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stocks increased from essentially zero to 160 oysters/m? in
one year. Standing stocks increased to 578 oysters/m? in
April 1989 and declined to 212 oysters/m? in November
1989 (Figure 2).

Field surveys of Bulkhead Bar on 21 April 1989 indi-
cated that standing stocks of marketable size oysters (3
inches) exceeded 17.4 oysters/m?; standing stocks of mar-
ketable size oysters from more productive reef areas ranged
from 22.7 to 25.6 oysters/m?. Standing stocks, defined as
marketable oysters/m?, were converted to estimated yields,
defined as bags/acre. Estimated yields ranged from 313
bags/acre over the entire reef to 460 bags/acre over the
most productive reef areas (Table 3).

Standing stocks of marketable oysters were calculated
by extrapolating the number of oysters equal to or greater
than 75 mm/0.25 m?. Estimated yields and economic ben-
efits were calculated using the following assumptions; a)
delineated area of Bulkhead Bar was 50 acres (20.25
hectares), b) improved reef area was estimated at 45 acres
(18.23 hectares), c) a 60-1b bag contains 225 oysters, and
d) shellstock was valued at $0.37/lb ($22.20/bag). Differ-
ences in standing stocks and estimated yields reflected
areas where substrate differences were demonstrated. Ac-
cordingly, densities of 17.4 oysters/m? were extrapolated to
3,520,900 marketable oysters or 15,648 bags for 50 acres.
Similarly, densities of 22.7 oysters, representing only the
improved substrate, were extrapolated to 4,134,015 mar-
ketable oysters or 18,373 bags for 45 acres. Standing

TABLE 3.

Population estimates for oysters on a restored reef, Bulkhead Bar,
and two undamaged natural reefs, Lighthouse Bar and Norman’s
Lumps, before and after the 1989 summer harvesting season.

Field Surveys

No. Oysters Bags
Date Quad. /m? >50mm/m? >75mm/m? >75mm/ac /acre
Bulkhead Bar
9/29/88 5* 161 73 0.8 3,561 16
4/21/89 100 577 104 25.6 103,603 460
15> NS NS 22.7 91,867 408
20° NS NS 17.4 70,418 313
5/23/89 20° 404 61 10.6 42,898 191
11/1/89¢ 15* 212 29 35 14,165 63
Lighthouse Bar
6/13/89 5 300 127 16.8 67,990 302
10/31/894 5 163 83 64 25,901 115
Norman's Lumps
6/13/89 10 157 82 18.4 74,465 331
10/31/89¢ 10 146 42 5.2 21,044 94

* includes quadrats from restored areas (25 acres);

® includes quadrats from improved areas (20 acres);

¢ includes quadrats from unimproved areas (5 acres);

4 samples collected after 1989 summer harvesting season;
NS indicates that only oysters >75 mm were measured.

stocks represented potential dockside revenues ranging
from $347,385 to $407,880, if marketable stocks could be
completely harvested.

The special harvesting season in May 1989 marked the
first time that the Bulkhead Bar Resource Recovery Area
had been commercially harvested since it was restored.
Fisheries statistics collected at the on-site check station in-
dicated that 3,802 bags of oysters were harvested by 561
vessel-trips during seven harvesting days. Actual bags
counts (3,802 tagged bags) were recalculated to provide an
adjusted value (adjusted count) which more accurately rep-
resented total landings. Bags measured at check stations
contained an average of 360 oysters; adjusted landings
were converted to 1,368,720 oysters, or 6,082 bags when
adjusted to 225 oysters/bag (Table 4). Dockside value of
oysters landed during the controlled harvesting period was
estimated at $135,020 (6,082 bags @ $22.20/60-1b bag).

