


















































































































Bluefish nooulations in the oil field appeared healthy and no evi-
dence of disease was observed. During fall, bacterial flora of bluefish

were dominated by Micrococ-cus sp. and, during spring and sununer, by Vibrio

sp. (both hemolytic and non-hemolytic forms). Representatives of Aeromonas

were among the potential pathogens represented. with the exception of

a high frequency of kidney parasites (incidence was 80% each season),

bluefish were characterized by few histopathological anomalies. However,

each of the five specimens collected in winter exhibited fatty infiltra-
tion of the liver. Winter food habits did not appear markedly different

from food habits observed for other seasons.

Reef Fishes

Red Snapper

Population levels of red snapper at Production Platform 296B were

highest during fall and spring (&=565 and 441, respectively) but were

estimated to have been fewer than 50 individuals at the time of marking

during summer and winter (Fig. 12). The seasonal differences in abun-
dance levels based upon population estimates correlated well with the
seasonal mean catches of red snapper in trawl collections (Fig. 12).

Results of ANOVA performed on the log-transformed catch data for trawled

red snapper showed seasonal differences were significant (==0.01); sta-

tion differences were not:

Source d.f. Sum of Squares Mean Squares F

Total 35 62.7383

Stations 3 3.6114 1.2038 1.03

Seasons 2 22.1547 11.0774 9.47*

Station x Season 6 8.8954 1.4826 1.27

Residual 24 28.0769 1.1699

*Significant at the 1% level.

Results of the Duncan's multiple Range Test showed fall and spring

abundance levels as indicated from trawled data were equivalent and sig-

nificantly higher than winter levels. Comparisons of the 95% Confidence

Intervals for the seasonal population estimates indicate a similar trend

(Fig. 12).

The seasonal size distribution of red snapper in Buccaneer Oil Field
is shown by Fig. 13. Within Age Class 0 (after Bradley and Bryan 1976),

two size groups were represented in fall, winter and spring-only the
larger of these was represented in summer collections. Moseley (1966)

stated spawning off the Texas coast extended from early June to mid-
September; Bradley and Bryan (1976) provided evidence extending the
spawning period from April to as late as November. The latter authors
also reported that snapper attain fork lengths of about 200 Mm during

their first year and grow at a rate of about 75 mm per year after Age or
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Year Class I. Using the above data as criteria, Age Class 0 fish in the

study -area during summer of 1978 were probably those of the previous
summer's spawn. The small size group of Age 0 fish represented in fall
and winter collections were probably spawned in spring of 1978, grew

little during the period December 1978-March 1979 and were probably re-

presented by the two specimens between 140 and 155 mm, trawled in spring
1979 (Fig. 13). The larger size group of Age 0 fish in fall and winter
1978 collections were probably spawned in early spring of 1978 and were
represented by the large Age 0 and small Age I specimens represented in
spring 1979 collections. The small size group of Age 0 fish in spring
were probably fish spawned the preceding month.

As part of the population experiments, we tagged and released in
good condition a total of 108 red snapper; 8, 57, 7 and 36 during each
of the resnective seasons Summer 1978 to Spring 1979. In addition to these

fish, an additional 13 red snapper were tagged and released during the
course of an aborted population experiment in fall 1978, raising the

total tagged red snapper for the fall season to 70. Sportfishermen re-
turned 21 of the total 121 tagged fish:

No. No. Date of %

season Tagged (Dates) Tagged Returns Captures Returned

Summer (1 Aug.-4 Sept. 78) 8 0 0
Fall (26 Nov.-ll Dec. 78) 70 20

Winter (15 March79) 7
Spring (7 may 79) 36

(15-29
Dec. 78 29

0
4 Aug. 79 3

All recaptures were made in the Buccaneer Oil Field, and, although data
from the sportfishermen were typically incomplete, we believe most, if
not all, were recaptured at the structure at which they had been marked.
Results of red snapper tagging programs of the previous year also indi-
cated red snapper were structure-faithful with number of days between
release and recapture ranging from 19-149 days (Jackson 1979). Fable
(1977) tagged 299 red snapper at six reefs off the south Texas coast.
Of these, only three tag returns showed movements and these to adjacent
banks or structures.

