealth distribution patterns to form
the economists notion of economic demand. Ultimately,
the supply and availability of the resource are balanced
with these demands to yield the exchange (economic) value
of the resource in the perfect market (Figure 1).

Within the confines of this pure model, conservation,
preservation, ecological, aesthetic, food production, storm
buffering, and other uses affecting “value” will all be
balanced against available supplies. A market clearing price
would surface, and would be the marginal value to society.
When divided by the appropriate capitalization rate, this
value would represent the value (at the margin) of the
marsh to society. That is, given the socially desired dis-
tribution of income and wealth, the true social value will
be reflected in the exchange (economic) value.

We were told in a recent coastal zone planning document
of Florida that **because of their resource values—conserva-
tion areas require special precautions. .. ” (Department of
Environmental Regulation 1978, p. iii), and later in the
same document, *“ . .. specific areas may be designated for
the purpose of preservingor restoring them for conservation,

*LEconomists have speculated about the nature of “value” for a very
long time, even before the “father of economics,” Adam Smith,
published the first recognized cconomics book in 1776. It was
realized early that there was a difference between “value in use”
and “exchange value” (Oser 1970, p. 69) with use value generally
greater than exchange value.

recreational, ecological or aesthetic value . . . > (Department
of Environmental Regulation 1978, p. 32). Why not for
their economic value? In the above discussion, of course, it
was noted that conservation, recreational, ecological, and
aesthetic values would all be reflected in the economic
value under the market conditions specified.

So, how does the “marsh market” fare? Is the observed
market price the exchange value? Are the tastes and prefer-
ences of society conditioned by a sufficient amount of
information regarding the value in use of marsh systems?
The correciness of current wealth and income distribution
patterns in the United States is left to the judgment of the
reader. In terms of the perfection of the marsh market,
however, we can be very definitive. The marsh market fares
very poorly with the net result that observed prices for
marsh acreage cannot be taken to represent an informed
public perception of value in use. There has been “market
failure” in the representation of the true economic value
of the marsh resource. A major cause of this failure is the
lack of knowledge by society-at-large of the true function
and role of a marsh system within the larger ecosystem.
Thus, tastes and preferences are such that marshes are
deemed by many to have little use value; a second major
dimension of this failure relates to property rights. Salt
marshes tend to be owned in the private sector with benefit
flow to the public sector if kept in a natural state. Thus,
there is an economic incentive to convert natural marsh
systems to other land forms. This conversion may or may
not be socially desirable. In any case, the market is not
providing sufficient information by which to judge.

Concerned conservationists, environmentalists, and others
have implicitly recognized (by their actions) that there has
been market failure to represent, even approximately, the
ecological use values of marsh-estuarine areas. These groups
have recognized that current, observed prices of marsh
acreage represent only that portion of the use value asso-
ciated with changes in other land uses (condominiums,
frontage for hotel-motels, etc.) as reflected in the land
market. All the conservation, ecological, etc., values are
being ignored in the current market for marshes.

The existence of market failure underlines the need to
establish estimates of the dollar value of marshes. These
estimates may provide empirical evidence that there is
market failure (as it is possible estimates of dollar value may
exceed current market prices). More importantly, estimates
of dollar value should enter the decision-making processes
of private- and public-decision makers, to ensure an appro-
priate amount of marsh is retained in current uses. If all
use values can successfully be brought forth in estimates of
dollar value, the summation will represent the true economic
value.

DERIVED DEMAND VALUES

The use value of a marsh area for food production is a
direct function of the value of this food flow. As a result,
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representative of the entire family of all such curves
(Figure 3). Thus, while the MVP¢declines for decreases in
marsh acreage, the effect has apparently not been significant
to Florida’s Gulf coast blue crab fishery. Of course, there
may be other factors masking the effects. For example, if
the technology of fishing crabs improved substantially
during the period, the MPe could have been increasing due
to this change in the face of declining MP due to marsh
decreases, thus offsetting one another. Further refine-
ments in the empirical model would be needed to test this
hypothesis.

TABLE 3.

Marginal product estimates (per ac:rc)l of effort for
given marsh levels in blue crab production,
Florida Gulf coast.’

Effort (pounds/acre)

Marsh

Acrezlge3 7,119 20,000 32,881 45,762 58,643
499,836 542,59 378.88 215.16 51.44 -112.27
504,107 54294 379.12 21530 5147 -112.35
508,378 543.29 37936 21544  51.51 ~112.42
512,649 543.64 379.60 21557 51.54 -112.49
516,920 543.98 379.84 215.71 51.57 -112.56

! Estimates at the margin, for the last additional acre.

2Data point selection based on an actual range from 501,424 to
514,372 acres and an average of 508,378, and o=4271.

3Data point selection based on an actual dAutu range from 10,575 to
59,020 traps, with a mean of 32,881 and 0 = 12,881.

COMPARISON OF BOTH APPROACHES

Comparison of the two techniques reveals similar results.
The residual value shown in Table 1 should be equal to the
MVP,,, multiplied by the marsh acreage (Lynne and Conroy
1979), or for 1975:

(MVP) (500,853) = $63,714 to $147.083 (5)
The equality in Eq. 5 will be satisfied for a range in MVPp,
of $0.13 < MVP < $0.29, as compared to the range of
$0.08 < MVP,, < §0.31 for the production function
approach. Again, of course, these are annual returns and
must be capitalized.

IMPLICATIONS FOR BIOLOGICAL RESEARCH EFFORTS

The data problem in relation to defining the contribu-
tion of marsh-estuarine areas to marine production processes
is severe. Very limited data were available for the study
reported on herein. Given that marshes have not been of
social concern until relatively recent times, this lack of infor-
mation and data may be understandable. That is, there has
been no apparent need to know how marshes contribute to
the economy. As economic development proceeds, however,
the marginal value of such information increases as well.
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Figure 3. Estimated marginal value productivity (MVP) of effort
(E) in Florida Gulf coast blue crab production for varying levels
of marsh (M) and a price per pound of $§0.131.

But, what type of information is needed? In particular,
what information is necessary to appropriate economic
valuation? The answer, in a general sense, is very simple.
Economists need inforatmion and data on the effecrs of
change. The important measure of value for resource allo-
cation is the rmarginal (exchange) value. More specifically,
economists need quantitative information on the expected
effects of marsh changes, in quantity and quality, on the
growth, recruitment, and mortality rates of all marine
species having significant commercial and recreational sport
fishing value. This is needed now, and until it is developed,
the economist is forced to try methodologies similar in
nature to that reported herein. Also, information must be
available on catch and the man-induced effort variable, by
time and location.

SUMMARY AND CONCLUSIONS

The nature of economic value was explored in the
context of the marsh-estuarine area valuation problem. It
was noted that economic value is value in exchange, which
is affected by the value in use. There has been (and continues
to be) “market failure” to more accurately reflect the use
value of marsh-estuarine systems to marine-production
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DISCUSSION

Ray Rhodes: Could you elaborate a little on why the
total value approach is not suitable?

