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BENTHIC MACROINFAUNA FROM BRETON-CHANDELEUR SOUND AREA

1 .0 INTRODUCTION

During the literature and data search of biological resources within the
Tuscaloosa Trend study area, several comprehensive studies were found which
characterize benthic macroinfauna communities within Mississippi Sound, Mobile
Bay, and the nearshore waters adjacent to the barrier islands of Mississippi
and Alabama. Also, a previous study by the Bureau of Land Management (MAFLA)
identified several benthic communities from six stations samples on the con-
tinental shelf (MAFLA Transect VI) within the Tuscaloosa Trend study area
(Dames and Moore, 1979) . However, a large data gap exists for the macroin-
faunal communities of the Breton-Chandeleur Sound areas (Figure 1) . These
highly productive areas off southeast Louisiana are major spawning, nursery,
and harvest grounds for commercially important fish and shellfish species,
many of which feed upon the benthic invertebrates during various life stages .

Two sets of archived benthic macroinfauna samples that were collected from
Breton-Chandeleur Sounds, but not completely analyzed, at Tulane University,
Belle Chase Annex were release by Dr . Alfred Smalley (Biology Department) for
analysis . Re-analysis of these samples should contribute substantially to the
knowledge of benthic standing crop and productivity in this area . One set
consists of macroinfauna samples collected in 1970-71 for impact analysis of
an oil spill (see Figure 2) . Another archive set consists of macroinfauna
samples collected near an off-shore dredged material disposal site (ODMDS)
located along the Mississippi River-Gulf Outlet channel in Breton Sound in
1980-81 .

Chevron Benthos

A sampling program was initiated in 1970 to determine the impact of an
oil spill on the adjacent marine environment at Chevron Production Platform C,
Main Pass Block 41, located 11 miles east of the Mississippi River Delta .

Samples for sediment, water, and tissue hydrocarbons and macroinfauna analysis

were collected at 165 stations . Macroinfaunal samples were collected at shal-
low depth stations using a 38 cm diameter diver-held suction sampler that
sampled an area of 0 .3 m2 . Stations over 30 m deep were sampled using a
Shipek sampler to obtain a 0 .04 m2 by 10 cm deep sample . All samples were

washed through a 1 .2 mm sieve . Fifty-one additional stations were re-sampled
about a year later to assess continued impacts . With the exception of crus-

taceans, organisms within these samples were identified only to major taxon

levels . A thorough investigation of the polychaetes, ophiuroids and miscel-
laneous phyla has never been completed . These samples have been archived at
Tulane University under the custodial care of Dr . Alfred Smalley, Department

of Biology.

Forty-nine samples were selected for re-examination of representative
stations of the Chevron macroinfauna samples and results compared with the
existing macroinfauna data for Mississippi Sound and adjacent continental
shelf . Initially, samples were to include 37 Shipek stations collected on the
shelf at depths greater than 30 m. However, upon examination of archived
material, no polychaete fractions were present . Analysis of these samples
would result in a bias of data ; therefore, only suction core samples would be
analyzed . The samples were selected based on their physical condition, i .e .,

1
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community structure parameters (e .g., species composition, species diversity
indices, biomass measurements) during initial data reduction, followed by
pattern and classification analysis for delineation of species assemblages .
Since species are distributed along environmental gradients, there are gener-
ally no distinct boundaries between communities . However, the relationships
between habitats and species assemblages reflect the interactions of physical
and biological factors and express the major ecological trends .

Community Structure

Various types of numerical indices were chosen for analysis and interpre-
tation of the macroinfaunal data base . Selection was based primarily on their
ability to provide a meaningful summary of data, as well as their use in the
characterization of benthic communities .

Infaunal abundance, often related to the productivity of the benthos, was
reported as the total number of individuals per station and as the mean number
and standard deviation of individuals per square meter . Species richness was
reported as both the total number of taxa represented in a given station col-
lection and by Margalef's Index, D (Margalef, 1958) . This is estimated as D-
S-1/loge N, where S is the number of taxa, and N is the number of individuals
in the sample .

Species diversity, which is often related to the ecological stability and
environmental "quality" of the benthos, was estimated by the Shannon-Weaver
Index (Shannon and Weaver, 1963) . The following formula has been applied,
using log base e :

s
H' _ - E pi(loge pi)

where, s- is the number of species in the sample

i- is the i'th species in the sample, and

pi - is the number of individuals of the i'th
species divided by the total number of
individuals of all species in the sample .

Species diversity within a given community is dependent on both the num-
ber of taxa present (species richness) and the distribution of all individuals
among those species (equitability or evenness) . In order to quantify and
compare the equitability in the fauna to the species diversity for a given
area, Pielou's Index J' (Pielou, 1966) was calculated as J' = H'/loge S, where
H' is the Shannon-Weaver Index of diversity (as calculated above), and S is
the number of taxa (or species richness) in the sample .

Faunal Similarities

Numerical classification analysis (Boesch, 1977) was performed on the
faunal data to examine within and between station differences by site and to
compare faunal composition at each station . Classification analysis of both

5



station collections (normal analysis) and species (inverse analysis) were
performed using the Czekanowski quantitative index of faunal similarity (Field
and MacFarlane, 1968) . This index considers both the number of species in
common and the difference in number of individuals between stations . Although
it is weighted towards the occurrence of dominant (i .e ., abundant) species,
preliminary selection of species based on their percent abundance by station
and percent frequency of occurrence for the study area can reduce the weighted
bias .

The value of the similarity index is 1 .0 when the two samples are identi-
cal and 0 when no species are in common. Hierarchical clustering of similar-
ity values is achieved using the group-average sorting strategy (Lance and
Williams, 1967) and displayed in the form of dendrograms (cluster graphs) .

Both similarity classification and cluster analysis were performed with
the aid of a "Package of Computer Programs for Benthic Community Analysis"
(Bloom et al ., 1977) as modified for use in Vittor & Associates' benthic data
management program. Species used in these analyses are selected according to
their percent abundance (generally those taxa which composed 1-5% or greater
of the individuals collected at any given station during any given sampling
period) and percent frequency (those taxa which occurred in 50% or greater of
the station collections for a given study area) in the sampling . Total den-
sities for each of the selected species at a given station collection were
log-transformed [x31n(x+l)] for the analysis .

3 .0 RESULTS

3 .1 BOTTOM HABITAT CHARACTERIZATION

It is extremely unfortunate that samples for sediment composition were
not taken during either 1970 or 1971 Chevron sampling program (Dr . Alfred
Smalley, Biology Department, Tulane Univesity, personal communication) . It
becomes difficult to compare faunal assemblages associated with benthic habi-
tats ; therefore, general assumptions of habitat descriptions will come from
previous works of Parker (1956, 1960), and comparisons with the results of the
MR-GO survey and Mississippi Sound and adjacent areas study (Shaw et al .,
1982) .

The MR-GO survey does not cover as large a geographic area as the Chevron
survey ; however, several habitat types were depicted based on sediment compo-
sition and station depth (Table 1) . These were composed of shallow depth (3-6
m) sandy stations, moderate depth (7-11 m) muddy sand stations, and intermedi-
ate depth (6-7 m) muddy station . Since mean percentages of sand, silt, and
clay were available for each station, sediment descriptors were used based on
the mean percent composition of sand :

Sand ' 90% sand
Muddy Sand 50-90% sand
Sandy Mud 20-50% sand
Mud <20% sand

6



Table 1 . Station depth and sediment grain size composition at Mississippi River-Gulf Outlet ODMDS survey .
(After EPA, 1982) .

Station I Depth (m)~ Gravel (Z) Sand (X) Silt (Z) Clay (X) Fines (X)

November-December 1980

V

1 4 10 .4 ( 5 .5 - 19.1) 83 .8 (74 .2 - 87 .7) 2 .3 (0 .8 - 3.2) 3 .6 ( 1 .8 - 4 .6) 5 .8 ( 2 .5 - 6 .8)
2 3 5.8 ( 3 .4 - 11 .0) 87 .6 (82 .1 - 91 .9) 2 .6 ( 1 .7 - 3 .2) 4 .0 ( 2.6 - 5 .9) 6 .6 (4.3 - 9 .1)
3 6 0.4 ( 0 .2 - 0.7) 89.9 ( 78.3 - 97 .2) 6 .2 (0 .5 - 15.6) 3 .5 (1 .7 - 5 .5) 9 .7 ( 2.6 - 21 .1)
4 4 0 .5 ( 0 .1 - 1 .0) 96 .7 (94.8 - 97 .8) 0 .5 (0 .2 - 1 .3) 2 .4 ( 1 .6 - 3 .4) 2.8 (2.1 - 4 .7)
5 8 0 .1 (0 .0 - 0.1) 83 .5 (78 .1 - 88.0) 13 .0 (9 .8 - 17 .2) 3 .5 ( 2 .0 - 4 .6) 16 .4 ( 11 .9 - 21 .8)
6 6 0.2 (0 .0 - 0.7) 93.8 (91 .7 - 94 .9) 3 .6 (2.7 - 5 .3) 2.4 (2.2 - 3.0) 6 .0 ( 5.0 - 7 .6)

7 8 1 .6 ( 0 .8 - 3.7) 86 .4 (80.5 - 93 .9) 6 .1 ( 1 .2 - 10.5) 5 .8 ( 3 .4 - 7 .7) 12 .0 (5 .3 - 18 .2)
8 6 0.0 (0 .0 - 0.0) 97 .8 (96.9 - 98 .3) 1 .1 (0.3 - 2 .0) 1 .1 (0.0 - 2.2) 2 .2 (1 .7 - 3 .2)
9 6 2 .6 ( 0 .2 - 5 .0) 15 .6 ( 11 .1 - 19.4) 53 .6 ( 50 .3 - 58.2) 28 .1 ( 25 .9 - 29 .7) 81 .7 (76.8 - 87 .0)

10 5 0.4 ( 0 .1 - 0.6) 96.9 (95 .9 - 97 .7) 0 .6 ( 0.4 - 0.8) 2.1 ( 1 .5 - 3 .0) 2 .7 (2.2 - 3 .5)

May-June 1981

1 6 11 .0 ( 5.2 - 21 .0) 78 .9 (69 .4 - 85 .2) 3.4 ( 1 .6 - 7 .5) 6 .7 ( 5 .5 - 7 .6) 10 .1 (7 .8 - 15 .1)
2 7 1 .6 (0 .3 - 2 .4) 44.7 (33 .1 - 51 .7) 24 .6 ( 17 .2 - 30 .4) 29.1 ( 21 .5 - 35 .3) 53 .7 (46.5 - 65 .7)
3 7 1 .8 (0 .2 - 3 .4) 84 .9 (70 .2 - 91 .0) 4.7 ( 1 .8 - 11 .5) 8 .7 (6 .9 - 15 .2) 13 .3 (8 .6 - 26 .7)

4 4 0.6 ( 0 .1 - 1 .4) 96.4 (95 .3 - 97 .0) 0 .8 (0.4 - 2.0) 2.2 (0 .0 - 3 .8) 3 .0 (2.0 - 4 .6)
5 11 0 .0 ( 0 .0 - 0 .1) 72.8 (61 .4 - 84 .2) 18.0 ( 9 .7 - 28 .0) 9 .2 ( 6.1 - 14 .3) 27 .2 ( 15 .8 - 38 .5)
6 7 0 .1 (0 .0 - 0.4) 83.2 (78 .6 - 86 .7) 12 .5 ( 10.1 - 15 .9) 4 .3 ( 2 .8 - 5 .4) 16 .7 (12.9 - 21 .3)
7 7 1 .6 ( 0 .7 - 3 .2) 74 .7 ( 60 .3 - 83 .2) 10.9 ( 8 .8 - 16 .6) 12 .8 (6 .8 - 19 .9) 23 .7 (15 .7 - 36 .5)
8 6 1 .5 ( 0 .5 - 2.6) 94.9 (93 .8 - 96 .1) 1 .0 (0.7 - 1 .8) 2.7 ( 1 .8 - 3.4) 3 .7 (2 .4 - 5 .1)
9 7 2 .2 ( 0 .2 - 6 .8) 17 .4 ( 12 .0 - 26 .6) 48 .4 ( 32 .6 - 56 .0) 32.0 (23.7 - 38.2) 80 .4 (69 .7 - 87 .8)

10 6 1 .0 ( 0 .2 - 3 .6) 96 .0 (93 .1 - 98 .1) 1 .0 (0 .6 - 1 .6) 2.0 (0 .0 - 3 .1) 3 .0 ( 1 .6 - 3 .9)

Notes : Values listed are mean (range) for seven replicate box cores or grabs at each station ; fines - silt plus clay
(<0 .0625 mm)



3 .2 MISSISSIPPI RIVER-GULF OUTLET (MR-GO)

3 .2 .1 FAUNAL COMPOSITION, ABUNDANCE, AND COMMUNITY STRUCTURE

A total of 12,067 individuals and 247 taxa were collected at the MR-
GO (ODMDS) site during December 1980 (Table 2) . Annelids were the most domi-
nant major taxon, represented by 115 taxa and accounted for almost 65% of the
macroinfaunal abundance . Mediomastus spp ., Poecilochaetus spp ., Magelona sp .
H, Polygordius spp ., Travisia hobsonae , Carazziella hobsonae , Lumb r ine r i s
spp ., and Cossura soyeri accounted for 51% of the, annelid fraction .

Arthropods ranked second in dominance at the study site, represented
by 58 taxa and 17% of the macroinfaunal abundance . The amphipod Eudevenopus
honduranus was the most abundant arthropod, but only one of five arthropods
among the twenty most abundant species . The others include decapods Pinnixa
chaetopterana and Callianassa biformis and amphipods Corophium tuberculatum
and Protohaustorius sp . A.

The miscellaneous taxa represented by rhynchocoels, sipunculids, and
cephalochordates ranked third in total abundance (10 .3%), but fourth in total
taxa (4 .4%) . The cephalochordate Branchiostoma sp . is the second .most abun-
dant taxon, while rhynchocoels contribute over 3% of the total number of indi-
viduals .

Molluscs ranked fourth in dominance (5 .4%), but contributed 57 taxa-
-almost equalling the arthropods . The pelecypod Mulinia lateralis and gastro-
pod Nassarius acutus accounted' for 40% of the mollusc population in the study
area .

Echinoderms contributed only six taxa and comprised 2 .4% of the
total macroinfaunal abundance and were represented by the ophiuroid Hemipholis
elongata .

During June 1981, sampling at MR-GO (ODMDS) sites yielded a total of
18,438 individuals and 161 taxa ( Table 3)-greater than 50% increase in number
of individuals and 35% decrease in total taica when compared to December 1980
collections . Annelids remained dominant with almost 67% of the total individ-
uals and 47% of the total taxa . Mediomastus spp . still was most abundant,
followed by Spiophanes bombyx and Apoprionosp o pygmaea .

Molluscs increased to nearly 20% of the total individuals and were
represented by 38 taxa, equal to the total number of arthropod taxa, but less
than the 57 taxa reported for December . The fifteen-fold increase in Mulinia
lateralis exemplifies the ephemeral nature of this pelecypod .

Arthropod populations during June 1981 were one-half the totals
compared with December 1980 and contributed only 7 .8% of the total individ-
uals . They were represented dominantly by three amphipods Acanthohaustorius
sp . A, Protohaustorius sp . A, and Eudevenopsis honduranus ; one cumacean Oxy-
urostyl s smithi ; and one decapod ~0 rid~es al haerostris . Echinoderms and
miscellaneous taxa were also represented by lower num ers of individuals and
taxa during June 1981 when compared to December 1980 .

8



Table 2 . Taxonomic listing of phyla and numerically dominant taxa from EPA
Mississippi River-Gulf Outlet (741GO) 1980 survey sites .

Phylum
Phylum Total

Annelida 7809
Mollusca 656
Arthropoda 2073
Echinodermata 286
Miscellaneous 1243

Total 12067

% of
Grand Total

64 .7
5 .4

17 .2
2 .4

10 .3

No . Taxa
in Phylum

115
57
58
6

11
247

No .
% Total
of Taxa

46 .6
23 .1
23 .5
2 .4
4 .4

NUMERICAL DOMINANTS
*

Taxon No. Individuals % Total Cum . % f

Mediomastus (LPIL) (P) 4419 36 .62 36 .62 9
Branchiostoma (LPIL) (C) 768 6 .36 42 .98 9
Eudevenopus honduranus (A) 676 5 .60 48 .58 8
Poecilochaetus (LPIL) (P) 476 3 .94 52 .52 4
Rhynchocoela (LPIL)(R) 396 3 .28 55 .80 10
Magelona sp . H (P) 331 2 .74 58 .54 6
Polygordius (LPIL) (P) 248 2 .06 60 .60 3
Hemipholis elongata (E) 234 1 .94 62 .54 7
Travisia hobsonae (P) 223 1 .85 64 .39 4

Carazziella hobsonae (P) 202 1 .67 66 .06 2
Lumbrineris (LPIL) (P) 189 1 .57 67 .63 9
Pinnixa chaetopterana (A) 179 1 .48 69 .11 7
Mulinia lateralis (M) 156 1 .29 70 .40 2
Cossura soyeri (P) 143 1 .19 71 .59 3
Aglaophamus verrilli (P) 119 0 .99 72 .58 8
Callianassa biformis (A) 118 0 .98 73 .53 3
Prionospio (LPIL) (P) 114 0 .94 74 .50 4
Corphium tuberculatum (A) 113 0 .94 75 .44 5
Nassarius acutus (M) 110 0 .91 76 .35 8

Protohaustorius sp . A (A) 105 0 .87 77 .22 5

(A) = Arthropoda, (C) = Cephalochordata, (E) = Echinodermata,

(M) = Mollusca, (P) = Polychaeta, (R) = Rhynchocoela

*
frequency of occurrence (maximum = 10)

9



Table 3 . Taxonomic listing of phyla and
Mississippi River-Gulf Outlet

numerically dominant
(750 GO) 1981 survey

taxa from EPA
site .

Phylum % of No . Taxa % Total

Phylum Total Grand Total in Phylum No . of Taxa

Annelida 12692 68 .8 75 46 .6
Mollusca 3645 19 .8 38 23 .6
.Arthropoda 1143 7 .8 38 23 .6
Echinodermata 71 0 .4 4 2 .5
Miscellaneous 587 3 .2 6 3 .7

Total 18438 161

NUMERICAL DOMINANTS
~

Taxon No . Individuals % Total Cum. % f

Mediomastus (LPIL) (P) 8234 44 .66 44 .66 10
Mulinia lateralis (M) 2605 14 .13 58 .79 10
Spiophanes bomb x (P) 1603 8 .69 67 .49 9
Acanthohaustorius sp . A (A) 345 1 .87 69 .35 2
Rhynchocoela (LPIL) (R) 256 1 .39 70 .74 10.
Apoprionospio pygmaea (P) 242 . 1 .31 72 .05 5

Branchiostoma (LPIL) (C) 238 1 .29 73 .34 5
Lumbrineris (LPIL) (P) 235 1 .27 74 .61 5
Magelona sp . H (P) 194 1 .05 75 .66 4
Eudevenopus honduranus (A) 181 0 .98 76 .64 4

Ogyrides alphaerostris (A) 167 0 .90 77 .54 4
Oxyurostylis smithi (A) 148 0 .80 78 .34 6
Mediomastus ambiseta (P) 130 0.70 79 .04 2

Protohaustorius sp . A (A) 126 0 .68 79 .72 2
Cossura soyeri (P) 114 0 .62 80 .34 1
Tellina (LPIL) (M) 114 0 .62 80 .96 3
Aglaophamus verrilli (P) 101 0 .55 81 .51 5
Chaetozone sp . B (P) 96 0 .52 82 .03 2
Travisia hobsonae (P) 81 0 .44 82 .47 3
Paraprionospio pinnata (P) 78 0 .42 82 .89 7

(A) = Arthropoda, (C) = Cephalochordata, (M) = Mollusca,

(P) = Polychaeta, (R) = Rhynchocoela

*
frequency of occurrence (maximum = 10)
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The community structure parameters for the ten MR-GO site stations
collected in December 1980 and June 1981 are summarized in Table 4 . Table 5
depicts percent composition of major taxa groups by station for each survey .
Seasonal values of macroinfauna density and taxa are graphically compared in
Figures 3 and 4, respectively . The number of taxa per station ranged from 20
to 93 at stations 4 and 1, respectively, with a mean of 59 taxa for the site .
The number of individuals (and density as number of individuals •m 2) per sta-
tion ranged from 199 (663 individuals •m 2) to 2886 (9620 individuals •m-2) at
stations 4 and 2, respectively, with a mean of 1207 individuals (3862 indi-
viduals •m 2) for the site .

Species diversity (H', base e) ranged from 1 .63 to 2 .83 at stations
4 and 8, respectively . Species evenness (J') ranged from 0 .47 at station 1 to
0 .79 at station 8, while species richness ranged from 3 .59 to 11 .63 at sta-
tions 4 and 1, respectively .

Annelids comprised the greatest mean percentage of individuals
(53 .6%) followed by arthropods (27 .1%), miscellaneous taxa (10 .6%), molluscs
(6 .9%) and echinoderms (1 .8%) (see Table 5) . Wet weight biomass measurements
reflect large variability between stations, due primarily to the presence of
large individuals of molluscs and their shell weights .

Comparison of community structure parameters computed for the macro-
infauna collected during June 1981 (Table 4, Figures 3 and 4) reflects a gen-
eral decrease in total taxa (mean of 40 taxa per station), but an increase in
total individuals (mean of 1844 individuals per station) . This results in
lower species diversity, evenness, and richness values when compared with
species indices values for December 1980 . The increase of individuals and
decrease of taxa for annelids and molluscs contributed to the shift in commu-
nity structure (Table 5) . Even though the mean number of individuals in-
creased from December to June, mean wet weight biomass measurements decreased
by nearly 50% over the same period, perhaps reflecting the small size of indi-
viduals from spring recruitment .

3 .2 .2 NUMERICAL CLASSIFICATION ANALYSIS

Both normal (station) and inverse (taxon) classification analysis
using Czekanowski's index of similarity and group-average sorting were per-
formed in the MR-GO data sets . Taxa included in the analysis were selected on
the basis of those contributing at least 1% of the total abundance at any
given station, and/or any taxa relating distinct spatial distribution . Count
data for the 29 taxa selected for analysis (15 polychaetes, 6 amphipods, 3
decapods, 2 molluscs, 1 rhynchocoel, 1 echinoderm, and 1 cephalochordate) are
included in a matrix of station and species groups adjoining the resultant
dendrograms from classification analysis (Figure 5) . Numerically, these taxa
account for 75% of the fauna collected during both MR-GO surveys .

Numerical classification of the 20 stations was interpreted at a
four group level . Group A contains stations 4 and 10 from both seasons ; Group
B contains stations 5, 7, and 9 from both seasons, station 6 (December) and
outlier station 2 (June) ; Group C contains stations 1, 3, and 8 from both
seasons and station 2 (December) ; and Group D is represented by outlier sta-
tion 6 (June) . Sediment composition of each station was used to characterize
habitats by group: sand (Group A), mud to muddy sand (Group B), muddy sand to

11



Table 4 . General community structure parameters for EPA Mississippi River-Gulf
Outlet survey sites, 1980-1981 . Five replicates per station .

MR-GO (741) Mean Species Species Species Biomass

1980 Total Total Density Diversity Evenness Richness (Wet Wt .)
Taxa Indiv . (ind ./m2) ( H ') (J') (D) (gm 2)e

St . 1 93 2727 9090±4232 2 .14 0 .47 11 .63 215 .4790

2 65 2886 9620±3724 2 .36 0 .56 8 .03 251 .1016

3 62 715 2383± 716 2 .54 0 .62 9 .28 21 .228

4 20 199 663± 210 1 .63 0 .55 3 .59 1 .3174

5 62 1430 4767±1050 2 .47 0 .60 8 .40 33 .1724

6 65 1060 1927± 830 2 .83 0 .68 9 .19 21 .1169

7 65 717 2390±1247 2 .57 0 .62 9 .73 147 .1032

8 36 318 1060± 300 2 .82 0 .79 6 .07 37 .2175

9 66 1060 3533± 447 2 .78 0 .66 9 .33 431 .9496

10 52 955 3183±1159 2 .02 0 .51 7 .43 20 .0342

Mean 59 1207 3862±1392 2 .42 0 .61 8 .27 117 .9615

MR-GO (750)
1981

St . 1 52 906 3624± 1355 2 .18 0 .55 7 .49 196 .7769

2 33 2631 10524± 4374 1 .13 0 .32 4 .06 44 .8808

3 50 3578 11927±12672 1 .62 0 .41 5 .99 103 .9778

4 29 376 1504± 619 2 .26 0 .67 4 .72 54 .942

5 26 1405 4683± 1288 1 .97 0 .60 3 .45 19 .7882

6 31 626 2087± 591 2 .31 0 .67 4 .66 52 .6670

7 63 4681 15603±15001 1 .16 0 .28 7 .34 232 .5949

8 43 813 3252± 2713 2 .60 0 .69 6 .27 27 .462

9 33 2651 8837± 4761 1.86 0 .53 4 .06 49 .9082

10 36 771 3084± 1463 2 .36 0 .66 5 .26 2 .1056

Mean 40 1844 6513± 4484 1 .95 0 .54 5 .33 78 .5103
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Table 5 . Percent composition of major taxa groups by station. Percentages
reflect mean values for each station
Outlet survey sites, 1980-1981 .

at EPA Mississippi River-Gulf

MR-GO (741)
1980 Annelida Arthropoda Mollusca Echinodermata Miscellaneous

St . 1 75 .4 3 .2 3 .6 3 .0 14 .8

2 78 .6 4 .1 2 .6 4 .9 9 .8

3 46 .5 18 .7 3 .2 0 .4 31 .2

4 3 .0 85 .0 3 .0 5 .0 4 .0

5 67 .0 27 .3 4 .0 0 .2 1 .5

6 55 .8 32 .6 7 .0 0 .5 4 .1

7 69 .6 11 .4 14 .8 1 .3 2 .9

8 47 .8 17 .0 14 .5 0 .3 20 .4

9 67 .4 4 .1 12 .6 2 .7 13 .2

10 24 .4 68 .0 3 .8 0 .1 3 .7

Mean 53 .6 27 .1 6 .9 1 .8 10 .6

MR-GO (750)

1981
1 74 .3 5 .5 10 .5 0 .0 9 .7

2 92 .1 0 .5 4 .0 1 .8 1 .6

3 26 .3 0 .1 68 .8 0 .0 4 .8

4 29 .2 67 .0 3 .2 0 .3 0 .3

5 79 .8 14 .0 5 .8 0 .0 0 .4

6 70 .5 0 .6 27 .6 0 .2 1 .1

7 93 .0 3 .3 1 .7 <0 .1 1 .9

8 55 .2 11 .3 26 .3 0 .2 7 .0

9 75 .8 4 .5 14 .6 0 .7 4 .4

10 21 .9 72 .5 4 .7 0 .0 0 .9

Mean 61 .8 17 .9 16 .7 0 .3 3 .2

13
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sand (Group C), and muddy sand (Group D) . This characterization is based on
mean percentage of sand at each station where sand is' presented in greater
amounts than 90%, muddy sand is 50-90% sand, sandy mud is 20-40% sand, and mud
is less than 20% sand .

Classification of 29 taxa at 20 stations is interpreted at a five
group level (Figure 5), where grouping taxa is based on their overall distrib-
ution patterns . The relationship of taxa or taxa groups to habitats deline-
ated by the classification of station groups is presented as a data matrix in
a two-way contingency table . By further simplifying measures of frequency
occurrence and degree of restriction of taxa to habitats (station groups)
through the use of nodal analysis, species group constancy, fidelity, and
abundance are assessed . Nodal diagrams are presented in Figure 6 and dis-
cussed below.

The spatial distribution of stations is determined primarily by the
occurrence and abundance of several taxa groups, either as distinct spatial
peaks, or relatively constant numbers ( i .e ., ubiquitous occurrence throughout
the area) . The division of major groups is shown at 25% similarity . Species
Group 1 (Branchiostoma (LPIL) to Prionospio (LPIL) are best represented in
Station Group C by the high fidelity and abundance values (Figure 6) . These
taxa are predominantly sand-dwelling animals found primarily in high-energy
tidal inlet habitats .

Species Group 2 is further divided into Groups 2a and 2b at 45%
similarity . Species Group 2a ( Callianassa biformis to Aglaophamus verrilli )
appears associated with mud and muddy sand habitats as reflected by moderate
and high fidelity values for station Groups B and D, respectively . Species
Group 2b (Mulinia lateralis , Spiophanes bombyx , Mediomastus spp ., Rhyncho-
coela) contains numerically dominant taxa that are well distributed throughout
the study site as shown by high constancy for all station groups . These taxa
appear less responsive to sediment composition than the Group 2a taxa . The
irruptive seasonal occurrence of Mulinia lateralis in June reflects the spring
and early summer recruitment period .

Species Group 3 is composed only of amphipods (Eudevenopus hondu-
ranus, Protohaustorius sp . A, Acanthohaustorius sp . A, and Corophium tubercu-
~) found predominantly in the sand habitat of Station Group A . These taxa
show the highest constancy, fidelity, and abundance for this habitat (Figure
6) .

Species Group 4 contains the polychaetes Ninoe sp . B, Cossura
soyeri , and Mediomastus ambiseta. These taxa have a high fidelity for Station
Group 2 ; however, they appear restricted to the mud habitat found at station 9
(Figure 5) .

Species Group 5 contains outlier taxa Tellina , Chaetozone sp . B, and
Acanthohaustorius intermedius . The moderate and high fidelity values for
Station Groups A and D, respectively, reflect the abundance of Acanthohaus-
torius intermedia in sand habitats, while Tellina and Chaetozone sp. are
more abun ant in muddy sand habitats (Figure 5) .
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STATION GROUPS
A B C D Constancy

, 0_25°,°a

2a 25-50%®

2b
50 -75%

3
4

5 7 5-100%

Cn
n- Fidelitym
O i 0-0 .50 ~
a:
C7

2a 0.50- 1.0 ®

W 2b 1 .0-2.0_
U 3
W 4
a. 5 > 2.0 ∎
~

Abundance
i 0-50 ind.~

20 50-250 ind.®

2b EVA
3 250-500 ind .