Snapper enter the hook-and-line fishery at about 200 mm (Bradley
and Bryan 1976). The red snapper fishery in the Buccaneer Oil Field is
dominated by Age Classes I and II, no fish older than Age Class IV was
represented in our collections (Fig. 13). The dominance of relatively
young red snapper in the Buccaneer Oil Field fishery indicates heavy
fishing pressure. Fable (1977) found that heavily fished structures and
reefs were characterized by smaller and younger (mostly Age Classes I
and II) red snapper than were present at less heavily fished banks (fish
up to Age Class V were taken).



The effects of fishing pressure may be well illustrated by our tag-

ging studies. During fall of 1979,.the snapper population at Production

Platform 296B was relatively high (N=565 individuals), but fishing pres-

sure was also high (29% of the tags from red snapper marked in fall were

returned by sportfishermen). The snapper population at Production Plat-

form 296B during winter was estimated at less than 50 individuals. we

believe most of the difference between fall and winter levels was attri-
butable to harvest by sportfishermen, as results of ours and other tag-
ging programs indicate little movement of red snapper once recruited to
a habitat. During the spawning season, snapper feed little, but after
spawning they feed voraciously. Thus, during fall and early winter, the
snapper are "biting", a fact we believe is well known and exploited by

sportfishermen.

Spring population levels of red snapper were also high; but, based
upon tag returns, fishing success was low. The snapper may have been in
a period of low feeding activity related to spawning. In summer 1978

standing stock was exceedingly low, indicating that during the previous
spring, recruitment either did not occur, or that new recruits were har-
vested. Population levels of red snapper at Production Platform 296B

in summer of 1979 will be of great interest. Given that we have had only

I tag returned from the 36 fish that were marked at that structure in May

1979, we suspect that population levels will be high and, further, that
high catches of red snapper will be made in the Buccaneer Oil Field
during fall of 1978.

The diet of red snapper varied with season with winter appearing to
be the most dissimilar in terms of diet (Fig. 14) . During winter, red
snapper were indicated to feed almost exclusively on squid, although
small carangids (probably scad) were also taken. We suspect that the
squid was provided by us in the form of bait and that red snapper rely
primarily upon other fish as food during the winter season. The mantis
shrimp, SquiZZa, was a major component of the diet of red snapper during
both the summer and spring seasons with fish also well represented during
summer. Shrimp, fish and swimming crabs were the most abundant food
items of red snapper collected in the Buccaneer Oil Field during fall.
Results of our findings generally agree with those of other investigators
(Moseley 1966, Bradley and Bryan 1976).

Average index of fullness values for red snapper captured by

angling were 68.7, 29.0 and 18.0 for morning (0600-1200 hrs), afternoon

(1201-1800 hrs) and early evening hours (1801-2000 hrs), respectively.

No specimens were obtained for the period 2000 to 0600 hrs. These data

in combination with the above food habit data could be interpreted to
indicate that red snapper feed during the night or early morning over
soft bottom away from the platforms. Red snapper exhibited very little,
if any, dependence upon the biofouling community as food.
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Of the 34 red snapper examined for histopathological anomalies, 62%
were characterized by gill hyperplasia and 47% by intestinal parasites,
usually accompanied by intestinal inflammation, fibrosis and lesions.
Gill parasites were believed largely responsible for the observed hyper-
plasia. No marked difference in the frequency of the various anomalies
was observed for production platform vs satellite jacket populations or
among seasons. Bacterial flora of red snapper varied seasonally with
Vibric sp. usually the dominant form on fish from each of the two habi-
tats sampled. Hemolytic Vibrio sp., which include representatives of
potential fish pathogens, were well represented on specimens from each
structure during each season except fall 1978 when none were isolated
from any of the samples. Aeromcnas sp., which also contains fish patho-
gens, were isolated from specimens taken at Production Platform 296B in
summer 1978 (27% of the total 26 colonies isolated from snapper tissue
were Aeramonas sp.) and in spring 1979 (15% of the total 47 isolated
colonies). Aeromonas sp. were not isolated from red snapper specimens
taken at Satellite 288-5 during any season.