Gary Lynne: Using these numbers to illustrate the total
dockside value, you see that it is around $2.2 million.
The total value then is that figure divided by the total
number of acres of marsh that was available in that year.
What you are doing is saying that the valid returns to
labor, to capital, to management are zero; that the other
elements in the production process earn nothing. If this
is the case, and I don’t think most of you would agree
that the other elements in the production process earn
nothing, then it is not valid to just take the total value
and divide it by the total number of acres, even though
the total value wouldn’t exist if the acreage were not
there: That does not really make any difference because
what you are talking about here is the production process
with various inputs contributing to the generation of this
value. The biological process is contributing, the marsh is
contributing through its role in the biological process,
and man is contributing by bringing in capital and labor
and the entrepreneurial skills to eventually make the
product available to society. Therefore, all of these
factors of production contribute to that value, and to
arrive at the value of any one of those factors of produc-
tion, you have to separate out that value to allocate it
among the various inputs if you like.

Comment—Willard Van Engel: Are we managing for the

blue crab, or are we managing for man? What are we
trying to conserve, the economic value of the fishery, or
are we trying to conserve the population of the crabs?
This is a perpetual argument between the biologist and
administration. The economic value is one thing, to
conserve the resource is another. What are we really
looking at? I think this is a very stimulating interesting
paper, and it is the kind of information which the fishery
administrator is going to look at when he is going to
consider effort control, the value of the fishery, and
what can we do to increase economic returns. There is
another side of this and that is the crabs’ side.

Comment—Lynne: I would like to respond to that state-

ment. You have asked a relevant question and it relates
back to what society wants. What are your objectives?
And that goes back to this business of tastes and prefer-
ences. If society’s objective is to preserve the blue crab
population at all cost, then that will be reflected. If you
think that is the relevant goal of society—to preserve the
blue crab population at all cost, then you should promote
that and try to see if society will buy it, then eventually
that will be reflected in tastes and preferences. If that is
society’s objective, it eventually effects use value, which
in turn atfects exchange value and this is economic value.

Comment—Van Engel: 1 would like to emphasize your

point three. You need sound estimates of biological
relationships between marsh changes and fishery ~hanges.
I have mentioned before and you all realize the problems
of environmental degradation, what would happen if we
had blockage of the Apalachicola River, what would
happen if the characteristics of that stream would change?
This afternoon, there are some comments 1 want to
make about the effect of some environmental variables
on crab stocks, from the crabs’ point of view. 1 have sort
of circumstantial evidence that a change in ecology
might affect as much as 50% of the population in the
Chesapeake area. About 50% of our blue crab stock
survives because of the availability of eel grass in nursery
areas. The other 50%, I think, is derived from the avail-
ability of marshlands. Looking at it from the crabs’
point of view, not the economic point of view, don’t
you agree that we need to look at both of them; we
can’t consider one without the other.

Comment—-Rhodes: I think how you define economic value

may have more relevance to the fact that what Van is
talking about and what the talk was about are really just
subsets of the whole value system of taste and preference.
[ really think that in a sense when the biologist talks
about maintaining the population, there are explicit values
built into that statement. Now whether those are worth
quantifying, this becomes a difficult question in terms of
improving decision making. It may be questionable
unless it is blended in with a whole matrix of other
species and other uses out there.

Comment—Lynne: One thing [ heard you say is that the

economic value is a part of a larger sense of values.

Comment—Rhodes: No, [ meant how you define economic

value.

Comment—Lynne: Well, economic value has a definition.

There is only one definition of economic value. There is
a whole notion of value though. See value is a very
difficult term and it gets murdered alot. Value, in a sense
of your personal values, is a quantitative measure of that
value, and if your distribution of income is appropriate
to that, it is eventually reflected in economic value, if
there is a market. Now in case of marshes, and this is
one thing you have to understand, that economists
understand, is that in the case of marshes there is not a
good market; the market does not function very well.
So, evenif society feels that the marshes are very valuable
in the sense of gaining satisfaction just knowing that
they are there, orin use value actually going out in them,
or whatever, all the various things that contribute to the
satisfaction of knowing something about marshes, even
if that is extremely high, and even if society at large
has tastes and preferences identified such that we would
wish to conserve the marshes, if there is not an institu-
tional arrangement of some kind to bring preservation
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opportunity cost of capital going into boat production
is zero. That there is no other place that socicty could
use that money to build other goods.

Comment—Norse: There is no other place that society
could do it as profitably. If there were, then society
would not be going into building blue crab boats.

Comment—Lynne: Well, I will go along with that, that is
what economic allocations are all about. There is capital
being allocated to the blue crab fishery because it is
profitable to do it. Right. So all I am saying is that the
value of that capital for the blue crab fishery is reflected
in the depreciation numbers.

Comment—Norse: Okay. When you are speaking of the
value there is something misleading. Because if people
walk away from the meeting thinking the value of an
acre of marsh is about as much as a cup of coffee these
days, they are not going to be too much intent on pre-
serving them. But the value to society as a whole is the
value not only . ..

Comment—Lynne: Now you are getting back to what I
said initially. The value that we have here is a reflection
of the value that society places on blue crab meat.

Comment—Fred Prochaska: There is a little bit of mis-
interpretation.- That 13 cents is this year’s production
of blue crabs. Now, the capitalized value of it is what it
will produce year after year. You don’t buy a piece of
property for just one year that was somewhere around
$3.50. This is only one of the species; there are 100
others, and really those others are probably worth more.
So even if you took the $3.50, you have 100 more
species, you have $350.00 per acre. So when you say
13 cents an acre, that is not what you are saying the
value of an acre of marsh is. That is the value of one
year for one species.

Comment—Lynne: [ did mention that. We went over that
rather quickly. You see you have to figure your capital-
ization rate and divide that into those numbers and that
gives you the value of a stream of benefits over a period
of time.

Comment—Norse: But Gary, this is a little unrealistic. I'd
be willing to bet that blue crab isn’t 1% of the marine
resources in terms of dollar value in Chesapeake Bay.
The calculation you are saying is actually 1/101 for the
total value, if there are 100 other species. Blue crabs are
worth a lot more than that in the fishery. What that
would give you is a calculation of the value of an acre of
marsh that is only based on . . .

Comment—Lynne: ... because of the interdependencies
with other species.

Comment—Norse: Well, that is not quite what [ am saying.
Van, is the blue crab the biggest fishery or second
behind oysters in the Bay, or third or fourth or fifth?
What fraction of the total fishery in terms of dollars
are blue crabs in the Bay?

Comment—Van Engel: Blue crabs run second, third, or

fourth, depending on what year you are talking about.
In a relative value of, say, menhaden coming first, surf
clams, now about second, but going down hill, and blue
crabs somewhere around third, perhaps in economic
value vying with oysters.

Comment—Paul Hammerschmidt: In the state of Texas,
a pound of blue crab to the fishermen is worth about
20 to 28 cents. Twenty-eight cents worth for the fisher-
men. The pickers get $1.00 a pound of profit. There is
$1.28 already that you are getling out of a pound of
crab. It is worth $3.00 to the crabhouse for a pound.
And it is worth $5.00 before he sells it. Okay that is
what the problem is. With $10.00 per pound . . .

Comment—Lynne: Your committing a real fallacy. Your
ignoring the fact that as you step-up the processing
scale, or go through the various steps, thal other factors
of production are brought in . . .

Comment—Hammerschmidt: No, | am talking about cash
flow. I am talking about cash flow in terms of dollars
per pound of crab. Now, you have $1,000 worth of
crabs per acre right there on . ..

Comment—Lynne: No, that is not the value of the crabs.
If it is then the value of all the labor and all the capital,
and all the entrepreneurial skills that went into it are
zero. If you want to live with that, then it is zero.