4
5 >500 ind.∎

Figure 6 . Nodal analysis of groups based on results of numerical classifi-
cation analysis of MR-GO 1980-81 macroinfauna data .
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3 .3 CHEVRON BENTHOS

3 .3 .1 FAUNAL COMPOSITION, ABUNDANCE, AND COMMUNITY_STRUCTURE

The total number of individuals and total number of taxa for each of
the five major taxa groups collected during the Chevron 1970-1971 surveys are
presented in Table 6. Molluscs comprised the greatest percentage of total
individuals (60 .7%), and were represented by 102 taxa . Mulinia lateralis,
Abra aequalis , Nassarius acutus , and Tellina versicolor accountea or 927. of

the mollusc population ; M. lateralis contributed to almost 45% of the total
macroinfauna .

Annelids ranked second in dominance with 26 .8% of the total abun-
dance, yet contributed 164 taxa . Mediomastus app ., Myriochele oculata , Spio-

hp anes bombyx , Magelona sp. H, and Cirriformia sp . C accounted for 67% of the
polychaete population in the study area .

Arthropods ranked third in both number of taxa (97) and percent of
total individuals (8 .9%) . The cumacean Oxyurostylis smithi was the most abun-
dant arthropod and occurred in greater frequency (at most stations) than any
other species . Amphipods Melita nitida and Dulichiella appendiculata occurred
only once, but were second and third most abundant arthropods collected .

The miscellaneous taxa represented by sipunculids, rhynchocoels,
phoronids, coelenterates, and cephalochordates ranked fourth in total abun-
dance (2 .2%) and total taxa (15) . Rhynchocoela and Actiniaria were not iden-
tified to species, but comprised 58% of the miscellaneous taxa reported .

Echinoderms contributed 13 taxa and less than 2% of the total indi-
viduals . Most of the individuals were represented by ophiuroids Micropholis
atra and Amphiodia trychna ; both comprised 64% of total echinoderms .

The community structure parameters for the Chevron 1970 and 1971
surveys are presented in Table 7 . The 37 samples collected in 1970 yielded an
average of 42 taxa and 618 individuals per station with a mean density of 2059
individuals•m-2 . By comparison, the 1971 collection of 12 samples (six of
which were different from previously sampled stations) averaged 46 taxa, 2616
individuals with a mean density of 8718 individuals•m-2 .

The number of taxa ranged from 12 at station 166 in 1970 to 71 at
station 158 in 1971 . Mean density (number of individuals•m-2) ranged from 203
at station 166 in 1970 to 49,102 at station 126 in 1971 .

Species diversity indices (H', base e) were highly variable during
both sampling periods . Diversity values ranged from 0 .77 to 3 .78 in 1970 and

from 0 .36 to 3 .59 in 1971 . Species evenness (J') ranged from 0.12 in 1971 to

0 .96 in 1970, and species richness (D) ranged from 1 .96 in 1971 to 12 .73 in

1970 . Means of measured indices are similar for stations evaluated each year
;

species diversity (H') a 2 .48 (1970), 2 .24 (1971) ; species evenness (J') _

0 .67 (1970), 0 .60 (1971) ; and species diversity (D) = 6 .95 (1970), 6 .87

(1971) .

Extreme ranges of index values in Table 7 are explained by closer
examination of the data from a couple of stations . Low species diversity,
evenness, and richness values at station 167 in 1971 relate directly to the

I !1



Table 6 . Taxonoinic listing of phyla and numerically dominant taxa from
Chevron-Mississippi Delta 1970-1971 survey sites .

Phylum % of No. Taxa % Total
Phylum Total Grand Total in Phylum No . of Taxa

Annelida 14,546 26 .8 164 41 .9

Mollusca 32,949 60 .7 102 26 .1

Arthropoda 4,866 8 .9 97 24 .8

Echinodermata 761 1 .4 13 3 .3

Miscellaneous 1,183 2 .2 15 3 .9

Total 54,305 391

Taxon

Mulinia lateralis (M)
Mediomastus (LPIL) (P)
Abra aegualis (M)
Myriochele oculata (P)
Oxyurostylis smithi (A)
Spiophanes bombyx (P)
Nassarius acutus (M)
Tellina versicolor (M)
Melita nitida (A)
Magelona sp . H (P)
Cirriformia sp . C (P)
Paraprionospio pinnata (P)
Mysidopsis bigelowi (A)
Dulichiella appendiculata (A)
Spiochaetopterus oculatus (P)
Owenia sp . A (P)
Rhynchocoela (LPIL) (R)
Solen viridis (M)
Actiniaria (LPIL) (C)
Lumbrineris verrilli (P)
Periploma (LPIL) (M)
Micropholis atra (E)
Amphiodia trychna (E)
Nuculana concentrica (M)

NUMERICAL DOMINANTS

No . Individuals % Total

24300 44 .75
4439 8 .17
3577 . 6 .58
2804 5 .16
1746 3 .21
1383 2 .54
1238 2 .28
1071 1 .97
704 1 .29
654 1 .20
566 1 .04
472 0 .87
448 0 .82
380 0 .70
377 0 .69
365 0 .67
355 0 .65
346 0 .64
336 0 .62
302 0 .55
284 0 .52
257 0 .47
229 0 .42
224 0 .41

Cum . %

44 .75
52 .92
59 .50
64 .66
67 .87
70 .41
72 .69
74 .66
75 .95
77 .15
78 .19
79 .06
79 .88
80 .67
81 .36
82 .03
82 .68
83 .32
83 .94
84 .49
85 .01
85 .48
85 .90
86 .31

*
f

33
24
27
31
37
26
36
35
1

21
1

29
24
1

18
26
44
23
21
23
4

15
8

16

(A) = Arthropoda, (C) = Coelenterata, (E) = Echinodermata,

(M) = Mollusca, (P) = Polychaeta, (R) = Rhynchocoela

*
frequency of occurrence (maximum = 49)
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Table 7 . General community
One replicate (0 .

structure parameters
3m2) per station .

for Chevron sites, 1970-1971 .

COMMUNITY STRUCTURE PARAMETERS

CHEVRON 1970 Mean Species Species Species
Total Total Density Diversity Evenness Richness
Taxa Indiv . (ind ./m2) (H ') (J') (D)e

St. 12 30 262 873 2 .64 0 .78 5 .21
31 25 38 126 3 .10 0.96 6 .60
36 30 182 606 2 .52 0.74 5 .57
41 65 1625 5416 2 .97 0.71 8 .66
46 57 319 1063 3 .25 0 .81 9 .71
47 29 960 3200 1.22 0.36 4 .08
51 58 339 1130 3 .18 0 .78 9 .78
53 54 738 2460 2.31 0 .56 8 .03
58 46 432 1410 2 .73 0 .71 7 .44
68 20 74 247 2.47 0.82 4 .42
70 33 154 513 2.71 0 .78 6 .35
87 46 390 1300 2.69 0 .70 7 .54
92 54 692 2306 2 .57 0 .64 8 .10
96 38 221 737 2 .90 0 .80 6 .85
100 51 841 2803 1 .95 0 .50 7 .42
103 49 1813 6043 1 .03 0 .27 6 .40
107 57 422 1407 2 .70 0 .67 9 .26
109 48 300 1000 3 .02 0 .78 8 .24
111 63 464 1547 3 .42 0.83 10 .10
114 37 415 1383 2 .54 0 .70 5 .97
119 42 202 673 2 .98 0 .80 7 .72
122 48 1482 4940 1 .76 0 .45 6 .44
132 61 504 1680 3 .13 0 .76 9 .64
134 18 170 567 2 .10 0 .73 3 .31
136 43 2833 9442 0 .80 0 .21 5 .28
143 52 1514 5046 2 .25 0 .57 6 .97
149 52 791 2636 2 .33 0 .59 7 .64
151 54 986 3286 2 .59 0 .65 7 .69
154 24 102 340 2 .70 0 .85 4 .97
157 48 166 553 3 .28 0 .85 9 .20
158 71 244 813 3.78 0 .89 12 .73
161 27 1100 3666 0 .77 0 .23 3 .71
163 35 88 293 3.34 0 .94 7 .60
164 20 78 260 2 .40 0 .80 4 .36
166 12 61 203 1 .80 0.72 2 .68
167 22 1513 5043 1 .05 0 .34 2 .87
171 51 340 1133 2 .67 0 .68 8 .58

Mean 42 618 2059 2 .48 0 .67 6 .95

Mean Species Species Species
Total Total Density Diversity Evenness Richness

CHEVRON 1971 Taxa Indiv . (ind ./m2) (H ') (J') (D)e

St . 18 29 313 1043 1.98 0 .58 4 .87
21 46 1920 6399 1.73 0 .45 5 .95
36 46 542 1806 2.78 0 .73 7 .15
51 56 271 903 3 .59 0 .89 9 .82
58 70 601 2003 2 .94 0.69 10.78
73 68 1136 3786 1.69 0 .40 9 .52
85 68 466 1553 3.52 0 .83 10.90

126 47 14732 49102 0 .87 0 .23 4 .80
147 68 1405 4683 2 .55 0 .60 9 .24
164 25 99 330 2 .71 0 .84 5 .22
166 14 62 207 2 .21 0 .84 3.15
167 19 9862 32870 0 .36 0 .12 1.96

Mean 46 2616 8718 2 .24 0.60 6.87
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occurrence of a large population of Mulinia lateralis (9032 individuals) with
few other taxa or individuals present. -LronverseTy, high species diversity,
evenness, and richness values at station 158 in 1970 relate to a small number
of individuals represented by a large number of taxa .

Annelids comprised the greatest mean percent composition of indi-
viduals by station (Table 8) during both 1970 and 1971 sampling periods, re-
spectively (37 .5%, 47 .7%), followed by molluscs (33 .4%, 34 .6%), arthropods

(19 .2%, 12 .3%), miscellaneous taxa (6 .6%, 3 .8%), and echinoderms (3 .3%, 2 .1%) .

These figures seem to contradict the percentages presented for the annelids
and molluscs in Table 6 . However, upon closer examination of individual sta-
tion data the discrepancy is explained •by the few occurrences of Mulinia
lateralis in extremely large numbers, thereby contributing significant~o
the molluscan numerical counts in the combined surveys . (Refer to stations
103, 122, 136, 161, and 167 in 1970 and stations 21, 126, and 167 in 1971 on
Tables 7 and 8 as examples of dominant mollusc populations .)

3 .3 .2 NUMERICAL CLASSIFICATION ANALYSIS

Both normal (station) and inverse (taxon) classification analysis
using Czekanowski's index of similarity and group-average sorting were per-
formed on the Chevron 1970-1971 data sets . As presented for the MR-GO data
sets, taxa included in the analysis were selected on the basis of those con-
tributing at least 1% of the total abundance at any given station, and/or any
taxa relating distinct spatial distribution. Count data for 30 taxa selected
for analysis (ten molluscs, nine polychaetes, five amphipods, two echinoderms ;
one actiniarian, one cumacean, one mysid, and one sipunculid) are included in
a matrix of station and species groups adjoining the resultant dendrograms
from classification analysis (Figure 7) . Numerically, these taxa account for
87% of the fauna collected .

Numerical classification of the 49 stations is interpreted at a six
group level . Group A contains four samples from two stations west of the
Mississippi River Delta, three stations in south Breton Sound (near Delta) and
one station east of the Delta approximately 30m depth . Group B contains two
stations, one east of the Delta and the other in Chandeleur/ Breton Sound .
Group C contains twelve stations located in the proximity of south Chandeleur
Islands and Breton Island at tidal inlets and adjacent offshore areas . Group
D contains twenty-two stations located throughout Chandeleur and Breton
Sounds ; one station located outside the Sound is considered an outlier . Group
E contains two stations located in an inlet and offshore of Chandeleur Sound,
similar to Group C . Group F contains outlier stations 31, 163, and 164 .

Classification of 30 taxa at 49 stations is interpreted at a seven
group level (Figure 7) . A nodal analysis conducted on this two-way contin-
gency table assessed species group constancy, fidelity, and abundance with
station groups . Nodal diagrams are presented in Figure 8 and discussed below
with respect to species groups .

The division of major species groups is at a 25% similarity . Spe-

cies Group 1 (Amphiodia trychna to Anadara transerva) shows high fidelity and

abundance for Station Group D (Figure 7) . Species Group 2 (Micropholis atra

to Spiochaetopterus oculatus ) also has high fidelity and abundance values for



Table 8 . Percent composition of major taxa groups by
1970-1971 .

station at Chevron sites,

PERCENT COMPOSITION

CHEVRON 1970 Annelida Arthropoda Mollusca Echinodermata Miscellaneous

St . 12 80 .9 6 .9 12 .2 ---- ----
31 28 .9 26 .3 26 .3 2 .6 15 .8
36 35 .2 5 .5 52 .2 5 .5 1 .7
41 7 .4 30 .8 49.4 11 .7 0 .7
46 48 .9 12 .9 32 .6 1 .6 4 .1
47 0 .1 88 .7 7 .3 3 .8 ----
51 48 .9 19 .2 20.1 1 .5 10 .3
53 56 .7 8 .9 17 .1 12 .2 4 .2
58 52 .9 22 .7 14 .9 1 .9 7 .6
68 59.5 17 .6

~
13.5 8 .1 1 .4

70 55 .8 7 .8 31 .7 2 .0 2 .6
87 46 .4 6 .4 34.7 11 .0 1 .3
92 32 .6 20 .5 20 .9 1 .3 24 .6
96 39 .4 13 .1 21 .7 24 .4 1 .4

100 68 .4 8 .6 20.3 0 .1 2 .6
103 9 .5 3 .9 86 .1 0 .1 0 .3
107 64 .4 8 .5 21 .8 0 .2 5 .0
109 51 .3 10 .3 19 .7 1 .3 17 .3
111 23 .5 19 .0 41 .6 13 .4 3 .0
114 39 .5 37 .8 20.2 ---- 2 .4
119 43 .1 20 .3 20 .8 7 .4 8 .4
122 17 .3 4 .0 74 .6 0 .3 3 .8
132 35 .5 9 .5 39 .7 5 .2 10 .1
134 61 .2 ---- 31 .8 ---- 7 .1
136 3 .9 1 .9 88.8 0.1 5 .2
L43 58 .8 2 .6 35 .4 0 .4 1 .8
149 31 .5 55 .0 12 .9 ---- 1 .3
151 29 .7 51 .1 17 .8 0.3 1 .0
154 7 .8 52 .9 32 .4 1 .0 5 .9
157 57 .2 20 .5 9 .6 ---- 12 .6
158 58 .2 13 .5 9 .4 0 .8 18 .0
161 4 .6 2 .4 92 .5 ---- 0.4
163 39.8 21 .6 22 .7 4 .5 11 .4
164 37 .2 7 .7 29 .5 ---- 25 .6
166 18 .0 16 .4 49 .2 ---- 16.4
167 21 .7 0 .6 77 .1 0.1 0 .5
171 11 .8 53 .5 26 .5 0.9 7 .4

Mean 37 .5 19 .2 33 .4 3 .3 6 .6

CHEVRON 1971 Annelida Arthropoda Mollusca Echinodermata Miscellaneous

St . 18 63 .3 3 .5 21.0 10 .9 1 .3
21 31 .8 1 .3 63.1 3.0 0.8
36 58 .1 7 .2 30 .3 3 .1 1 .3
51 46 .5 7 .4 36.2 6 .3 3.6
58 49 .0 37 .4 7 .6 0 .8 5 .2
73 72 .2 2 .6 24.5 ---- 0.7
85 59 .2 17 .8 13 .3 1.1 8.6

126 29 .3 1 .0 69 .3 0 .1 0.3
147 70.3 22 .8 1 .0 0 .1 5 .8
164 58 .6 30 .3 8.1 ---- 3 .0
166 27 .4 16 .1 41 .4 ---- 14 .6
167 1 .2 0 .3 98.3 0 .1 0.1

Mean 47 .2 12 .3 34.6 2 .1 3 .8
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Figure 8 . Nodal analysis of groups based on results of numerical classification analysis of
Chevron 1970-71 macroinfauna data .



Group D. These two species groups best represent the infauna in Breton and
Chandeleur Sounds .

Species Group 3 is represented by the numerically dominant and
ubiquitous taxa that are distributed throughout the study area . Group 3 also
has a high fidelity for Group C stations--those located predominantly seaward
of the tidal inlets into Breton and Chandeleur Sounds . Species Group 3 was
further divided into Groups 3a, 3b, and 3c at 45% similarity to identify any
trends in the ubiquitous fauna. Species Group 3a ( Mysidopsis bigelowi to

Owenia sp. A) represents taxa found in Station Groups C, D, and E . Species
Group 3b (Nassarius acutus, Mulinia lateralis, Myriochele oculata , and Abra
aequalis ) are wideTy 3istr3butea_-EWroug i~t Station Groups A, C, and D, and
are known to irrupt seasonally in their populations . Group 3c ( Paraprionospio

pinnata, Magelona sp . H, Mediomastus spp .) are generally distributed along the
inner shelf areas, as depicted by their fidelity for Station Groups A and C
(Figure 8) .

Species Group 4 (Periploma and Cirriformia sp . C) was present only
at station 143 (Group D), but represented extremely high numbers of individu-
als .

Species Group 5 is comprised of outlier species which were collected
one time in large numbers at single stations, i .e ., Golfingia sp . GG (115
individuals) at station 136, Acanthohaustorius sp . B (75 specimens) at station

114, Melita nitida (704 individuals) at station 47, and Haploops sp . B (131

individuals) at station 171 .

By rearranging the stations listed in Table 7 into their respective
classified groups, the composite mean community structure parameters become
useful for characterization of the major communities (Table 9) . The inner
shelf station Group A is represented by the lowest species indices, but is the
second most abundant with an average density of 5530 individuals•m-2 . Both
station Groups C (tidal inlet/inner shelf) and D (sound stations) contain a
large number of taxa, with Group C having the greatest average density (6104
individuals•m 2) . Stations Groups B, E, and F are considered outliers and
merged for sake of simplicity . Groups B, E, and F have the highest mean spe-
cies diversity value (2 .59) which is reflected in high species evenness (0 .77)
and low density value (812 individuals•m 2) .

Since neither sediment composition nor depth measurements are avail-
able for the Chevron study site, additional analyses, i .e ., multidiscriminant,

were not performed on the data. Comparisons with the MR-GO macroinfauna data
provide a synoptic overview of the infaunal assemblages associated with pro-
posed habitats within the Chevron survey site .

4 .0 DISCUSSION

Upon initial review of MR-GO and Chevron benthic data, several features
make comparing results difficult . First, differences in surface sample size
(0 .06 m2 vs . 0 .3 m2) result in possible under- and/or over-estimates of popu-
lation densities, although mean station densities are within one-half an order
of magnitude between surveys and seasons . This may be due to replication at
the MR-GO site, thus equalizing total areas sampled, i .e ., 5 x 0 .06 m2 .



Table 9 . Mean community structure parameters for station groups resulting from classification of
Chevron station data .

N
v

Mean Species Species Species
Total Total Density Diversity Evenness Richness

STATION GROUPS Taxa Indiv .
2

(ind ./m ) (H ') (J') (D)e

A 24 1659 5530 1 .83 0 .47 4 .45

B,E,F 30 244 812 2 .59 0 .77 5 .92

C 49 1832 6104 2 .46 0 .64 7 .45

D 51 787 2571 2 .55 0 .64 7 .91



Second, samples were collected with entirely different devices, a box
corer and a diver-manned suction corer . Whereas, a box corer is considered a
quantitative sampler with a known surface area and a computed volume, a suc-
tion corer can only provide semi-quantitative samples . The amount of surface
area and depth of penetration is controlled by a diver where bias or incon-
sistency in sampling methodology is possible .

Third, differences in sieve size (0 .5 mm vs . 1 .2 mm) will definitely
effect the "type" of faunal organisms collected, or not collected as the case
may be . The larger, deeper burrowing bivalve molluscs and crustaceans col-
lected with a suction corer and retained on a 1 .2 mm sieve (Chevron data) may
reflect a slightly different or incomplete assemblage when compared to the MR-
GO fauna retained on a 0 .5 mm sieve (i .e ., predominately polychaetes) .

Results of the 1980-1981 MR-GO survey depict the seasonal variability of
macroinfauna populations found in the nearshore coastal waters of the northern
Gulf of Mexico . The temporal pattern (i .e ., significantly greater densities
in June as compared to December) was not unexpected, as most of the numerical-
ly important taxa collected in the study are known to have late winter to late
spring periods of recruitment (Johnson, 1980 ; Shaw et al ., 1982) .

When compared with benthic studies conducted in the area (TechCon, 1980 ;

Shaw et al ., 1982), the assemblage of taxa inhabiting tidal inlets are similar
to those found for the MR-GO survey . These include the polychaetes Poly-

gordius spp., Poecilochaetus sp ., Carazziella hobsonae; cephalochordate
Branchiostoma sp . ; and amphipods Eudevenopsis honduranus, Protohaustorius sp .
A, Acanthohaustorius sp . A at the predominantly sand habitats . Po yc aetes

Ninoe sp . B, Cossura so eri, and Mediomastus ambiseta have been found to occur
in a muddy substrate adjacent to a navigation channel at the mouth of Mobile
Bay (TechCon, 1980) . Taxa commonly found in areas similar to the MR-GO site
include the ubiquitous bivalve Mulinia lateralis , ophiuroid Hemipholis

elongata , polychaetes Mediomastus californiensis , S io hanes bomb x, and pre-
daceous rhynchocoels (TechCon, 1980 ; Shaw et al ., 1982) . The tidal inlet
communities are composed of euryhaline species which are generally suspension
and deposit feeders adapted to the physical stresses of currents (e .g ., move-

ment of sediment) and salinity fluctuations .

The MR-GO and Chevron surveys are represented by few comparable dominant
taxa. These include the molluscs Mulinia lateralis , Abra aequalis , Nuculana

concentrica and polychaetes Mediomastus sp ., Spiophanes bomb , Paraprionospio

pinnata , Magelona sp . H. These species are generally found within open
sounds, tidal inlets, and inner shelf (5-20 m) habitats of the Tuscaloosa
Trend study area .

Results of the Chevron survey show similarities with macrofauna assem-
blages described by Parker (1956) for the Mississippi Delta and by Shaw et al .

(1982) for Mississippi Sound and offshore coastal waters . Taxa from compar-
able inner shelf and tidal inlet assemblages include the polychaetes Owenia

sp . A, Spiophanes bombyx, Magelona sp. H, Paraprionospio ip nnata , Mediomastus

spp . ; molluscs Mulinia lateralis , Tellina versicolor; and cumacean Oxyuro-

stylis smithi . Open Sound assemblages include comparable taxa such as the
polychaetes Myriochele oculata , Mediomastus spp ., and molluscs Abra aequalis ,

Acteocina canaliculata , Nuculana concentrica , Anachis obesa , and Nassarius

acutus .



The infauna assemblages evaluated for the MR-GO and Chevron sites were
incorporated during the formulation of proposed assemblages presented in
Tables 6 .8 and 6 .20 of the Tuscaloosa Trend study area report .

29



5 .0 LITERATURE CITED

Bloom, S .A ., S .L . Santos, and J .G . Field . 1977 . A package of computer
programs for benthic community analysis . Bull . Mar . Sci . 27 :577-580 .

Boesch, D .F . 1977 . Application of numerical classification in ecological
investigations of water pollution . EPA Rept . 600/3-77-033 . U .S .

Environmental Protection Agency, Corvallis, Washington . 115 pp .

Dames and Moore . 1979 . The Mississippi, Alabama, Florida, Outer Continen-
tal Shelf Baseline Environmental Survey, Interior, Bureau of Land
Management, New Orleans OCS Office . Contract No . AA550-CT7-34 .

Environmental Protection Agency . 1982 . Draft environmental impact state-
ment (EIS) for the Mississippi River-Gulf Outlet, Louisiana dredged
material disposal site designation . Washington, D .C . Appendix A.

Field, J .G. and G . McFarlane . 1968. Numerical methods in marine ecology . 1 . A
quantitative "similarity" analysis of rocky shore samples in False Bay,
South Africa . Zool . Afr . 3 :119-137 .

Johnson, P . G . 1980 . Seasonal variation in benthic community structure in
Mobile Bay, Alabama . M.S . Thesis . University of Alabama at Birming-
ham . Birmingham, Alabama . 112 pp .

Lance, G .N . and W .T . Williams . 1967 . A general theory of classifactory
sorting strategies . I . Hierarchical systems . Comput . J . 9 :373-380 .

Margalef, R . 1958 . Information theory in ecology . Gen . Sys . 3 :36-71 .

Parker, R . H . 1956 . Macroinvertebrate assemblages as indicators of sedi-
mentary environments in east Mississippi Delta region . Bull . Amer .
Assoc . Petrol . Geol . 40 :295-376 .

Pielou, E .C . 1966 . The measurement of diversity in different types of
biological collections . J . Theor . Biol . 13 :131-144 .

Shannon, C .E . and W . Weaver . 1963 . The mathematical theory of communication .
Univ . of Illinois Press, Urbana . 117 pp .

Shaw, J . K ., P . G . Johnson, R. M . Ewing, C . E . Comiskey, C . C . Brandt and

T . A. Farmer. 1982 . Final Report : Benthic macroinfauna community
characterizations in Mississippi Sound and adjacent waters . Contract
No . DACW01-80-C-0427, Barry A. Vittor & Associates, Inc ., Mobile, AL .
Prepared for Mobile District, U .S . Army Corps of Engineers, Mobile,
AL .

TechCon, Inc . 1980 . Environmental monitoring program of MOEPSI Well No .
1-76 (Mobile Bay State Lease 347 No . 1) in Mobile Bay, Alabama, vol .
1 : Environmental effects . Final Report to Mobil Oil Exploration and
Producing Southeast, Inc ., New Orleans, Louisiana .

30



ATTACHMENT I - TAXONOMIC LISTING FOR MISSISSIPPI RIVER-GULF OUTLET
SAMPLES

TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES (1980 & 1981) 01/16/85

ANNELIDA
DLI60CHAETA

POLYCHAETA
OLIGOCHAETA (LPIL)

POLYCHAETA (LPIL)
AMPHARETIDAE

AMPHARETIDAE (LPIL)
MELINNA MACULATA
SABELLIDES SP .A

AMPHINOMIDAE
PARAMPHINOME SP .B

ARABELLIDAE
DRILONEREIS (LPIL)

CAPITELLIDAE
CAPITELLIDAE (LPIL)
MEDIOMASTUS (LPIL)
MEDIOMASTUS AMBISETA
MEDIOMASTUS CALIFORNIENSIS
NOTOMASTUS (LPIL)
NOTOMASTUS DAUERI
NOTOMASTUS HEMIPODUS
NOTOMASTUS LOBATUS

CHRYSOPETALIDAE
PALEANOTUS HETEROSETA

CIRRATULIDAE
CAULLERIELLA (LPIL)
CHAETOZONE SP .B
CHAETOZONE SP .D
CIRRATULIDAE (LPIL)
CIRRIFORMIA (LPIL)
CIRRIFORMIA SP .C

COSSURIDAE
COSSURA (LPIL)
COSSURA DELTA
COSSURA SOYERI

FLABELLIGERIDAE
FLABELLIGERIDAE (LPIL)
PIROMIS ROBERTI

6LYCERIDAE
GLYCERA (LPIL)
6LYCERA AMERICANA
GLYCERA DIBRANCHIATA

GONIADIDAE
6LYCINDE SOLITARIA
GONIADA LITTOREA
6DNIADIDAE (LPIL)

HESIONIDAE
HESIONIDAE (LPIL)

HESIONIDAE GENUS C

Paqe 1



TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES (1980 & 1981) 01/16/85

PODARKE OBSCURA
PODARKEOPSIS LEVIFUSCINA

LUMBRINERIDAE
LUMBRINERIDAE (LPIL)
LUMBRINERIS (LPIL)
LUMBRINERIS VERRILLI
NINOE SP .B

MAGELONIDAE
MAGELONA (LPIL)
MA6ELDNA CF . RIOJAI
MA6ELONA PETTIBONEAE
MAGELONA SP.B
MA6ELONA SP .H

MALDANIDAE
ASYCHIS ELON6ATUS
CLYMENELLA TORQUATA
MALDANIDAE (LPIL)

NEPHTYIDAE
A6LAOPHAMUS (LPIL)
AGLAOPHAMUS VERRILLI
NEPHTYIDAE (LPIL)
NEPHTYS (LPIL)
NEPHTYS PICTA
NEPHTYS SIMONI
NEPHTYS SP .B
NEPHTYS SP .F

NEREIDAE
NEREIDAE (LPIL)
NEREIS (LPIL)
NEREIS FALSA
NEREIS MICROMMA

ONUPHIDAE
DIOPATRA (LPIL)
DIOPATRA CUPREA
DIOPATRA TRIDENTATA
MOOREONUPHIS NEBULOSA
ONUPHIDAE (LPIL)

OPHELIIDAE
ARMANDIA AGILIS
ARMANDIA MACULATA
OPHELIIDAE (LPIL)
TRAVISIA (LPIL)
TRAVISIA HOBSONAE

ORBINIIDAE
LEITOSCOLOPLOS (LPIL)
LEITOSCOLOPLOS FRA6ILIS
ORBINIIDAE (LPIL)
SCOLOPLOS RUBRA

SCOLOPLOS SP.A

Page 2



TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES ( 1980 & 1981) 01/16/85

SCOLOPLOS TEXANA
OMENIIDAE

MYRIOCHELE OCULATA
OWENIA SP.A

PARAONIDAE
ARICIDEA SP .E
CIRROPHORUS (LPIL)
PARAONIDAE (LPIL)

PHYLLODOCIDAE
ETEONE (LPIL)
ETEONE HETEROPODA
ETEONE LACTEA
PHYLLODOCIDAE (LPIL)

PILAR6IDAE
ANCISTROSYLLIS (LPIL)
ANCISTROSYLLIS HARTMANAE
ANCISTROSYLLIS JONESI
ANCISTROSYLLIS PAPILLOSA
CABIRA INCERTA
SI6AMBRA TENTACULATA

POECILOCHAETIDAE
POECILOCHAETUS (LPIL)

POLY60RDIIDAE
PDLY60RDIUS (LPIL)

POLYNOIDAE
LEPIDASTHENIA YARIUS
MALMGRENIELLA SP .A
MALMGRENIELLA SP .B
POLYNOIDAE (LPIL)

POLYODONTIDAE
POLYODONTES (LPIL)
POLYODONTES LUPINUS

SABELLIDAE
SABELLIDAE (LPIL)