Seasonal length-weight relationships were determined for Age Class
I and older red snapper:

• summer

LogeW = -10.5972 + 2.95 (LogeL)

• Fall

LogeW = -10.7361 + 2.96 (LogeL)

Winter

LogeW = -12.6429 + 3.34 (LogeL)

• Spring

Log,W = -11.1146 + 3.303 (Log,,L)

Results of regression analysis indicated that the seasonal relationships

did not have significantly different slopes but were characterized by

different elevations or intercepts (F=5.25 at 3 and 96 d.f.).

Log e W values at an adjusted mean length ranged:

Winter Summer Fall Spring

5.7935 5.7203 5.6511 5.6279

Mean Log W values underlined above by the same line are not significantly
differen^. Seasonal differences in condition appear attributable to life
history effects as opposed to effects of structures or discharges.

2.3.5-34



Sheepshead

With the exception of "winter" (early April 1979), populations of
sheepshead at Satellite 288-5 were relatively stable during research
year 1978-1979:

Summer 1978 Fall 1978 Winter 1979 Spring 1979

August-September December April May

N 151 160 3,055 164
95% C.I. 96-270 100-296 2163-4645

*Only 2 fish marked, no recaptures, estimate made:
M . C+l

R+l

During April, the population of sheepshead at Satellite 288-5 was esti-
mated to have been in excess of 3,000 individuals. A marked increase in
population size was also observed at the Production-Quart-ers Platform
296B complex in April (considered as a single habitat based upon movement

of tagged fish between the adjacent structures):

Summer 1978 Fall 1978 Winter 1979 Spring 1979

AuguSt-September December April May __

452 1017 16,969 1730

95% C.I. 349-604 602-2049 1101-3106

*Recruitment between marking and census sampling.

The observed population levels in April represented 17- to 19-fold in-
creases over the population sizes estimated for each structure the pre-

vious quarter. we believe the observed concentrations represented a
spawning congregation as the fish were mostly running ripe, and many
were exhibiting what we interpreted as courtship behavior. Similar con-
gregations were observed at all the structures examined in the Buccaneer
Oil Field during early Arpril 197q. We do not know exactlv how lona the
congregations persisted; populations had returned to the normally obser-
ved ranges by mid-may. we believe these observations represent the first
evidence of spawning migration and aggregations for this species.

As was observed for Atlantic spadefish, the population of sheepshead
at the Production-Qqarters 296B structures appeared atypically low during
the summer of 1978. The population increased from an estimated 452 indi-
viduals in summer to an estimated 1,017 in December. Following the
breakup of the April spawning aggregation, the population at this habitat
was estimated at 1,730 individuals. The source of the recruitment be-
tween summer and fall 1978 is unknown (similar recruitment during this
period was not evidenced at either of Satellites 288-5 or 288-2).



Recruitment of sheepshead to Buccaneer Oil Field structures appears
to be an annual event related to spring spawning aggregations at this
habitat (Fig. 15). During August 1978, we were able to harvest all but
about 10 of the sheepshead observed at Satellite 288-2. The observable
population remained at about 10 fish until April 1979; after which the
observable population was estimated at about 36 individuals (69% of the
pre-harvest level, insert B, Fig. 15). Density of sheepshead at the two
censused habitats (Production-Quarters 196B, S288-5) were remarkably
stable during each season with the obvious exceptions of April at both
structures and summer at the Production-Quarters 296B habitat (Fig. 15).
With the exception of movement between the adjacent production-quarters
structures, sheepshead appeared habitat-faithful. No marked fish were
seen at a structure other than where they had been marked. As indicated
by Fig. 15, density of sheepshead was typically slightly higher at the
satellites than at production-quarters structures.