Daily landings ranged from 1,944 bags (tagged) on the
first day to 33 bags (tagged) on the final day. Similarly, the
number of vessels engaged in harvesting declined from 208
to 10 vessels during the same period. Concomitant effi-
ciency declined from 9.3 to 3.3 bags/vessel/day. Initial
plans were to continue controlled harvesting throughout
May, discontinue harvesting during June, and continue
harvesting during the summer harvesting season (July
through September). However, concentrated harvesting
pressure rapidly depleted standing stocks and substantially
shortened the planned harvesting period. Harvesting during
the first two days accounted for 77.5% of the total
landings. The marked decrease in harvesting effort after the
second day indicated that stocks were rapidly exploited to a
level where harvesting efficiency was no longer more ad-
vantageous on Bulkhead Bar than on reefs in the winter
harvesting area. Continued declines in harvesting effort and
landings prompted the termination of the special season
after seven harvesting days. Field surveys following con-
trolled harvesting indicated that yield estimates had been
reduced to a level where harvesting effort was predicted to
slow.

Field surveys of Bulkhead Bar on 23 May 1989 fol-
lowing the controlled harvesting period indicated that
standing stocks of marketable size oysters had been re-
duced to densities of 10.6 oysters/m?; estimated yield was
reduced to 191 bags/acre (Table 3). Potential production
from the remaining population extrapolated over 45 acres
was 1,930,410 marketable oysters, indicating a reduction
of 2,203,605 oysters between sampling periods. Landings
during controlled harvesting accounted for 1,368,720
oysters, or 62% of the estimated reduction in standing
stocks, assuming that standing stocks and harvesting effort
were concentrated on improved areas only.

Following the summer harvesting season, field surveys
on 1 November 1989 indicated that densities were reduced

to 3.5 marketable oysters/m2, or 63 bags/acre on Bulkhead
Bar. Potential yields from 45 acres, based on projected



ASSESSMENT OF AN Oy STER RESOURCE DEVELOPMENT PROJECT

TABLE 4.

Tagged and adjusted oyster landings from Bulkhead Bar reported to
monitoring stations between 8 May and 18 May 1989.

Tagged Adjusted

Tagged  Adjusted Bags/ Bags/

Date Bags Bags Vessels -Vessel Vessel
May 8 1,944 3,110 208 9.3 15.0
May 9 1,001 1,602 188 53 8.8
May 11 338 540 58 5.8 9.3
May 15 293 469 56 5.2 8.4
May 16 104 166 21 5.0 7.9
May 17 89 142 20 4.5 7.1
May 18 33 53 10 33 5.2
Total 3,802 6,082 561 6.8 10.8

growth and mortality rates, ranged from 11,734 bags to
21,447 bags with estimated values of $260,495 and
$476,123, respectively. However, because landings from
individual reefs were not recorded at check stations during
the summer harvesting season, yields and values for Bulk-
head Bar were not determined. Check stations reported

16,001 bags landed in July, 9,947 bags landed in August,.

and 3,871 bags landed in September, totaling 29,819
(tagged) bags for the summer harvesting season from all
reefs in the summer harvesting area. The number of bags
tagged was converted to 47,710 bags landed.

Field surveys of oyster reefs in the summer harvesting
area, including Lighthouse Bar and Norman’s Lumps, indi-
cated that standing stocks were reduced to levels of approx-
imately 100 bags/acre after the summer harvesting season
(Table 3). Standing stock estimates suggested that har-
vesting pressure may have been concentrated on Bulkhead
Bar at the end of the sumimer harvesting season when other
reefs were also depleted. Estimated yields were reduced to
63 bags/acre on Bulkhead Bar compared to 115 bags/acre
on Lighthouse Bar and 94 bags/acre on Norman’s Lumps.