Comment—Hammerschmidt: No. No. There are four levels
of cash flow only. You are not talking about the gasoline
that has been moved, you are not talking about the
boats that are being built, you are not talking about
the restaurant, you are not talking about any of that
other stuff. You are talking about four levels only of
cash flow for one pound of crab. Why is it going up in
price from one level to the next? Why does anything go
up in price from one level to the next?

Comment—Norse: The labor and materials have no value
unless the people are employed or unless you can sell
the materials. The persons employed in a blue crab
picking plant would not have a job otherwise.

Comment—Lynne: That may or may not be the case. If
there is no other employment for them, then, of course,
the total value is divided into crabs. But I doubt that
this is the case yousee. I question that. I think that there
are opportunities for employment in other industries.

. Comment—Norse: There are opportunities for employment,

but nevertheless the fact that the United States has 6%
unemployment attests to the fact that there are people
who want to work or could work and can’t.

Comment—Lynne: What you are saying is that if we shut
down the blue crab industry all of those people would
become unemployed.

Comment—Norse: Yes. I think that this is the problem. The
problem is you are looking at two kinds of values: net
and gross. Okay. Your calculation in net values is
measured by the capital that accretes from the investors,
and [ wouldn’t disagree with that. But again, while you
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the effort-yield tunction shifts upward towards U-Max.
U-Max is the upper limit and is achieved in June. The
function then declines the remainder of the year back
towards the lowest function, L-Max. Without the adjust-
ments for long-term cycle and the seasonal shifts, the
unadjusted effort-yield function would have intersected
the three functions in Figure 4.

Identical interpretations apply to the effort-yield func-
tions in Figure 5, except these illustrate the average functions
for a year during the troughs of the long-term cycle. A-Min
is the average effort-yield function while the seasonal
bounds on the shifts in the effort-yield function during the
year are L-Min to U-Min (Figure S). Comparison of Figures 4
and 5 shows the average annual effort-yield function during
the maximum cycle year to be considerably above the
average annual function for the years during the low of
the long-term cycle. In fact, the upper seasonal function for
low long-term cycle years is approximately only equal to

the average annual function during the peak years of the
cycle,

Effort-yield functions illustrated in Figures 4 and 5
represent the extreme values for the period studied. Simply
substituting appropriate effort and monthly data into
Eq. 6 would allow estimation of 204 effort-yield functions,
one representing each month during the 1960-76 time
period. Projections for future years, monihs, and effort
levels are also possible. Accuracy of these predictions
depends on the stability of the estimated parameters in
Eq. 6 and the accuracy in predicting effort levels.

SUMMARY AND CONCLUSIONS

Effort-yield functions developed for the Florida west
coast hlue crab fishery indicate that at present levels of
effort, a 10% increase in effort would result in an increase
of 3.9% in landings. Average productivity is declining with
additional units of effort.
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DISCUSSION

Q. Willard Van Engel: | realize Dr. Prochaska is going to be
leaving soon and [ hate to get you too involved in the
question I have, but I am interested in this time series
analysis and I wondered if your yield equation includes
both the seasonal and the annual cycles or whether you
treated them separately?

A. Fred Prochaska: The equation includes both.

Q. Van Engel: Were you able to reduce your residuals to an
acceptable level?

A. Prochaska: [ believe so, there is only about 20% of the
variation unexplained now.

Comment—Ray Rhodes: Fred, for what it is worth, I gave
a paper a couple of years ago up in Maryland, and at
that time we speculated in the Carolinas and Georgia,
that there were some long-term cycles in the annual
landings. But we never did any numerical work on it.
We just sort of eye-balled the hypothesis. In fact, we
have also suggested that this may be. We said that
possibly environmental conditions may have been
involved with some sort of long-term, climatic factors,
and this may have been part of what happened when we
had the die-offs back in 1967 and 1968. I have bounced
that off of Bob Mahood, who was on the group who did
the study of the die-offs in the late 1960’s, and he said
that after his involvement that he could not rule that out
as a possibility.

Comment—Prochaska: My real interest, especially with this

audience, is to get you to respond to my interpretation;
that seasonal effect, and that long-term cycle effect are
due to environmental factors and biological factors. Can
you make that conclusion as a biologist?

Comment—Van Engel: We are doing a somewhat similar

analysis in Virginia, in the Chesapeake Bay—a time-series
analysis of seasonal and annual landings data. We get
somewhat similar seasonal cycles with a repealed 12-
month correlation, but our annual landings data, avail-
able since 1929, do not show as good a cycle, as fre-
quent a cycle, as you have. We are having trouble with it
and I am wondering if what you are seeing here in these
three S5-year cycles is being created by some other com-
petitive fishery which allows the blue crab fishery to
express itself in greater landings about 5 years apart. Are
there any other fisheries in Florida which are competi-
tive enough to allow this thing to crop up once in a
while and then die back?

Comment—Prochaska: [ don’t know of any.
Comment—Van Engel: In other words, I am suggesting that

in answer to your question about whether you had
explained the environmental things,l do not know at the
moment whether what you see here in these 5-year cycles,
is a response of the population to environmental control
or whether it is a response to some other fishery. Probably
some people from the Florida area could answer that.
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Middle Atlantic states are much higher than those in any
other region. However, blue crab landings in this region are
nominal. Florida normally ranks third to the Chesapeake
Bay and South Atlantic regions in total annual volume of
value crab landings.
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ESTIMATED PRICE FUNCTIONS

Four demand models were developed to explain annual
variations in Florida blue crab dockside prices. The first
model expressed Florida blue crab prices as dependent on
total Florida blue crab landings, other United States blue
crab landings, and per capita income in the United States.
The second model delineates United States blue crab
landings into five subregions of the United States to deter-
mine if landings in particular regions have independent
effects on Florida prices.

Models three and four were specified to determine if
different factors influenced price in the Florida east and
west coast blue crab fisheries. West coast blue crab dock-
side prices were analyzed as dependent on Florida west
coast landings, Florida east coast landings, rest of the
United States blue crab landings, and United States per
capita income. Florida east coast dockside prices were
regressed on the same variables in the final model.

Total Florida Fishery
The overall model presented in Eq. 1 (Table 1) explained

98% of the annual variation in dockside blue crab landings
in Florida. All signs were as theoretically expected. A nega-
tive relation existed between price and quantities landed,
and a positive relation existed between price and per capita
income levels.
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The effect of Florida landings on dockside price was
highly significant statistically although dockside Florida
blue crab prices responded relatively little in an absolute
sense to changes in Florida total blue crab landings. A
1.0 million-pound increase in Florida blue crab landings will
decrease dockside prices by 0.08 of one cent. A 10% change
in landings will change Florida dockside prices by 1.9% in
the opposite direction (determined by estimating the price
flexibility at the mean of —0.19196). The demand for
Florida blue crabs appears to be highly elastic.