SERPULIDAE
HYDROIDES (LPIL)
HYDROIDES SP.B
HYDROIDES UNCINATA
SERPULIDAE (LPIL)

SIGALIONIDAE
SIGALION SP .A
SI6ALIONIDAE (LPIL)
STHENELAIS (LPIL)
STHENELAIS SP .A
THALENESSA (LPIL)
THALENESSA SP .A

SPIONIDAE
APOPRIONOSPID PYGMAEA

CARAZZIELLA HOBSONAE
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TAXONOMIC LISTING
FOR IEC 6ULF OUTLET SAMPLES (1980 & 1981) 01/16/85

DISPIO UNCINATA
MALACOCEROS (LPIL)
PARAPRIONOSPIO PINNATA
POLYDORA LI6NI
POLYDORA SOCIALIS
POLYDORA SP .A
•PRIONOSPID (LPIL)
PRIONOSPIO CRISTATA
PRIONOSPIO SP .E
SCOLELEPIS TEXANA
SPIONIDAE (LPIL)
SPIOPHANES BOMBYX
SPIOPHANES CF . MISSIONENSIS

SYLLIDAE
SYLLIDAE (LPIL)
TYPOSYLLIS ARMILLARIS
TYPOSYLLIS CF . LUTEA

TEREBELLIDAE
LOIMIA SP .A
PISTA (LPIL)
TEREBELLIDAE (LPIL)

ARTHROPODA (CRUSTACEA)

AMPHIPODA
CRUSTACEA (LPIL)

AMPELISCIDAE
AMPELISCA (LPIL)
AMPELISCA A6ASSIZI
AMPELISCA BICARINATA
AMPELISCA CF. VERRILLI
AMPELISCA SP.A
AMPELISCA SP.C

ARIGISSIDAE
AR6ISSA HAMATIPES

CAPRELLIDAE
CAPRELLIDAE (LPIL)

COROPHIIDAE
COROPHIUM LACUSTRE
COROPHIUM TUBERCULATUM
ERICHTHONIUS BRASILIENSIS

HAUSTORIIDAE
ACANTHOHAUSTORIUS INTERMEDIUS
ACANTHOHAUSTORIUS SP .A
HAUSTORIIDAE (LPIL)
PROTOHAUSTORIUS SP .A

ISCHYROCERIDAE
CERAPUS SP .A

LILJEBOR6IIDAE
LISTRIELLA (LPIL)

LISTRIELLA BARNARDI

Page 4



TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES (1980 ~ 1981) 01/16/85

LISTRIELLA SP .A
LISTRIELLA SP .B

MELITIDAE
MELITA (LPIL)

OEDICEROTIDAE
MONOCULODES NYEI
MONOCULODES SP .A
SYNCHELIDIUM AMERICANUM

PHOTIDAE
MICROPROTOPUS RANEYI
PHOTIS MACROMANUS

PHOXOCEPHALIDAE
METHARPINA FLORIDANA
RHEPOXYNIUS EPISTOMUS

PLATYISCHNOPIDAE
EUDEVENOPUS HONDURANUS
PLATYISCHNOPIDAE (LPIL)

CUMACEA
B0D0TRIIDAE

CYCLASPIS SP .A
DIASTYLIDAE

OXYUROSTYLIS SMITHI
DECAPODA (NATANTIA)

DECAPODA NATANTIA (LPIL)
ALPHEIDAE

AUTOMATE EVERMANNI
06YRIDAE

OGYRIDES ALPHAEROSTRIS
OGYRIDES HAYI

PENAEIDAE
PENAEIDAE (LPIL)
TRACHYPENAEUS (LPIL)
TRACHYPENAEUS CONSTRICTUS
TRACHYPENAEUS SIMILIS

PROCESSIDAE
PROCESSA HEMPHILLI

DECAPODA (REPTANTIA)
ANOMURA (LPIL)

ALBUNEIDAE
ALBUNEA PARETII

BRACHYURA
BRACHYURA (LPIL)

CALAPPIDAE
HEPATUS EPHELITICUS

CALLIANASSIDAE
CALLIANASSA (LPIL)
CALLIANASSA BIFORMIS

DIOGENIDAE

DI06ENIDAE(LPIL)
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TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES ( 1980 & 1981) 01/16/85

ISOPODA

MYSIDACEA

OSTRACODA

LEUCOSIIDAE
ILIACANTHA (LPIL)

PA6URIDAE
PAGURIDAE (LPIL)

PINNOTHERIDAE
PINNIXA (LPIL)
PINNIXA CHAETOPTERANA
PINNIXA PEARSEI

PORCELLANIDAE
EUCERAMUS PRAELON6US

PORTUNIDAE
OVALIPES FLORIDANUS
PORTUNUS (LPIL)

UP06EBIIDAE
UPOGEBIA AFFINIS

XANTHIDAE
HEXAPANOPEUS (LPIL)
HEXAPANOPEUS ANGUSTIFRONS
MICROPANOPE (LPIL)
XANTHIDAE (LPIL)

IDOTEIDAE
EDOTEA TRILOBA

SPHAEROMIDAE
ANCINUS DEPRESSUS

MYSIDAE
BONMANIELLA (LPIL)
BONMANIELLA BRASILIENSIS
BONMANIELLA FLORIDANA
MYSIDAE (LPIL)
MYSIDOPSIS (LPIL)

STDMATOPODA

CEPHALOCHORDATA

OSTRACODA (LPIL)

STOMATOPODA (LPIL)

LEPTOCARDII
BRANCHIOSTOMIDAE

BRANCHIOSTOMA (LPIL)
CNIDARIA

ACTINIARIA
ACTINIARIA (LPIL)

ACTINIARIA (LPIL)
ECHINODERMATA

ASTERIODEA
LUIDIIDAE

LUIDIA CLATHRATA

ECHINOIDEA
ECHINOIDEA (LPIL)
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TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES (1980 & 1981) 01/16/85

OPHIUROIDEA
OPHIUROIDEA (LPIL)

AMPHIURIDAE
AMPHIOPLUS CONIORTODES
MICROPHOLIS ATRA
OPHIOPHRA6MUS (LPIL)

OPHIACTIDAE
HEMIPHOLIS ELONGATA

ECHIURA

HEMICHORDATA

MOLLUSCA
6ASTROPODA

ECHIURA (LPIL)

BALANOGLOSSUS AURANTIACUS

GASTROPODA (LPIL)
ACTEOCINIDAE

ACTEOCINA CANALICULATA
ACTEONIDAE

RICTAXIS PUNCTOSTRIATUS
BUCCINIDAE

BUCCINIDAE (LPIL)
CANTHARUS CANCELLARIUS

CAECIDAE
CAECIDAE (LPIL)

COLUMBELLIDAE
ANACHIS OBESA
MITRELLA LUNATA

CREPIDULIDAE
CREPIDULA (LPIL)

EPITONIIDAE
EPITONIUM CF . HUMPHREYSI

MELANELLIDAE
MELANELLIDAE (LPIL)

MELON6ENIDAE
BUSYCON CONTRARIUM

MURICIDAE
THAIS HAEMASTOMA

NASSARIIDAE
NASSARIUS (LPIL)
NASSARIUS ACUTUS

NATICIDAE
NATICA PUSILLA
POLINICES DUPLICATUS
SINUM PERSPECTIVUM

OLIVIDAE
OLIVA SAYANA
OLIVELLA (LPIL)
OLIVELLA DEALBATA

PYRAMIDELLIDAE
TURBONILLA (LPIL)
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TAXONOMIC LISTING
FOR IEC GULF OUTLET SAMPLES ( 1980 k 1981) 01/16/85

PELECYPODA

TURRIDAE
KURTZIELLA (LPIL)
KURTZIELLA CF. CERINA

VITRINELLIDAE
VITRINELLIDAE (LPIL)

PELECYPODA (LPIL)
ARCIDAE

ANADARA (LPIL)
ANADARA TRANSVERSA
ARCIDAE (LPIL)
BARBATIA CANDIDA

CARDIIDAE
CARDIIDAE (LPIL)
TRACHYCARDIUM (LPIL)

CORBULIDAE
CORBULA (LPIL)
CORBULA BARRATTIANA
CORBULA CONTRACTA
CORBULA DIETZIANA

CRASSATELLIDAE
CRASSINELLA (LPIL)
CRASSINELLA MARTINICENSIS

CUSPIDARIIDAE
CUSPIDARIIDAE (LPIL)

GASTROCHAENIDAE
GASTROCHAENA (LPIL)
GASTROCHAENA HIANS

LASAEIDAE
LASAEIDAE (LPIL)

LUCINIDAE
LIN6A AMIANTUS
LUCINIDAE (LPIL)

LYONSIIDAE
LYONSIA HYALINA

MACTRIDAE
MULINIA (LPIL)
MULINIA LATERALIS

PANDORIDAE
PANDORA TRILINEATA

PERIPLOMATIDAE
PERIPLOMA FRAGILE
PERIPLOMA MAR6ARITACEUM

SEMELIDAE
ABRA AEAUALIS
SEMELIDAE (LPIL)

SOLECURTIDAE
TAGELUS DIVISUS

SOLENIDAE
ENSIS MINOR
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TAXDNOMIC LISTING
FOR IEC GULF OUTLET SAMPLES (1980 & 1981) 01/16/85

PHORONIDA

PLATYHELMINTHES
TURBELLARIA

RHYNCHOCOELA

SIPUNCULA

TELLINIDAE
MACOMA (LPIL)
TELLINA (LPIL)
TELLINA AEAUISTRIATA
TELLINA ALTERNATA
TELLINA IRIS
TELLINA VERSICOLOR
TELLINIDAE (LPIL)

UNGULINIDAE
DIPLODONTA PUNCTATA

VENERIDAE
CHIONE (LPIL)
CHIONE CANCELLATA
CYCLINELLA TENUIS
DOSINIA (LPIL)
6EMMA 6EMMA
MERCENARIA CAMPECHIENSIS
VENERIDAE (LPIL)

PHORONIS (LPIL)

TURBELLARIA (LPIL)

RHYNCHOCOELA (LPIL)

ASPIDOSIPHONIDAE
ASPIDOSIPHON (LPIL)
ASPIDOSIPHON ALBUS

60LFIN6IIDAE
60LFIN6IA TRICHOCEPHALA
PHASCOLION STROMBI
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ATTACHMENT II - TAXONOMIC LISTING FOR CHEVRON SAMPLES

TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

ANNELIDA
OLI60CHAETA

POLYCHAETA
AMPHARETIDAE

AMPHARETE SP.A
AMPHARETIDAE (LPIL)
MELINNA MACULATA
SABELLIDES SP .A

AMPHINOMIDAE
PARAMPHINOME SP .B

ARABELLIDAE
ARABELLIDAE (LPIL)
DRILONEREIS LON6A
DRILONEREIS SP .6

CAPITELLIDAE
CAPITELLA CAPITATA
CAPITELLIDAE (LPIL)
MEDIOMASTUS (LPIL)
MEDIOMASTUS AMBISETA
NOTOMASTUS (LPIL)
NOTOMASTUS LOBATUS
NOTOMASTUS SP .E

CHAETOPTERIDAE
CHAETOPTERUS VARIOPEDATUS
SPIOCHAETOPTERUS OCULATUS

CHRYSOPETALIDAE
PALEANOTUS HETEROSETA

CIRRATULIDAE
CHAETOZONE (LPIL)
CHAETOZONE SP .D
CIRRATULIDAE (LPIL)
CIRRIFORMIA SP .A
CIRRIFORMIA SP .C
THARYX CF. ANNULOSUS

COSSURIDAE
COSSURA DELTA
COSSURA SOYERI
COSSURIDAE (LPIL)

DORVILLEIDAE
SCHISTOMERIN60S CF . RUDOLPHI

EULEPETHIDAE
6RUBEULEPIS SP.C

EUNICIDAE
MARPHYSA SAN6UINEA
MARPHYSA SP .B

FLABELLI6ERIDAE
FLABELLI6ERIDAE (LPIL)

OLI60CHAETA (LPIL)

PIROMIS ROBERTI
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 k 1971 01/08/85

GLYCERIDAE
GLYCERA (LPIL)
6LYCERA AMERICANA
GLYCERA SP .E
GLYCERA SP .K

60NIADIDAE
GLYCINDE SOLITARIA
GONIADA (LPIL)
60NIADA LITTOREA
60NIADIDAE (LPIL)
OPHI06LYCERA SP .A

HESIONIDAE
HESIDNIDAE (LPIL)
PODARKEOPSIS LEVIFUSCINA

LUMBRINERIDAE
LUMBRINERIDAE (LPIL)
LUMBRINERIS (LPIL)
LUMBRINERIS ERNESTI
LUMBRINERIS JANUARII
LUMBRINERIS SP .B
LUMBRINERIS SP .D
LUMBRINERIS SP .E
LUMBRINERIS VERRILLI
NINOE SP .B

MA6ELONIDAE
MAGELONA (LPIL)
MAGELONA CF . R10JAI
MAGELONA SP .6
MA6ELONA SP .H
MAGELONA SP.I
MAGELONA SP.L

MALDANIDAE
ASYCHIS ELONGATUS
CLYMENELLA TORAUATA
MALDANE SP .A
MALDANIDAE (LPIL)

NEPHTYIDAE
A6LADPHAMUS VERRILLI
NEPHTYIDAE (LPIL)
NEPHTYS (LPIL)
NEPHTYS INCISA
NEPHTYS PICTA
NEPHTYS SIMONI
NEPHTYS SP .D

NEREIDAE
CERATOCEPHALE OCULATA
NEREIDAE (LPIL)
NEREIS (LPIL)

NEREIS LAMELLOSA
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 6 1971 01/08/85

NEREIS MICROMMA
NEREIS SUCCINEA

ONUPHIDAE
DIOPATRA (LPIL)
DIOPATRA CUPREA
DIOPATRA NEOTRIDENS
DIOPATRA TRIDENTATA
KINBER60NUPHIS SP .A
MOOREONUPHIS CF . NEBULOSA
MOOREONUPHIS SP .A
MOOREONUPHIS SP .B
ONUPHIDAE (LPIL)
ONUPHIS EREMITA OCULATA

OPHELIIDAE
ARMANDIA A6ILIS
ARMANDIA MACULATA

ORBINIIDAE
LEITOSCOLOPLOS (LPIL)
LEITOSCOLOPLOS FRAGILIS
NAINEREIS SP.A
ORBINIIDAE (LPIL)
SCOLOPLOS (LPIL)
SCOLOPLOS RUBRA
SCOLOPLOS SP .B

ONENIIDAE
MYRIOCHELE OCULATA
MYRIOWENIA SP .A
OWENIA SP.A

PARAONIDAE
ARICIDEA (LPIL)
ARICIDEA FRAGILIS
ARICIDEA SP .C
ARICIDEA SP .K
CIRROPHORUS (LPIL)
PARAONIDAE (LPIL)

PECTINARIIDAE
PECTINARIA (LPIL)
PECTINARIA 60ULDII
PECTINARIIDAE (LPIL)

PHYLLODOCIDAE
PARANAITIS GARDINERI
PHYLLODOCE ARENAE
PHYLL0D0CIDAE (LPIL)

PILARGIDAE
ANCISTROSYLLIS JONESI
ANCISTROSYLLIS SP .B
CABIRA INCERTA
PILARGIS SP .B

SIGAMBRA (LPIL)

Paqe 3



TAXONOMIC LISTIN6
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

S16AMBRA BASSI
SI6AMBRA TENTACULATA
SIGAMBRA WASSI

POECILOCHAETIDAE
POECILOCHAETUS (LPIL)

POLYNOIDAE
HALOSYDNELLA SP .A
LEPIDASTHENIA VARIUS
LEPIDONOTUS SUBLEVIS
MALM6RENIELLA SP .A
POLYNOIDAE (LPIL)

POLYODONTIDAE
EUPANTHALIS SP .A
POLYODONTES SP .A

SABELLIDAE
CHONE (LPIL)
ME6ALOMMA PI6MENTUM
SABELLIDAE (LPIL)

SERPULIDAE
HYDROIDES SP.D
HYDROIDES UNCINATA
POMATOCEROS AMERICANUS
SERPULIDAE (LPIL)

SI6ALIONIDAE
FIMBRIOSTHENELAIS (LPIL)
FIMBRIOSTHENELAIS SP .A
SI6ALIONIDAE (LPIL)
STHENELAIS SP .A
THALENESSA SP .A

SPIONIDAE
APOPRIONOSPIO PY6MAEA
CARAZZIELLA HOBSONAE
CARAZZIELLA SP .A
DISPIO UNCINATA
MALACOCEROS VANDERHORSTI
MICROSPIO PIGMENTATA
PARAPRIONOSPIO (LPIL)
PARAPRIONOSPIO PINNATA
POLYDORA LI6NI
POLYDORA SOCIALIS
PRIONOSPIO (LPIL)
PRIONOSPIO CRISTATA
SCOLELEPIS TEXANA
SPIONIDAE (LPIL)
SPIOPHANES BOMBYI
SPIOPHANES CF . MISSIONENSIS

STERNASPIDAE
STERNASPIS SCUTATA

SYLLIDAE
AUTOLYTUS SP .A
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TAXONOMIC LISTIN6
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

BRANCHIOSYLLIS EXILIS
TEREBELLIDAE

AMAEANA (LPIL)
HAUCHIELLA SP .A
LOIMIA SP .A
TEREBELLIDAE (LPIL)

TRICHOBRANCHIDAE
TEREBELLIDES STROEMI

ARTHROPODA (CRUSTACEA)
AMPHIPODA

AMPHIPODA (LPIL)
AMPELISCIADE

HAPLOOPS SP .B
AMPELISCIDAE

AMPELISCA (LPIL)
AMPELISCA A6ASSIII
AMPELISCA BICARINATA
AMPELISCA SP .A
AMPELISCA SP .C

AORIDAE
LEMBOS BRUNNEOMACULATUS
LEPTOCHEIRUS SP .A
UNCIOLA SERRATA

ATYLIDAE
ATYLUS UROCARINATUS

BATEIDAE
BATEA CATHERINENSIS

CAPRELLIDAE
CAPRELLA CF . EAUILIBRA
LUCONACIA INCERTA

COROPHIIDAE
CERAPUS (LPIL)
CERAPUS SP .C
COROPHIUM (LPIL)
COROPHIUM TUBERCULATUM
ERICHTHONIUS (LPIL)
ERICHTHONIUS BRASILIENSIS

6AMMARIDAE
GAMMARIDAE (LPIL)

HAUSTORIIDAE
ACANTHOHAUSTORIUS SP .B
HAUSTORIIDAE (LPIL)
PSEUDOHAUSTORIUS AMERICANUS
PSEUDOHAUSTORIUS CAROLINENSIS

MELITIDAE
DULICHIELLA APPENDICULATA
MELITA FRESNELLI
MELITA NITIDA

DEDICEROTIDAE
MDNOCULODES (LPIL)
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TAXONOMIC LISTIN6
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

MONOCULODES INTERMEDIUS
PHOTIDAE

PHOTIS MACROMANUS
PLATYISCHNOPIDAE

EUDEVENOPUS HONDURANUS
CUMACEA

CUMACEA (LPIL)
DIASTYLIDAE

OXYUROSTYLIS SMITHI
LEUCONIDAE

EUDORELLA MONODON
DECAPODA (NATANTIA)

DECAPODA NATANTIA (LPIL)
ALPHEIDAE

ALPHEIDAE (LPIL)
ALPHEOPSIS (LPIL)
ALPHEUS (LPIL)
ALPHEUS HETEROCHAELIS
AUTOMATE EVERMANNI

HIPPDLYTIDAE
LATREUTES PARVULUS
LAUTRETES PARVULUS

OGYRIDAE
OGYRIDES ALPHAEROSTRIS

PALAEMONIDAE
PERICLIMENES LONGICAUDATUS

PASIPHAEIDAE
LEPTOCHELA SERRATORBITA

PENAEIDAE
PENAEIDAE (LPIL)
TRACHYPENAEUS CONSTRICTUS
TRACHYPENAEUS SIMILIS

PROCESSIDAE
PROCESSA (LPIL)
PROCESSA HEMPHILLI

DECAPODA (REPTANTIA)
ALBUNEIDAE

ALBUNEA PARETII
BRACHYURA

BRACHYURA (LPIL)
CALAPPIDAE

HEPATUS PUNDIBUNDUS
CALLIANASSIDAE

CALLIANASSA (LPIL)
CALLIANASSA BIFORMIS
CALLIANASSIDAE (LPIL)

DIOGENIDAE
ISOCHELES WURDEMANNI

GONEPLACIDAE
CHASMOCARCINUS MISSISSIPPIENSI
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 t 1971 01/08/85

ISOPODA

MYSIDACEA

SPEOCARCINUS LOBATUS
MAJIDAE

METOPORHAPHIS CALCARATA
PA6URIDAE

PA6URIDAE (LPIL)
PAGURUS ANNULIPES
PAGURUS LONGICARPUS
PAGURUS POLLICARIS

PARTHENOPIDAE
HETEROCRYPTA GRANULATA

PINNOTHERIDAE
PINNIXA (LPIL)
PINNIXA CHAETOPTERANA
PINNIXA SAYANA

PORCELLANIDAE
EUCERAMUS PRAELON6US
POLYONYX 6IBBESI

PORTUNIDAE
CALLINECTES (LPIL)
CALLINECTES SAPIDUS
CALLINECTES SIMILIS
OVALIPES (LPIL)
OVALIPES FLORIDANUS
OVALIPES STEPHENSONI
PORTUNIDAE (LPIL)

UP06EBIIDAE
UPOGEBIA AFFINIS

XANTHIDAE
HEXAPANOPEUS AN6USTIFRONS
MENIPPE MERCENARIA
RHITHROPANOPEUS HARRISII
XANTHIDAE (LPIL)

ISOPODA (LPIL)
IDOTEIDAE

EDOTEA TRILOBA
SYNIDOTEA SP .B

SPHAEROMIDAE
ANCINUS DEPRESSUS

MYSIDACEA (LPIL)
MYSIDAE

BONMANIELLA PORTORICENSIS
MYSIDOPSIS (LPIL)
MYSIDOPSIS BAHIA
MYSIDOPSIS BIGELOWI

STOMATOPODA
LYSIOSOUILLIDAE

LYSIOSQUILLA SP .A
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

TANAIDACEA

CEPHALOCHORDATA

ACTINIARIA (LPIL)
ACTINIARIA (LPIL)

ANTHOZOA (PENNATULACEA)
RENILLIDAE

RENILLA MULLERI

LEPTOCARDII
BRANCHIOSTOMIDAE

BRANCHIOSTOMA (LPIL)
BRANCHIOSTOMA FLORIDAE

CNIDARIA
ACTINIARIA

ECHINODERMATA
ASTERIODEA

LUIDIIDAE
LUIDIA CLATHRATA

ASTEROIDEA

ECHINOIDEA

SQUILLIDAE
SQUILLA EMPUSA

TANAIDACEA (LPIL)
APSEUDIDAE

APSEUDES SP .B
KALLIAPSEUDIDAE

KALLIAPSEUDES SP .A
KALLIAPSEUDES SP .B

ASTEROIDEA (LPIL)

MELLITIDAE
MELLITA AUINAUIESPERFORATA

HOLOTHUROIDEA
CAUDINIDAE

PARACAUDINIDA CHILENSIS OBESAC
PHYLLOPHORIDAE

THYONE PANSONI
OPHIUROIDEA

OPHIUROIDEA (LPIL)
AMPHIURIDAE

AMPHIODIA SP .A
AMPHIODIA TRYCHNA
AMPHIOPLUS (LPIL)
AMPHIPHOLIS (LPIL)
MICROPHOLIS ATRA
MICROPHOLIS 6RACILLIMA

OPHIACTIDAE
HEMIPHOLIS ELONGATA

HEMICHORDATA

MOLLUSCA
6ASTROPODA

BALAN06LOSSUS AURANTIACUS

GASTROPODA (LPIL)
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TAXONOMIC LISTIN6
FOR CHEVRON SAMPLES COLLECTED 1970 t 1971 01/08/85

ACTEOCINIDAE
ACTEOCINA CANALICULATA

ACTEONIDAE
ACTEON PUNCTOSTRIATUS

ATYIDAE
HAMINDEA (LPIL)

BUCCINIDAE
CANTHARUS CANCELLARIUS

CAECIDAE
CAECUM JOHNSONI

COLUMBELLIDAE
ANACHIS OBESA
COLUMBELLIDAE (LPIL)
MITRELLA LUNATA

CREPIDULA
CREPIDULA (LPIL)
CREPIDULA PLANA

CYLICHNIDAE
CYLICHNA ALBA
CYLICHNELLA BIDENTATA

EPITONIIDAE
EPITONIUM ALBIDUM

MELON6ENIDAE
BUSYCON CONTRARIUM

MURICIDAE
THAIS HAEMASTOMA FLORIDANA
THAIS HAEMOSTOMA

NASSARIIDAE
NASSARIUS ACUTUS

NATICIDAE
NATICA PUSILLA
POLINICES ILPILI
POLINICES DUPLICATUS
SINUM PERSPECTIVUM

OLIVIDAE
OLIVA SAYANA
OLIVELLA MUTICA

PYRAMIDELLIDAE
ODOSTOMIA 6IBBOSA
ODOSTOMIA TERES
TURBONILLA (LPIL)
TURBONILLA HEMPHILLI
TURBONILLA PORTORICANA
TURBONILLA SP .C
TURBDNILLA SP .6

TEREBRIDAE
TEREBRA DISLOCATA

TURRIDAE

KURTZIELLA CF. CERINA
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TAXONOMIC LISTIN6
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

KURTZIELLA LIMONITELLA
VITRINELLIDAE

CYCLOSTREMISCUS (LPIL)
CYCLOSTREMISCUS PENTA60NUS
CYCLOSTREMISCUS SP .A
EPISCYNIA INORNATA
SOLARIORBIS INFRACARINATA

NUDIBRANCHIA
NUDIBRANCHIA (LPIL)

PELECYPODA
PELECYPODA (LPIL)

ARCIDAE
ANADARA (LPIL)
ANADARA FLORIDANA
ANADARA OVALIS
ANADARA TRANSVERSA
NOETIA PONDEROSA

CARDIIDAE
CARDIUM (LPIL)

CORBULIDAE
CORBULA (LPIL)
CORBULA CONTRACTA
CORBULA DIETZIANA
CORBULA OPERCULATA
VARICORBULA OPERCULATA

CRASSATELLIDAE
CRASSINELLA LUNULATA

CUSPIDARIIDAE
CARDIOMVA ORNATISSIMA '

LASAEIDAE
ERYCINA (LPIL)
ERYCINA SP .B
LASAEIDAE (LPIL)

LUCINIDAE
LINGA AMIANTUS
LUCINA AMIANTUS
PARVILUCINA MULTILINEATA

LYONSIIDAE
LYONSIA (LPIL)
LYONSIA HYALINA FLORIDANA

MACTRIDAE
MACTRA FRA6ILIS
MULINIA LATERALIS

MVTILIDAE
BRANCHIDONTES EXUSTUS
MUSCULUS LATERALIS

NUCULANIDAE
NUCULANA ACUTA

NUCULANA CONCENTRICA
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

NUCULIDAE
NUCULA PROXIMA

OSTREIDAE
CRASSOSTREA VIRGINICA
OSTREA EQUESTRIS

PANDORIDAE
PANDORA TRILINEATA

PECTINIDAE
CHLAMYS BENEDICTI

PERIPLOMATIDAE
PERIPLOMA (LPIL)
PERIPLOMA MAR6ARITACEUM

PETRICOLIDAE
PETRICOLA PHOLADIFORMES

PHOLADIDAE
DIPLOTHYRA SMITHII

SEMELIDAE
ABRA AE9UALIS
ABRA LIOICA

SOLECURTIDAE
TA6ELUS DIVISUS

SOLENIDAE
ENSIS MINOR
SOLEN VIRIDIS

TELLINIDAE
MACOMA MITCHELLI
MACOMA PULLEYI
MACOMA TENTA
STRIGILLA MIRABILIS
TELLIDORA CRISTATA
TELLINA (LPIL)
TELLINA AEBUISTRIATA
TELLINA ALTERNATA
TELLINA IRIS
TELLINA TEXANA
TELLINA VERSICOLOR
TELLINIDAE (LPIL)

UN6ULINIDAE
DIPLODONTA (LPIL)
DIPLODONTA SP .A

VENERIDAE
A6RIOPOMA TEXASIANA
CHIONE CANCELLATA
DOSINIA DISCUS
MERCENARIA CAMPECHIENSIS
VENERIDAE (LPIL)

SCAPHOPODA
DENTALIIDAE

DENTALIUM TEXASIANUM
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TAXONOMIC LISTING
FOR CHEVRON SAMPLES COLLECTED 1970 & 1971 01/08/85

PHORONIDA
PHORONIS (LPIL)

PLATYHELMINTHES
TURBELLARIA

TURBELLARIA (LPIL)RHYNCHOCOELA

RHYNCHOCOELA (LPIL)
SIPUNCULA

SIPUNCULA (LPIL)
ASPIDOSIPHONIDAE

s ASPIDOSIPHON ALBUS
ASPIDOSIPHON MUELLERI

60LFIN6IIDAE
60LFIN6IA SP .66
60LFIN6IA TRICHOCEPHALA
PHASCOLION STROMBI
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INTRODUCTION

The Tuscaloosa Trend study area includes the continental shelf seaward of
the barrier islands, and the study would not be complete without addressing
the biology of this shelf region, giving particular attention to those species
of commercial and recreational importance. During the past four decades many
trawl studies have been carried out in this area, most of which are unpublish-
ed . However, the basic collecting data are available and can be used to pro-
vide a reasonably detailed account of the seasonal compositions and densities
and, by implication, the seasonal dynamics of the various species . It is the
purpose of the present study to bring together and analyze the most reliable
trawl data available for the continental shelf from the Mississippi River
Delta tothe Alabama-Florida border and to supplement this with information
from other sources in order to provide state-of-the-art insight into the sea-
sonal dynamics of key shrimp and fish species .

Doubt has been cast upon the validity of taxonomic identifications in
many of the earlier collections for two reasons . During the early years new
species were being described and older ones redefined . In addition, on some
of the cruises identifications were made on shipboard by unknown and possibly
incompetent personnel . In order to circumvent these problems it has been
necessary to utilize only the most recent data and to avoid, wherever possi-
ble, identifications not known to have been made by competent taxonomists . A
further safeguard is to base the analyses upon those species which are most
readily recognized and least subject to taxonomic confusion . These are the
procedures followed in the present study . Whereas, there may be occasional
taxonomic errors in the total species list, high reliance may be .placed upon
the identifications of species employed in the actual analyses .