DISCUSSION

Production

Ingle and Whitfield (1968) and Whitfield (1973) esti-

mated that about 400 bu/acre could be harvested from pro-.

ductive artificially constructed reefs within two years of
planting cultch. During field surveys of natural and con-
structed oyster reefs in Apalachicola Bay, Berrigan (1989)
developed a scale using defined sampling protocol to deter-
mine the relative condition of oyster resources based on
production estimates. Estimated production exceeding 400
bags/acre was applied as an indicator of healthy oyster reefs
capable of sustaining commercial harvesting. Accordingly,
oyster populations were 1) capable of supporting limited
commercial harvesting when stocks exceeded 200 bags/
acre, 2) below levels necessary to support commercial har-
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vesting when stocks fell below 200 bags/acre, and 3) con-
sidered depleted when marketable stocks were below 100
bags/acre. Estimated yields for Bulkhead Bar ranged from
313 bags/acre for the delineated 50 acres to 408 bags/acre
for the improved acreage (45 acres) by 21 April 1989. Esti-
mated yields reached 460 bags/acre in 18.5 months (80
weeks) on highly productive reef areas (25 acres). Esti-
mated production from Bulkhead Bar ranged from 15,648
to 18,373 bags.

Two critical factors influencing estimated yields and
landings were identified during data analyses. First, esti-
mated yield (bags available for harvest) was a function of
the area where substrate was improved and level of im-
provement. Over estimates of the productive area may have
contributed to disparity between estimated stock reductions
and stock reductions accounted for in landings. Secondly,
harvesting success (bags landed) was a function of the
number of oysters contained in each bag landed. To com-
pensate for areal dependent production estimates (acres)
and numerical dependent landings (bags), both yield esti-
mates and landings were recalculated using adjusted values
(45 acres and 225 oysters/bag) to evaluate resource assess-
ment techniques.

Adjusted values provided a standard unit to compare
yield estimates with harvesting success and landings. Popu-
lation estimates used in data analyses were extrapolated for
45 acres to represent productive acreage and the area where
harvesting effort was concentrated. Standing stocks and es-
timated yields were adjusted to represent fully restored,
improved, and unimproved reef areas (Table 3). Yield esti-
mates ranged from 313 to 460 bags/ac; lowest levels re-
flected standing stocks over the entire 50 acres while
highest levels were confined to the most productive 25
acres. Sampling was subsequently confined to improved
areas to reduce variations in population estimates.

The number of oysters in each bag harvested was also
adjusted to compensate for oystermen overfilling their
bags. It is common practice among oystermen to overfill
bags since neither volumetric measure (ten gallons) nor
weight (60-1b/bag) are strictly monitored when there is no
obvious intent to circumvent daily bag limits. However,
adjusted landings suggested that some harvesters exceeded
15 bag limits (900 Ibs) on the first day of controlled har-
vesting (Table 4).

To evaluate yield estimates made from standing stock
assessments on Bulkhead Bar, declines in predicted yields
were compared to adjusted landings. Predicted yield was
18,373 bags for 45 acres before harvesting was initiated.
Following controlled harvesting, remaining yields of mar-
ketable oysters were estimated at 8,580 bags indicating a
decrease of 9,793 bags. Landings accounted for 6,082 bags
(adjusted) or 62% of the estimated yield. Declines in esti-
mated yields from 408 bags/acre to 191 bags/acre indicated

reductions of 217 bags/acre; landings accounted for 135
bags/acre. Natural mortality was calculated to account for
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approximately 15% of population losses between sampling
intervals. When losses to natural mortality prior to har-
vesting were calculated, landings accounted for 86% of
population reductions.

Population Structure

Analyses of oyster populations on Bulkhead Bar were
aided by the fact that the date when the population under
surveillance was established could be determined. Intensive
spatfall occurred during a single event of relatively short
duration making population analyses relatively straightfor-
ward compared to analyzing populations in which recruit-
ment occurs over an extended period. When intense spatfall
occurs in the spring, continuous low intensity spatfall
throughout the summer followed by peaks in the fall tend to
obfuscate population trends. In this instance, a single event
occurred following restoration of the substrate. Rapid
growth during the fall and winter further distinguished this
cohort from oysters recruited during the following spring.
Intensive spatfall did not occur until the fall of 1988 and
again during the spring of 1989 (Figure 2).