The sign of the estimated parameter for other United
States blue crab landings indicates these blue crabs are a
substitute for Florida blue crabs. However, the estimate is
not statistically significant at a high confidence level. This
potential substitutability is further investigated in Eq. 2,
Table 1. Imports could also affect the price of domestic
products such as blue crabs. Although some blue crabs are
now imported into Florida, as late as 1972 there were no
reported imports of blue crabs into the United States
(U.S. Department of Commerce 1973, p. 27). Per capita
income in the United States has the most significant effect
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on Florida blue crab dockside prices as shown in Eqgs. 1 and
2, Table 1. An increase in per capita income of $1,000
results in an increase in Florida dockside blue crab prices
of 2.3 cents per pound. The effect of a change in any
particular variable on price is discussed with all other
variables remaining constant,

Florida blue crab landings made up about 15% of the
total United States landings from 1952 to 1976. United
States landings were divided into regions to further examine
the effects of these other United States landings on Florida
prices. These regions were the Gulf of Mexico (Texas through
Alabama), the South Atlantic (Georgia through North
Carolina), the Chesapeake Bay (Virginia and Maryland),
and the Middle Atlantic (Delaware, New Jersey and New
York).

The regional model (Eq. 2, Table 1) explained 99% of
the annual variation in Florida dockside blue crab prices.
The statistical significance level for the effect of Florida
landings on Florida prices improved. In this model, a
1 million-pound increase in Florida landings will decrease
Florida dockside prices by 0.11 of one cent. The price
responsiveness (flexibility) increased to -0.28, which
means a 10% change in landings will change prices by 2.8%
in the opposite direction at the mean.

Chesapeake Bay region blue-crab landings had a signifi-
cant negative effect on Florida prices. Although the t-statistic
of South Atlantic region landings variable was highly signifi-
cant, the expected negative sign did not occur. Using a
one-tailed test of significance then made this estimated
parameter not significant. A 1 million-pound increase in
Chesapeake Bay region landings would cause a 0.02 of
one cent decrease in Florida prices. The income variable
was again highly significant and in both models a $1,000
increase in per capita income would increase prices by
2.3 cents per pound.

Florida West Coast Fishery

Dockside prices received by Florida west coast blue crab
fishermen were estimated as a function of Florida east and
west coast landings, the rest of the United States landings,
and United States per capita income (Eq. 3, Table 1). All
quantity variables were shown to be negatively related with
west coast prices. The income variable had essentially the
same strong positive effect on west coast prices as for total
Florida prices. The variables specified for this model
explained about 97% percent of the annual price variation
for Florida west coast blue crabs. East coast landings were
the most highly statistically significant and have a larger
negative impact on west coast prices than do west coast
landings. A 1 million-pound increase in east coast landings
will reduce west coast prices by 0.3 of one cent while the
same increase in west coast landings reduced west coast
prices by 0.04 of one cent. The responsiveness of west
coast prices to east coast landings (price flexibility) was
—0.29 as compared to —0.06 for west coast landings. This

means a 10% change in landings on the east and west coasts,
respectively, causes a 2.9 and 0.6% decrease in Florida west
coast prices at the means.

Florida East Coast Fishery

Florida east coast prices were analyzed as dependent
on the same four variables. This model (Eq. 4, Table 1)
explained 99% of the annual variation in east coast blue
crab prices. All signs were as expected. However, the rest
of the United States blue crab landings did not have a
statistically significant effect on east coast landings as did
east and west coast landings. Landings outside of Florida
have more influence on west coast prices than on east
coast prices. A 1 million-pound increase in east coast
landings will reduce east coast prices by approximately
0.4 of one cent. A 10% change in east coast landings will
change east coast prices by 3.6% in the opposite direction.

SUMMARY AND CONCLUSIONS

The four models specified to explain Florida blue crab
dockside prices all explained between 97 and 99% of the
annual price variation between 1952 and 1976. Per capita
income was the most significant variable in determining
the level of Florida blue crab prices. A $1,000 increase in
per capita income resulted in over a 2-cent per pound
increase in blue crab dockside prices in all models. The
estimated income effect was stable between models.

Florida landings were shown to have a statistically signifi-
cant negative effect on Florida prices in all models. Within
Florida, east coast landings were determined to be more
significant in determining prices than were west coast
landings. Chesapeake Bay region landings of blue crabs
were determined to be the principle substitute for Florida
blue crabs in the United States. In all models, price flexi-
bilities were low, indicating relatively small dockside price
changes for given changes in quantities supplied. This
implies a highly elastic consumer demand exists for Florida
blue crabs, which means that small price changes result in
relatively large chianges in quantities consumed.

Some implications of the current research deserve further
consideration. In particular, these are the relatively large
values for the coefficients of determination estimated for
the individual models and the absolute size of the income
parameter. These two are not unrelated.

Blue crab prices were relatively stable over the study
period, especially during the first half of the series. With
relatively little variation in the dependent variable, it is
not surprising to have large coefficients of deteymination
when signficant explanatory variables are included in the
model. However, before this is accepted as a tentative
explanation, further consideration of the income variable
is warranted.

The empirical estimates of the income parameters are
relatively large and positive. The positive sign is as theoreti-
cally expected. The accuracy of the size of the estimated
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Figure 2. Processing scheme, Atlantic states (modified from Miller et al. 1974).

the quantity of water to be heated, steam spreader design,
steam pressure, etc., water may be brought to a boiling
temperature within a few minutes; whereas with gas heat,
the water may take an hour or longer to begin boiling. In
addition, steam-heated water can be brought to a boil
faster again after submerging the cool crabs. Probably the
most efficient way to heat water with steam is with the use

of a spreader at the bottom of the cooking vat through
which live steam is forced. In this way, the water is briskly
agitated and quickly heated.

Steaming

The steam cooking of crabs involves placing them in a
metal basket or expanded metal car, enclosing it in a retort
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were better in quality after freezing, pasteurizing, and sterili-
zing than commercially picked meats. It was felt that the
minimal cooking process caused less damage to the meats
and, therefore, they could be frozen, pasteurized and/or
sterilized without too much further reduction in quality.

The quick freezing of crab cores from crabs exposed to
a shortened or minimum cook can provide the industry
with another method of preservation during the periods
of low supply. The shorter cook and accelerated freezing
cause less damage to protein. Also, by leaving the meat
intact in the cores there is less physical damage to the meat
than would occur during the normal picking operation.

MECHANIZATION

Blue crab meat production is still predominantly a hand
operation. In the Gulf states, workers pick the white meat
and crack open the claws so that the meat can be removed
still attached to the cartilage and one of the claw pincers.
This product is called a “crab finger” or “claw finger.”
On the east coast, the white meat is similarly picked by
hand, but the claws are mechanically picked to remove the
meat from the cartilage.

The physical structure of the internal crab body with
its segments and partitions has impeded the development of
mechanical means of picking the meat while still retaining
some of the cohesiveness of the muscle fibers.

Within the past few years considerable effort has been
expended toward the development of a ¢rab-picking machine
in response to the declining labor force in the blue crab
industry. A brief review of the development of mechanical
processing follows.

Crabmac (I and Il) and Lumpmac (I and 1)

The first two macnines produced were the Crabmac |
and II, and Lumpmac I and II. These machines were not
adopted by the industry because of several serious disad-
vantages. The Crabmac II punch was not adjustable and had
to be changed for different size crabs; it required precise
longitudinal as well as lateral orientation of crabs. The
punch action also crushed interior bone cavities. The
orienting device at the punching station did not function
properly; cleaning and maintenance of the machine were
difficult because of the large number of mechanisms and
adjustments. The Lumpmac 1I, which was an attachment to
Crabmac I1, was not feasible because it was not designed to
allow stripping of picked lump meat from the blades. It also
required precise angular and lateral orientation of the crab
cores as well as longitudinal location. The Lumpmac II
also pulled out lump cavity bone pieces if the core was
missing. Adjustments for the different size and shape of
the lump cavities could not be made while the machine was
operating. To optimize lump contour and size-setting adjust-
ments, the crabs had to be pregraded by size and sex.