FISHES

A large data base was assembled to provide information concerning species
composition and seasonal density patterns of the fishes of the continental
shelf seaward of the barrier islands from the Mississippi River Delta to the
Alabama-Florida border . This comprehensive data base was constructed from six
separate data sets which are listed below .

1 . GCRL - Monthly transects across the shelf by personnel of the Gulf Coast
Research Laboratory of Ocean Springs, MS .

2 . MBT - Monthly transects across the shelf by personnel of the National

Marine Fisheries Service laboratory in Galveston, TX and referred to in
the published paper by Moore, Brusher and Trent (1970) .

3 . DD - Collections made throughout the area during the spring season by
personnel of the Oceanography Department of Texas A&M University under
the supervision of Darnell and Defenbaugh (see Defenbaugh, 1976) .

4 . MAFLA - Seasonal collections made at scattered localities during the BLM-

sponsored MAFLA study .

5 . McCAFFREY - Random collections made during all seasons by McCaffrey for a
Ph .D dissertation at Florida State University (see McCaffrey, 1981) .
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6 . PASCAGOULA - Random collections made throughout the area during all sea-
sons by personnel of the National Marine Fisheries Service laboratory in
Pascagoula, MS . The data are from cruises of the FRS OREGON II during
the years 1975-1982 .

For all data sets the taxonomy was updated, and equations were applied so that
each trawl collection is expressed as 60 minutes of trawling effort by a
standard trawl of 45 foot headrope length and trawl doors of dimensions 84
inches by 40 inches towed at a rate of 3 knots . Station representation
throughout the area is considered adequate for all seasons except for two
problems . Stations tend to be scarce east of Perdido Bay in the area less
than 40 m deep aud along the entire shelf edge at depths greater than 120 m.
Thus, the distribution patterns and limits in the east and in deeper waters
have had to be defined in a less objective way than elsewhere . Despite these
limitations, the information presented herein is considered to be by far the
most critical inspection of the composition and distribution of the shelf
ichthyofauna of this section of the continental shelf ever presented .

TOTAL FISH CATCH

Although the primary focus will be upon species and groups of commercial
and recreational importance, preliminary attention will be given to the compo-
sition and distribution of the entire trawlable ichthyofauna . The combined
data base includes 201,585 fishes representing 250 taxa . In Table 1 these are
listed in phylogenetic order with the number of individuals given for each
taxon . Since several field collections were often combined as a single sta-
tion, rare species may appear as a fraction of a single individual .

In Table 2 the fish taxa are listed in order of numerical abundance to-
gether with their percentage of the total catch . The two most abundant spe-
cies ( Stenotomus caprinus and Micropogonias undulatus ) made up about 36 per-
cent of the total catch, and these were also the two most abundant species
encountered on the northwestern Gulf shelf (Darnell et al ., 1983) . The four
most abundant species made up over 50 percent of the entire catch .

In Figure 1 the seasonal abundance of the combined catch is displayed .

In the winter two general areas of abundance are noted where the catch rate
exceeded 1,000 fishes per hour of trawling effort . The first is a broad area,
basically between 20 and 40 m from Perdido Bay to the Chandeleur Islands .
This appears to be the wintering grounds for fishes from the nursery grounds
of Mobile Bay, Mississippi Sound, and the Biloxi marshes of Louisiana . The
second area lies in waters of all depths just east of the Mississippi River
Delta outlets . This appears to be the wintering grounds for the fishes whose
nursery is the delta marshes . In spring the patterns are broken into a series
of high density areas with no clear-cut definition . This probably relates to
the fact that many species spawn in late winter and spring and the catch of
juveniles plus adults confounds the analysis . During summer high densities
stretched southward from Mobile Bay and eastward from Breton Sound, converging
in an area of extremely high density in an area south of Pascagoula, MS in the
depth range of 30-50 m. Here, catch density exceeded 10,000 fishes per hour
of trawling . This pattern appears to represent the swarms of young which are
migrating from the nurseries added to the older individuals which have re-
mained on the shelf . These migrations likely stem from Mobile Bay and the
Pascagoula marshes to the north and the Louisiana marshes via the Gulf Outlet
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Table 1 . Listing of the fish taxa in the comprehensive fish data base by
family, giving both the scientific and common names and providing
the number of individuals of each taxon in the total catch .

Taxon Abundance

Scientific name Common name (Number)

Carcharhinidae REQUIEP4 SHARKS

Carcharhinus acronotus blacknose shark 3 .1
Mustelus canis smooth dogfish 6 .2
Mustelus sp . 3 .1
Rhizoprionodon terraenovae Atlantic sharpnose shark 14 .5

Sphyrnidae HAMMERHEAD SHARKS

Sphyrna tiburo bonnethead 5 .9

Squatinidae ANGEL SHARKS

Squatina dumerili Atlantic angel shark 16 .0

Rhinobatidae GUITARFISHES

Rhinobatos lentiginosus Atlantic guitarfish .1

Torpedinidae ELECTRIC RAYS

Narcine brasiliensis lesser electric ray 89 .3

Rajidae SKATES

Breviraja sp . 15 .5
Raja eglanteria clearnose skate 29 .3
Raja garmani rosette skate 38 .8
Raja texana roundel skate 247 .1

Dasyatidae STINGRAYS

Dasyatis americana southern stingray 19 .6
Dasyatis sabina Atlantic stingray 22 .6
Dasyatis sayi bluntnose stingray 7 .5

Myliobatidae EAGLE RAYS

Rhinoptera bonasus cownose ray 8 .2

Anguillidae FRESHWATER EELS

Anguilla rostrata American eel .8
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Moringuidae SPAGHETTI EELS

Moringua sp . 12 .9

Muraenidae MORAYS

Gymnothorax nigromarginatus blackedge moray 226 .5

Nettastomidae DUCKBILL EELS

Hoplunnis diomedianus blacktail pike-conger 64 .6
Hoplunnis macrurus freckled pike-conger 18 .4
Hoplunnis tenuis spotted pike-conger 124 .7

Congridae CONGER EELS

Ariosoma balearicum bandtooth conger 42 .7
Hildebrandia flava yellow conger 163 .5
Paraconger caudilimbatus margintail conger 25 .8
Uroconger syringinus threadtail conger 6 .1

Ophichthidae SNAKE EELS

Ophichthus gomesi shrimp eel 1 .4
Ophichthus ocellatus palespotted eel 7 .4

Clupeidae HERRINGS

Alosa chrysochloris skipjack herring 1 .0
Brevoortia patronus gulf menhaden 92 .9
Etrumeus teres round herring 105 .8
Harengula jaguana scaled sardine 1,039 .0
Opisthonema oglinum Atlantic thread herring 25 .3
Sardinella aurita Spanish sardine 17 .4

Engraulidae- ANCHOVIES

Anchoa hepsetus striped anchovy 3,974 .9
Anchoa lyolepis dusky anchovy 231 .1
Anchoa mitchilli bay anchovy 675 .0

Argentinidae ARGENTINES

Argentina striata striated argentine 28 .4
Glossanodon pygmaeus pygmy argentine 6 .1

Synodontidae LIZARDFISHES

Saurida brasiliensis largescale lizardfish 18,216 .0
Saurida normani shortjaw lizardfish 65 .8
Synodus foetens inshore lizardfish 3,948 .6
Synodus intermedius sand diver 92 .8
Synodus poeyi offshore lizardfish 481 .8
Trachinocephalus myops snakefish 649 .8

4



Chlorophthalmidae GREENEYES

Chlorophthalmus agassizi shortnose greeneye 25 .8

Myctophidae LANTERNFISHES

Myctophidae (undet .) 2.8
Diaphus dumerili 9 .2

Ariidae SEA CATFISHES

Arius felis hardhead catfish 4,519 .8
Bagre marinus gafftopsail catfish 139 .9

Batrachoididae TOADFISHES

Porichthys plectrodon Atlantic midshipman 588 .1

Lophiidae GOOSEFISHES

Lophiidae (undet .) .2
Lophius americanus goosefish 12 .1

Antennariidae FROGFISHES

Antennarius radiosus singlespot frogfish 548 .9

Ogcocephalidae BATFISHES

Dibranchus atlanticus offshore batfish 39 .6
Halieutichthys aculeatus pancake batfish 2,460 .4
Ogcocephalus corniger 25 .8
Ogcocephalus parvus roughback batfish 220 .5
Ogcocephalus radiatus polka-dot batfish 24 .3
Ogcocephalus sp . 96 .6
Zalieutes mcgintyi tricorn batfish 1,551 .4

Bregmacerotidae CODLETS

Bregmaceros atlanticus antenna codlet 27 .2

Gadidae CODFISHES

Merluccius albidus 25 .8
Physiculus fulvus 242 .9
Steindachneria argentea luminous hake 2,069 .4
Urophycis cirrata gulf hake 263 .2
Urophycis earlli Carolina hake 144 .7
Urophycis floridana southern hake 766 .6
Urophycis regia spotted hake 293 .3

Macrouridae GRENADIERS

Hymenocephalus cavernosus 39 .6
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Ophidiidae CUSK-EELS

Ophidiidae (undet.) 3 .1
Brotula barbata bearded brotula 136 .9
Brotula sp . 29 .8
Lepophidium graellsi blackedge cusk-eel 335 .6
Lepophidium jeannae mottled cusk-eel 15 .7
Lepophidium profundorum offshore cusk-eel 73 .0
Lepophidium sp . 79 .4
Neobythites gilli 385 .9
Ophidion grayi blotched cusk-eel 9 .4
Ophidion holbrooki bank cusk-eel 37 .6
Ophidion marginatum striped cusk-eel 103 .5
Ophidion welshi crested cusk-eel 28 .6
Ophidion sp . 8 .9
Otophidium omostigmum polka-dot cusk-eel 2 .8

Exocoetidae FLYINGFISHES

Hemirhamphus brasiliensis ballyhoo 3 .0

Holocentridae SQUIRRELFISHES

Ostichthys trachypoma bigeye soldierfish 3 .7

Caproidae BOARFISHES

Antigonia capros deepbody boarfish 1 .9

Centriscidae SNIPEFISHES

Macrorhamphosus scolopax longspine snipefish 90 .5

Syngnathidae PIPEFISHES

Hippocampus erectus lined seahorse 35 .1
Hippocampus zosterae dwarf seahorse .4

Percichthyidae TET4PERATE BASSES

Synagrops bellus blackmouth bass 168 .9
Synagrops spinosa 55 .5

Serranidae SEA BASSES

Centropristis ocyurus bank sea bass_ 1,031 .2
Centropristis philadeiphica rock sea bass 5,882 .0
Diplectrum bivittatum dwarf sand perch 3,424 .9
Diplectrum formosum sand perch 150 .7
Epinephelus flavolimbatus yellowedge grouper 3 .1
Epinephelus niveatus snowy grouper 21 .6
Gonioplectrus hispanus Spanish flag 36 .4
Hemanthias leptus longtail bass .2
Hemanthias vivanus red barbier 51 .7
Liopropoma sp . 104 .2
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Serranidae (continued)

Serraniculus pumilio pygmy sea bass 36 .4
Serranus atrobranchus blackear bass 2,543 .2
Serranus notospilus saddle bass 1,756 .0

Grammistidae SOAPFISHES

Rypticus bistrispinus freckled soapfish 40 .0

Priacanthidae BIGEYES

Priacanthus arenatus bigeye 13 .0
Pristigenys alta short bigeye 27 .9

Apogonidae CARDINALFISHES

Apogon aurolineatus bridle cardinalfish 285 .4
Apogon pseudomaculatus twospot cardinalfish 6 .1

Malacanthidae TILEFISHES

Caulolatilus intermedius anchor tilefish 90 .4
Caulolatilus microps blueline tilefish 38 .4

Pomatomidae BLUEFISHES

Pomatomus saltatrix bluefish .5

Rachycentridae COBIAS

Rachycentron canadum cobia 9 .4

Echeneidae REMORAS

Echeneis naucrates sharksucker 11 .2

Carangidae JACKS

Caranx crysos blue runner 86 .4
Chloroscombrus chrysurus Atlantic bumper 1,140 .7
Decapterus punctatus round scad 120 .2
Hemicaranx amblyrhynchus bluntnose jack 40 .0
Oligoplites saurus leatherjacket 76 .6
Selar crumenophthalmus bigeye scad 32 .9
Selene setapinnis Atlantic moonfish 74 .6
Selene vomer lookdown 35 .4
Seriola dumerili greater amberjack 19 .9
Trachurus lathami rough scad 1,064 .3

Lutjanidae SNAPPERS

Lutjanus campechanus red snapper 1,131 .8
Lutjanus synagris lane snapper 37 .6
Pristipomoides aquilonaris wenchman 923 .0
Rhomboplites aurorubens vermilion snapper Q .2

~



Gerreidae MOJARRAS

Diapterus plumieri striped mojarra 15 .5
Eucinostomus argenteus spotfin mojarra 3 .9
Eucinostomus gula silver jenny 1,106 .9
Eucinostomus sp . 22 .3

Haemulidae GRUNTS

Orthopristis chrysoptera pigfish 131 .8

Sparidae PORGIES

Archosargus probatocephalus sheepshead 12 .6
Calamus leucosteus whitebone porgy 3,342 .3
Lagodon rhomboides pinfish 1,296 .2
Pagrus pagrus red porgy 7 .9
Stenotomus caprinus longspine porgy 39,533 .3

Sciaenidae DRUMS

Bairdiella chrysoura silver perch 2 .6
Cynoscion arenarius sand seatrout 3,005 .0
Cynoscion nothus silver seatrout 523 .8
Cynoscion sp . 98 .6
Equetus acuminatus high-hat 41 .8
Equetus lanceolatus jackknife-fish 52 .9
Equetus umbrosus cubbyu 33 .5
Equetus sp . 1 .4
Larimus fasciatus banded drum 515 .5
Leiostomus xanthurus spot 5,994 .3
Menticirrhus americanus southern kingfish 549 .5
Micropogonias undulatus Atlantic croaker 32,102 .5
Pogonias cromis black drum 17 .8
Sciaenops ocellatus red drum 21 .6
Stellifer lanceolatus star drum 347 .4

Mullidae GOATFISHES

Mullus auratus red goatfish 38 .8
Upeneus parvus dwarf goatfish 17 .3

Ephippidae SPADEFISHES

Chaetodipterus faber Atlantic spadefish 299 .6

Labridae WRASSES

Decodon puellaris red hogfish 1 .8
Hemipteronotus novacula pearly razorfish 222 .1

Mugilidae MULLETS

Mugil cephalus striped mullet .2
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Sphyraenidae BARRACUDAS

Sphyraena guachancho guaguanche 22 .7

Polynemidae THREADFINS

Polydactylus octonemus Atlantic threadfin .2

Opistognathidae JAWFISHES

Opistognathidae (undet .) 5 .5

Percophidae FLATHEADS

Bembrops anatirostris duckbill flathead 866 .5

Uranoscopidae STARGAZERS

Astroscopus y-graecum southern stargazer .1
Gnathagnus egregius freckled stargazer 12 .9
Kathetostoma albigutta lancer stargazer 43 .7
Uranoscopus sp . .1

Callionymidae DRAGONETS

Callionymus agassizi spotfin dragonet 57 .2

Gobiidae GOBIES

Bollmannia communis ragged goby 924 .6
Gobiosoma sp . 51 .7

Trichiuridae CUTLASSFISHES

Trichiurus lepturus Atlantic cutlassfish 511 .0

Scombridae MACKERELS-

Scomber japonicus chub mackerel 9 .0
Scomberomorus maculatus Spanish mackerel 4 .3

Stromateidae BUTTERFISHES

Hyperoglyphe perciformis barrelfish 25 .8
Peprilus alepidotus harvestfish 144 .8
Peprilus burti gulf butterfish 12,931 .3
Peprilus sp . 140 .1

Scorpaenidae SCORPIONFISHES

Neomerinthe hemingwayi spinycheek scorpionfish 53 .6
Pontinus castor longsnout scorpionfish .1
Pontinus longispinis longspine scorpionfish 2,395 .0
Pontinus rathbuni highfin scorpionfish 1 .8
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Scorpaenidae (continued)

Scorpaena agassizi longfin scorpionfish 100 .5
Scorpaena brasiliensis barbfish 21 .9
Scorpaena calcarata smoothhead scorpionfish 642 .3
Scorpaena dispar hunchback scorpionfish 3 .7

Triglidae SEAROBINS

Triglidae (undet .) 33 .9
Bellator egretta streamer searobin 29 .6
Bellator militaris horned searobin 297 .8
Peristedion gracile slender searobin 259 .6
Peristedion miniatum armored searobin 25 .8
Prionotus alatus spiny searobin 147 .3
Prionotus martis barred searobin 47 .0
Prionotus ophryas bandtail searobin 492 .9
Prionotus paralatus Mexican searobin 749 .0
Prionotus roseus bluespotted searobin 406 .1
Prionotus rubio blackfin searobin 4,961 .3
Prionotus salmonicolor blackwing searobin 1,347 .6
Prionotus scitulus leopard searobin 167 .0
Prionotus stearnsi shortwing searobin 437 .3
Prionotus tribulus bighead searobin 493 .8
Prionotus sp . 240 .4

Bothidae LEFTEYE FLOUNDERS

Bothidae (undet .) 37 .0
Ancylopsetta dilecta three-eye flounder 38 .0
Ancylopsetta quadrocellata ocellated flounder 109 .9
Bothus sp . 3 .1
Citharichthys cornutus horned whiff 504 .3
Citharichthys dinoceros 6 .1
Citharichthys gymnorhinus anglefin whiff 2 .3
Citharichthys macrops spotted whiff 98.9
Citharichthys spilopterus bay whiff 282.5
Citharichthys sp . 18 .9
Cyclopsetta chittendeni Mexican flounder 362 .2
Cyclopsetta fimbriata spotfin flounder 4 .6
Engyophrys senta spiny flounder 33 .9
Etropus crossotus fringed flounder 1,535 .0
Etropus microstomus smallmouth flounder 1,719 .0
Etropus rimosus gray flounder 397 .0
Monolene sessilicauda deepwater flounder 1,211 .3
Monolene sp . 2•4 .
Paralichthys albigutta gulf flounder .1
Paralichthys lethostigma southern flounder 58 .9
Paralichthys squamilentus broad flounder 49 .5
Syacium gunteri shoal flounder 1,809 .1
Syacium micrurum channel flounder 575 .9
Syacium papillosum dusky flounder 2,490 .9
Syacium sp . 206 .9
Trichopsetta ventralis sash flounder 422 .0
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Pleuronectidae RIGHTEYE FLOUNDERS

Poecilopsetta beanii 168 .0

Soleidae SOLES

Gymnachirus melas naked sole 17 .5
Gymnachirus texae fringed sole 98 .8
Gymnachirus sp . 33 .4
Trinectes maculatus . hogchoker 18 .5

Cynoglossidae TONGUEFISHES

Symphurus civitatus offshore tonguefish 336 .1
Symphurus diomedianus spottedfin tonguefish 102 .1
Symphurus plagiusa blackcheek tonguefish 217 .4
Symphurus pusillus northern tonguefish 13 .3
Symphurus sp . 33 .4

Triacanthodidae SPIKEFISHES

Parahollardia lineata Jambeau 24 .0

Balistidae LEATHERJACKETS

Aluterus schoepfi orange filefish 58 .9
Aluterus scriptus scrawled filefish 8 .4
Balistes capriscus gray triggerfish 379,1
Monacanthus hispidus planehead filefish 279 .8

Ostraciidae BOXFISHES

Lactophrys quadricornis scrawled cowfish 6 .0

Tetraodontidae PUFFERS

Lagocephalus laevigatus smooth puffer 26 .2
Sphoeroides dorsalis marbled puffer 16 .2
Sphoeroides nephelus southern puffer 45 .5
Sphoeroides parvus least puffer 723 .3
Sphoeroides sp . 18 .5

Diodontidae PORCUPINEFISHES

Chilomycterus schoepfi striped burrfish 10 .2
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Table 2 . Listing of the fish taxa in the comprehensive fish data base in
order of numerical abundanc e and giving both the number of
individuals and percent .of the total catch .

Rank Taxon Abundance

Number Percent

1 . Stenotomus caprinus 39,533 .3 19 .76
2 . Micropogonias undulatus 32,102 .5 16 .05
3 . Saurida brasiliensis 18,216 .0 9 .11
4 . Peprilus burti 12,931 .3 6 .46
5 . Leiostomus xanthurus 5,994 .3 3 .00
6 . Centropristis philadelphica 5,882 .0 2 .94
7 . Prionotus rubio 4,961 .3 2 .48
8 . Arius felis 4,519 .8 2 .26
9 . Anchoa hepsetus 3,974 .9 1 .99

10 . Synodus foetens 3,948 .6 1 .97
11 . Diplectrum bivittatum 3,424 .9 1 .71
12 . Calamus leucosteus 3,342 .3 1 .67
13 . Cynoscion arenarius 3,005 .0 1 .50
14 . Serranus atrobranchus 2,543 .2 1 .27
15 . Syacium papillosum 2,490 .9 1 .25
16 . Halieutichthys aculeatus 2,460 .4 1 .23
17 . Pontinus longispinis 2,395 .0 1 .20
18 . Steindachneria argentea 2,069 .4 1 .03
19 . Syacium gunteri 1,809 .1 0 .90
20 . Serranus notospilus 1,756 .0 0 .88
21 . Etropus microstomus 1,719 .0 0 .86
22 . Zalieutes mcgintyi 1 .551 .5 0 .78
23 . Etropus crossotus 1 .535 .0 0 .77
24 . Prionotus salmonicolor 1 .347 .6 0 .67
25 . Lagodon rhomboides 1 .296 .2 0 .65
26 . Monolene sessilicauda 1,211 .3 0 .61
27 . Chloroscombrus chrysurus 1,140 .7 0 .57
28 . Lutjanus campechanus 1,131 .8 0 .57
29 . Eucinostomus gula 1,106 .9 0 .55
30 . Trachurus lathami 1,064 .3 0 .53
31 . Harengula jaguana 1,039 .0 0 .52
32 . Centropristis ocyurus 1,031 .2 0 .52
33 . Bolimannia communis 924 .6 0 .46
34 . Pristipomoides aquilonaris 923 .0 0 .46
35 . Bembrops anatirostris 866 .5 0 .43
36 . Urophycis floridana 766 .6 0 .38
37 . Prionotus paralatus 749 .0 0 .37
38 . Sphoeroides parvus 723 .2 0 .36
39 . Anchoa mitchilli 675 .0 0 .34
40 . TrachTnocephalus myops 649 .8 0 .32
41 . Scorpaena calcarata 642 .3 0.32
42 . Porichthys plectrodon 588 .1 0 .29
43 . Syacium micrurum 575 .9 0 .29
44 . Menticirrhus americanus 549 .5 0 .27
45 . Antennarius radiosus 548 .9 0 .27
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46 . Cynoscion nothus 523 .8 0 .26
47 . Larimus fasciatus 515 .5 0 .26
48 . Trichiurus lepturus 511 .0 0 .26
49 . Citharichthys cornutus 504 .3 0 .25
50 . Prionotus tribulus 493 .8 0 .25
51 . Prionotus ophryas 492 .9 0 .25
52 . Synodus poeyi 481 .8 0 .24
53 . Prionotus stearnsi 437 .3 0.22
54 . Trichopsetta ventralis 422 .0 0 .21
55 . Prionotus roseus 406 .1 0 .20
56 . Etropus rimosus 397 .0 0 .20
57 . Neobythites gillii 385 .9 0 .19
58 . Balistes capriscus 379 .1 0 .19
59 . Cyclopsetta chittendeni 362 .2 0 .18
60 . Stellifer lanceolatus 347 .4 0 .17
61 . Symphurus civitatus 336 .1 0 .17
62 . Lepophidium graellsi 335 .6 0 .17
63 . Chaetodipterus faber 299 .6 0 .15
64 . Bellator militaris 297 .8 0 .15
65 . Urophycis regia 293 .3 0 .15
66 . Apogon aurolineatus 285 .4 0 .14
67 . Citharichthys spilopterus 282 .5 0 .14
68 . Monacanthus hispidus 279 .8 0 .14
69 . Urophycis cirrata 263 .2 0 .13
70 . Peristedion gracile 259 .6 0 .13
71 . Raja texana 247 .1 0 .12
72 . Physiculus fulvus 242 .9 0 .12
73 : Prionotus sp . 240 .4 0 .12
74 . Anchoa lyolepis 231 .1 0 .12
75 . Gymnothorax nigromarginatus 226 .5 0 .11
76 . Hemipteronotus novacula 222 .1 0 .11
77 . Ogcocephalus parvus 220 .5 0 .11
78 . Symphurus plagiusa 217 .4 0 .11
79 . Syacium sp . 206 .9 0 .10
80 . Synagrops bellus 168 .9 0 .08
81 . Poecilopsetta beanii 168 .0 0 .08
82 . Prionotus scitulus 167 .0 0 .08
83 . Hildebrandia flava 163 .5 0 .08
84 . Diplectrum formosum 150 .7 0 .08
85 . Prionotus alatus 147 .3 0 .07
86 . Peprilus alepidotus 144 .8 0 .07
87 . Urophycis earili 144 .7 0 .07
88 . Peprilus sp . 140 .1 0 .07
89 . Bagre marinus 139 .9 0 .07
90 . Brotula barbata 136 .9 0 .07
91 . Orthopristis chrysoptera 131 .8 0 .07
92 . Hoplunnis tenuis 124 .7 0 .06
93 . Decapterus punctatus 120 .2 0 .06
94 . Ancylopsetta quadrocellata 109 .9 0 .05
95 . Etrumeus teres 105 .8 0 .05
96 . Liopropoma sp . 104 .2 0 .05
97 . Ophidion marginatum 103 .5 0 .05
98 . Symphurus diomedianus 102 .1 0 .05
99 . Scorpaena agassizi 100 .5 0 .05
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100 . Citharichthys macrops 98 .9 0 .05
101 . Gymnachirus texae 98 .8 0 .05
102 . Cynoscion sp . 98 .6 0 .05
103 . Ogcocephalus sp . 96 .6 0 .05
104 . Brevoortia patronus 92 .9 0 .05
105 . Syno,dus intermedius 92 .8 0 .05
106 . Macrorhamphosus scolopax 90,5 0 .05
107 . Caulolatilus intermedius 90 .4 0 .05
108 . Narcine brasiliensis 89 .3 0 .04
109 . Caranx crysos 86 .4 0 .04
110 . Lepophidium sp . 79 .4 0 .04
111 . Oligoplites saurus 76 .6 0 .04
112 . Selene setapinnis• 74 .6 0 .04
113 . Lepophidium profundorum 73 .0 0 .04
114 . Saurida normani 65 .8 0 .03
115 . Hoplunnis diomedianus 64 .6 0 .03
116 . Paralichthys lethostigma 58 .9 0 .03
117 . Aluterus schoepfi 58 .9 0 .03
118 . Callionymus agassizi 57 .2 0 .03
119 . Synagrops spinosa 55 .5 0 .03
120 . Neomerinthe hemingwayi 53 .6 0 .03
121 . Equetus lanceolatus 52 .9 0 .03
122 . Gobiosoma sp . 51 .7 0 .03
123 . Hemanthias vivanus 51 .7 0 .03
124 . Paralichthys squamilentus 49 .5 0 .02
125 . Prionotus martis 47 .0 0 .02
126 . Sphoeroides nephelus 45 .5 0 .02
127 . Kathetostoma albigutta 43 .7 0 .02
128 . Ariosoma balearicum 42 .7 0 .02
129 . Equetus acuminatus 41 .8 0 .02
130 . Hemicaranx amblyrhynchus 40 .0 0 .02
131 . Rypticus bistrispinus 40 .0 0 .02
132 . Dibranchus atlanticus 39 .6 0 .02
133 . Hymenocephalus cavernosus 39 .6 0 .02
134 . Mullus auratus 38 .8 0 .02
135 . Raja garmani 38 .8 0 .02
136 . Caulolatilus microps 38 .4 0 .02
137 . Ancylopsetta dilecta 38 .0 0 .02
138 . Lutjanus synagris 37 .6 0 .02
139 . Ophidion holbrooki . 37 .6 0 .02
140 . Bothidae (undet .) 37 .0 0 .02
141 . Gonioplectrus hispanus 36 .4 0 .02
142 . Serraniculus pumilio 36 .4 0 .02
143 . Selene vomer 35 .4 0 .02
144 . Hippocampus erectus 35 .1 0 .02
145 . Triglidae (undet .) 33 .9 0 .02
146 . Engyophrys senta 33 .9 0 .02
147 . Equetus umbrosus 33 .5 0 .02
148 . Symphurus sp . 33 .4 0 .02
149 . Selar crumenophthalmus 32 .9 0 .02
150 . Brotula sp . 29 .8 0 .01
151 . Bellator egretta 29 .6 0 .01
152 . Raja eglanteria 29 .3 0 .01
153 . Ophidion welshi 28 .6 0 .01
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154 . Argentina striata 28.4 0 .01
155 . Pristigenys alta 27 .9 0 .01
156 . Bregmaceros atlanticus 27 .2 0 .01
157 . Lagocephalus laevigatus 26 .2 0 .01
158 . Hyperoglyphe perciformes 25 .8 0 .01
159 . Merluccius albidus 25 .8 0 .01
160 . Ogcocephalus corniger 25 .8 0 .01
161 . Paraconger caudilimbatus 25 .8 0 .01
162 . Peristedion miniatum 25 .8 0 .01
163 . Chlorophthalmus agassizi 25 .8 0 .01
164 . Opisthonema oglinum 25 .3 0 .01
165 . Ogcocephalus radiatus 24 .3 0 .01
166 . Parahollardia lineata 24 .0 0 .01
167 . Sphyraena guachancho 22 .7 0 .01
168 . Dasyatis sabina 22 .6 0 .01
169 . Eucinostomus sp . 22 .3 0 .01
170 . Scorpaena brasiliensis 21 .9 0 .01
171 . Epinephelus niveatus 21 .6 0 .01
172 . Sciaenops ocellatus 21 .6 0 .01
173 . Gymnachirus sp . 20 .0 0 .01
174 . Seriola dumerili 19 .9 0 .01
175 . Dasyatis americana 19 .6 0 .01
176 . Citharichthys sp . 18 .9 0 .009
177 . Sphoeroides sp . 18.5 0 .009
178 . Trinectes maculatus 18.5 0 :009
179 . Hoplunnis macrurus 18 .4 0 .009
180 . Pogonias cromis 17 .8 0 .009
181 . Gymnachirus melas 17 .5 0 .009
182 . Sardinella aurita 17 .4 0 .009
183 . Upeneus parvus 17 .3 0 .009
184 . Sphoeroides dorsalis 16 .2 0 .008
185 . Squatina dumerili 16 .0 0 .008
186 . Lepophidium jeannae 15 .7 0 .008
187 . Breviraja sp . 15 .5 0 .008
188 . Diapterus plumieri 15 .5 0.008
189 . Rhizoprionodon terraenovae 14 .5 0 .007
190 . Symphurus pusillus 13 .4 0 .007
191 . Priacanthus arenatus 13 .0 0 .007
192 . Gnathagnus egregius 12 .9 0 .006
193 . Moringua sp . 12 .9 0 .006
194 . Archosargus probatocephalus •12 .6 0 .006
195 . Lophius americanus 12 .1 0 .006
196 . Echeneis naucrates 11 .2 0 .006
197 . Chilomycterus schoepfi 10 .2 0 .005
198 . Ophidion grayi 9 .4 0 .005
199 . Rachycentron canadum 9 .4 0 .005
200 . Rhomboplites aurorubens 9 .2 0 .005
201 . Diaphus dumerili 9 .2 0 .005
202 . Scomber japonicus 9 .0 0 .004
203 . Ophidion sp . 8 .9 0 .004
204 . Aluterus scriptus 8 .4 0 .004
205 . Rhinoptera bonasus 8 .2 0 .004
206 . Pagrus pagrus 7 .9 0 .004
207 . Dasyatis sayi 7 .5 0 .004
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208 . Ophichthus ocellatus 7 .4 0 .004
209 . Mustelus canis 6 .2 0 .003
210 . Apogon pseudomaculatus 6 .1 0 .003
211 . Citharichthys dinoceros 6 .1 0 .003
212 . Glossanodon pygmaeus 6 .1 0 .003
213 . Uroconger syringinus 6 .1 0 .003
214 . Lactophrys quadricornis 6 .0 0 .003
215 . Sphyrna tiburo 5 .8 0 .003
216 . Opistognathidae (undet .) 5 .5 0 .003
217 . Cyclopsetta fimbriata 4 .6 0 .002
218 . Scomberomorus maculatus 4 .3 0 .002
219 . Eucinostomus argenteus 3 .9 0 .002
220 . Ostichthys trachypoma 3 .7 0 .002
221 . Scorpaena dispar 3 .7 0 .002
222 . Bothus sp . 3 .1 0 .002
223 . Carcharhinus acronotus 3 .1 0 .002
224 . Mustelus sp . 3 .1 0 .002
225 . Ophidiidae Wndet .) 3 .1 0 .002
226 . Epinephelus flavolimbatus 3 .1 0 .002
227 . Hemiramphus brasiliensis 3 .1 0 .002
228 . Citharichthys gymnorhinus 2 .8 0 .001
229 . Otophidium omostigmum 2.8 0 .001
230 . Myctophidae (undet .) 2 .8 0 .001
231 . Bairdiella chrysoura 2 .6 0 .001
232 . Monolene sp . 2 .4 0 .001
233 . Antigonia capros 1 .9 0 .0009
234 . Decodon puellaris 1 .8 0 .0009
235 . Pontinus rathbuni 1 .8 0 .0009
236 . Ophichthus gomesi 1 .4 0 .0007
237 . Equetus sp . 1 .4 0 .0006
238 . Alosa chrysochloris 1 .0 0 .0005
239 . Anguilla rostrata 0 .8 0 .0004
240 . Pomatomus saltatrix 0 .5 0 .0003
241 . Hippocampus zosterae 0 .4 0 .0002
242 . Mugil cephalus 0 .2 0 .0001
243 . Hemanthias leptus 0 .2 0 .0001
244 . Lophiomus sp . 0 .2 0 .0001
245 . Polydactylus octonemus 0 .2 0 .0001
246 . Rhinobatos lentiginosus 0 .2 0 .0001
247 . Uranoscopus sp . 0 .1 0 .0001
248 . Pontinus castor 0 .1 0 .0001
249 . Paralichthys albigutta 0 .1 0 .0001
250 . Astroscopus y-graecum 0 .1 0 .0001
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Canal to the west . During fall the pattern has shifted slightly . The high
density area still extends southward from Mobile Bay with some flow from Cat
Island Channel and around the Chandeleur Islands . The flow from Breton Sound
appears to remain close to the delta marshes . The area of very high density
is still observed south of Pascagoula in the 30-50 m depth range . However,
during the fall there appears to be an expansion of the high density area in
the depth ranges beyond 50 m . These seasonal patterns for the combined catch
will be examined in terms of the individual component species and groups of
commercial and recreational importance .