Population parameters at Bulkhead Bar, including re-
cruitment, standing stocks, growth rates, mortality rates,
and harvesting pressure, were developed from field surveys
for the population established in September 1987. Analyses
of these parameters provided data for developing assump-
tions to provide population dynamics for subsequently re-
cruited stocks. Estimated growth rates and mortality rates
were particularly important to predicting potential yields
based on standing stock assessments. Estimates of recruit-
ment to marketable stocks were critical to developing long
term cost:benefit ratios when landings from Bulkhead Bar
were not exclusively monitored.

Juvenile oysters observed on Bulkhead Bar in May 1988
indicated that successful spatfall had occurred during the
fall of 1987. Length-frequency distributions developed
from field surveys in September 1988 confirmed that juve-
nile stocks were the result of setting in September or Oc-
tober 1987. Median lengths (44 mm) of oysters sampled 29
September 1988 indicated growth rates of 0.85 mm/wk, as-
suming that spatfall occurred during the same week in Sep-
tember 1987 (0.85 mm X 52 weeks = 44.2 mm). Approx-
imately 25% of the sample population was greater than 50
mm in length, suggesting that growth rates among rapidly
growing oysters may have exceeded 0.96 mm/wk. Growth
rates were expressed as the mean length (mm) increase over
time (52 weeks), and did not account for variability among
individuals, size dependent growth, density dependence,
and environmental factors. Growth rates of 0.9 mm/wk
(Ingle and Dawson 1952) and 0.85 mmy/wk (Berrigan 1988)
have been reported for Apalachicola Bay.

Assuming growth rates of 0.96 mm/wk, fastest growing
oysters in the population established in September 1987 on
Bulkhead Bar should have reached marketable size by the

end of April 1989 (80 weeks post set). On 29 September

1988 (52 weeks post set), oysters greater than or equal to
50 mm numbered 72 oysters/m?. Assuming growth rates of
0.90 mm/wk and no losses to mortality, standing stocks
should have reached 73 marketable oysters/m? after an ad-
ditional 28 weeks. However, surveys in April 1989 from
the same transects indicated standing stocks of 25.6 mar-
ketable oysters/m? (Table 3). Declines in standing stocks
from densities of 73 to 25.6 marketable oysters/m? sug-
gested that losses to natural mortality had been substantial
or growth rates were lower than predicted. Significantly
slower growth rates between the sampling periods were
discounted since growth rates were expected to be highest
during periods when water temperatures are cooler (Ber-
rigan 1989, Ingle and Dawson 1952). Therefore, natural
mortality was considered the most probable causative factor
reducing standing stocks of adult and subadult oysters
within the sample population.

Differences in standing stocks between sample intervals
were compared to determine the effects of natural mortality
on predicted yields. A weekly mortality rate, expressed as
the average number of oysters/m? lost each week during the
28 week sampling interval, was used to represent reduc-
tions in extant populations. For example, during the first .
week of the sampling interval (week 52), 1.7 oysters/m?
were lost from the initial population of 73 oysters/m?; by
the last week of the sampling interval (week 80) 1.7
oysters/m? were lost from the surviving population of 27.3
oysters/m2. Natural mortality, expressed as percent reduc-
tion, ranged from 2.3% to 6.2% per week, respectively.
Population losses attributed to natural mortality accounted
for a 65% reduction during 28 weeks, or a mean reduction
of 3.34% per week. Extending intervals to 30 weeks, ac-
counting for additional losses during the two weeks be-
tween the previous sampling period and when harvesting
was initiated, increased cumulative population losses to
70%.