A review of Crabmac/Lumpmac I has not been included
because they were quickly replaced by the number Il models.

Lockerby Xtracto

This machine is based on U.S. Patent 3,299,325, and
uses centrifugal force to extract lump and flake meal from
prepared core halves. The machine is designed to hold
two fixtures, each holding 12 core-halves which have been
hand loaded and held in place by spring clips. The halves
are oriented so the meat will be extracted through the
center. The fixtures are placed in a stationary row and
rotated about a center axis through two speeds. The lump is
extracted at the lower speed and swept through a discharge
hole in the stationary bowl by a slow rotating teflon wiper
blade. The lump meat is then extracted at the higher speed.
Separate containers for lump and flake index into position
under the bowl before the machine runs through the
corresponding speed.

The machine was not adopted by the crab industry for
several reasons. Pieces of the flaked meat were cjected
during the high speed or lump cycle, and the lump meat
collected did not contain many large premium pieces.
Apparently, the meat was broken into smaller natural seg-
ments during exit {rom the core bone cavity upon either
impact with the stationary bowl or tumbling by the wiper
blade segments during exit from the core bone cavity. The
loading of each core half required raising two spring-loaded
fingers and placing the core half in position behind three
stationary lugs, then releasing the fingers. The labor require-
ments for manually preparing the core halves and loading
the fixture were excessive. Basically, pickers could produce
the meat quicker than could the machine.

Reinke Shaker

The concept of the Reinke shaker is simple. A rotating
inclined perforated drum with counterrotating paddle
blades tumbles the prepared cores or top slices and shakes
the flaked meat loose. The meat then falls through the
perforations onto a conveyor belt where it is carried to a
bone culling and packing station. The cores travel through
the drum and are discharged at the lower end. The shaker
was designed to receive prepared cores which have the top
slices and lump previously removed by hand. Top slices
were processed separately in the machine. Four people were
required on the upper conveyor to cull the bone and pack
the meat when running at capacity.

The machine was demonstrated; however, it was not
used on a production basis. One of the problems was that
the lump had to be removed by hand; the core had to be
sliced in half. With just a little additional effort, a crab
picker could perform the same function.

Tolley Picker

Centrifugal force was used in this machine to extract
the lump and flake meat through the top of the core after
a top slice had been cut away. As designed, the machine
was quite large (approximately 20 ft long) and utilized
35 spinning fixtures mounted on a side conveyor chain.
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DISCUSSION

Q. May Usannaz: What is the proper way to cool boiled

crabs? ['ve heard old timers say that you are supposed
to leave them at room temperature until they are cool
before you put them in a cooler.

. Mike Moody: Certainly if you put them in a cooler they
will cool much faster. The only problem you might have
is that you will warm your cooler up, thus possibly
creating problems with the other foods already in there.
ldeally, you would have a separate cooler to put the
crabs in to chill until they can be handled and picked.
You could leave them at room temperature as long as
they were picked quickly thereafter. Once the crab meat
has been picked, then move the meat to your cooler
immediately. Some people cool whole crabs overnight.
Many people will back the crabs as soon as they are
cool enough to handle. Dr. George Flick may want to
comment on this also.

. Larry de la Bretonne, Jr.: Could you outline the differ-
ences in having the crabs under the water and on top of
the surface in terms of boiling and cholera organisms?

.Moody: Larry has a good point. In examining methods
of cooking, we found that sometimes a crab leg or part
of the body would be sticking out of the water, and in
some cases, the crab itself would float at the surface
while being cooked in boiling water. These crabs do not
cook sufficiently and will have cool spots. The crabs
should be completely submerged under the water to get
a total, reliable cook.

Q. Elliott Norse: Did you see a little tiny epidemic or was

o O

it a matter of detection? Could cholera have been there
for a long time, perhaps at very, very low levels?

.Moody: If we knew that we could answer a lot of

questions. We don’( know. Certainly we had an epidemic,
we had 11 people become sick. 1t was a cluster, so to
speak, not an isolated case.

. Dr. Gordon Gunter: Was there ever a time when cholera
was endemic to Louisiana?

.Moody: Yes.

. Gunter: How long ago was that?

.Moody: In 1830 or 1832, we had severe cholera epi-

demics in New Orleans, In fact, at one point, one out of
every seven persons in New Orleans died from either
cholera, yellow fever, or some other disease.

. Ray Rhodes: George, what is the status on that centrifuge

machine?

. George Flick: Basically, the machine had a lot of fatigue

problems in the metal. The vibrations were very tough
on the metal and welds, so the machine had a hard time
staying together. The outlook for success with that
machine has been somewhat diminished; in fact they
feel that another way may be the better way to go.
Kim [Kimball Brown, Hunt's Crabmeal Company,
Hampton, Virginia] , do you want to make any comment
on that? You are associated with that company.

. Kim Brown: Perhaps | could. That machine is owned by

Sea Savory and the prospects for that machine for
continued productivity are prelty nil.
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(e) Ammonium persulfate solution. — 10%; prepare
fresh weekly.

(f) Polyacrylamide mixture. — Dissolve 20 g acrylamide
and 0.8 g N;N'-methylcne-bisacrylamide (Bis) in H, O and
dilute to 100 mL. Store in refrigerator.

(g) Stain I. — 0.1% anhydrous CuSO4; and 0.05%
Coomassie Brilliant Blue R-250 in HOAc¢-EtOH-H, 0 (10 +
30 + 60).

(h) Stain 1. — 0.1% Coomassie Brilliant Blue R-250 in
HOAc-EtOH-H, O (10 + 25 + 65).

(i) Destain. - HOAC-EtOH-H, O (10 + 10 + 80).

Preparation of Sample

Blend 1 gram thawed crabmeat equal to mL 10 M urea
2 minutes using mechanical blender, or until well macerated
using hand tissue grinder. Blender method yields darker
bands after staining. Centrifuge at 3000-13,000 X g, draw
off supernate, and refrigerate for same day use.

Preparation of Gel

Prepare gel mold according to specifications of ampholyte
manufacturer, using 1 mm spacer bar. Prepare gel fresh
daily by adding following reagents sequentially to flask for
250 X 110 X 1 mm gel: 16.4 mL 10M ultra pure urea,
6.0 ML 50% glycerol, 10.0 mL polyacrylamide mixture,
and 2.4 mL ampholyte solution. Degas under vacuum for 3
minutes. Add 100 uL 10% ammonium persulfate and degas
additional 1 minute. Quickly transfer gel to mold with
Pasteur pipet. When gel has polymerized (approximately
30 minutes), refrigerate mold at least 15 minutes, and
carefully remove template and spacer, leaving gel adhered
to glass plate. Place plate on cooling platform over thin film
of light paraffin oil.