SHARKS

At least 26 species of sharks are known from the northern Gulf of Mexico
(Hoese, et al ., 1977) . Some are basically offshore species which may occa-
sionally stray onto the continental shelf, and others are quite rare or poorly
known . Fifteen species are considered to be fairly common in shelf waters of
the north central Gulf, and these include the following :

Odontaspididae SAND TIGERS
Odontaspis taurus sand tiger

Carcharhinidae .
Carcharhinus acronotus
Carcharhinus brevipinna
Carcharhinus falciformis
Carcharhinus isodon
Carcharhinus leucas
Carcharhinus limbatus
Galeocerdo cuvieri
Mustelus canis
Negaprion brevirostris
Rhizoprionodon terraenovae

REQUIEM SHARKS
blacknose shark
spinner shark
silky shark
finetooth shark
bull shark
blacktip shark
tiger shark
smooth dogfish
lemon shark
Atlantic sharpnose shark

Sphyrnidae
~S h, rna lewini
Sna mokarran
Sphyrna tiburo

Squatinidae
Squatina dumerili

HAMMERHEAD SHARKS
scalloped hammerhead
great hammerhead
bonnethead

ANGEL SHARKS
Atlantic angel shark

The life histories of most shark species are not well documented, but
some appear to move into shallower waters during the spring and summer and to
retreat into deeper waters of the shelf during the cooler months . The bull
shark enters rivers and fresher estuaries during the summer, and the bonnet-
head may be found in saltier bays and sounds . During the summer the young of
several species appear inshore in such habitats as marsh channels (lemon
shark) and surf zone (finetooth shark and Atlantic sharpnose shark) . All of
the sharks on the above list may be expected to occur throughout much of the
continental shelf beyond the barrier islands . They may be taken by anglers
fishing from piers and jetties or from around oil rigs and snapper banks in
deeper water . Some are excellent game fish, and properly prepared, the flesh
is quite edible .
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Sharks are rarely taken in trawls, and most trawl fishermen consider
sharks to be nuisances . In the present data base only 49 specimens were re-
corded representing six taxa . Together they constituted only 0 .024 percent of
the total fish catch . Included were the following :

Carcharhinidae
Carcharhinus acronotus
Mustelus canis
Mustelus sp .
Rhizoprionodon terraenovae

REQUIEM SHARKS
blacknose shark 3
smooth dogfish 6

3
Atlantic sharpnose shark 15

Sphyrnidae
Sphyrna tiburo

Squatinidae
Squatina dumerili

HAMMERHEAD SHARKS
bonnethead 6

ANGEL SHARKS
Atlantic angel shark 16

Of the 21 station occurrences of these sharks, nine were in the winter,
one in the spring, three in the summer, and eight in the fall . As a group,
they were more than four times as abundant in the fall and winter than in the
spring and summer . All but one of the occurrences was east of Mobile Bay .
Most appeared in the shallower portion of the shelf ( 9-91 m), but the Atlantic
angel shark appeared only in the depth range of 73 to 186 m.

Clupeidae - HERRINGS

Of the herrings, only the menhaden (Brevoortia spp .) are of commercial
interest in the area . Three species are potentially present, the finescale
menhaden (B . ngu teri ), gulf menhaden (B . patronus ), and yellowfin menhaden (B .
smithi ) . In the trawl collections only the gulf menhaden was taken, and this
was relatively rare (93 specimens or 0 .05 percent of the total fish catch) .
This species appeared at seven stations, five in the winter and two in the
fall . All were taken in very shallow waters (9-16 m) . These occurred along
the coast and barrier islands from off Perdido Bay to Ship Island, with a
single occurrence just east of the Mississippi River delta in the winter .
Even though large populations of menhaden inhabit the area seasonally, they
are pelagic and rarely appear in trawl collections .

Ariidae - SEA CATFISHES

The sea catfishes are represented on the north central Gulf shelf by two
species, the hardhead catfish ( Arius felis ) and the gafftopsail catfish ( Bagre
marinus ) . The hardhead catfish is of some recreational and commercial inter-
est and will be addressed here . A total of 4,520 specimens of this species
was taken, representing 2 .26 percent of the total catch . This was the eighth
most abundant species taken . Only 4 .2 percent of the specimens were collected
during the summer, but between 31 .6 and 32 .5 percent of the individuals ap-
peared at each of the other seasons .

The seasonal distribution patterns of the
Figure 2 . At no season did the species appear
it was never abundant deeper than about 20

hardhead catfish are shown in
in waters deeper than 37 m, and
m. No specimens were actually
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collected east of Perdido Bay, but few stations were made in shallow water of
this area, and the distribution of the species in this portion of the shelf is
not known.

The life history of the hardhead catfish in Mississippi Sound and adja-
cent areas has recently been discussed in detail by Benson (1982) . He noted
that during the period May-August the adults move into rivers and bays to
spawn, and this apparently accounts for the relative scarcity of the species
on the shelf during the summer months . Adults move out in the fall and over-
winter on the shelf . Here they tend to concentrate around the passes and
barrier islands .

Serranidae - SEA BASSES

Thirteen taxa of sea basses appeared in the fish data base, and together
they included 15,041 .6 specimens or 7 .46 percent of the total catch. Four
species were among the twenty most abundant, and these included the rock sea
bass (Centropristis philadelphica ), dwarf sand perch ( Diplectrum bivittatum),
blackear bass (Serranus atrobranchus ), and saddle bass ( Serranus notospilus ) .

The seasonal patterns of distribution for the sea bass family (all taxa
combined) are presented in Figure 3 . The family was present throughout the
shelf at all seasons. During the winter there was a major area of concentra-
tion south of Mobile Bay in the depth range of 30-40 m where concentrations
exceeded 2,500 fishes per hour of trawling . During the spring no areas of
heavy concentration appeared, but the densest areas (i .e ., with greater than
100 fishes per hour) tended to occur in waters deeper than 30 m . The summer
was marked by the reappearance of the very dense area off Mobile Bay at a
depth of 30-40 m, and densities exceeding 100 fish per hour were noted in the
area west of Perdido Bay to the Chandeleur Islands in the'depth range of 25-70
m. The fall pattern was almost the mirror image of that observed during the
summer . An area of very high density was observed in very deep water (60-200
m) south of Perdido Bay, and fairly dense areas occurred across the mid-shelf
east of Pascagoula and in deeper water west of Pascagoula . These strange and
complex seasonal patterns result from the fact that several species are in-
cluded, each with its own specific time and area of concentration .

Among the serranids the species of greatest commercial importance are the
groupers . Only two species appeared in the collections, the yellowedge group-
er ( Epinephelus flavolimbatus ) and the snowy grouper (E . niveatus ) . The for-
mer was represented by 3 .1 individuals (0 .002 percent of the total catch), and
the latter included 21 .6 individuals (0 .01 percent of the catch) . The yellow-
edge grouper occurred at a single station in winter at a depth of 77 m south
of Horn Island, and the snowy grouper appeared at two stations in the spring
and fall at 51 and 62 m south of Petit Bois and Horn Islands . The jewfish (E .
ita ara) and the red grouper (E . morio) which also occur in the area did not
appear in the trawl collections .

Malacanthidae - TILEFISHES

Four species of tilefish likely occur on outer portions of the conti-
nental shelf in the north central Gulf of Mexico . These included the anchor
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tilefish ( Caulolatilus intermedius ), blueline tilefish (C . microps ), tilefish

(Lo holatilus chamaeleonticeps ), and sand tilefish (Ma-lacanthus plumieri ) .

On y two of these species appeared in the present data base, the anchor tile-
fish and the blueline tilefish. The anchor tilefish appeared at five sta-
tions, one each in the winter and summer and three in the fall . A total of

90 .4 fish was taken in the depth range of 40-113 m. All occurred west of

Mobile Bay, and most were taken near the Mississippi River Delta . The blue-
line tilefish occurred at seven stations, four in the spring and one each at
the other seasons . A total of 38 .4 fish was included in collections in the
depth range of 55-183 m. Most were taken from the outer shelf below Horn
Island and Mobile Bay, but six individuals appeared in a single sample from
the estern edge of the DeSoto Canyon at a depth of 183 m. In no case did the
two species co-occur in a given sample .

Pomatomidae - BLUEFISHES

The bluefish ( Pomatomus saltatrix) breeds on the outer shelf, and young
often use bays and sounds as nursery areas . This is a prized game fish and

its flesh is considered excellent . This fast-swimming nektonic species seldom
appears in trawl collections, and in the present data base it was represented
by 0 .5 specimens . It occurred at three stations, one in the winter and two in
the summer . In the winter it occurred at the west end of Horn Island at a
depth of nine meters, and in the summer it occurred on the mid-shelf below
Petit Bois Island at depths of 55 and 73 m .

Rachycentridae - COBIAS

The life history of the cobia (Rachycentron canadum ) is similar to that
of the bluefish . It breeds on the outer shelf and uses the sounds as nursery
areas . As in the case of the bluefish, the cobia appeared at one winter and
two summer stations . The winter occurrence was at a depth of 55 m south of
Petit Bois Island, and the summer specimens were taken at 11 m off the
Chandeleur Islands at at 37 m below Dauphin Island . A total of 9 .3 fish was
taken .

Carangidae - JACKS

Most carangids are rather fast-swimming nektonic species which are seldom
abundant in trawl collections . Several species are excellent game fishes, and
they are also fine food fishes . Most breed on the outer continental shelf,
and the young move inshore during the warmer months . Ten species appeared in
the present data base, and together they included 2,691 individuals consti-
tuting 1 .3 percent of the total fish catch . The species of greatest interest
to the fishermen are the blue runner ( Caranx crysos ), crevalle jack ( C .

hippos ), horse-eye jack ( C . latus ), bluntnose jack ( Hemicaranx amblyrhynchus ),

greater amberjack ( Seriola dumerili ), lesser amberjack ( S . fasciata ), and

Florida pompano ( Trachinotus carolinus ) . Of these species only the blue run-
ner, bluntnose jack, and greater amberjack appeared in the fish data base . A

total of 86 .4 specimens of the blue runner was taken at two stations . In the
spring it appeared at 18 m off the Chandeleur Islands, and in the fall it
occurred at 15 m just east of the Mississippi Delta . In the fall 40 specimens
of the bluntnose jack were taken at a single station at 29 m off Horn Island .
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The greater amberjack appeared at two summer stations at 37 and 38 m south of
Petit Bois Island and Mobile Bay .

Coryphaenidae - DOLPHINS

Dolphins are highly prized pelagic game and food fishes which inhabit
waters of the outer shelf, although young have been reported in inshore .

waters . In the northern Gulf they appear during the warmer months, but the
life history is not well known . Two species are likely present in the north

central Gulf, the pompano dolphin (~Cor h~ae, na e uisetis) which seldom exceeds
a length of 75 cm, and the common dolphin(Coryphaena hippurus ) which may
exceed 1 .5 m in length . Neither species appeared in the fish data base .

Lutjanidae - SNAPPERS

The snappers are carnivorous fishes which are common around rocks, reefs,
wrecks, and oil rigs on the outer half of the continental shelf . Larger indi-
viduals are prized game and commercial fishes, and the red snapper, in partic-
ular, is highly sought after . They are bottom fishes and are sometimes en-
countered away from rocks and other structures . Hoese et al . (1977) recorded
ten species from the northern Gulf shelf . Some of these are small and others

are quite rare . Four species appeared in the present data base and these
included the red snapper (Lut anus campechanus ), lane snapper (L . synagris ),

wenchman (Pristipomoides aquilonaris ), and vermilion snapper ( Rhomboplites
aurorubens ) . Together they included 2,101 .6 fishes or 1 .0 percent of the
total catch . The seasonal distribution patterns for all species of the family
are given in Figure 4 . During the winter the family occupied most of the
water between 20 and 120 m in the area west of Perdido Bay . High density
appeared between 30 and 40 m south of Mobile Bay . In the spring the pattern
was broken up into smaller areas, all of low density . Much the same pattern
occurred during the summer . In the fall two areas of moderately high density
were noted, one between 40 and 60 m below Petit Bois Island, and the other on
the outer shelf beyond 100 m south of Perdido Bay . These patterns reflect
primarily the combined distribution of the red snapper and wenchman which
constituted most of the snapper catch.

The seasonal distribution of the red snapper is given in Figure 5 . The
species varied dramatically in seasonal abundance with 80 .7 percent being
taken during the winter, 1 .9 percent in the spring, 6 .7 percent in the summer,
and 10 .7 percent in the fall . During the winter this species was taken from
20 to 60 m in the shelf area west of Perdido Bay, and it was concentrated in
an area 30-50 m deep south of Mobile Bay . In the spring only a few red snap-
pers were taken in the area west of Mobile Bay at depths of 9-91 m, and no
areas of concentration were observed . During the summer there were a few
individuals taken from Mobile Bay westward in depths of 7-91 m, and one small
area of moderate concentration was noted off the Chandeleur Islands . In the
fall the species were quite widespread from Mobile Bay, westward, and there
were no areas of concentration .

The life history of the red snapper has recently been reviewed by Benson
(1982) . During the winter months adults are found in deeper waters of the
outer shelf where they school around wrecks and reefs . During the warmer
months they move to the mid-shelf where they spawn at depths of 16-37 m during
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the period of June to October . Young disperse from the spawning grounds into
shallower waters, including bays and sounds, and 'move back onto the shelf
during cooler months . Most of the individuals captured in the present study
were probably young individuals in their first year of life . However, the
literature does not provide an explanation for the very dense concentrations
observed on the mid-shelf during the winter months . This phenomenon should be
investigated . I

The lane snapper occurred at two stations in the winter, one in the sum-
mer, and two in the fall, all within the depth range of 13-62 m and all west
of Perdido Bay . The wenchman occurred at 18 stations (five in winter, three
in spring, three in summer, and seven in fall) . Although it was taken in the
depth range of 18-183 m, it was most abundant in the range 50-91 m . Most
specimens appeared in the area from south of Mobile Bay to the Mississippi
River Delta, but the species did occur at two deepwater stations (over 90 m)
directly south of Perdido Bay . The vermilion snapper was taken at a single
station during the winter at a depth of 36 m south of the eastern edge of
Mobile Bay .

Lobotidae - TRIPLETAILS

The tripletail (Lobotes surinamensis ) is occasionally caught by anglers
and commercial fishermen, and it is an edible fish . Cooler months are spent
in shelf waters . During the warmer season they move into the shallows where
spawning takes place May through August . The young are estuarine dependent .
No specimens appeared in the present fish data base .

Sparidae - PORGIES

Five sparids appeared in the fish data base including the sheepshead
( Archosargus probatocephalus ), whitebone porgy ( Calamus leucosteus ), pinfish
(La odon rhomboides ), red porgy (Pa rus pagrus ), and longspine porgy (Sten-
otomus caprinus ) . A total of 44,192 .3 specimens was taken, and tT~s
constituted 21 .9 percent of the catch in the fish data base . The longspine
porgy alone was represented by 39,533.3 specimens or 19 .8 percent of the
catch, and this was the most abundant single species in the data base . The
whitebone porgy was represented by 3,342 .3 specimens or 1 .67 percent of the
total catch, and this was the twelfth most abundant species .

The only sparid considered to be of commercial or recreational importance
which appeared in the data base was the sheepshead, of which only 12 .6 speci-
mens were taken . This species appeared at five winter stations and one spring
station within the depth range of 9-37 m . As noted in Figure 6, the collec-
tion localities tended to be off the mouths of passes .

The life history of the sheepshead has been summarized by Benson (1982) .
Most of the life is spent in bays, sounds, and estuaries, where spawning takes
place in the late winter, spring, and early summer . Overwintering takes place
on the continental shelf which accounts for the greater frequency of winter
captures in the fish data base .
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Sciaenidae - DRUMS

The drum family was represented in the collections by 43,308 .2 specimens

or 21 .48 percent of the total catch. In abundance it was second only to the

porgy family . Included were 15 taxa, the silver perch ( Bairdiella chrysoura ,

sand seatrout ( C . arenarius ), silver seatrout ( C . nothus), unidentified sea-
trout ( Cynoscion sp .), high-hat (Equetus acuminatus ), jackknife-fish (E .

lanceolatus) cubbyu (E . umbrosus), unidentified equetids ( E uq etus sp .), banded

drum Larimus fasciatus ), spot (Leiostomus xanthurus ), southern kingfish

(Menticirrhus americanus ), Atlantic croaker ( Micropogonias undulatus), black

drum (Pogonias cromis ), red drum ( Sciaenops ocellatus ), and star drum (Stel-
lifer lanceolatus ) . Three of the species were quite abundant ; the Atlan -Efc-
croaker, spot, and sand seatrout which together made up 94 .9 percent of the
drum catch and 20 .6 percent of the total fish catch .

Seasonal distribution patterns for the sciaenids (all species combined)
are given in Figure 7 . During the winter drums are common over most of the
shelf area, although they are absent from the middle and outer shelf east of
Mobile Bay . Two areas of very high concentration were evident, south of
Pascagoula in the depth range 25-35 m, and just east of the outer reaches of
the Mississippi River Delta (Southeast Pass) in depths to about 80 m . Densi-
ties of over 100 fishes per hour were common in waters of less than 30 m east
of Mobile Bay, and west of the Bay they extended out to beyond 120 m for much
of this area . In the spring drums were not taken east of Mobile Bay in waters
shallower than 40 m, and they extended only to the level of Perdido Bay in
deeper water . The only area of very high density occurred in waters beyond 60
m just east of the Mississippi River Delta . Areas of density greater than 100
fish per hour appeared at all depths, but such areas were disjunct and iso-
lated . During the summer few specimens appeared at any depth east of Perdido
Bay . However, an area of high density extended southward and slightly west-
ward from the mouth of Mobile Bay out to a depth of about 100 m . The two

highest density spots of this area were •directly off the mouth of Mobile Bay
and in the depth range of about 40-60 m . Another area of very high density
appeared east of the Mississippi River Delta, especially in waters shallower
than 20 m . The fall pattern was quite similar to that of the summer except
that the dense area off Mobile Bay was greatly expanded, and in one collec-
tion at about 30 m a catch density of over 14,000 fishes per hour was record-
ed . The high densities off Mobile Bay and east of the Mississippi River Delta
observed in the summer and fall seasons clearly represent the mass migrations
of sciaenids from the nursery areas at these seasons . The relative scarcity
of sciaenids east of Mobile Bay must reflect the relative scarcity of suitable
inshore nursery grounds in this area .

The seatrouts were represented in the collections by the sand seatrout
(C oscion areanarius ), silver seatrout ( C . nothus ), and undetermined sea-

trouts (Cynoscion sp .) . No specimens of the spotted seatrout (C . nebulosus)

were taken . The sand seatrout was represented by 3,005 .0 indivi-Jua s or . 0

percent of the .total fish catch, and the seasonal changes in abundance of this
species were marked . During the winter 48 .2 percent of the total sand sea-
trout catch was made; 18.2 percent occurred in the spring, 11 .9 percent in the
summer, and 21 .7 percent in the fall . The depth distribution of the species
was 9-113 m. Seasonal distribution patterns of the sand seatrout are given in
Figure 8 . At no season did the species appear in shelf collections made east
of Mobile Bay . During the winter sand seatrout was taken in low to moderate
abundance in most of the shelf area west of Mobile Bay . Three areas of
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moderate abundance were evident, in waters less than 20 m deep off Ship and
Chandeleur Islands, between 20 and 40 m south of Pascagoula, and between 80
and 120 m east of the Mississippi River Delta . These are likely the over-
wintering grounds for populations using the nursery grounds Biloxi marshes,
Pascagoula marshes and Mobile Bay, and the terminal Mississippi Delta marshes,
respectively . In the spring no individuals were taken east of 88° west pa
longitude (middle of Mobile Bay) . Two small areas of moderate density ap-
peared south of Pascagoula and east of the Mississippi Delta, and these prob-
ably represent older individuals, remnants of two of the moderate density
concentrations observed during the winter . During the summer the distribution
on the western half of the shelf had contracted considerably, and the only
area of moderate density appeared between Breton Island and the Delta marshes .
The fall season was marked by a great expansion of the species onto the shelf .
Areas of intermediate density appeared at the mouths of passes (Mobile Bay,
Petit Bois-Horn Island, Ship-Chandeleur Island, and Breton Island-Delta marsh-
es . These denser areas clearly mark the passes through which young-of-the-
year fishes were moving from the nursery areas to the over-wintering grounds
on the shelf . An area of moderate density appeared in 30-40 m south of Pasca-
goula, and an area of somewhat higher concentration extended from Breton Sound
and the Delta marshes southeastward toward deeper water .

Benson (1982) noted that spawning of the sand seatrout takes place off-
shore near passes and near inlets to estuaries from March to September with
peak spawning in March-April or in August-September . Young move into bays and
estuaries and seek deeper waters as they mature . Adults may also move into
estuaries following spawning . In the fall most adults and juveniles move out
onto the shelf . These facts are in good accord with the seasonal distribution
patterns presented above .

As noted previously, the spotted seatrout (C . nebulosus) did not appear
in the present shelf data base, nor was it present in the Iarger shelf data
base for the northwestern Gulf Bio-Atlas (Darnell, et al ., 1983) . As noted by
Benson (1982), all of the life history stages are passed in bays and estu-
aries, and even when temperatures drop in the winter they never stray onto the
open shelf .

In the fish data base, 523 .8 specimens of the silver seatrout (Cynoscion
nothus ) were taken representing 0 .26 percent of the total fish catch. It was
about one sixth as abundant as the sand seatrout . Its depth range extended
from 9 to 113 m, although it was never abundant at depths beyond 20 m . The
pattern of seasonal abundance was quite strange : winter - 64 .9 percent ;
spring - 2 .4 percent; summer - 25 .9 percent ; and fall - 6 .8 percent . Seasonal
distribution patterns are presented in Figure 9 . During the winter specimens
were taken off the mouths of passes (Perdido Bay, Mobile Bay, Chandeleur Is-
land-Horn Island, and Breton Island-Mississippi Delta marshes) . In the latter
area it appeared in moderate density . An area of low density was also ob-
served east of the Delta marshes and extended to a depth of over 100 m. In
the spring the silver seatrout appeared only in an area between 20 and 40 m
south of Pascagoula . In summer it was moderately abundant on the shallows
east of the Mississippi River Delta, and it was also taken from mid-shelf
south of the Ocean Springs-Pascagoula area. By fall it was beginning to re-
appear off the passes (Mobile Bay, Petit Bois-Horn Island), and it was also
taken at one locality on the mid-shelf .
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Ginsburg (1931) suggested that the silver seatrout tends to be found in
deeper waters than the sand seatrout, a myth that has persisted in the litera-
ture . For example, Hoese et al . (1977) stated, " . . .between eight and
twelve fathoms it gradually replaces C . arenarius , and it is the only Cyno-
scion normally found outside of twelve fathoms ." This does not accord with
the facts of the present study or with data presented for the northwestern
Gulf by Darnell et al . (1982) and* by Chittenden and Moore (1977) . The life
history of the silver seatrout is not well-known . It apparently spawns in the
fall . The literature suggests that it moves into the nearshore waters during
the colder months, but the present data suggest just the opposite . It seems
to move onto the shelf in the fall and winter, and with the exception of a
few, probably older individuals, it seems to spend the colder weather near the
mouths of passes .

The spot (Leiostomus xanthurus ) was the fifth most abundant species taken
and was represented by 5,994 .3 specimens or 3 .0 percent of the total fish
catch. Its seasonal abundance on the shelf was as follows : winter - 33 .9
percent ; spring - 11 .6 percent ; summer - 8 .5 percent ; and fall - 46 .0 percent .
Seasonal distribution patterns are presented in Figure 10 . During the winter
the spot was widespread over the shelf west of Perdido Bay, and an area of
very dense concentration (greater than 1,000 fish per hour) appeared southwest
of Mobile Bay in the 30-40 m depth range . Small areas of moderate concentra-
tion were seen at the north end of the Chandeleur Islands and in deeper water
(beyond 60 m) east of the Mississippi River Delta . In the spring no specimens
were taken east of Mobile Bay, and two small areas of moderate density ap-
peared south of Pascagoula at around 30 m and 50 m . During the summer a mod-
erately dense area appeared south of Mobile Bay extending to a depth of 30-40
m, and this probably represented young individuals migrating out onto the
shelf . In the fall this area had developed very high density between 20 and
40 m, and moderate density extended out beyond 80 m .

According to Benson (1982), spawning takes place offshore during the
winter (probably from late December through March on the north central Gulf
shelf) . Young move into the estuarine nursery areas, and some may remain
there through the first winter of life . Sexual maturity appears during the
second year, and these individuals move onto the shelf in late summer and fall
prior to the winter spawning . These facts accord well with data presented in
the present study .

Three species of kingfish are known from the northern Gulf coast, the
southern kingfish ( Menticirrhus americanus ), gulf kingfish (M . littoralis ),
and northern kingfish ( M. saxatilis ) . The latter two species are found close
inshore, and only the southern kingfish appeared in the present data base . In
the present study 549 .5 specimens of the southern kingfish were taken, repre-
senting 0.27 percent of the total fish catch . The seasonal distribution of
the species was as follows : winter - 42 .8 percent; spring - 23 .2 percent;
summer - 13 .6 percent ; and fall - 20.3 percent . It was taken from the depth
range of 4-37 m, and it was never abundant at depths greater than 15 m . The
seasonal distribution patterns of the southern kingfish are given in Figure
11 . At all seasons this species was taken primarily just off passes . The
highest densities and most widespread distribution were observed during the
winter months . Three areas of distribution at this time included the Mobile
Bay-Perdido Bay, Chandeleur Island-Horn Island, and Mississippi Delta-Breton
Island areas . In the spring the only specimens were taken from the Chandeleur
Island-Horn Island area . In the summer they occurred off Horn Island and
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Breton Island . In the fall the distribution was continuous from Mobile Bay to
Breton Island, primarily at depths of less than 20 m, and one area of concen-
tration was noted just off the Horn Island-Dauphin Island area.