Similarly, growth and mortality rates were included in
calculations based on length-frequency distributions of
oysters between 60 and 75 mm to predict yields during the
next summer harvesting season. Standing stocks of market-
able oysters during the summer harvesting season were es-
timated from 1) marketable stocks remaining after the spe-
cial harvesting season (9 oysters/m?), 2) recruitment of
sublegal-sized oysters to marketable stocks (21 oysters/m?),
and 3) population losses due to natural mortality. Com-
bined standing stocks, including recruitment and mortality,
were expected to produce approximately 18 marketable
oysters/m? at the beginning of the summer harvesting
season. Throughout the three month harvesting season,
more than 30 marketable oysters/m? were expected to be
available for harvest. Cumulative production from standing
stocks during the summer harvesting season was estimated
at 121,410 oysters/acre (5,463,450 oysters/45 ac), or
24,282 bags. Estimated value of standing stocks, assuming
$22.20/bag, was $539,060.
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However, during the warm summer months, mortality
may be expected to increase over levels projected during
the cooler months. Increased mortalities may be associated
with the pathogenic protozoan, Perkinsus marinus and in-
creased stress (Berrigan 1989, Quick and Mackin 1971).
Furthermore, slower growth may also be expected during
spawning peaks when oysters expend greater metabolic en-
ergy on reproduction than on growth. The combined effect
of these factors may reduce actual standing stocks when
compared to predicted standing stocks. Theoretically,
growth rates and mortality rates can be adjusted to account
for variability between populations and to predict a range
for potential yields. As an example, reducing growth rates
by 25% and increasing mortality rates by 25% in the
standing stocks previously discussed would reduce pre-
dicted densities from 30 to 18 marketable oysters/m? avail-
able during the summer harvesting season. This more con-
servative estimate, representing the lower range of potential
yields expected during the summer months, would produce
72,846 marketable oysters/acre (3,278,070 oysters/45 ac)
or 14,569 bags during the summer season. Estimated value
of these stocks would be $323,432, assuming $22.20/bag.
Based on projected recruitment and field surveys following
the summer harvesting season, potential landings from 45
acres ranged from 11,734 bags to 21,447 bags with esti-
mated values of $260,495 and $476,123, respectively.

Reported landings from all reefs in the summer har-
vesting area suggested that conservative yield estimates for
Bulkhead Bar may more closely reflect standing stocks and
landings during the summer season than estimates based on
more optimal conditions. Additionally, projections based
on recruitment, growth, and mortality during optimal pe-
riods (October through April) may not accurately estimate
population levels during the warmer months (May through
September).

Economic Benefits

Success of resource restoration programs is difficult to
evaluate within an environmental and economical context.
The environmental value of oysters resources, although
clearly identifiable as a critical element in the Apalachicola
Bay ecosystem, can not easily be expressed in economical
terms. Within an economical framework, the most practical
alternative is to identify economic contributions of restored
resources to commercial fisheries and dependent industries.
Economic value to harvesting and marketing sectors con-
sists of revenues from landings and revenues generated by
added value through wholesale and retail sales. In this con-
text, the present evaluation of an oyster resource restoration
project provides an analytical framework based on revenues
from commercial landings, predictions of revenues based
on stock assessments, and predictions of added value rev-
enues.

Restoration of Bulkhead Bar was completed at a cost of
$174,265. The project was accomplished by contract and

included all costs except costs of contract administration.
Economic benefits were determined by monitoring com-
mercial landings during controlled harvesting and by pre-
dicting yields during the regular summer harvesting season.
During controlled harvesting, 6,082 bags (adjusted) of
oysters were landed and valued at $135,020. Dockside
value accounted for 77% of restoration costs during initial
harvesting efforts. Furthermore, estimated yields during the
summer harvesting season resulted in additional values
ranging from $260,495 to $476,123. Combining the more
conservative value for estimated yields during the summer
harvesting season, accounting for approximately 25% of
dockside value of landings during the summer harvesting
season, and dockside value of landings during the con-
trolled harvesting period, would produce revenues of
$395,515 after two years.