Determination

Thoroughly wet electrode strip (supplied by TLIEF
manufacturer) with anolyte solution and align on gel surface
with anode. Wet second strip with catholyte solution and
align on gel with cathode. Place these wicks on edges of
gel, approximately 90 mm (center to center) apart and
aligned such that Pt electrodes embedded in slab cover plate
rest on wicks and provide electrical contact. Place 5 X 10
mm wicks of Whatman 3 MM paper close to, but not in
contact with, anode wick. Pipet 20 uL extract onto each
sample wick. Two wicks of 20 uL extract each can be laid
on top of each other to obtain darker protein pattern after
staining. Cool platform to 0—10° and connect focusing
equipment to power supply. Observe proper polarity.
Apply 1 watt constanl power up to a maximum to 500 V.
Continue focusing at 500 V constant voltage approximately
20 hours.

Switch off power and remove gel from cooling slab.
Clean paraffin oil from plate and put elastic bands around
glass plate and electrode wicks. Stain protein at room
temperature as follows: stain I, 4 hours; stain II, 4 hours;

destain, 1 hour. Identify unknown samples immediately
after destaining by comparing patterns with known extracts.

RESULTS AND DISCUSSION

Table 1 shows the sampling plan used and summarizes
the identifications made by the 10 collaborators. Of the
79 unknown samples that were focused using this method,
77 were correctly identified. Sample T was reported with
no result from Collaborator 5 and was not included in the
statistical analysis. Collaborator 5 did, however, correctly
identify Sample Q—the blind duplicate of Sample T. The
two incorrect identifications were made by Collaborator 2.
Samples T (king) and P (Jonah) were incorrectly identified
as Jonah and snow, respectively. It is difficult to account
for the incorrect identifications because no photograph or
depiction of the patterns was submitted with their results.
The overall average for correct identifications was 97.5%.

Five collaborators documented a deviation from the
collaborative method. To obtain supernate, they had to
use speeds up to 13,000 X g instead of the stated 3,000 X
¢ for 30 minutes. In most cases, centrifuging time was
reduced to about 4 minutes. The method, as now outlined,
reflects these comments and gives a range of centrifuging
speeds. The time and speed necessary to obtain supernate
can be determined by the individual laboratories.

The collaborative study showed that, while banding
patterns were similar among laboratories, differences did
occur due to focusing time, protein loading, and extraction
procedures. Reliable identifications from multiple labora-
tories necessitate that authenticated samples be focused
simultaneously with the unknowns.

It is recommended that the proposed method for generic
identification of cooked and frozen crabmeat be adopted
official first action.
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I am concerned about the impact this regulation may
have on the shelf life of marine food products if the upper
limit of 45°F is adhered to throughout the distribution
channels. In fact, there is another set of regulations the
FDA has proposed called “Model Retail Food Store Sanita-
tion Ordinance” which states that, * . .. potentially hazard-
ous food requiring refrigeration after preparation shall be
rapidly cooled (o an internal temperature of 45°F or below.”
As of this writing, this proposal is still in the initial stages;
however, it is not altogether unlikely that crabmeat, as well
as other seafoods, may encounter 45°F at the retail level.
I feel the blue crab industry should be very careful in
implementing any product storage temperature above
40°F. Moreover, | feel the industry should go a step further
and actively encourage retailers to keep seafoods at 40°F
or below, irrespective of any ordinances which allow for
an upper limit of 45°F.

The second thing 1 would like to mention regarding
changes in the proposed umbrella GMP is that of product
coding. The current GMP addresses the coding issue by
stating:

“...meaningful coding of products sold or
otherwise distributed from a manufacturing,
processing, packing, or repacking activity should
be utilized to enable positive Jot identification
to facilitate, where necessary, the segregation
of specific food lots that may have become con-
taminated or otherwise unfit for their intended

LR

use.

Because the FDA considers voluntary product recalls
by manufacturers one of their most useful regulatory tools,
the agency is proposing to expand the coding provisions
in the new GMPs. Wording on the proposed GMP reads:

“...based on coding’s recognized utility and
accepted use in many segments of the food industry,
the agency believes product coding should be
mandatory for all foods. Accordingly, the agency
is proposing, except where specifically exempt, to
require permanently legible marks at a readily
visible location on each finished food package
delivered or displayed to purchasers (except for
over-the-counter retail sales at the site of manu-
facturer), so that the code marks can be easily
seen on the unopened package. The marks must
identify at least the plant where the product was
packed and the product lot or packaging lot. It is
recognized that a packaging lot may contain food
manufactured on more than one day but packaged
on a single day.”

There are some exemptions but they apply basically to
retaiters. As is apparent, the proposed coding requirement is
somewhat more stringent than the coding provision of the
current GMP.

There are other revisions in the proposed umbrella GMP;
however, I see no point in listing them individually, because
many of them are merely a codification of what the process-
ing industry is already going.

While the proposed GMPs do have some new provisions,
a few of which we just discussed, and some of which may
cause problems to certain companies within the industry,
I am of the opinion some of the biggest problems come
trom within the industry itself. I have been to a number of
crab plants over the past several years, in operations which
range in size from small to large, und | have formed the
opinion that the vast majority of owners and operators
within the industry are good, honest people who take
pride in their plants and the product they produce. How-
ever, there is a segment of the industry, although small, that
casts a giant shadow. These are the people who do not put a
single nickel back into the business for general maintenance,
much less improvement. Consequently, part of the general
public has the wrong impression about the industry as a
whole. Furthermore, many of these mavericks— there are
good mavericks and bad mavericks, we are talking about the
bad—create problems for the rest of the industry by stretch-
ing the truth about product content, thus they are able to
underprice the processors who are selling their products for
what they are. These are examples of issues I would like to
see the GMPs address and the FDA enforce.

One thing the GMPs do not address is the specific pro-
cessing parameters by which crabs are to be cooked.
Obviously, the umbrella GMP cannot be so specific; however,
these processing parameters are, in some instances, spelled
out by the states. Some states require that crabs be cooked
under pressure (steamed), and some states will allow
crabs to be either boiled or steamed. Ever since I started
with Virginia Tech in its marine food products program, 1
have heard discussed the merits of boiling versus steaming
and vice versa. I do not plan to indicate which T feel 1~ the
best method, they both have advantages and disadvantages.
Some of my good friends at Texas A&M and I have been
looking at the boiling process, and at the effect backing
and eviscerating live crabs prior to boiling have on the
microbiological quality of the meat, the texture of the meat,
and the energy efficiency of the process. The verdict isn’t
in yet, but the rationale of the study is that if you eliminate
some of the primary sources of bacteria prior to cooking,
the cooking process will be much more efficient in destroy-
ing microbial populations. Furthermore, since a large
percentage of the bulk hasbeen eliminated prior to cooking,
the energy required to cook the product may be significantly
reduced.

Regarding the steaming process, at Virginia Tech we
have been looking at various variables which may affect
the efficiency of the steaming process. Variables we are
investigating include: ambient temperature, physiological
state of the crabs, and cooking time. Again, the verdict is
not in—but one of the things we have found is that steaming
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requested that the EPA review all BAT effluent guidelines
to see if they werc economically achievable, and if they
were in fact reasonable. If they were found to be achievable
and reasonable, then they would be reissucd as best conven-
tional pollutant control or BCT standards. After about a
year of study, the EPA proposed that for all seafood cate-
gories, except small and medium Tanner and dungeness
crab plants, the BAT and BCT standards remain as they were.
In other words, the EPA did not want to change any of
the existing regulations. The NFPA, NFI, and NMFS had
felt that the BCT standards would be less stringent than the
originul BAT regulations. Those groups disagreed with the
economic analyses used by the EPA.