Most of the life history of the southern kingfish is passed in the bays
and sounds, but the adults may appear outside the barrier islands, especially
during the colder months . Spawning on the northern Gulf coast apparently
occurs from April to October.

The Atlantic croaker ( Micropogonias undulatus ) was represented by

32,102 .5 specimens or 16 .05 percent of the fish data base . It was the second

most abundant species taken . Its seasonal distribution pattern was as
follows : winter - 15 .4 percent; spring - 13 .0 percent, summer - 12 .8 percent ;

and fall - 58.9 percent . The fall figure is inflated due to the fact that a
single collection on the shelf during this season yielded over 12,000 individ-
uals per hour, over five times larger than any other collection, and over a
third of the entire year's catch . This point will be discussed below . The
seasonal distribution patterns of the Atlantic croaker are presented in Figure
12 . During the winter the Atlantic croaker was present over most of the shelf
area except in the deeper water east of Mobile Bay . One area of very high
concentration appeared at depths greater than 60 m off the Mississippi River
Delta . However, areas of moderately high density extended south of Perdido
Bay and south of Petit Bois and Horn Islands, the latter area extending from
about 20 m to the outer edge of the shelf . By spring the pattern had changed
dramatically . Virtually no individuals were collected east of Horn Island in
less than 40 m of water, although the species did appear in one small area
at depths greater than 40 m . One area of very dense concentration was ob-
served at depths beyond 60 m off the Mississippi River Delta, and areas of
moderate density appeared at 40-100 m south of Horn Island and in shallow ater
off Breton and the Chandeleur Islands. The summer pattern was marked by the
appearance of individuals in shallow waters as far east as Perdido Bay and
very heavy concentrations off the mouth of Mobile Bay and betwen 40 and 60 m
south of Horn Island. An area of moderate density included both these concen-
trations and extended from Mobile Bay and Horn Island on the north to a depth
of 80 m . Another area of moderate density appeared in less than 20 m off
Breton Island . The fall pattern was much like that of the summer . The very
dense area off Mobile Bay now extended out to a depth of 40 m, and another
very dense area appeared in shallow water between Breton Island and the Delta
marshes .

The life history of the Atlantic croaker in the north central Gulf has
recently been summarized by Benson (1982) . Spawning takes place on the conti-
nental shelf in the fall and winter with peak spawning in the month of Novem-
ber . Spawning may occur between 15 and 81 m, but most individuals appear to
spawn at about 20 m. Young move into the bays and estuaries and remain in the
inside waters throughout the first year of life . During the late summer and
fall of their second year they move out onto the shelf to spawn . Older juve-
niles and adults tend to school, especially just before spawning . Adults tend
to remain on the shelf but their distribution and movements are poorly known .

In the present study Atlantic croakers were taken on the shelf at depths
from 7 to 92 m but they likely extend deeper, especially off the Mississippi
River Delta . The density patterns observed in the summer and fall clearly
reflect the exodus of young fishes from the nursery areas, and they point up
the importance of Mobile Bay and the Pascagoula marshes in this connection .
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The very dense collection of croakers (over 12,000 per hour) in the fall at a
depth of 35 m southwest of Mobile Bay must represent a prespawning aggrega-
tion. This collection was made in mid-October . The winter and spring pat-
terns must represent the post-spawning adults, and it would appear that these
tend to move eastward and seaward between winter and spring . By summer they
may have reversed this movement, and the heavy concentrations observed between
40 and 60 m at this season may represent the over-wintering adults moving back
toward the spawning grounds .

The black drum (Pogonias cromis ) was taken at only seven stations and
only 17 .8 individuals were represented . Six of the occurrences were in the
winter and one in the fall . The collection sites of the black drum (all sea-
sons combined) are presented in Figure 13 . Most specimens were taken near the
shore or off the barrier islands at less than 20 m depth, but the species did
appear in a single collection in the winter at a depth of 73 m .

The black drum is primarily a bay species and Benson (1982) noted that
adult migration is restricted largely to spring and fall movement through the
passes between the estuarine and nearshore marine environments . Spawning
occurs from February to April . These facts accord well with the essentially
winter observance of a few black drums in the nearshore shelf environment .
The one deepwater record is clearly an anomaly .

The red drum (Sciaenops ocellata) appeared in the collections at only
three stations and a total of 21 .6 individuals was taken . As shown in Figure
14, these were all just outside the barrier islands at depths of 11-18 m . All
occurred during the winter months . Benson (1982) noted that spawning occurs
in fall and winter with a peak during September-November . Most red drum re-
side in the inside waters during the summer but move into the Gulf in late
fall . Post-spawning individuals tend to spend much time on the shelf and some
inhabit the surf zone . On the shelf they tend to form schools, and Hoese and
Moore (1977) pointed out that larger individuals may remain far offshore . The
present data do not suggest that the red drum is present on the shelf at any
season except winter, and they do not suggest that the species is found at
depths greater than 20 m. In the much larger data base for the northwestern
Gulf shelf the red drum was not even represented . It is, of course, possible
that large red drum are present on the shelf but are too mobile to be captured
by trawls .

Mugilidae - MULLETS

Although several species of mullets have been reported from the north
central Gulf area, only the striped mullet ( Mugil cephalus ) is of commercial
interest . In the fish data base this species was represented by 0 .2 specimens
taken at a single station in the fall at a depth of 37 m south of Petit Bois
Island . On the continental shelf this fish is rarely taken in bottom trawls .

The striped mullet spawns from October to May in surface waters near the
outer edge of the continental shelf . Young gradually enter the bays and estu-
aries where they spend most of the first two years of life . In the fall of
their second year they move in large schools to the continental shelf . Appar-
ently some of the post-spawning individuals reenter the estuaries with the
onset of warm weather in the spring and summer .
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Scombridae - MACKERELS

The family Scombridae includes the mackerels, tunas, and their relatives .
The following list gives those species known or presumed to occur on or near
the continental shelf of the north central Gulf of Mexico .

Mackerels
Auxis thazard
Scomber japonicus
Scomberomorus cavalla
Scomberomorus maculatus
Scomberomorus re alis

frigate mackerel
chub mackerel
king mackerel
Spanish mackerel
cero

Tunas
Euthynnus alletteratus
Euthynnus elp amis
Thunnus albacares
Thunnus atlanticus
Thunnus th nnus

little tunny
skipjack tuna
yellowfin tuna
blackf in tuna
bluefin tuna

Mackerels inhabit the continental shelf primarily during the warmer
months, and the Spanish mackerel is more widespread over the shallow shelf
than the other species . In the present study two species of mackerels were
taken, the chub mackerel and the Spanish mackerel . Nine specimens of chub
mackerel occurred at three stations in the winter, spring, and fall . These
were widely distributed in the depth range of 18-99 m . All occurrences of
this species were west of Mobile Bay . The Spanish mackerel appeared at five
stations, one in the spring, two in the summer, and two in the fall . A total
of 4 .3 specimens was taken in the depth range of 9-24 m . All specimens were
captured near Horn and the Chandeleur Islands .

The Spanish mackerel is a highly migratory species which is abundant in
the north central Gulf primarily during the summer, although some individuals
appear to remain in the area throughout the year . Spawning takes place May
through September at depths of 12 to possibly 200 m . Young may be found on
the shelf or in sounds and bays, but the species is not estuarine dependent .

Tuna fishes are not normally considered shelf species, but the little
tunny ( Euthynnus alletteratus ) is widespread on the northern Gulf shelf in the
warmer months . It is sometimes called the bonito or false albacore . It is a
good game fish and is taken frequently by anglers . No specimens of this or
any other tuna species appeared in the fish data base .

A few words will be said concerning the larger tunas of the area . Ac-
cording to Iwamoto (1965), commercially exploitable stocks of tunas are found
in the northern Gulf of Mexico . These include the skipjack tuna ( Euthynnus
pelamis ), yellowfin tuna ( Thunnus albacares ), blackfin tuna ( Thunnus atlanti-
cus ), and bluefin tuna ( Thunnus th nus) . The area of principal sightings by
personnel of the exploratory vessel M V OREGON and longline catches lies in
the water above the 183 to 1,830 m depth contours . Although tuna schools were
encountered in the northern Gulf at all seasons, they appeared to be more
abundant during the summer and fall months . Tuna schools were located most
frequently east and southeast of the mouth of the Mississippi River, but this
may simply reflect the fact that more observations have been made in this
area .
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Istiophoridae - BILLFISHES

The three primary billfishes of the northern Gulf coast are the sailfish
( Istiophorus platypterus), blue marlin ( Makaira nigricans ), and white marlin
( Tetrapterus albidus ), although two additional species may be present . All
these species are highly migratory and appear on the northern Gulf coast only
during the warmer months (primarily June through September) . The life his-
tories of all species are poorly known . Although no specimens of billfish
appeared in the fish data base, information concerning the local distribution
of these three species has been obtained from the National Marine Fisheries
Service (Lopez and Pristas, 1982) . This information is plotted in Figure 15 .
Although not as extensive as one might desire, the data are revealing . These
three species appear to be concentrated over the outer portion of the conti-
nental shelf (beyond a depth of 60 m) and the upper slope . From this figure
and other data (on hand, but not presented here), it appears that the bill-
fishes concentrate along the lateral edges"of DeSoto Canyon (avoiding waters
directly over the canyon itself) and that they are relatively less dense
around the mouth of the Mississppi River where the waters tend to be more
turbid and offer less visibility for these highly predatory sight-feeders .
The data also suggest that the sailfish occupies waters somewhat shallower
than do the two species of marlin .

Stromateidae - BUTTERFISHES

The stromateids were represented in the fish data base by 13,242 .0 speci-
mens or 6 .57 percent of the total fish catch . Four taxa were present : Bar-
relfish (Hyperoglyphe perciformis ), harvestfish ( Peprilus ale idotus), gulf
butterfish (P . burti ), and unidentified peprilids ( Peprilus sp . . Only the
harvestfish and Gulf butterfish are of commercial interest .

The harvestfish ( Peprilus alepidotus) was represented by 144 .8 individ-
uals or 0 .07 percent of the total fish catch . It occurred at 16 stations, ten
of which were in the winter, two in spring, one in summer, and three in fall .
Seasonally, the catch was as follows : winter - 30 .4 percent; spring - 0 .5
percent; summer - 0 .01 percent ; and fall - 69 .0 percent . No individuals ap-
peared at any season east of the center of Mobile Bay, but west of this point
they were widespread and occurred in the depth range 9-91 m . However, most of
the stations of occurrence and most of the individuals appeared in depths of
less than .30 m. These occurred .primarily south of Mobile Bay and around Horn
Island and the Chandeleur Islands .

According to Horn (1970), in the northern Gulf of Mexico the harvestfish
spawns in the spring, probably a few miles offshore . After hatching, the
young probably move inshore . Juveniles occur in the bays and estuaries during
the summer, and subadults pass back to the shelf in the fall . Since these are
primarily pelagic, they seldom appear in abundance in trawl collections .

The Gulf butterfish ( Peprilus burti ) was represented in the fish data
base by 12,931 .3 individuals representing 6 .46 percent of the entire fish

catch . This was the fourth most abundant species taken . Its pattern of sea-

sonal abundance was the reverse of most estuarine dependent species and is
given as follows : winter - 3 .3 percent ; spring - 66.3 percent ; summer - 27 .4
percent ; and fall - 3 .0 percent . This species was taken in the depth range of
7-99 m. Seasonal distribution patterns of the Gulf butterfish are presented
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in Figure 16 . This fish was rare east of Mobile Bay, but it was widespread on
the western portion of the shelf . In the winter few individuals were taken at
depths greater than 60 m. Three areas of moderate density were noted: below
Horn Island and below Mobile Bay in the depth range of 15-30 m and further
south off Mobile Bay in the depth range of 35-55 m . In the spring a large
area of heavy density (greater than 1,000 fish per hour) extended from the
Breton Sound area to a depth of about 60 m, and an area of intermediate den-
sity extended from Ship and Horn Islands to a depth of about 30 m. In the
summer a very dense area appeared at depths of 20-40 m south of the barrier
islands from Horn Island to the western edge of Mobile Bay . An area of moder-

ate density extended eastward from the Mississippi River Delta marshes to a
depth of greater than 60 m . In the fall an area of moderate to heavy den-
sity appeared south of Mobile Bay in the 20-40 m range, and a small moderately
dense area appeared south of this at a depth of greater than 80 m .

Murphy (1981) found that off Texas the Gulf butterfish exhibits two
spawning periods . One spawning takes place in the spring (February to early
May), and the second spawning occurs in the fall (September through November) .
Adults spawn in the water column over the outer continental shelf and there-
after remain pelagic and disappear from the demersal catch of the shelf .
Young move to the inshore portion of the shelf, and as they mature they grad-
ually move offshore toward the outer shelf . Thus, there appears to be two
seasonal cohorts which sequentially occupy the various benthic habitats from
onshore to offshore . The species is not estuarine dependent .

To what extent these considerations apply to populations east of the
Mississippi River is not clear . As in the case on the northwestern Gulf shelf
(Darnell, et al ., 1983), the density distribution patterns shift remarkably
from one season to the next, and without further information they defy ration-
al interpretation .

Bothidae - LEFTEYE FLOUNDERS

Flounders of the genus Paralichthys are of commercial interest, and three
species are found in the area : the Gulf flounder ( Paralichthys albigutta ) ;

southern flounder ( P . lethostigma) ; and broad flounder (P . squamilentus ) . All
three species appeared in the fish data base and together they included 108 .5
individuals, comprising 0 .05 percent of the total fish catch .

The Gulf flounder (Paralichthys albigutta) occurred at a single station
in the spring at the west end of Horn Island at a depth of 9 m . Hoese et al .
(1977) noted that in Texas the young are found in bays during the spring and
summer and migrate to the Gulf with the onset of colder weather . Benson
(1982) stated that in the northern Gulf of Mexico this flounder is relatively
common on the continental shelf out to a depth of 50 m, but this was not borne
out by the trawl-catch data of the present study . The species was also some-
what rare on the northwestern Gulf shelf (Darnell et al ., 1983) .

The southern flounder ( Paralichthys lethostigma) was not abundant in the
collections . It was represented by 58 .9 individuals or 0 .03 percent of the
total fish catch . It was captured at depths of 7-99 m at stations west of
Mobile Bay . The seasonal distribution of the catch was as follows : winter -
27 .0 percent ; spring - 17 .7 percent ; summer - 22 .7 percent ; and fall - 32 .6
percent . This flounder appeared at 24 stations whose depth distribution was
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as follows : 0-19 m - 9 stations; 20-39 m - 8 stations ; 40-59 m - 3 stations ;
60-79 m - 1 station ; 80-99 m - 3 stations . The species was more widespread
and it was also more abundant in the nearshore shelf waters, but it did occur
toward the outer shelf .

Benson (1982) stated that on the northern Gulf coast the southern floun-
der spawns on the inner and central continental shelf from September to April
with peak spawning from November to January . The young then make their way to
the bays and estuaries . In October-November there is a heavy migration of
adults and older juveniles from the estuaries to the offshore waters where
they overwinter . Most individuals achieve sexual maturity in their fourth or
fifth year of life, and some attain the age of ten years . There probably is a
resident shelf population of older individuals .

The broad flounder ( Paralichthys squamilentus ) was represented in the
data base by 49 .5 individuals or 0 .02 percent of the total catch. This is a
deeper water species which was taken at ten stations in the depth range of 55-
205 m . A total of 84 .5 percent of the specimens was taken in the fall and
12 .5 percent occurred in the spring . Most of the captures were made in deep
water directly south of Pascagoula and Mobile Bay, but the species did occur
at a depth of 205 m on the eastern edge of the DeSoto Canyon .

On the northwestern Gulf shelf the broad flounder appeared at a single
deepwater station off Louisiana (Darnell et al ., 1983) . Hoese et al . (1977)
noted that this is a deepwater species occurring at depths of 60-120 fathoms
but that the young occur inshore during the warmer months . Little is known of
the'life history .

SHRIMP

The shrimp catch was included in most, but not all, of the data sets
employed in the fish study . No shrimp were recorded in the McCaffrey data set
and these stations had to be made up, as possible, from various collections
made by vessels in the service of the National Marine Fisheries Service oper-
ating out of Pascagoula, MS . In addition, the Moore, Brusher, and Trent data
set included only fishes, but the Lyons and Baxter data set contained the
shrimp data for the same stations and these were substituted . Thus, the com-
prehensive shrimp data base was constructed from the five data sets listed
below .

1 . GCRL - Monthly transects across the shelf by personnel of the Gulf Coast
Research Laboratory of Ocean Springs, MS .

2 . LB - Monthly transects across the shelf by personnel of the National Ma-
rine Fisheries Service laboratory in Galveston, TX and referred to in the
published paper by Lyon and Baxter (1974 .

3 . DD - Collections made throughout the area by personnel of the Oceanography
Department of Texas A&M University under the supervision of Darnell and
Defenbaugh (see Defenbaugh, 1976) .

4 . MAFLA - Seasonal collections made at scattered localities during the BLM-
sponsored MAFLA study .
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5 . PASCAGOULA - Random collections made throughout the area during all sea-
sons by personnel of the National Marine Fisheries Service laboratory in
Pascagoula, MS . The data are primarily from cruises of the FRS OREGON II
during the years 1974-1982 . However, four stations were included from a
cruise of the old M/V OREGON made in January, 1957 since more recent sta-
tions could not be found for the particular localities . All three species
of the genus Penaeus were clearly recognizable and their importance under-
stood at that time.

The data for all the shrimp
same manner as the fish data sets
the catch data are expressed as
trawl .

data sets were standardized in exactly the
, and in the combined shrimp data base all
catch-per-hour-of-effort of the standard

Penaeidae - EDIBLE SHRIMP

In the present context the shrimp catch includes the three species of
commercial importance : the brown shrimp (Penaeus aztecus ) ; pink shrimp (P .
duorarum) ; and white shrimp (P . setiferus ) . The combined shrimp data base
includes a total of 3,509 .87 shrimp . The composition and distribution of each
of the three species is discussed below .

The brown shrimp ( Penaeus aztecus ) was represented in the catch by
2,607 .68 individuals or 74 .30 percent of the total shrimp catch . Its depth
range extended from 3 to 110 m . Seasonally, the brown shrimp appeared as
follows : winter - 8 .1 percent ; spring - 26 .9 percent ; summer - 32 .9 percent ;
and fall - 32 .2 percent .- The seasonal distribution patterns of this shrimp
are presented in Figure 17 . During the winter the brown shrimp was distribu-
ted throughout most of the shelf west of Mobile Bay except in very deep water .
No areas of significant concentration were apparent . In the spring the over-
all distribution pattern was much the same except that areas of intermediate
density (greater than 100 individuals per hour) were evident in less than 20 m
of water off Petit Bois Island and off the eastern flank of the Mississippi
River Delta . These nearshore density areas appear to mark the movement of
maturing shrimp from the nursery areas to the shelf in late spring . In the
summer, areas of intermediate density appeared at 20-30 m off Dauphin Island
and Mobile Bay in the north and at 40-50 m east of Breton Island further
south . These appear to be the remnants of the two emigrating groups observed
in the spring . In the fall the brown shrimp appeared to be more widespread,
even east of Mobile Bay . A single area of moderate density appeared east of
the Mississippi River Delta at 20-70 m, and this could represent a concentra-
tion of brown shrimp which move onto the shelf at that season. South of Petit
Bois Island an area of low-intermediate density (greater than 50 shrimp per
hour) appears to be the remnant of the two areas of intermediate density ob-
served during the summer .

The life history of the brown shrimp in the north central Gulf has re-
cently been summarized by Benson (1982) . He pointed out that adults spawn on
the shelf at 30-120 m from about November to April . The young then move into
the estuaries where they grow rapidly . A major migration back out to the
shelf takes place during the period of May to July . Although not mentioned by
Benson (ibid .), movement of young from the estuaries probably takes place
until at least November with a peak in the fall months . It is also clear that
some larger individuals overwinter in the bays and sounds and participate in
the spring emigration to the shelf . All these facts accord fairly well with
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the seasonal patterns observed in the present study except that the winter
populations on the shelf are much lower than might be anticipated . No winter
breeding aggregations were observed . The distribution patterns would be more
in accord with the assumption of late summer and fall spawning by this
species .

The pink shrimp ( Penaeus duorarum ) was represented in the collections by
622 .09 specimens or 17 .72 percent of the total shrimp catch . The depth range
of capture was 7-51 m . The species appeared at 34 stations; nine each in
winter, spring, and summer, and seven in the fall . The seasonal distribution
of abundance was as follows : winter - 12 .7 percent; spring - 44 .6 percent ;
summer - 38 .1 percent ; and fall - 4 .6 percent . Seasonal distribution patterns
are presented in Figure 18 . In general, the pink shrimp was rare to absent
east of Perdido Bay, and west of that point it was widely distributed across
the inner half of the shelf during most seasons . At no season was the density
greater than 80 individuals per hour of trawling effort, and densities greater
than 50 per hour occurred only during spring and summer . In the spring they
appeared off the mouth of Mobile Bay and the pass between the Chandeleur Is-
lands and Breton Island . In the summer they appeared at nearly the same
spots. During fall and winter the densities were lower and the distribution
patterns were more restricted .

On the north central Gulf shelf the pink shrimp spawns in the depth range
of 8-34 m from March to October . Young enter the bays and estuaries where
they remain and grow until the following spring . Darnell and Williams (1956)
reported that during a year of high salinity they were taken in Lake Pontchar-
train in one-fourth of all trawl collections from November through May . The
migration to the continental shelf takes place between June and November .
Since the species is, primarily nocturnal, daytime trawl collections often do
not reveal its true abundance in an area .

The data presented in the present study substantiates the movement of
pink shrimp onto the shelf in the spring and summer months . They further
indicate that this species utilizes only the inner half of the shelf, and they
suggest that this population (west of Perdido Bay) is isolated from other pink
shrimp populations of the Florida shelf .

The white shrimp ( Penaeus setiferus ) was surprisingly rare in the collec-
tions . Only 280 .10 individuals were taken, representing 8 .0 percent of the
total shrimp catch. It occurred at depths of 9-54 m . Seasonally, it occurred
as follows : winter - 46 .6 percent ; spring - 8 .0 percent; summer - 6 .3 per-
cent ; and fall - 39 .1 percent . The seasonal distribution of the white shrimp
is presented in Figure 19 . No specimens were taken east of Perdido Bay and
few appeared east of Mobile Bay . During the winter this shrimp appeared in
low density in relatively shallow water from Perdido Bay to the Mississippi
River Delta. The only area of density greater than 50 per hour occurred near
the Delta . Spring and summer were characterized by low density and restricted
distribution patterns . In the fall the distribution was much like that of the
winter . The species was continuously distributed in shallow water from Mobile
Bay to the Mississippi Delta, and the only areas of slightly increased density
were off the mouths of passes (in this case, between Horn and Petit Bois Is-
lands and off the Chandeleur Islands) .
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Benson (1982) noted that adult white shrimp spawn on the shelf at depths
from 8 to 34 m from March to October . Postlarvae enter the bays and estuaries
where they remain and grow until they are ready to migrate . The migration to
the shelf takes place between June and November . In the writer's experience

most of this migration occurs during the fall months . .

Data in the present study support the conclusions that the white shrimp
utilizes the shelf primarily during the fall and winter months, that its
greatest populations are found off the mouths of passes, and that the species
are most abundant at depths of less than 20 m . Over 85 percent of the white
shrimp catch on the shelf occurred during the fall and winter months . Most of

the individuals were taken west of Mobile Bay .

Another penaeid shrimp of commercial interest in the northern Gulf is the
royal red shrimp (Pleoticus robustus ) . This species did not appear in the
shrimp data base, but Bullis (1956) summarized information about its distribu-
tion in the area. It is an upper slope species with a maximum depth range of
274-732 m and is concentrated on trawlable bottoms southeast of the mouth of
the Mississippi River, extending essentially to DeSoto Canyon . Three-hour

trawl drags in this area produced catches of 90-120 pounds . This deepwater
species is not known from the continental shelf of the area at depths of less
than 200 m.

SUMMARY AND SYNTHESIS

The fish and shrimp species of commercial and recreational importance
represent a very diverse assemblage in terms of life history and habitat rela-
tions . Each has developed its own particular formula for success in a very
dynamic ecological system. For all the species more knowledge would be use-
ful, but it is already possible to sketch out, in broad outline, how the sys-
tem works and how the various species fit into the picture .

Estuarine dependent species

A portion of the species which utilize the continental shelf habitats is
estuarine dependent, and summary data for this group is presented in Table 3 .

Two groups of estuarine dependent species are recognized--cold weather and
warm weather spawners . Except for Penaeus aztecus , all the cold weather
spawners are most abundant on the shelf during the fall and winter months
(i .e ., during their spawning seasons) . Why P . aztecus deviates is not clear,
but this species could be, in part at least, a fall spawner . Three of the
warm weather spawners ( Arius felis , Cynoscion arenarius , and Penaeus seti-

ferus ) are most abundant on the shelf during the fall and winter (i .e ., during
the non-spawning season) . One species (Menticirrhus americanus ) is most abun-
dant on the shelf in the winter and about the same during the spring and fall .

The pink shrimp ( Penaeus duorarum) is most abundant on the shelf during the
spring and summer months (i .e ., during much of its spawning season) .

The seasonal distribution maps clearly point to the fact that in order to
enter the shelf the estuarine dependent species utilize the various passes and
that different passes appear to be more important for different species . Two

areas seem to stand out in this connection : the mouth of Mobile Bay and the
Petit Bois-Dauphin Island channel, on the one hand ; and the passes between the
Chandeleur Islands and the Mississippi Delta marshes, on the other . Once on
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Table 3 . Estuarine dependent species of conmercial and recreational importance collected on the
continental shelf, giving numerical abundance in the fish or shrimp data base, percent
abundance by season, and spawning season . For species with less than 50 individuals, seasonal
percentage is not given .

Species Number Percent abundance Spawning season
of on the shelf

individs . W Sp Su F

Cold weather spawners
Brevoortia patronus

t-n Archosargus probatocephalus
Leiostomus xanthurus
Micropogonias undulatus
Pogonias cromis
Sciaenops ocellatus
Mugil cephalus
Paralichthys albigutta
Paralichthys lethostigma
Penaeus aztecus

Warm weather spawners
Arius felis
Cynoscion arenarius
Menticirrhus americanus
Penaeus duorarum
Penaeus setiferus

92 .9 96 .9 0 .0 0 .0 3 .1 October-March
12 .6 -- -- -- -- February-June

5,994 .3 33 .9 . 11 .6 8 .5 46 .0 December-March
32,102 .5 15 .4 13 .0 12 .8 58 .9 October-April

17 .8 -- -- -- -- February-April
21 .6 -- -- -- -- September-November
0 .2 -- -- -- -- October-May
0 .1 -- -- -- -- November-February

58 .9 27 .0 17 .7 22 .7 32 .6 September-April
2,607 .7 8.1 26 .9 32 .9 32 .2 November-April

4,519 .8 31 .6 4 .2 31 .7 32 .5 May-August
3,005 .0 48 .2 18 .2 11 .9 21 .7 March-September

549 .5 42 .8 23 .2 13 .6 20 .3 April-October
622 .1 12 .7 44 .6 38 .1 4 .6 May-November
280 .1 46 .6 8 .0 6 .3 39 .1 March-October



the continental shelf, many of the estuarine dependent species appear to re-
main, or at least display, highest densities near the passes and in less than
20 m of water . This group includes the following species : Arius felis ;
Archosargus probatocephalus ; Menticirrhus americanus ; Pogonias cromis ;
Sciaenops ocellatus ; and Penaeus setiferus . Two species ( Brevoortia patronus
and Mugil cephalus) become pelagic and disappear from the bottom fishery al-
most as soon as they arrive at the shelf . Of the remaining estuarine-
dependent species, Leiostomus xanthurus , Micropogonias undulatus , and to some
extent, Penaeus aztecus and Cynoscion arenarius , develop dense populations be-
yond the 20 m depth . There appears to be a major area of cold weather concen-
tration of most of these species at a depth of 20-40 m southeast of Mobile
Bay . Some of the species which travel seaward near the eastern flank of the
Mississippi Delta marshes appear to concentrate in cold weather in waters
deeper than 60 m .

Non-estuarine dependent species which are resident on the shelf

The second group of species resides on the continental shelf, and al-
though some species may make use of bays, sounds, and estuaries, such areas
are not critical to the life history . Summary data for this group is given in
Table 4 . Those species which occur only on the outer half of the shelf are of
potential commercial and recreational importance, but they are under-utilized
at present . Of those which occur on the inner half of the shelf, only four
species appeared in any abundance in the fish data base (Lutjanus campechanus ,
Cynoscion nothus , Peprilus alepidotus , and Peprilus burti ) . Most sharks, as
well as Pomatomus saltatrix and Rachycentron canadum, are generally too mobile
to be caught by trawls and are obviously much more abundant on the shelf than
present data would indicate . Groupers (Epinephelus ita ara and E . morio ) and
one of the snappers (Lut anus synagris ) tend to remain around wrecks and reef
structures of the middle and outer shelf where they are less vulnerable to
capture by trawls . In the winter months Lut anus campechanus shows a remark-
able concentration at a depth of 30-40 m off Mobile Bay . Since spawning in
this species occurs in the warmer months, it is suggested that the winter
concentration is a reflection of the concentration in the same area by the
demersal fishes and shrimp which make up its food supply . On the continental
shelf the distribution of Cynoscion nothus appears to differ in no significant
way from that of C. arenarius except that the latter species is more abundant
and extends to waters of greater depth . The two stromateids ( Peprilus alepi-
dotus and P. burti ) are, in part, pelagic . The life histories must be season-
ally quite different . P . alepidotus was most abundant in the fall and'winter,
whereas P. burti was most abundant in spring and summer .