Actual and estimated revenues from restored resources
on Bulkhead Bar indicated that restoration costs were re-
covered after the first harvesting season or within two years
of restoration. Cost:benefit ratios based on predicted dock-
side values ranged from 1:2.3 to 1:3.5 after two years. Ex-
perience has shown that restored reefs remain productive
for ten or more years (Whitfield 1973). With no further
costs to maintain reefs over this period, conservative
cost:benefit ratios may reach 1:9.2 after five years and
1:20.7 after ten years, assuming continued productivity.
Cost:benefit ratios of 1:20 have been reported for suc-
cessful shell plants in Louisiana (Dugas 1988). Considering

restoration costs of $3,873/acre, benefits would exceed

$8,790/acre annually and range from $2.30 after the second
year to $20.70 over ten years for each $1.00 expended.

Apalachicola Bay oysters are sold throughout the United
States. Much of the nationwide distribution is concentrated
in sales for the half-shell market. Prochaska and Keithly
(1984) reported that 78% of sales were generated through
sales of unshucked oysters. This trend has continued since
1985, and sales of shellstock remain the primary marketing
channel. Because of this marketing strategy, added value to
the product is primarily in distribution rather than pro-
cessing. Currently, added value from processing may con-
sist simply of washing, grading, and packaging.

In this marketing strategy, the majority of added value is
received by distributors and retailers who may be outside
the local industry. Colberg and Windam (1965) indicated
that oyster tongers share about 14%, packers about 7%, and
truckers and retailers about 79% of retail value of half-shell
oysters. In a review of the U.S. oyster industry, Dressel et
al. (1983) reported that, oyster harvesters receive 33.3% of
retail dollar sales, while the remaining 66.7% goes to pro-
cessors, distributors, wholesalers, and retailers. Estimated
values for Texas’s oyster industry were recently generated
using an economic multiplier of $3.12 dollars for each
$1.00 of direct input (Quast et al. 1988). Roberts (1988)
used an economic multiplier of 6.9 to determine retail
values from dockside values for domestic oyster sales na-
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tionwide. In the absence of better indicators, a multiplier of
$4.00 for each $1.00 in dockside value may be appropriate
to express the economic impact of Apalachicola Bay
oysters at the retail level (Whitfield 1973).

Thus, economic coatributions from resource restoration
efforts ultimately benefit levels from harvest to retail sales.
Added value revenues exceeding $35,000 per acre annually
represent returns ranging from $9.20 after the second year
to $82.80 after ten years for each $1.00 expended.
Cost:benefit ratios increase to 1:36.8 after five years and to
1:82.8 after ten years. Estimated economic benefits from
Bulkhead Bar after two years would reach $1,575,000, ex-
ceeding costs for the entire program and restoration of 385
acres in Apalachicola Bay.

The economic estimates developed for Bulkhead Bar are
expected to be representative for reef restoration efforts.
However, accurate fisheries information is lacking for all
other reefs restored during the program, hence there is

no assurance that oyster populations on Bulkhead Bar are
representative of oyster populations on other reefs. The
vagaries of environmental conditions throughout Apa-
lachicola Bay strongly influenced population dynamics
on individual reefs throughout the recovery phase. While
production may be variable between reefs, the magnitude
of returns from restored productive acreage probably more
than compensates for periods of low productivity.

At a time when oyster resources are increasingly
stressed by a barrage of factors and resource managers face
tightening fiscal constraints to rehabilitating depleted re-
sources, proven resource restoration and development prac-
tices remain viable and economical altematives for oyster
fisheries management. Restoring suitable habitat provides
shellfish resource managers the almost singular opportunity
to mitigate resource losses, enhance productivity, and con-
tribute direct economic benefit to the fishery industry and
its dependent economy.

REFERENCES CITED

Berrigan, M. E. 1988. Management of oyster resources in Apalachicola
Bay following Hurricane Elena. J. Shellfish Res. 7(2):281~288.

Berrigan, M. E. 1989. Oyster resources in Apalachicola Bay. (Unpub-
lished Manuscript) Fla." Dept. Nat. Res. Tallahassee, Florida. 93 p.

Colberg, M. R. & D. M. Windam. 1965. The oyster-based economy of
Franklin County, Florida. U.S. Pub. Health Serv., Washington D.C.
23 p. .