Sheepshead in the Buccaneer Oil Field during 1978-1979 ranged from
about 22- to 50-cm fork length (Fig. 16). Fish between 22 and 35 cm
usually dominated the collections, particularly during summer. In the
latter case, nearly all the specimens at Satellite 288-2 were harvested
and comprised a rather complete sample of the resident population.

The seasonal length-weight relationships for sheepshead were char-
acterized by equal slopes and significant differences (5% level) were
indicated among the seasonal levels of condition (F=2.99 at 3 and 90
d.f.). Sheepshead collected in winter and summer were significantly
heavier at an adjusted mean length than fish at the same length in fall
and spring. Fall fish were not significantly different from summer and
spring fish. The greatest difference in condition was observed between
winter (April) and spring (May) sheepshead; the former group were in
spawning condition, and, at a given length, averaged 6.3% heavier than
fish collected after the spawning activity.

The food habits of sheepshead varied with season (Fig. 17). During
summer 1978, portunid crabs comprised 67% (by weight) to the diet and
were supplemented by biofouling organisms. During each of the fall,
winter and spring seasons, the biofouling community comprised the major-
ity of the diet. Most of the material in the "unidentified" category
is believed to have been of biofouling origin. The presence of sargassum
in stomachs of spring specimens supports visual observations of sheeps-
head grazing on rafts of this material as well as on the organisms uti-
lizing the sargassum. as habitat.

Sheepshead were characterized by higher IF values in winter (26.0)

and spring (24.0) than in summer (19.0) and fall (14.0), but the data
showed an almost uniform feeding periodicity over the 24-hr cycle during
each of the four seasons. Index of fullness values for the periods 2401-
0600, 0601-1200, 1201-1800, and 1801-2400 hrs were 19.0, 19.3, 19.0, and

12.6, respectively. This species was heavily dependent upon the bio-
fouling community for food; but, as described above, also obtained food
from other sources.
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The bacterial flora of sheepshead was similar to that observed for
other fish species collected from the Buccaneer Oil Field. Species of

Vibrio were represented each season and were usually the dominant form.

Of interest, hemolytic Vibrio sp., typically abundant, were not isolated

from sheepshead collected during fall 1979. Aeromonas sp. were one of

the dominant taxa on sheepshead collected at each of the two sampled
habitats in summer, and were also represented on fish taken at each
structure in fall. This potential fish pathogen was not isolated from
winter specimens and was represented only on Production Platform 296B

specimens in spring. The two categories of structure types (discharging
and non-discharging) did not show marked differences in terms of sheeps-

head bacterial flora.

The most notable histopathological finding with respect to sheeps-
head was the vertical absence of any anomalous condition in tissue
samples taken from specimens collected during the brief period of the
spawning aggregation observed in the BCF in late winter-early spring
(April). Typically, sheepshead collected during other seasons exhibited
five to seven different tissue anomalies, with each condition represented

in 20 to 100% of the specimens collected. With the exception of gill
hyperplasia which was characteristic of all specimens collected during
the summer and four of five specimens collected at Production Platform

296B in fall, most of the anomalies in the tissues examined were lesions
in association with the presence of, or attributable to, a parasite
(e.g. nematodes). If the fish collected during April were indeed re-
presentative of a migrant population, it would appear from these data
that resident sheepshead are characterized by a higher degree of histo-

pathological anomalies (or parasitism) than are sheepshead which migrate
in and out of the study area for spawning purposes.