Non-estuarine dependent species which are basically summer residents

A group of highly carnivorous species moves into the shelf area during
the warmer months (Table 5) . These include the carangids, coryphaenids,
scombrids, tunas, and billfishes . Some move in from deeper Gulf waters, and
others are along-shelf migrators . Some appear to remain around the outer edge
of the shelf, whereas others range broadly over the inner shelf and may even
penetrate Mississippi Sound and larger bays . Most appear to be spring or
summer spawners and the young must make extensive use of the shelf and related
coastal waters . These species are excellent swimmers and are only rarely
taken in trawl collections . Most are of interest to sport fishermen .
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Table 4 . Non-estuarine dependent species of commercial and recreational importance which are resident
on the shelf, giving numerical abundance in the fish data base, percent abundance by season,
and spawning season (where known) . For species with less than 50 individuals, seasonal
percentage is not given .

Species Number Percent abundance Spawning season
of on the shelf

individs . W Sp Su F

Species which occur on the inner half of the shelf
Carcharhinus acronotus 3 .1 -- -- -- --

~ Mustelus canis 6 .2 -- -- -- --
Rhizoprionodon terraenovae 14 .5 -- -- -- --
Sphyrna tiburo 5 .9 -- -- -- --
Other shark species -- -- -- -- --
Epinephelus itajara -- -- -- -- --
Epinephelus morio -- -- -- -- --
Pomatomus saltatr-ix 0 .5 -- -- -- --
Rachycentron canadum 9 .4 -- -- -- --
Lutjanus campechanus 1,131 .8 80 .7 1 .9 6 .7 10 .7
Lutjanus synagris -- -- -- -- --
Cynoscion nothus 523 .8 64 .9 2 .4 25 .9 6 .8
Peprilus alepidotus 144 .8 30 .4 0 .5 0 .0 69 .0•
Peprilus burti 12,931 .3 3 .3 66.3 27 .4 3 .0

Species which occur only on the outer shelf
Squatina dumerili 16 .0 -- -- -- --
Caulolatilus intermedius 90 .4 71 .6 0 .0 3 .4 25 .0
Caulolatilus microps 38 .4 -- -- -- --
Lopholatilus chamaeleonticeps -- -- -- -- --
Malacanthus plumieri -- -- -- -- --
Paralichthys squamilentus 49 .5 1 .3 12 .5 1 .6 84 .5

July-August

August-April
April-August
June-October
March-September
"Fall"
"Spring"
Feb .-May, Sept .-Nov .



Table 5 . Non-estuarine dependent species of commercial and recreational importance which are basically
summer residents only, giving numerical abundance in the fish data base, spawning season
(where known), and portion of the shelf primarily used .

~~

Species Number Spawning Portion of shelf Comments
of season used

individs . Inner Outer

Carangids
Caranx crysos
Caranx hippos
Caranx latus
Hemicaranx amblyrhynchus
Seriola dumerili
Seriola fasciata
Trachinotus carolinus

Coryphaenids
Coryphaena equisetus
Coryphaena hippurus

Scombrids
Auxis thazard
Scomber japonicus
Scomberomorus cavalla
Scomberomorus maculatus
Scomberomorus regalis

Tunas
Euthynnus alletteratus
Euthynnus pelamis

86 .4 Spring x x
-- Spring-Summer x x
-- Summer x x

40 .0 x
19 .9 Summer x
-- x
-- Summer-Fall x x

-- x Shelf edge, rare
-- Spring x

-- x Rare
9 .0 x
-- Summer x
4 .3 Summer x x
-- x Rare

-- SUmmer x x
-- Summer x Shelf edge, rare



Tabie 5. (continued) .

Species Number
of

individs .

Spawning Portion of shelf Comments
season used

Inner Outer

Tunas (continued)
Thunnus albacares -- x shelf edge
Thunnus atlanticus -- x shelf edge
Thunnus thynnus -- x shelf edge

c Billfishes
Istiophorus platypterus -- Sumner x
Makaira nigricans -- Sumoer x shelf edge
Tetrapterus albidus -- Sumner x shelf edge



Ecosystem considerations

The migration of estuarine dependent fishes and shrimp from the estu-
aries, bays, and sound primarily during late summer and fall represents a
major flow of biologically bound energy to the continental shelf area . The
times and places of this flow have been documented above . Once on the shelf,
this energy is divided among the pelagic and demersal species where they rep-
resent two somewhat interrelated food webs . However, it is probably no acci-
dent that the greatest utilization of the shelf by estuarine dependent species
is during the colder months (when the bulk of the predators is absent) and
that most estuarine dependent species spawn during the colder months . There
is a reverse movement of energy back into the estuary and related waters when
the larvae and juveniles migrate to the nursery areas, and considering the
organic matter which accompanies the young in the bottom waters,•this shore-
ward movement of energy cannot be negligible . This interrelatedness of the
inside and outside waters strongly argues that any serious modeling effort
should include both inside and outside waters in the same model or in two
interconnected models . By the same token, both demersal and pelagic food webs
should be integrated into the models.

Management recommendations

To provide for the continuance of spawning stocks of the estuarine depen-
dent species, special protection should be afforded the migratory routes,
particularly the passes . Protection should also be afforded the major aggre-
gation areas off the passes . Protection should also be afforded the major
aggregation areas off the passes, in waters of less than 20 m depth, in the
winter aggregation area between 20 and 40 m southwest of Mobile Bay, and east
and south of the Mississippi River Delta .

Research should be carried out to provide the basis for understanding of
the dynamics of the system in a more quantitative way . This would involve
numerical estimates of abundance of the various species in relation to time,
elucidation of migratory pathways in greater detail, food web studies (build-
ing upon the works of Rogers, 1977, and including the pelagic portions and
larval life), and casting this information in the framework of descriptive
mathematical models . Since the life histories of the estuarine dependent
species is intimately controlled by hydrographic conditions (associated with
larval transport), the hydrography of the passes and nearshore waters cannot
be ignored .
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APPENDIX C

QUANTITATIVE CHARACTERIZATION OF DEMERSAL FINFISH AND SHELLFISH
POPULATIONS AND COMMUNITIES IN THE TUSCALOOSA TREND REGION

1 .0 SUMMARY OF RESULTS

1 .1 INTRODUCTION

Section 1 .0 presents a synthesis and summary of the results of the
fisheries data analysis conducted as part of the Tuscaloosa Trend Regional
Data Search and Synthesis Study . The analyses upon which this synthesis is
based are discussed in detail in Section 2 .0 of this appendix . Results of
the analysis of the SEAMAP groundfish survey data from the spring seasons
of 1982 and 1983 are first summarized in Section 1 .3 .1 . The detailed
analyses upon which this synthesis is based are presented in Sections
2 .5 .1 and 2 .5 .2 . The SEAMAP surveys provided data for characterization of
demersal nekton communities over much of the Tuscaloosa Trend study area,
including the eastern region where data from the larger Fishery Independent
survey database were generally lacking . The SEAMAP surveys also included
stations from major estuarine habitats lying adjacent to the Tuscaloosa
Trend study area that were outside the range of the Fishery Independent
surveys .

The drawbacks to the SEAMAP survey database . were its lack of seasonal
and long term temporal coverage . To address seasonal and long term trends
in community structure in the Tuscaloosa Trend study area, subsets of the
large NMFS Fishery Independent groundfish survey database were analyzed .
Data for four seasons from fall of 1974 to spring 1975 were used to
assess seasonal trends, while data for the fall seasons for the period
1973 to 1983 were analyzed to assess long term trends in demersal nekton
stocks . Summaries of the results of these seasonal and long term analyses
are presented in Sections 1 .3 .2 and 1 .3 .3, respectively, while detailed
presentations of the analysis results are presented in Sections 2 .5 .3 and
2 .5 .4, respectively .

Once this context was established, an analysis of NMFS Gulf Coast
Shrimp Data (GCSD) for the period 1960 to 1982 was conducted for brown,
white, pink and seabob shrimp, and the results are summarized in Section
1 .3 .4 . A detailed discussion of these analysis results is presented in
Section 2 .5 .5 .

1 .2 ANALYTIC APPROACH

The first step in the quantitative analysis of the finfish
and shellfish populations and communities in the Tuscaloosa Trend
region was the identification, acquisition and computerization of the
relevant biological and environmental data sets . . Long-term time
series data for finfish and shellfish taxonomic counts and associated
environmental variables, Ekman transport, river discharge, tides, winds,
and precipitation were acquired for the estuarine and OCS areas from
state and federal sources (see Section 2 .3) . These data were integrated
into the project database in analytically compatible formats to allow

1



the development of quantitative relationships between population levels,
community structure and environmental processes .

The quantitative approach to defining the relationships of population
and community distributions to environmental processes employed an
overall analytic framework which utilized both univariate and multivariate
statistical techniques . In this approach, population, community and
habitat-level analysis and synthesis activities provided the context
within which major biotic and habitat gradients in the study area
and homogeneous subregions of the study area were identified and major
processes influencing populations and communities were elucidated . The
approach to this analysis is presented in greater detail in Section 2 .4 .

For each of the three maj or community analyses, habitats (station
groups) and assemblages ( taxa groups) are defined and the relationship of
each assemblage to each habitat is identified . Nekton communities are
composed of the several assemblages represented in each habitat type .

1 .3 RESULTS

1 .3 .1 1982 and 1983 Southeastern Area Monitorina and Assessment Proaram
(SEAMAP) Survey Data

The results of the pattern analyses conducted separately for the
1982 and 1983 SEAMAP trawl data revealed very similar trends in the
distributions of finfish and shellfish taxa over much of the Tuscaloosa
Trend ecosystem during fall in 1982 and 1983 . The similarity of the
separate analyses indicates that recurring trends in community structure
were occurring over the study area . Differences in community structure
during the two years was at least partly due to the different geographic
distribution of stations (Figure 1) . During 1983, the SEAMAP study area
extended further east on the Florida shelf. Although the easternmost
of these stations were located outside the defined borders of the
Tuscaloosa Trend ecosystem, data from these stations were included to
show the transitional nature of the study area and to better describe the
communities from the eastern region of the study area itself . Other year
to year differences could be attributable to differences in hydrographic
conditions, either prior to or at the time of sampling. Other potential
sources of variability included changes in taxa distributions during the
sampling period, which was approximately 1 month during each year . Many
nekton taxa are migratory, either along coast or normal to the coast, with
the late spring-early summer being one of especially intensive activity .
Year to year differences would be exaggerated if the cruise tracks (i .e .,
order of sampling of stations in different geographical areas) differed
during the two years . Finally, there is the random variability within a
sampling station due to a myriad of factors .

Trends in community structure were primarily related to the
distributions of hydrographic conditions, depth, and, as inferred from
sediment maps of the area, seafloor composition . Diversity indices were
positively correlated with depth and salinity and negatively correlated
with temperature, indicating that the deeper, more hydrographically stable
offshore habitats supported a more diverse demersal nekton community .
However, on the shelf itself, trends in community parameters were much
less distinct. Regardless, there were distinct and recurring trends in
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community composition revealed in the pattern analyses of these data, which
are summarized and discussed below .

The integration and synthesis of the results from the pattern analyses
of the 1982 and 1983 SEAMAP data, which are discussed in detail in Sections
2 .5 .1 and 2 .5 .2, respectively, yielded five sample or station groups
(habitats) and eight taxa groups (communities) . Figure 1 depicts the
geographical distribution of the five station groups (habitats) across the
study area during 1982 and 1983, while summary statistics for each are
presented in Table 1 . The eight taxa groups are presented in Table 2,
and the distributions of these taxa groups across the five station groups
are presented in Table 3 .

The five station groups included one widespread shallow water group
(Group 1), two intermediate depth groups located east of the delta (Groups
2 and 4), one group encompassing stations at all but the shallowest depths
west of the delta (Group 3), and one middepth to deep water group located
east of the delta.

Sample Group 1 encompassed the shallow water, low salinity habitat
located near the confluence of Mississippi Sound and Mobile Bay, and near
the Mississippi River Delta (Figure 1 and Table 1) . It included all of
the very shallow water stations (less than 9 m depth) located both east and
west of the Mississippi River outfall . This was the only one of the five
groups found on both sides of the Mississippi River delta. The samples
from this habitat were characterized by lowest means for total number of
taxa and all community parameters (Table 1) . However, mean numbers of
individuals were intermediate among the five groups .

A habitat characterized by high salinity waters overlying muddy
sediments in the central portion of the study area east of the Mississippi
River Delta was represented by Sample Group 2 . Stations in Group 2 were
generally intermediate in depth, but the range was large (Table 1) . They
were generally located offshore of those in Group 1 and inshore of those
in Group 5 (Figure 1) . Group 2 stations had the second highest mean number
of individuals and the highest mean number of taxa (Table 1) . They also
had the highest means for diversity and evenness, but these means were only
marginally higher than those of Group 5 .

Sample Group 3 encompassed a somewhat similar habitat west of the
Mississippi River Delta. However, with the exception of the very shallow
depths (less than 9 m (meters)), Group 3 stations were distributed across
the entire extent of the SEAMAP study area (out to 90 m) west of the
Mississippi River outfall . Station Groups 1 and 3 were the only ones
represented west of the Mississippi River delta, and no station in Group
3 was found east of the delta (Figure 1) . Therefore, many of the
taxa characteristic of Group 3 showed similarly restricted geographical
distributions. The fact that Group 3 stations included some out to 90
m depths may indicate that finer textured sediments may extend to deeper
waters west of the outfall (as compared to those east of the delta) .
Samples from Group 3 stations had the highest mean number of individuals,
and, next to the samples in Group 1, the lowest taxa richness (Table 1) .
Evenness and diversity were very similar to those of Groups 2, 4, and 5 .

Sample Groups 14 and 5 more or less delineated middepth and deep water
habitats, respectively, located mainly in the eastern portion of the study
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Table 1 . Summary statistics of enviromental and community parameters for
five station groups identified from a synthesis of analyses of
samples collected in and around the Tuscaloosa Trend study area
during the spring 1982 and 1983 SEAMAP groundfish surveys .

Standard
Paraueter Mean Deviation Miniau. Maziaua

aR0uPa1 --- ---------------

Depth (a) '6 .841 3.534 2 .000 16.000
Bottom Dissolved Oxygen (pp.) 5.587 1 .573 1 .400 8.900
Bottom Salinity (ppt) 23 .723 8 .485 5 .300 35.500
Bottom Tesperature (oC) 27 .500 2 .421 21 .500 31 .700
Total Tasa 9.621 6 .604 1 .000 28.000
Total Count 510.195 841 .161 1 .000 4611 .000
Diversity (J') 0.912 0 .651 0.000 2.332
E.enness (8') 0.505 0.237 0.078 1 .000
Richosss (D) 1 .700 0.985 0.000 4 .904

0l00l 2s

Depth ( .) 22.690 9.643 9 .000 60.000
Bottom Dissolved Oxygen (ppa) 4.841 1 .123 2 .700 7 .900
Bottom Salinity (ppt) 34.821 1 .370 31 .000 38 .000
Bottom Temperature (oC) 22.255 2.345 18.810 27 .800
Total Taza 25.407 6 .985 5.000 40 .000

Total Count 957.512 1092 .215 47.000 5845 .000
Diversity (J') :1 .980 0.456 0.879 2.845

soass (8') 0 .626 0.142 0 .293 0.916
bness (D)M 3.802 0.951 1 .022 5.960

GROUt 3a

Depth W 42.750 18.744 10 .000 90.000
Botto . Dissolved Oxygen (pp.) 5 .053 1 .239 1 .800 . 7.400
Bottom Salinity (ppt) 35 .912 0.820 33 .000 37.724
Bottom Te.perature (oC) 20 .700 2 .176 16 .660 25.600
Total Ta:a 19.892 6.463 1 .000 33.000
Total Count 1238 .811 1544 .324 3 .000 8673.000
Diversity (J') 1 .822 0.548 0 .000 2.699
Evenness (8') 0.627 0 .117 0.373 0.808
Riceness (D) 2.841 0 .982 0.000 5.059

0R00P 4s----

Depth (a) 22.286 8.944 9.000 42 .000
Bottom Dissolved Oxygen (ppa) 6.804 1 .530 4.400 9.300
Bottom Salinity (ppt) 35.351 0 .721 33 .006 37 .000
Bottom Te.persture (oC) 22.040 1 .336 20.580 25 .690
Total Taza 18.276 7 .309 7.000 30 .000
Total Count 400.414 533.148 21 .000 2085 .000
Diversity (J') 1 .798 0.533 0.551 2.729
EbeOness (H') 0.645 0.186 0.194 0 .884
Richness (D) 3.218 1 .046 1 .255 5 .059

-«-- CROUNS -~~-------««--~»«-«««.---

Deptn (a) 49.667 17 .409 22 .000 90 .000
Bottom Dissolved Oxygen (ppm) 6 .582 1 .516 4 .500 9 .200
Bottom Salinity (ppt) 36.042 0.579 35.000 38.000
Bottom Tesperature (oC) 20 .392 1 .086 17 .610 23 .000
Total Taua 20 .718 9.179 4 .000 45 .000
Total Count 267 .282 215.299 5 .000 1005.000
Diversity (J') 1 .931 0.589 0 .723 3 .023
Evenness (R') 0.661 0.168 0 .246 0 .?61
Richness (D) 3 .720 1 .457 1 .864 7 .616
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Table 2 . Eight taxa groups resulting from a synthesis of community
analyses of samples collected in and around the Tuscaloosa
Trend study area during the spring 1982 and 1983 SEAMAP ground-
fish surveys .

Group 1 . Taxa Most Characteristic of the Shallor Water . Low
Salinity Habitat

Sctentlflc Name ' Cassson Nasr
AWJ g< sltch1l11 bay anchdvy
dOGppt LesYia longnos. anchovy
EC1Yt 1 a LSl hardhead catfish
Cht ~n nn.erL ZppVAULM Atlantic bumper
Lar1 BUL .esc+atML banded dru.
N.nttctrrhu< a.erteanus sollthern kingfish
MlernnnnnnLa ~~~d .yaL" croaker
StL111f .r, lwpr.nlatn% star druM
p_lymrty~..iy gLgorNa Atlantic threaditn
jri8ect- .. U la M hogchoker

Group 2. Taxa Represented 1n Lor Salinity Waters and in High
Salinity Waters Overlying Muddy Sedlsunts

Scientific Name Common Name
Lo111o.ncula brawl _ squid
PlOilYi slilSJ[Li white shrimp
EOLiENf 6ifJGLf brown shrimp
Gl l t nects JAy19" bl u . crab
na 111eae*as y1,1]J1 crab
aGGbLt Mps"uf striped anchovy
LY ngaG1an ICagtfj Lf sand seatrout
L.festo"s Adpjgyr" spot
clth arttlbtw" sotlont.rus bay etff
IL1LG.iLCLS llpIY1'LS Atlantic cutlassflsn
P!C[1lJli LYCS1 gulf butterfish
Sy1pU Jlt11a a114Liii blackcheek tongueflsh

Group 3 . Taxa Widespread 1n High Sal inity Nat..rs
Overlytng Muddy Sediments

Scientific Name Common Meo .

$L09plj ggty" rock shrimp
$qLI]L LPIL mantis shrimp
7rae hXps eMals LPIL hardback shrimp
TilJgpa.sY]riti crab
PoN chthvs plactry dpy Atlantic midshipman
BtOfyL pulaiL b .arded brotula
I . .onhtdlum gryl]jd blackedgs cusk-eel
I ,hiy9p > .],yttl crested cusk-eel
Cvn p -Ion gg=pys stlv.r seatrout
Prtonnws runts blackfln rarobin
Etry0yf r .. W fringed flounder

Group S . Taxa Most Characteristic of High Salinity Waters
Overlying Muddy Sediments West of the Mississippi
River Outfall

Scientific Name Common Name
Parapynaeus shrimp
Hoplunnts MAGCUyy • silver conger
anLa8R0rJLi 1Od10sYi sf ngl espot f rogf i sh
Si81LdiGpiMi'L s[yil0ffli iustnous hake
Gunt .rlrbthvs ]pgy ,02pi= gold brotula
tl8LJ8L1A LL1111 grenadler
Rnll .anta wYyp12 ragged goby

Group 6. Taxa Represented in High Salinity Waters
Overlying Muddy and Sandy Sedlsrnts

Scientific Nane Common Name

BaOdBYi AYgCmlp pink shrimp
Solannc.ra shrimp
Oy1l Iyli.yYSOYIylAfls portunid crab
2g[SgGYa iplIIltiCyLa portuntd crab
ELCYYL7 Sit'9i round herring
$1fLOduf SmiAps inshore 1lzardflsh
Halleutfchihvs aeuleaws pancake batfish
LennnhtdtIIN jL00i8 sqttLed cusk-eel
9pd1a1 a11 g,[yf1 blotched cusk-eel
hntroerl= s obllad.lohlrLVA rock sea bass
B]I+jlti',trJn blvlttatuN dwarf sand perch
LYt18W1i ^ "O ha°^• red snapper
Prlonnws jpL%U bluespotted searobin
SYOGSW JD1pL8C1 shoal flounder
e••n^• maj calgripyi longsplns porgy

Group 7 . Taxa Most Characteristic of Nearshore High
Salinity Waters Overlying Sandy Sediments

Scientific Nane Common Name

Do.vt .ufJ .ts a1e11 squid
L0Lt18R yetl!]1 squid
$ jcyyp,J brevlrostrls rock shrimp
gAjj mglant.rla cleannoss skate
r~~ortstts gy,ycys bank sea bass
daMRylyp auroltn.atuM tontate
4fSGggPJiZ11 LDrfAGpLlrl plgflsh
Prlonews carollnus northern searobin
Prtonotns martis barred seerobin
Pr1anpws scj =N]yf leopard searobin
SpbLSrDi1Mf iplDalJ1'1 bandtatl puffer

Group 4 . Taxa Most Characteristic of High Salinity Waters
Overlying Muddy Sediments East of the Mississippi
River Outfall

Scientific Name Common Name

&t'SY¢Na yIJ1t@JdJ portunid crab
$agr,IA brasfll .nsts largsscale ltzardflsh
uronhvcts =ryyg gulf hake
g ranpy,Q11 florldanus southern hake
Serranus atrohran.tnU blackear bass
Pr/onotLS juhy]ys bighead searobin
SaCOI[Dl Ass YiaCYi least puffer

Group 8 . Taxa Most Characteristic of Offshore High
Salinity Waters Overlying Sandy Sedlssmts

Scientific Nam. Common Name

Syngdyg 1nt .re .d+ yj
SYLgOYi aQl1l1
Tracelnoc.yye1Li U12y3
III9Y h YSls J>j"
QgbjAjpp holbrookl
Lamdwi rL-Oo] ms
Neos .rtnthe hsLja9qY1
Scornaena ralLLrate
Rallator ntlttarts
Prtonotus salennlcolpL
SyAGLUP naotllosm
11GOaGaSSb111 Il13RI d,,

sand diver
offshore llzarditsh
snakeflsh
spotted hake
bank cusk-eel
pl nf l sh
splnycheek scorp/onftsh
smoothhead scorpionfish
horned searobin
blackwtng searobin
dusky flounder
planehead filefish



Table 3 . A coincidence table displaying the relationship of the eight taxa groups to the five station
groups resulting from a synthesis of community analyses of samples collected in and around
the Tuscaloosa Trend study are during the spring 1982 and 1983 SEAMAP groundfish surveys,
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P P
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area, and characterized by high salinity waters overlying sandy sediments
(Figure 1 and Table 1) . The Group 5 stations extended across the deepest
portions of the SEAMAP study area east of the delta (Figure 1), lying
offshore of stations in both Group 2 (central region at middepths) and
Group 4(eastern region at middepths) . Group 4 stations were much more
restricted to the eastern portion of the study area . The distribution
of Group 5 stations (Figure 1) may be another indication that coarser
textured sediments extend to greater depths east of the Mississippi River
delta. Based on total numbers of taxa and community parameters (Table 1)
there was little difference in Group 4 and Group 5 samples . Means for
all these parameters were marginally higher for Group 5, which had the
lowest mean number of individuals of any of the five groups . Compared to
those in Group 2, which encompassed a somewhat similar depth range further
east, the Group 4 samples yielded lower values for numbers of individuals,
numbers of taxa, diversity and richness (Table 1) . Going west to east
offshore (Groups 2-5), there was a consistent increase in mean numbers of
individuals.

The eight taxa groups identified in the SEAMAP data (Table 2) showed
very well defined distributions across the five stations groups (Table 3) .
As is evident in Table 3, the two-offshore station groups located on muddy
sediments in the western and central regions of the study area (Groups 2
and 3), were each characterized by five taxa groups, while the two offshore
station groups, located mainly in the eastern and central portions of the
study area overlying sandy sediments (Groups 4 and 5), and the inshore
station group (Group 1) were each characterized by only two taxa groups .

Taxa Group 1 included those taxa most characteristic of, and
generally restricted to, the shallow water, low salinity habitat during
the spring represented by Sample Group 1 . Anchoa mitchilli, us
felis, Micronogonias undulatus, and Polvdactvlus octonemus were among the
taxa most representative of this group . Several of these taxa (e .g .,
Anchoa mitchilli ) are more or less restricted to estuaries, while several
others (e .g., Microoogonias undulatus ) are estuarine dependent, and migrate
offshore later in the summer . Along with the taxa in Taxa Group 2 (Table
2), they characterized estuarine and very shallow offshore waters during
the SEAMAP spring cruises (Table 3) .

The taxa in Group 2 were also well represented in the shallow water,
low salinity habitat of Sample Group 1, but were also prominent in the
habitat characterized by high salinity waters overlying muddy sediments
(Sample Groups 2 and 3), located both east and west of the Mississippi
River delta. Some of the taxa most characteristic of this group included
Qynoscion arenarius , Trichiurus lenturus , Svmnhurus p},aaiusa , Callinectes
sapidug , Callinectes similis and Penaeus aztecus . This group included
a number of taxa that are estuarine dependent, but migrate offshore as
adults. Based on their distributions in the spring SEAMAP data (Table 3),
it appears that substantial offshore stocks remained from the previous fall
or migration from the estuaries occurred earlier in the spring (i .e ., prior
to the SEAMAP cruises) . Along with the taxa in Groups 3 and 6, those
in Group 2 (Table 2) were common to both Station Groups 2 (east of delta)
and Station Group 3 (west of delta) .

The taxa in Group 3 were widespread in high salinity waters overlying
muddy sediments both east and west of the delta (Station Groups 2 and 3
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in Figure 1) . Group 3 included the only taxa that were both widespread
over, and restricted to, these muddy bottom offshore habitats (Table 3) .
Porichthvs plectrodon , Prionotus r o, uilla LPIL, and Trachvpenaeus
LPIL were among the taxa most representative of this group .

Group 4 taxa were most characteristic of the high salinity waters
overlying muddy sediments east of the Mississippi River Delta (Sample
Group 2), and were more or less restricted to this habitat (Table 3) .
Snhoeroides paryu3 and Portunus g bbesii were most characteristic of this
group. Along with the taxa in Group 5, the Group u taxa differentiated
the communities at stations overlying muddy sediment located east and west
of the Mississippi River delta .

The taxa most characteristic of, and more or less restricted to,
high salinity waters overlying muddy sediments west of the Mississippi
River Delta comprised Group 5 (Tables 2 and 3) . Some of the taxa most
characteristic of this group included Honlunnis macrurus , Gunterichthvs
long oenis and Bollmania communis . The Group 5 taxa contributed strongly
to the differentiation of the stations in Station Group 3 from all other
station groups identified (Table 3) .

Group 6 taxa were widespread in high salinity waters overlying muddy
and sandy sediments (Sample Groups 2, 3, 4, and 5) . As such they
characterized most of the study area at depths of between 10 and 90
m . Centropristis ohiladelnhicus, Stenotomus canrinus , Penaeus duorarum
and Solenocera LPIL were among the taxa most representative of this group
(Table 2) .

The taxa in Group 7 were most characteristic of, and restricted to,
nearshore high salinity waters overlying sandy sediments (Sample Group
4) . Along with the widely distributed taxa in Group 6, these taxa
characterized the Station Group 4 habitat (Table 3) . Some of the taxa most
characteristic of this group included OrthoDristis chrvsootera , prionotus
martis , Prionotus scitulus , Sicvonia brevirostris and L,oligQ nealei3 (Table
2) .

Taxa Group 8 included those taxa most characteristic of, and
restricted to, offshore high salinity waters overlying sandy sediments
(Sample Group 5) . Along with the widely distributed taxa in Group 6,
these taxa characterized the Station Group 5 habitat (Table 3) . Some of
the taxa most characteristic of this group included Svnodus intermedius ,
Trachinoceohalus myoos , Bellator militaris and Sy c~ 1um oaoillosum (Table
2) .

--

1 .3 .2 NHFS Fishery Indenendent Survey Seasonal Data

Results of the pattern analyses conducted on the N MFS Fishery
Independent survey seasonal data for fall 1974 through summer 1975 revealed
trends in the distributions of finfish and shellfish taxa that were
primarily related to geography depth, hydrographic conditions and sediment
composition, with seasonal trends for the most part being secondary to
these other responses . Some taxa groups showed specific habitat responses,
and contributed strongly to defining station groups . For several groups,
relatively distinct seasonal changes in distributions over the study area
were observed, indicating migration during the life histories of these

9
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Figure 2 . Map of the NMFS Fishery Independent groundfish survey area showing the membership of the
stations to the six station groups resulting from a synthesis of the community analyses
of the fall 1974 to summer 1975 NMFS Fishery Independent groundfish survey data .



Table 4 . Summary statistics of envirormmental and community paramieters for
six station groups identified from a synthesis of analyses of
three replicate samples collected at 154 stations in and around the
Tuscaloosa Trend study area during the fall 1974 to summer 1975 NMFS
Fishery Independent groundfish surveys .