Dressel, D. M., D. Whitaker & T. Hu. 1983. The U.S. oyster industry: an
economic profile for policy and regulatory analysts. Natl. Mar. Fish.
Serv., Washington, D.C. 44 p.

Dugas, R. J. 1977. Oyster distribution and density on the production por-
tion of state seed grounds in southeastern Louisiana. La. Dept. Wildl.
Fish. Tech. Bull. No. 1. 27 p.

Dugas, R. J. 1988. Administering the Louisiana oyster industry. J. Shell-
fish Res. 7(3):493-499.

Futch, C. R. 1983. Oyster reef construction and relaying programs. An-
dree, S. ed. Apalachicola oyster industry: conference proceedings.
Florida Sea Grant College Rept. No. 57:34-38.

Hofstetter, R. P. 1981. Rehabilitation of public oyster reefs damaged or
destroyed by a natural disaster. Management Data Series No. 21.
Texas Pks. & Wildl. Dept. Austin, Texas. 9 p.

Ingle, B. M. & C. E. Dawson. 1952. Growth of the American oyster,
Crassostrea virginica (Gmelin), in Florida waters. Bull. Mar. Sci.
Gulf Carib. 2(2):393-404.

Ingle, B. M. & W. K. Whitfield, Jr. 1968. Oyster culture in Florida. Fla.
Board. Conser. Mar. Res. Lab., Ed. Ser. No. 5. 25 p.

Mackenzie, C. L., Jr. 1977. Development of an aquacultural program for
rehabilitation of damaged oyster reefs in Mississippi. Mar. Fish. Rev.
39(¢8):1-13.

May, E. B. 1971. A survey of the oyster and oyster shell resources in
Alabama. Ala. Mar. Res. Bull. 4:1-53.

Prochaska, F. J. & W. R. Keithly. 1985. Market structure and channels
for Florida processed and marketed oysters. Ward, D. R. & G.
Treece. eds. Proceedings Tenth Annual Tropical and Subtropical Fish-
eries Conference of the Americas. Texas’ A&M Univ. Sea Grant. No.
86-102. p 23-31.

Quast, W..D., M. A. Johns, D. E. Pitts, Jr., G. C. Matlock, & J. E.
Clark. 1988. Texas Oyster Fishery Management Plan. Fishery Man-
agement Plan Series No. 1. Texas Pks. & Wildl. Dept. Austin, Texas.
178 p.

Quick, J. A, Jr., & J. G. Mackin. 1971. Oyster parasitism by Labyrinth-
omyxa marina in Florida. Fla. Dept. Nat. Resour. Mar. Res. Lab.,
Prof. Pap. Ser. No. 13. 55 p.

Roberts, K. 1988. Economic Profile of the U.S. Oyster Industry. Burrage,
D. ed. The Mississippi Oyster Industry: Past Present and Future. Mis-
sissippi/Alabama Sea Grant Consortium, MASGP 88-048. p 4-7.

SAS Institute, Inc. 1985. SAS User's Guide: Statistics. Cary, North Caro-
lina. 956 p.

Tyler, A. V. & V. F. Gallucci. 1980. Dynamics of fished stocks. Lackey
R. T. & L. A. Nielsen. eds. Fisheries Management. Oxford, England:
Blackwell Scientific Publications. p 111-147.

Whitfield, W. K., Jr. 1973. Construction and rehabilitation of commercial
oyster reefs in Florida from 1949 through 1971 with emphasis on eco-
nomic impact in Franklin County. Fla. Dept. Nat. Resour. Mar. Res.
Lab., Spec. Sci. Rept. No. 38. 42 p.

Whitfield, W. K., Ir. & D. S. Beaumariage. 1977. Shellfish management
in Apalachicola Bay. Past-present-future. Livingston, R. J., & E. A.
Joyce, Jr. eds. Proceedings of the Conference on the Apalachicola
Drainage System. Fla. Mar. Res. Lab. Publ. No. 26:130-140.