Comparisons of condition of sheepshead at the treatment and control
structures were based upon specimens subsequently submitted for histo-
pathological and bacterial flora analysis. The data set was reduced to
the fall 1978 and spring 1979 collections, as the sheepshead represented
during winter were not considered resident fish, and weights were not
obtained for the specimens analyzed from the summer season. The length-
weight regressions for fish from the two habitats had equal slopes

(F=1.75 at 1 and 16 d.f.); and, although fish from Production Platform

296B were 10.6% heavier than fish from Satellite 288-5, the differences

were non-significant (F=3.79 at 1 and 17 d.f.).

Crested Blenny

The crested blenny was abundantly represented at each station on
various Buccaneer Oil Field structures during each season of 1978-1979

(Fig. 18). Significant differences (1% level) were indicated for the
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observed seasonal and areal abundance levels (no/m2):

Source d.f. Sum of Squares Mean Squares F

Total 144 8816.93

Station 11 1650.35 150.0318 16.37*

Season 3 3736.74 1245.5800 135.88*

Station x Season 33 3429.84 103.9345 11.34*

Residual 96 880.00 9.16667

*Significant at 1% level.

The mean density of crested blenny was significantly higher in summer
than during the other seasons, none of which were significantly different
from each other. Based upon the presence of the small fish (<50 mm total

length, Fig. 19), spawning of this species probably extends from spring
into at least August. Thus, the summer samples, taken near the presumed
end of the spawning season, benefited more in terms of recruitment from
reproduction than did the samples taken in other seasons.

Results of regression analysis performed on the log-transformed
length-weight relationships for crested blenny (Fig. 20) indicated Sig-
nificant differences in the seasonal slope values, disallowing for com-
parisons of condition. The slope values indicated that small fish in
May samples were proportionately heavier than small fish in the other
seasonal samples. These differences were probably also related to
changes in state of maturity.

Most of the orthogonal contrasts of stations proved significant:

Contrast F PR>F

Control S288-5 - (x = 14.801) Vs Others (x - 18.67) 32.76 0.0001*

S288-5 - 3 m (x = 17.17) Vs S288-5 - 8 m (x = 12.42) 14.77 0.0002*

Production Platforms (2 = 19.29) VS Quarters and

Flares (R = 17.73) 7.67 0.0067*

P296B (R = 18.79) vs P288A (K = 20.29) 3.93 0.0504

P296B W(R = 21.09) Vs P296BE (R = 16.50) 27.30 0.0001*

P296B',q- 3 m (R 21.50) VS P296BW - 8 m 20.67) 0.45 0.5,1018

P296BE - 3 m 14.58) vs P296BE - 8 m 18.42) 9.62 0.0025*

P288A 3 m (SE 25.08) vs P288A 8 m (R 15.50) 60.11 0.0001*

Flares = 19.67) va Quarters (R 15.79) 19.66 0.0001*

Flares 3 m (R = 19.00) VS Flares -8 m (R = 20.33) 1.16 0.2834

Quarters - 3 m (R = 14.83) vs Quarters - 8 m (R = 16.75) 2.40 0.1243

*Significant at the 0.01 level.

The crested blenny was more abundant on "affected" structures than on
the control satellite, and more abundant on production platforms than on



Fig. 19. Seasonal size distribution of crested blenny in the Buccaneer Oil Field, 1978-1979.
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quarters and flare structures. Abundance levels between the two produc-
tion platforms were not significantly different. In contrast to Produc-

tion Platform 296B, abundance at the 3-m deep station on the discharge

or west leg of Production Platform 288A was greater than abundance at
8-m depths. Density of crested blenny on-the discharge leg of Production

Platform 296B was higher than abundance on the opposite leg on the other

side of the platform (P296B E). The flare structure contained a higher
density of crested blenny than quarters platform substrates. The appar-
ent enhancement of the discharge on blenny density levels probably re-
lates to the detrimental effects the discharge has on barnacles. The
higher percentage of dead barnacles beneath the discharge as compared to
other areas furnishes increased habitat or cover for the discharge-
resistant crested blenny.