The Clean Water Act had a provision that requested the
EPA to conduct a one-year study to examine the effects of
disposing untreated seafood plant wastes into marine waters.
Through a strict legal interpretation of the provision, the
study was only carried out in Alaska. The study did not
take into account the special conditions of the seafood
industry in the warm Gulf of Mexico, or the large bottom-
fish industry in New England. Their findings were to have
been submitted to Congress in January [1979], but a formal
report still has not been submitted [October 1979]. How-
ever, during a meeting in May 1979, of an advisory council
to the Department of Commerce on fisheries matters, an
EPA spokesman said that nothing really would be changed
because their study found both beneficial and not-so-
beneficial effects—it all depended on the local situation.

Thus, the industry is back where it started in 1974.
However, that only lasted a few months. In August, the
EPA published a final rule which said they were not going
to enforce the BAT standards for all seafood categories.
They are continuing to study the wastewater situation
and, eventually, they will propose a new set of eftluent
standards, called the BCT regulations. The BCT standards
will be more restrictive than the present BPT regulations.

Another major change, which took place during the
summer of 1979, was a revision of the entire NPDES
regulations. The final rules were issued in June. A review of
these revised rules is strongly recommended. A summary of
the NPDES regulations is presented below.

Permit Application

If the processing water goes back into the surrounding
waters a NPDES permit is required. The permit must be
applied for because the state does not visit each plant to
issue a permit. There are certain forms which must be
filled out and filed. Also, there are civil penalities which
can be brought against a plant if it does not have a permit.

A plant with an existing NPDES permit soon to expire
must submit a new application at least 180 days before
the expiration date.

If the plant has been expanded or reduced in capacity,
or a new product line added, then a new application for
that wastewater discharge must be submitted 180 days

prior to beginning the additional discharge.

Once a permit has been received, state and federal
personnel can come into the plant at reasonable times to
sample the overboard effluent; they can examine and copy
any records that are required to be maintained; and they
can check on the method used for sampling.

Wastewater must be sampled periodically; the permit
gives information as to how often. The sampling procedure
should be designed to test for all possible pollutants in pro-
portion to the quantity and the total volume of water put
back overboard. The more varied the waterflow, the more
often it will have to be sampled. It is also in the best
interest of the seafood processor to sample numerous times
so that an average can be obtained.

One paragraph in the regulation states that if the dis-
charge point is situated so that it cannot be sampled, then
the EPA or state inspectors can come inside the plant and
sample directly. This may present a new set of problems
because the wastewater stream may be more concentrated
in the plant than it is at the discharge point.

Some plants may have the pipe submerged in the water
or in a location where it is not possible to take a sample.
In that situation, a sampling manhole should be considered.
It does not have to be elaborate. Find a suitable location
along the buried pipeline, dig down to it, cut a section out
whereby sampling gear can be fitted and the flow rate can
be determined. In other cases, a hole may be cut in the
dock and a step ladder installed down to the end of the
pipe.

All sampling data have to be reported on a monthly or
quarterly basis to the state pollution control authorities.
In Mississippi, computer preprinted forms are sent to the
plants. The sampling data are filled in and returned.

If part of the effluent discharges into a sewage treatment
system and another portion goes overboard, then an adjust-
ment can be made to the permit regulations.

A NPDES permit is not required for those businesses or
persons who shed crabs if less than 100,000 pounds of
harvest-weight animals are handled a year. Also no permit
is required for holding green crabs in addition to the
shedding facility. Floating crab cars are not covered by
these regulations.

The state attorney general can bring civil prosecution
and impose fines against any plant owner for willful or
negligent violation of any permit standards or permit
changes, and for reporting inaccurate sampling data or
for interferring with any sampling device.

The entire objective of these regulations is to have zero
discharge of wastewater by 1985. By that time, the EPA
expects, or at one time did expect, that all seafood plants’
effluents would be treated by a municipal or regional
treatment plant which could result in larger sewer treat-
ment bills for the processor.

The municipal treatment plant bill would be computed
by a charge for the volume of water a seafood processor
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What that study suggested was that managed amounts
of screened wastewater can be put into the water to main-
tain a good nutrient balance and let the treatment facilities
take care of the health hazards of domestic sewage and
toxic industrial wastes.

NOTE ADDED IN PROOF:

Almost 3 years have passed since the colloquium was
held and there has been no official announcement by the
EPA concerning the reissuing of the 1984 wasiewater regu-
lations. That is not to say that the time interval has been
quict. As stated in the presentation, the EPA withdrew the
proposed second level of regulations, which were to take
effect in 1984, after a great deal of criticism had been
directed toward the agency’s standards and the methodology
they had utilized to arrive at them. Thiswasin August 1979,
They contracted with a consulting firm to make an econ-
omic analysis of the impact their proposed regulations
would have on the seafood industry. In July 1980, the
first draft was published. It was sent out for industry
review. In May [981, a second draft was published and
commented on. In the meantime, several trade associations
took the EPA to court claiming that the cost reasonableness
test formula that the agency used to justify their proposed
regulations was not based on valid assumptions. The case
was won and the EPA has had to revise their entire approach
to setting industrial levels of compliance.

The revised BCT regulations were to have been announced
in June of this year; however, the Office of Management
and Budget in making their review has held them up. They

In a nearshore estuarine area which must support a tre-
mendous population of young and adult fishes and inverte-
brates, taking out food resources and returning some of
the nutrients to the water may be a circle which should
remain unbroken.

could appear in the Federal Register at any time. Trade
association spokesmen say that the new compliance levels
will not be nearly as restrictive and costly as the original
ones were. They may not go much beyond the BPT
screening requirements.

Another change has taken place since 1979. The Industrial
Cost Recovery provision discussed in the presentation has
been dropped after much opposition by industry. The
government, however, did require that any municipal
sewer system which received federal monies for construction
purposes between 1973 and 1977 must collect the ICR
charges they should have gotten from industry but didn’t.
[t is possible that some seafood plant owners may get a
bill from the city with these charges added to it.

During this time, there appeared another anti-business
addition to wastewater regulations called the Industrial
Cost Exclusion clause. This would have denied any federal
money for sewerage construction if part of that expansion
was for handling industrial wastewater. That would have
torced businesses to either directly bear the prorated costs
of municipal expansion in relation to their wastewater flow
or industry would have had to install their own treatment
equipment. This ICE provision was killed.

DISCUSSION

Q. Russ Miget: Allison, [ am still confused. I thought I
knew what was going on. Are we up to zero discharge
by 19837

A. Allison Perry: No, there is not anything going to take
place in 1983 right now. Zero discharge was the ultimate
goal of the EPA, and was to take place in 1985.

Q. Miget: Will the EPA now consider land applications in

addition to treatment by municipal sewage plants?
There is also a possibility of wetland application, it
could even be, perhaps, a bioenhancer in this instance.
A.Perry: As 1 see it now, the EPA wants all plants to hook
into a treatment system. They have encouraged this by
the ICR portion of the Clean Water Act, whereby a local
sewage board can keep one half of the money they collect.
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Another long-range concern of some crabmeal plant
managers is the decline in the protein percentage of crab-
meal that would result from wide use of a recently devel-
oped picking machine. This machine, unlike others cur-
rently in use, produces excellent quality meat and provides
nearly 100% extraction of body meat. Crab factories could
appreciably increase their meat yield but this would corres-
pondingly reduce the protein content of crabmeal. Feed
mills require a guaranteed 31% protein in crabmeal. A
reduction of only 3 or 4% could eliminate crabmeal from
feed formulas.