The produced water had no observable effects on recolonization rates
of 0.5 M2 areas totally harvested for blennies during each of the summer
and winter seasons. In summer, the area harvested beneath the discharge
appeared to recolonize at a faster rate than the control area; but, even
after 12 elapsed days, neither site had attained pre-harvest density
levels (80% beneath the discharge as opposed to 65% at the control sta-

tion). We suspected the differences might have been due to the habitat
damage that occurred as we installed and removed the quadrat template.
In the winter survey, more caution was exercised with respect to altering
the habitat during the course of the surveys and damage was minimal.
Both sites attained pre-harvest density levels within seven days.

The crested blenny relied almost entirely on the biofouling commun-
ity as food (Fig. 21). Hydroids, bryozoans and algae were commonly
ingested and small, cryptic species (e.g., amphipods, polychaetes, etc.)
were also important food items. During summer 1979, sponge spicules re-

presented 5.1% of the diet. Much of the above "fouling mat" material is
probably ingested as the blennies take discrete, cryptic organisms.
Barnacles provide not only critical habitat for blennies, but also food.

Based upon the identifiable food contents in the stomachs, hydroids
and barnacle molts were the dominant food items of blennies during sum-
mer and fall; amphipods and algae were important during winter, and,
during spring, amphipods, hydroids and algae were the dominant foods.
The unidentified category is believed to have been primarily of bio-
fouling origin.

Index of fullness values for the crested blenny were highest in

winter (52.5) intermediate in spring (36.0) and lowest in summer and

fall (29.6 and 28.2, respectively). on a daily basis, stomach contents

of specimens collected between 0601 and 1200 hrs were lower (IF = 27.0)

than contents from specimens collected during other periods (IF x = 49.0

for period of 1201-1800 hrs; 49.5 for 1801-2400 hrs; and 42.0 for 1201-

0600 hrs).



BARNACLE MOLT 1.5%
B. AMPHITRITE 1.1%
OTHER 0.5 %

tWUN(it
SPICULES
5.1%

ALGAE
5.9%

UNIDENTIFIED]
39.9%

SUMMER

SYNALPHEUS
FRITZMEULLERI
4.7% ^
BARNACLE
MOLT
5.6%

WINTER

UNIDENTIFIEDI
31.6%

SPRING
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The crested blenny differed little from other Buccaneer Oil Field
fishes in terms of bacterial flora. Species of Vibr,,,o were the most
common taxa during each season; hemolytic Vibrio were not isolated from
fall specimens. MoraxeZZa sp. was apparently a co-dominant with Vibrio
sp. during spring. There was no marked difference in the bacterial
flora of blennies taken from the production platform as compared to
those collected at satellite jacket habitats. No diseased blennies were
noted in any of the areas sampled.

The crested blenny was a "clean" fish in terms of histopathological
anomalies. Other than a light infestation of microsporidean parasites,
no significant histopathological anomalies were detected in the specimens
which were examined.

SUMMARY OF SIGNIFICANT FINDINGS

The following provides a ipr4cis of the significant findings of the

1978-1979 field program:

Trawl collections were dominated by macrocrustaceans

(particularly sugar shrimp), and results of cluster

analysis showed three biological seasons: summer, winter,

and fall-spring.

Production platforms were characterized by a signifi-

cantly higher species diversity of demersal nekton than

were control structures; primarily due to the greater

evenness of collections from the former habitats.

• Within the same sediment type, sugar shrimp were more
abundant at the production platforms (particularly
P288A) than at control structures.

• Chevron shrimp were more abundant at production plat-
forms (particularly P288A) than at control structures
over the same bottom type.

• Rock shrimp were abundant in spring, and collections
indicated an even distribution among stations.

• Mantis shrimp were significantly more abundant at
Production Platform 288A than at P296B.

Brown shrimp were abundant in the BOF only in Fall

(migration period); other commercial penaeid shrimp

were even more scarce.

Brown shrimp were "clean" from a histopathological and
bacterial-flora standpoint.

Density of Atlantic spadefish around BOF structures was
estimated to range between 0.11 and 0.22 fish/m3; abun-
dance of this species at Production Platform 296B was

atypically low (0.05 fish/m3) in summer 1978.
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• Atlantic spadefish again suffered a disease epidemic
in winter; comparisons to populations in the control
area indicate the seasonal epidemics may be related
to contaminant discharge.

• Bluefish were abundant during all seasons except summer.

e most of the red snapper recruited to BOF structures
a^:)ciear to be harvested by sportfishermen.

The BOF was a spawning site for sheepshead. T-remendcuS

numbers of running ripe fish migrated into the study
area in April and were gone by early May. Resident
populations were about the same size following the
spawning period as they were before the event, except
for areas which had been harvested for sheepshead.
Populations at these structures returned to normal levels.

Sheepshead abundance appeared atypically low at Production

Platf orm 296B in summer.

e The crested blenny was more abundant at sites near the

discharges on production platforms than at any other

location in the field.

One of the major, and completely unexpected, findings of this year's
research program was the spawning aggregation of sheepshead in the
Buccaneer Oil Field. This event had been missed in the previous two re-
search years and points out a major problem with any quarterly sampling
regime--that of incomplete temporal coverage. Although several major
findings describing the effects of oil field operations in the marine
environment have resulted from the NMFS/EPA research program, it is dif-
ficult to ascertain whether or not all, or even most of the significant
effects have been determined.



LITERATURE CITED

Bradley, E. and C.E. Bryan. 1976. Life history and fishery of the red

snapper (Lutjanus campechanus) in the Northwestern Gulf of Mexico.

Pages 77-106. In: Proceedings:Colloquium of snapper-grouper

fishery resources of the Western central Atlantic Ocean. Rep.

Florida Sea Grant Program (No. 17). 336 p.

Fable, W.A., Jr. 1977. Snapper/Grouper Study. Environmental studies of

the South Texas outer continental shelf. Report to the Bureau of

Land Management. National Marine Fisheries Service, Panama City,

Florida. 235 p.

Gallaway, B.J., M.F. Johnson, R.L. Howard, L.R. Martin and G.S. Boland.

1979. A study of the effects of Buccaneer oil Field structures

and associated effluents on biofouling communities and the Atlantic

spadefish (Chaetodipterus faber). Report to National Marine

Fisheries Service, Galveston, Texas. LGL Limited-U.S., Inc., Bryan,

Texas. 126 p.

Giles, R.C., L.R. Brown and C.D. Minchew. 1978. Bacteriological aspects

of fin erosion in mullet exposed to crude oil. J. Fish. Biol.

13:113-117.

Jackson, W.B. (Ed.). 1979. Environmental assessment of an active oil

field in the Northwestern Gulf of Mexico. Final Report (1976-1977).

National Marine Fisheries Service, Galveston, Texas. 669 P.

Minchew, C.D. and J.D. Yarbrough. 1977. The occurrence of fin rot in

mullet (AhquL cephaLus) associated with crude oil contamination of

an estuarine pond-ecosystem. J. Fish. Biol. 10:319-323.

Moseley, F.N. 1966. Biology of the red snapper, Lutianus aya Bloch, of

the Northwestern Gulf of Mexico. Publs. Inst. Mar. Sci. Univ. Tex.

11:90-101.

Rogers, R.M., Jr. 1977. Trophic interrelationships of selected fishes

on the continental shelf of the Northern Gulf of Mexico. Ph.D.

Dissertation, Texas A&M University, College Station, Texas. 229 p.

Sizemore, R.K. 1979. Determine and compare groups of bacteria from an

active oil field and an unaltered area. Jackson, W.B., ed.

Environmental Assessment of an Active oil Field in the Northwestern

Gulf of Mexico, 1977-1978. Volume II. Data Management and Biolo-
gical investigations. NOAA Annual Report to EPA, Project Number

EPA-IAG-D5-E693 EO. NOAA, NTIS Accession No. PB80165970. 799 p.