The selling price of crabmeal is based upon the bulk
price of soya meal in the Chicago market. The return on
crabmeal, though somewhat variable, is generally accepted
to be 70% of soya meal. However, crabmeal producers can-
not predict whether feed mill computers will “pull” or
“drop” crabmeal from their formulas in any given week. In
view of these marketing considerations and the spiraling
costs of labor, fuel, maintenance, repairs, etc., that confront
all industries, it is becoming increasingly evident that meal
plants must struggle to operate on anything better than a
breakeven basis.

What, then, does the future hold for the crabmeal busi-
ness? This is a matter that should be seriously considered
by the entire blue crab industry.

There is only one known alternative to the conventional
method of disposing of crab scrap. It is the revolutionary
prospect of engaging in the production of chitin and chitosan.
This has been accomplished at laboratory levels by research
interests in the United States during this decade. Japanese
firms are producing chitin on a limited basis.

Chitin, though discovered in the mid-1930s, has not
been afforded much attention by potential commercial
users. In simple terms, chitin is to exoskeletal crustaceans
what cellulose is to wood, or glucose is to humans. It is a
marine polymer which provides a bond for calcium in the
shell structure of crustaceans including crabs and lobsters,
as well as shrimp and krill. Its prospective uses are many,

such as in insecticides and rodenticides, in water purification,
in filtration of trace elements of heavy metals from sea
water, in food processing, in food casings, in medicines and
surgery, in burn care, and in many others.

Simply defined, production of chitin requires separating
the protein and calcium, then chemically extracting the
chitin from the calcium. There are two criteria important
to the location of a chitin plant. First, it should be central
to the sources of raw materials. A plant located near the
lower Chesapeake would be within minutes of the highest
concentration of blue crab catching in the area and within
200 miles of crabbing operations throughout southeastern
Virginia, Maryland, and North Carolina. Secondly, it would
be advantageous for a plant to be located as near as possible
to a source for the chemicals required in processing since
the cost of bulk chemicals varies with the distance that they
must be transported. It is considered by some that the
major limiting factor to engaging in full fledged chitin/
chitosan production is the transportation of raw materials
to the manufacturing facility.

Continuing research, studies, analysis, and performance
projections conclude that industrial production of chitin/
chitosan is entirely feasible and economically viable. Also
to be considered in measuring the profitability of chitin
manufacturing is the substantial revenue to be had from the
protein concentrate byproduct and the red-dye pigment,
astaxathin, that it contains.

The blue crab industry deserves the plaudits of ecologists
and environmentalists rather than their criticism and
disdain. Catching regulations contribute to annual yield
sustainability, all factories comply with rigid processing
disciplines and, with the production and marketing of
crabmeal, the industry accomplishes total resource utiliza-
tion. The advent of substantial industrial chitin/chitosan
production could eliminate meal plant pollution liability,
stabilize the economics of crab-scrap disposal, and produce
polymers that would be of great benefit to humanity and
the environment.

DISCUSSION

Q. (Unidentified): Do you decarbonate this crab waste
with sulfuric acid or hydrochloric acid?

Q. Kimball Brown: Are you referring to chitin production?

A. (Unidentified): Yes.

A. Brown: In the area of chitin production, I don’t feel
confident to respond; I am not a scientist although I
participated in the research as an engineer. I engineered

some of the pilot procedures. The steps in chitin pro-
duction are basically deproteinizing and demineralizing.
I wish I could give you a better answer. There is a great
deal of “know how” in it, to say the least, and there are
a number of alternatives in the initial separation of
protein and the calcium.















234

Bob Kemp

Texas Parks & Wildlife Dept.
4200 Smith School Road
Austin, TX 78744

Ronald Kilgen

Dept. Biological Sciences
Nicholls State Univ.
Thibodaux, LA 70301

Cornell Ladner

Bureau of Marine Resources
P.O. Drawer 959

Long Beach, MS 39560

Ralph Latapie

Louisiana Dept. Wildlife & Fisheries
400 Royal Street

New Orleans, LA 70130

Gary Lynne

1170 McCarty Hall
Univ. Florida
Gainesville, FL 32611

Zach Lea
4646 West Beach Blvd.
Biloxi, MS 39531

Dan Lonergan

Virginia Marine Resources Comm.
P.O. Box 756

Newport News, VA

Charles Lyles

Gulf States Marine Fisheries Commni.
P.O. Box 726

Ocean Springs, MS 39564

Tom Mattis

Dezpt. of Biology
Tusculum College
P.O. Box 26
Greeneville, TN 37743

Nelson May

Coastal Ecology Laboratory
Louisiana State Univ.

Baton Rouge, LA 70803

Thomas Mcllwain
Gulf Coast Research Laboratory
Ocean Springs, MS 39564

ATTENDEES

Warren Mermilliod
Louisiana State Univ.
Marine Extension Service
P.O. Box 59

Pointe ala Hache, LA 70082

Russ Miget

Texas A&M Sea Grant Program
P.O. Box 10608

Corpus Christi, TX 78410

Michael Moody

Cooperative Extension Service
Room 202-D, Knapp Hall
Louisiana State Univ.

Baton Rouge, LA 70803

Charles Moss

Sea Grant Extension Service
Route 2, Armory

Angleton, TX 77515

Elliot Norse

Center for Environmental Education
624 9th Street, NW

Washington, DC 20001

Michael Qesterling

Marine Advisory Service

Virginia Institute of Marine Science
Gloucester Point, VA 23062

John Ogle
Gulf Coast Research Laboratory
Ocean Springs, MS 39564

Eugene Olmi, I1I

South Carolina Marine Resources Dept.

P.O. Box 12559
Charleston, SC 29412

Steve Otwell

207 Food Science Building
Univ. Florida

Gainesville, FL 32611

Robin Overstreet
Gulf Coast Research Laboratory
Ocean Springs, MS 39564

Fred Prochaska

1170 McCarty Hall
Univ. Florida
Gainesville, FL 32611

Cultus and Frances Pearson
Pearson Seafood

P.O. Box 386

Lacombe, LA 70445

Garey Perkins

Cooperative Extension Service
Mississippi State Univ.

P.O. Box 5426

Mississippi State, MS 39762

William (Corky) Perret

Louisiana Dept. Wildlife & Fisheries
400 Royal Street

New Orleans, LA 70130

Allison Perry
Gulf Coast Research Laboratory
Ocean Springs, MS 39564

Harriet Perry
Gulf Coast Research Laboratory
Ocean Springs, MS 39564

Michael Poirrier

Dept. Biological Sciences
Univ. New Orleans

Lake Front

New Orleans, LA 70122

Mac Rawson

Marine Extension Service
Univ. Georgia

P.O. Box Z

Brunswick, GA 31523

Margaret Rees

Bureau of Pollution Control
3504 Halstead Road

Ocean Springs, MS 39564

Lloyd Regier

National Marine Fisheries Service
P.O. Box 12607

Charleston, SC 29412

Raymond Rhodes

South Carolina Wildlife & Marine Res.
P.0O. Box 12559

Charleston, SC 29412

Ken Roberts

Louisiana State Univ.
Knapp Hall

Baton Rouge, LA 70803