Standard
Parameter Mean Deviation !linimwa Maximum

--------------~ ---»-- GROQPs1 ----
Depth (tm) 10 .217 5 .767 3 .000 29 .000
Bottom Temperature (°F) 71 .483 5 .252 61 .000 81 .000
Total Taxa 13 .108 5 .256 4 .000 24 .000
Total Count 897 .133 988 .098 67 .000 4349 .000
Diversity (J') 1 .452 0 .523 0.379 2 .627
Evenness (H') 0 .573 0.148 0 .259 0 .838
Richness (D) 1 .991 0 .946 0.585 4 .571

---- --_« -----------------
Depth (!m) 7 .227 1 .878 3 .667 11 .000
Bottom Temperature (°F) 75 .667 5 .723 64.000 81 .000
Total Taxa 10 .030 4.662 2.333 17 .333
Total Count 435 .500 699 .341 3 .667 3300 .333
Diversity (J') 1 .242 0 .487 0.466 2 .089
Evenness (H') 0 .591 0 .183 0 .271 0 .946
Richness (D) 1 .734 0 .651 0.541 2 .902

GROOP=3 - --~~~~_~~-----
Depth (tm) 9 .967 3 .680 6 .667 18 .000
Hottoa•Temperature (°F) 72 .979 3 .416 67.000 79 .000
Total Taxa 10 .433 4 .478 5 .333 19 .667
Total Count 138 .433 109 .467 21 .333 323 .667
Diversity (J') 1 .342 0 .344 0 .574 1 .654
Evenness (H') 0 .612 0 .128 0 .409 0 .792
Richness (D) 2 .100 0 .600 1 .402 3 .444

-------------------- GROUPs4 -----
Depth (Im) 31 .852 10.796 5.333 48 .000
Bottom Temperature (°F) 67 .857 2.869 64.000 77 .000
Total Tan 11 .764 3 .502 3.333 19 .333
Total Count 559 .870 277.299 219.333 1446 .333
Diversity (J') 1 .332 0 .484 0.117 2 .271
Erenness (H') 0 .539 0 .160 0.083 0 .769
Richness (D) 1 .787 0.639 0.414 3 .324
~~- --- -- - GRODP S-- ---- ---- a -----------------------
Depth (fm) 21 .042 10.881 8.000 50 .000
Bottom Temperature (°F) 71 .913 3 .266 64.333 76 .000
Total Taxa 17 .927 4 .414 8.333 25 .333
Total Count 681 .417 641 .768 135.333 3426 .667
Diversity (J') 1 .834 0 .380 0 .858 2 .550
Evenness (H') 0 .641 0.096 0 .405 0 .837
Richness (D) 2 .804 0 .696 1 .362 4 .103

~~_~ -- -- - GROOP 6---~ --- --- :------ ---
Depth (!m) 25 .622 7.355 12.000 41 .667
Bottom Temperature (°F) 71 .417 2.173 68.000 74 .000
Total Taxa 17 .678 5 .249 8 .667 24 .667
Total Count 439 .344 523 .555 89.667 2245 .333
Diversity (J') 1 .892 0 .369 1 .218 2 .401
Evenness (H') 0 .683 0.084 0 .535 0 .791
Richness (D) 2 .930 0.739 1 .858 4 .247
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Table 5 . Relative composition of demersal nekton taxa at Station Group 1
stations based on the results of analysis of samples collected in
and around the Tuscaloosa Trend study area during the fall 1974 to
summer 1975 NMFS Fishery Independent groundfish surveys .

l alE C@ALiTI9E PaOLED lOiLt
T1mE YYQ< PERCENT PEECINT PEECS•T FREQ. 0! COMOLATI9E DEESIIT INDEX 0P

CONPOSITIOr COlIPOSITIOM CDM!'0SITI01 0CCOH8B71CE iBOlID4lICE (1 / BI) DISP8BSIOH

llloropoeooias undalatus 37 .232 37.232 51 .129 0.917 55043 . 646 .76 1573.97
Cynoaoion ar.nariua 5 .042 42.273 6.380 0.658 61911 . 80 .70 1601 .88
Trioniurus 1.pturus 6.696 48.969 5 .980 0.608 68349. 75 .65 569.67
Cyooaoion nothus 2.882 51 .851 5 .507 0.525 74278 . 69.67 805.37
P.na.ua ast .ous 4.871 56 .722 3 .798 0.567 78367 . 48.05 356 .00
lnchoa h.psaw 1 .246 57 .968 3 .645 0.267 82291 . 46 .11 2046 .14
Iwio.tamus zanthurus 2.093 60.062 3 .011 0 .483 85533 . 38.09 228.79
Prionbtus rubio 2.425 62.487 2.004 0.442 87690 . 25 .34 112.71
Arina f.11s 4.620 67.107 1 .772 0.475 89598. 22.42 102.61
P.na.as s.tit.rus 2.681 69.788 1 .461 0.667 91171 . 18 .48 49.44
Traahyp.na.us 3.418 73.205 1 .195 0.292 92458 . 15 .12 65.96
Polyoba.ta 0.618 73.824 0 .929 0.008 93458 . 11 .75 1000.00
Anoboa .itebilii 2.138 75.962 0 .864 0.158 94388 . 10 .93 88.76
Laritua fasciatus 0.839 76.801 0 .845 0.358 95298 . 10.69 75.93
St.llif.r 1ano.olatua 1 .592 78.393 0 .844 0.167 96207 . 10 .68 97 .95
Cynoanion 1 .880 80.273 0 .746 0.150 97010 . 9 .44 78 .51
Lo1118unoula br.wis 1 .613 81 .886 0 .649 0.292 97709 . 8.21 42 .53
Luidia 1 .687 83 .573 0.623 0.067 98380 . 7 .88 130.49
Bar.nBala 3a8uana 0.918 84 .491 0 .606 0.208 99032 . 7.66 77.37
Callln.et.a siaills 1 .005 85 .496 0 .587 0.350 99664 . 7 .43 36.30
Ast.roid.a 1 .428 86 .923 0 .504 0.042 100207 . 6 .38 170.17
P.prilus burti 0.332 87 .255 0 .418 0.233 100657 . 5 .29 135.66
Prionotus tribulas 0.815 88.070 0.379 0.217 101065 . 4.79 30.16
Cailiasots sapidus 0.617 88.688 0 .357 0.158 101449 . 4 .51 65 .31
R.nilla vull.ri 0.693 89 .381 0 .340 0.092 101815 . 4 .30 47.70
Lo118o 0.387 89 .768 ' 0 .319 0 .083 102158 . 4 .03 177.88
Chloroscoobrua ohrysurus 0.835 90.602 0 .306 0.183 102487 . 3 .87 38.70
Cyclopa .tta cbitt .nd.ai 0.128 90.730 0 .297 0 .083 102807 . 3 .76 240.25
N.ntioirrhus a..rioanua 0.609 91 .339 0 .296 0.250 103126 . 3 .75 25.67
Polydaotylus ootob..us 0.162 91 .501 0 .272 0.117 103419 . 3 .44 52.48
LaBodon rho.boid.s 0.319 91 .820 0 .266 0.192 103705 . 3 .36 19 .08
SQuilla 0.637 92.457 0 .255 0.167 103980 . 3 .23 24.87
St.notc.us caprimu 0.265 92.723 0.254 0.067 104253 . 3 .21 69.86
Syaciu. papillosu. 0.582 93 .305 0 .223 0.150 104493 . 2 .82 54 .03
Etropaa crosaotua 0.595 93 .900 0 .217 0.258 104727 . 2 .75 16.50
Porlcbthys porosiasimus 0.321 94.221 0 .178 0.133 104919 . 2 .26 27.78
C.ntropriatia philad.ipbicus 0.567 94.788 0.177 0.042 105110 . 2 .24 167.93
Prionotu. 0.462 95.249 0 .157 0.042 105279 . 1 .99 53.67
Synodus fo .t.aa 0.284 95.533 0.143 0.233 105433 . 1 .81 11 .63
Spbo.roid.s parvua 0.430 95.962 0.138 0.125 105582 . 1 .75 13 .03
Priobotus saLonioolor 0.087 96.049 0 .112 0.042 105703 . 1 .42 96 .93
CSthariohthys spilopt.rus 0.249 96.298 0.111 0.167 105823 . 1 .41 9 .85
Trinsetu naoulatua - 0.035 96.333 0.097 0.033 105927 . 1 .22 44.62
Traoburus latha.l 0.070 96.403 0.095 0.017 106029 . 1 .20 96 .13
C.pbalopoda 0.218 96.621 0.082 0.008 106117 . 1 .03 88.00
Polinic.a duplicatua 0.101 96.722 0 .081 0.025 106204 . 1 .02 65 .33
Sioyonia br ..irostris 0.202 96.924 0 .078 0.058 106288 . 0.99 20 .35
Dipl.otrus bivittatn. 0.204 97.128 0.077 0.092 106371 . 0 .98 10.98
Opiatbobsa oglinaa 0.168 97.296 0.073 0.075 106450 . 0 .93 19 .19
Br ..oortia patronus 0.183 97.478 0.072 0.067 106527 . 0.90 26.24
Cha.todlpt.rus fab.r 0.138 97.617 0 .072 0.117 106604 . 0 .90 6 .52
S.1.a s.tapinnis . 0 .181 97.798 0 .059 0.108 106668 . 0 .75 10 .14
L.pophldium 0.113 97.911 0 .046 0.108 106717 . 0.58 5.37
iroboaargus probatoo .phalus 0.074 97.985 0 .043 0.033 106763 . 0 .54 24.82
Orophyois tloridanus 0.108 98.093 0.035 0.075 106801 . 0 .45 5 .73
Ortbopriatia obryaopt .ra 0.079 98.173 0.031 0.017 106834 . 0 .39 31 .04
Parallohthys l .thostigza 0.038 98.211 0.030 0.142 106866 . 0 .38 3 .32
Bydrosoa 0.037 98.248 0.027 0.033 106895 . 0 .34 11 .61
Lut iamu casp.ohanus 0.066 98.314 0.027 0.067 106924 . 0 .34 6 .33
Portunus 0.019 98.334 0.027 0.017 106953 . 0 .34 20.65
Gorgonlida. 0.320 98.654 0.027 0.017 106982 . 0 .34 14 .53
Brotula 0.092 98.745 0.026 0.025 107010 . 0 .33 12 .80
P.na.us duorarua 0 .071 98.816 0 .026 0.108 107038 . 0 .33 2 .57
Spho.roid.s 0 .080 98.896 0 .025 0 .042 107065 . 0 .32 8.55
Portunua gibb.ail 0 .059 98.955 0.025 0.050 107092 . 0 .32 5 .71
Etropus 0 .096 99.051 0 .025 O .C42 107119 . 0 .32 1 .91
Parap .na.ua 0 .031 99.082 0 .324 G .033 107145 . 0 .31 7.93
Bothida . 0 .015 99.098 0.023 0 .008 107170 . 0 .29 25.00
Euoinostosus gula 0 .019 99.117 0.023 0.025 107195 . 0 .29 9 .51
Symphurua plaQiuaa 0.042 99.158 0 .020 0.042 107217 . 0 .26 7.15
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Table 5 . Continued.
lgUl CDkOLlTI98 POOLED Wdn

TiZ011 rYS PEBCBtT PBSCENT PESCENT PsEQ. ol CIIMULATZiis DEY3ITT INDEX oF
C011P0.3ITI0/ COlIPO3ITION CONO?OSITIOH OCCOA8ENC8 ABONDAIICS (i / U) DISPSRSION

L .poptiidlua br..ibarba 0 .017 99.175 0.020 0.017 107239 . 0 .26 18 .33
St.iadaobosria argent .a 0 .007 99.182 0.020 0.017 107261 . 0 .26 15 .40
P.prilus parn 0.037 99.219 0.020 0 .042 107282 . 0 .25 4 .77
Bolothuroid.a 0 .004 99.223 0.020 0.008 107303 . 0 .25 21 .00
8agr* sarieua 0.037 99.260 0.018 0.050 107322 . 0 .22 4.46
Ophidion v.1ah1 0 .051 99.311 0.017 0.042 107340 . 0 .21 4 .78
Hall.utiotithys aoul .atus 0 .042 99.352 0 .017 0.050 107358 . 0 .21 4 .78
Lolligunoala 0 .018 99.371 0.016 0.025 107375 . 0 .20 11 .78
Chlicqot.rus sobo .pfi 0 .036 99.407 0.015 0.050 107391 . 0 .19 3 .90
Sqailla ..pusa 0.029 99.436 0.015 0 .025 107407 . 0 .19 5 .79
Loligo p.al.ii 0 .036 99.473 0.014 0.050 107422 . 0 .18 3 .57
Baird1.11a ohrysura 0.017 99.490 0.014 0.025 107437 . 0 .18 6.66
Ssiist.s oaprisoas 0.004 99.495 0.011 0 .017 107449 . 0 .14 10 .15
8hiuopt .ra boosaus 0 .062 99.557 0.010 0.050 107460 . 0 .13 2.57
Libiaia .srginata 0.010 99.567 0.010 0.033 107471 . 0 .13 7 .52
Naroins brssili.csis 0 .017 99.584 0.009 0.050 107481 . 0 .12 3 .95
Antbosoa 0.018 99.602 0.009 0.017 107491 . 0 .12 5 .76
Caraas tusus 0.011 99.614 0.008 0 .025 107500 . 0 .11 3 .85
Sioyonia dorsalis 0.016 99.630 0.007 0.025 107508 . 0 .09 2.96
Pogonias ohrc .ls 0.016 99.645 0.007 0 .033 107515 . 0 .08 2 .10
Pagurida. 0.020 99.665 0.006 0.017 107521 . 0 .07 2.97
8rotala barbata 0.007 99.672 0.006 0 .008 107527 . 0 .07 6 .00
3oosb.re.oras saoulatua 0.011 99.683 0.006 0.025 107533 . 0 .07 2.30
Prionotus opdryas 0.00M 99.687 0.006 0.008 107539 . 0 .07 6.00
Dipl.ctrao radial . 0.004 99.691 0.006 0 .008 107545 . 0 .07 6.00
Gorgonoc.phalus 0.016 99.707 0.006 0.008 107551 . 0 .07 6 .00
Gobiocsllua bastatus 0.001 99.708 0.006 0.008 107556 . 0 .06 5 .00
Citharicbthys .acrops 0.012 99.720 0.005 0.017 107561 . 0 .06 3 .39
Anoylops.tta quadroo.ilata 0.009 99.729 0.005 0.008 107566 . 0 .06 5 .00
Ogcoc.pRLLua 0.003 99.732 0.005 0.008 107571 . 0 .06 5 .00
Caranx blppos 0 .008 99.740 0.005 0.017 107576 . 0 .06 3 .39
Congrina fla.a 0.005 99.745 0.004 0.008 107580 . 0 .05 4 .00
Soorpa.oa caloarata 0.025 99.770 0.004 0.025 107584 . 0 .05 1 .48
Hoplunnia 0.005 99.775 0.004 0 .008 107588 . 0 .05 4.00
Calappa suloata 0.007 99.782 0.004 0.008 107592 . 0 .05 4 .00
Prioootus aoitulas 0.026 99.808 0.004 0.008 107596 . 0 .05 4.00
Gysnara alorura 0.001 99.809 0.004 0 .008 107600 . 0 .05 4 .00
Etrua.w t.r.s 0 .006 99.815 0.003 0.017 107603 . 0 .04 1 .66
Spnyra.na gnachancho 0.012 99.828 0.003 0 .017 107606 . 0 .04 1 .66
Syaaiu. 0 .044 99.871 0.003 0.017 107609 . 0 .04 1 .66
8olLsaaia 0.002 99.8T3 0.003 0.008 107612. 0 .04 3 .00
Ovalips 0 .005 99.878 0.003 0.008 107615 . 0 .04 3 .00
Ant.noariua radiosus 0 .010 99.887 0.003 0.017 107618 . 0 .04 1 .66
Scla.oops oo.llata 0 .007 99.895 0.003 0.017 107621 . 0 .04 1 .66
Rhizopriooodon t .rra.no.a. 0 .015 99.910 0.003 0.025 107624 . 0 .04 0 .98
Libinia 0.008 99.918 0.003 0.008 107627 . 0 .04 3.00
Etropus sicrostoias 0 .004 99.923 0.002 0.008 107629 . 0 .02 2.00
Dasyatis sayi 0.005 99.927 0.002 0.008 107631 . 0 .02 2.00
Sphyroa tiburo 0 .003 99.930 0.002 0.008 107633 . 0 .02 2.00
8usyoon 0 .009 99.939 0.002 0.017 107635 . 0 .02 0 .99
Eohinoid.a 0 .007 99.946 0.002 0 .008 107637 . 0 .02 2 .00
3yaoinm guat.ri 0 .004 99.951 0.002 0 .008 107639 . 0 .02 2.00
opbiobthus 0.005 99.956 0.002 0.017 107641 . 0 .02 0 .99
Dasyatus aa.rloana 0 .006 99.962 0.002 0.017 107643 . -0 .02 0 .99
!(ugil cur .ua 0 .003 99.965 0.001 0.008 107644 . 0 .01 1 .00
0gooo .phalns par .us 0 .003 99.968 0.001 0 .008 107645 . 0 .01 1 .00
D.oapt.rus punotatus 0 .007 99.975 0.001 0.008 107646 . 0 .01 1 .00
Coagrida. 0 .000 99.975 0.001 0 .008 107647 . 0 .01 1 .00
Dasyatis sabics 0 .001 99.976 0.001 0.008 107648 . 0 .01 1 .00
haJida. 0 .005 99.981 0 .001 0.008 107649 . 0 .01 1 .00
Raja tozaoa 0 .002 99.983 0.001 0.008 107650 . 0 .01 1 .00
Nbaacanthus hlspldas 0 .005 99.988 0 .001 0.008 107651 . 0 .01 1 .00
Raja .glant.ria 0 .001 99.989 0.001 0 .008 107652 . 0 .01 1 .00
L.ncosiida. 0 .005 99.993 0 .001 0.008 107653 . 0 .01 1 .00
TraobiAotus carolinus 0 .000 99.993 0.001 0 .008 107654 . 0 .01 1 .00
Opbidioa holbrooki 0 .002 99.995 0.001 0.008 107655 . 0 .31 1 .00
Callia.ots 0 .005 100 .000 0 .001 0.008 107656 . 0 .01 1 .00
Opbiaroid .a 0 .000 100 .000 0.000 0.008 107656 . 0 .00 *to**

SAMPLE SII)QUET: SA)lPLE4 a 120 TOTAL T1U a 138 TOTAL DENSITY a 1264.96
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Table 6 . Relative composition of demersal nekton taxa at Station Group 2
stations based on the results of analysis of samples collected in
and around the Tuscaloosa Trend study area during the fall 1974 to
sinmer 1975 NMFS Fishery Independent groundfish surveys .

! E/N CD187L1TI9a POOLBD MEAN
TIZDM 111lR PE8C81T PBHCBtT PE$CENT FREO. 01 COMOLiTI9S D811SITT IDDBZ OF

COqP01ITI0r COMPOSITIOY COMPOSIT20/ OCCORI0ENC8 i80NDa•CS (I / R4) D78PS8SION

Miotropo®Dnias undulatus 9.886 9.886 19.720 0.379 5668 . 121 .09 967 .86
S.lene setapinnis 2 .028 11.915 14.417 0.136 9812 . 88.53 4113 .61

Cyaosoion nothus 1 .789 13 .704 14.160 0 .182 13882 . 86 .95 3741 .29
4•ius f .lls 25 .038 38.742 13.715 0.864 17824 . 84 .22 157 .86
EAddia 6 .439 45.180 5.448 0.182 19390 . 33 .46 314 .99
Cblorosooabras cbrysurn. 9.949 55.129 4.338 0.530 20637 . 26 .64 93 .11
Anoboa heps.tns 4 .855 59.984 4.290 0.333 21870 . 26 .34 181 .98
Astrop.ot.n 2.634 62.618 3.316 0.045 22823 . 20 .36 467 .47
Asteroidea 5 .914 68.532 2.519 0.227 23547 . 15 .47 227 .50
BareaBula ,)a`uao. 1 .830 70 .362 1 .124 0.288 23870 . 6 .90 70 .19
P.oa.as azt .oaa 1 .755 72.117 1.079 0.364 24180 . 6 .62 32.88
Cyaosoion ar.narius 0.501 72.618 1 .058 0.212 24484 . 6 .49 134 .34
(,oliso 1 .688 74.305 1 .033 0.152 24781 . 6 .34 44.33
Nentioirrhus anerioanus 0.889 75 .194 0 .978 0.227 25062 . 6 .00 52.04
Anonoa .itopilll 1 .023 76 .217 0.950 0.061 25335 . 5 .83 125 .71
Squilla 1 .264 77 .481 0 .912 0 .121 25597 . 5 .60 67 .45
0pistbon..a oglinn. 2.961 80 .442 0 .751 0.288 25813 . 4 .61 38.35
Stropua orossotua 0.666 81 .108 0 .703 0.227 26015 . 4.32 34.45
L.iosto.as zanthurus 0.654 81 .762 0 .661 0.212 26205 . 4.06 35.90
Lo1114unoala 1 .764 83 .526 0.574 0.197 26370 . 3.52 18 .67
D.oapoda 0.742 84.268 0.546 0 .061 26527 . 3 .35 45 .35
Priouotus 0.596 84.864 0.546 0 .061 26684 . 3 .35 60 .40
Lagodoo rho.boidss 0.617 85 .481 0.470 0 .091 26819 . 2 .88 49.12
Loliieunoula br.vis 0.7T1 86.252 0.438 0.136 26945 . 2 .69 28.39
Cynosoion 0.381 86.633 0.431 0 .076 27069 . 2 .65 57.62
knepa 0.456 87.090 0.411 0 .061 27187 . 2 .52 38.44
Archosargua probatoc .phalas 2.127 89.217 0.379 0 .152 27296 . 2 .33 17 .56
Prionotus rabio 1 .181 90.398 0.313 0.227 27386 . 1 .92 11 .30
P.prilus burti 0.366 90.764 0.299 0 .152 27472 . 1 .84 18 .77
P.na.us s.tit.rus 0.156 90.920 0.275 0.106 27551 . 1 .69 19.29
D.capt.ras p~tatus 0.294 91 .214 0.264 0.076 27627 . 1 .62 43.16
Renilia aulleri 0.577 91 .791 0.264 0.091 27703 . 1 .62 17.32
Traonyp.nasus 0.293 92.084 0.250 0 .106 27775 . 1 .54 15.34
Loli®o p.al+ii 0.285 92.369 0.177 0.091 27826 . 1 .09 15 .08
Lutianas ca.p.ohanus 0.543 92.913 0.164 0.045 27873 . 1 .00 22.03
Portunus 0 .058 92.971 0.160 0.015 27919 . 0 .98 46 .00
Callinsotss aapidas 0.684 93.654 0.146 0.227 27961 . 0 .90 4 .04
Dipleotrun bivittatua 0.175 93.829 0.139 0.121 28001 . 0 .85 10 .81
Btrop" 0.110 93.939 0.136 0.045 28040 . 0.83 19 .84
Tricbiurus l .pturus 0 .241 94 .180 0.136 0.106 26079. 0.83 12 .91
Synodas to.t.ns 0.175 94.355 0.136 0.152 28118 . 0 .83 T .91
Polydaotylus ooton..us 0.228 94.583 0.118 0.030 28152 . 0.73 16 .80
Squilla eapusa 0.215 94.798 0.115 0.061 28185 . 0 .70 13 .62
Aur*lia 0.318 95 .116 0.104 0.015 28215 . 0 .64 30.00
Syaoiaa papillosm 0.081 95 .197 0.094 0.106 28242 . 0.58 5 .56
Scyptiozoa 0.206 95 .404 0.094 0.091 28269 . 0.58 7 .75
Balist.s capriscus 0.473 95 .877 0.094 0.045 28296 . 0 .58 23 .16
Pena.us duorarua 0.078 95 .955 0.087 0.076 28321 . 0.53 8.19
Sptiyraena guactunoho 0.087 96 .042 0.083 0.061 28345 . 0 .51 7.33
Naroia.r brasili.nsia 0.096 96 .138 0.077 0.106 28367 . 0 .47 4.18
St.notceus caprinus 0.076 96 .214 0.077 0 .061 28389 . 0.47 7 .14
Prioaotus tribulus 0.078 96 .293 0.073 0.106 28410 . 0.45 4 .56
Spho.roid.s parvus 0.118 96 .411 0.073 0.106 28431 . 0 .45 3.88
Callin.ots siailia 0.082 96 .493 0.063 0 .091 28449 . 0.38 4.24
Centropristis philad .lphions 0.322 96.815 0.063 0 .091 28467 . 0.38 4.24
Lutjanus syna4ris 0.064 96.879 0.059 0 .045 28484 . 0 .36 13.30
Euclnoatcsus gula 0.095 96.974 0.056 0 .091 28500 . 0.34 3 .56
Socab.rosorus cavalla 0.039 97.014 0.052 0 .030 28515 . 0.32 8 .23
Chiloqot.rus sohoepfi 0.070 97.083 0.052 0 .091 28530 . 0 .32 2 .95
Syaolus gunt .ri 0.030 97.113 0.052 0 .030 28545 . 0 .32 8 .23
Portunus gibbesii 0.073 97.186 0.049 0 .076 28559 . 0 .30 5.15
Hydrozoa 0 .093 97.278 0.045 0 .045 28572 . 0 .28 5.19
ParalichtRys lethostisma 0 .061 97.339 0.042 0 .076 28584 . 0 .26 4 .55
R.nilla 0 .083 97 .422 0.038 0.045 28595 . 0 .23 7 .49
Symphurua plagiusa 0 .044 97.466 0.031 0.076 28604 . 0 .19 2 .23
8rotula 0 .049 97 .515 0 .031 0.015 28513 . 0 .19 9.00
Rtiizopriooodon t .rra.novae 0 .085 97 .600 0 .031 0 .091 28622 . 0 .19 1 .55
Prionotus salmbnicolor 0 .223 97 .823 0 .031 0 .061 28631 . 0 .19 3 .36
Rhinopt .ra booasus 1 .593 99.416 0.024 0.091 28638 . 0 .15 1 .20
Calappa 0.009 99.425 0.024 0.015 28545 . 0 .15 7 .00
Lariaus fasoiatas 0.034 99.459 0 .024 0 .0!5 28652 . 0 .15 7.00
Citharicbthys spilopt .rus 0.027 99.486 0 .021 0 .045 28658 . 0 .13 2.28
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Table 6 . Conti nued .

lOS1M COMOLiTI08 POOLfiD MEAN
T1ZON MAM PERCENT PBHC)flIT PEACENT FR&C. OF CDMDLlTI4B DENSITY IIIDBZ OF

COlIPOSITION COMPOSITION COMPOSITIOH OCCURRENCE ABUNDANCE (I / HA) DISPBBSIOti

Ca:•an= tusus 0.029 99.515 0 .021 0 .061 28664 . 0.13 1 .94
0rthopristis ohrysoptera 0.033 99.548 0 .021 0.030 28670 . 0.13 4 .31
Da.yatus amerioasa 0.019 99.567 0 .021 0 .045 28676 . 0.13 2.28
Sardinslla aurita 0.057 99.624 0 .021 0.030 28682 . 0 .13 2 .95
9hinohatos lentiginosus 0.019 . 99 .643 0.021 0 .061 28688 . 0 .13 1 .94
gothidae 0.015 99.658 0.017 0.015 28693 . 0 .11 5 .00
Portunua spinicarpas 0.010 99.668 0.010 0.015 28696 . 0 .06 3 .00
Btruasus teres 0.013 99.681 0.010 0.015 28699 . 0 .06 3 .00
Opnidiidae 0 .008 99.689 0.010 0.015 28702 . 0 .06 3 .00
!lonaoanthus hispidua 0 .007 99.696 0 .010 0.015 28705 . 0 .06 3 .00
Hali.utiohtnys aouleatus 0 .015 99.711 0 .010 0.015 28708 . 0 .06 3.00
Calappa sulcata 0 .008 99.719 0.010 0.015 28711 . 0 .06 3 .00
3phoeroides 0 .007 99.726 0 .010 0.015 28714 . 0 .06 3 .00
Poriohthys porosiasiaua 0 .019 99 .745 0.007 0.030 28716 . 0 .04 0 .98
tingil cephalus 0 .014 99.759 0.007 0.030 28718 . 0 .04 0 .98
Priomtua roseus 0 .010 99.769 0.007 0.015 28720 . 0 .04 2.00
Calappa flasmsa 0.005 99.774 0.007 0.015 28722. 0 .04 2.00
Callineotes 0.022 99.796 0.007 0.015 28724 . 0 .04 2.00
Cithariohthys ∎aorops 0.002 99.798 0.003 0 .015 28725 . 0 .02 1 .00
Ovalipes 0.005 99.803 0 .003 0 .015 28726 . 0.02 1 .00
Cyclopaetta chittsndesi 0.016 99.819 0.003 0 .015 28727 . 0.02 1 .00
Bagre sarinus 0.007 99.826 0 .003 0 .015 28728 . 0.02 1 .00
(.aeooephalua lae.igatus 0.015 99 .841 0 .003 0 .015 28729 . 0.02 1 .00
Aaanthostraoion quadricornis 0.010 99 .851 0 .003 0.015 28730 . 0.02 1 .00
Sicyonia brevirostria 0.002 99.854 0 .003 0.015 28731 . 0.02 1 .00
Antennarius radlosas 0.005 99.859 0 .003 0.015 28732 . 0.02 1 .00
Chaetodipterus faher 0.009 99.868 0 .003 0.030 28733 . 0.02 1 .00
Nyoteroperoa phenas 0.015 99.883 0.003 0.015 28734 . 0.02 1 .00

Raja eglantsria 0.005 99.888 0.003 0.015 28735 . 0.02 1 .00
Pomato.us aaltatriz 0 .004 99.892 0.003 0 .015 28736 . 0 .02 1 .00

Carcharhinus maculipinnis 0.069 99.961 0.003 0 .015 28737 . 0.02 1 .00
Raohycestron canadum 0 .005 99.967 0.003 0 .015 28738 . 0 .02 1 .00

Ogoocephalus nasutus 0 .009 99.975 0.003 0 .015 28739 . 0 .02 1 .00
Poeonias chro.ia 0 .002 99.977 0.003 0 .015 28740 . 0 .02 1 .00
Panensis nauoratss 0 .008 99.985 0.003 0.015 28741 . 0 .02 1 .00
Dipleotrue toraosus 0 .011 99.995 0.003 0.015 28742 . 0 .02 1 .00
!lajidae 0.005 100.000 0.003 0.015 28743 . 0 .02 1 .00
Sargassua 0 .000 100.000 0.000 0.045 28743 . 0 .00
Portunus apiniaanus 0.000 100 .000 0.000 0.015 28743 . 0 .00

SAMPLE 30l411RT: SAMPLES a 66 TOTAL T1=1 s 111 TOTAL DBSSITf a 614.05
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Table 7 . Relative composition of demersal nekton taxa at Station Group 3
stations based on the results of analysis of samples collected in
and around the Tuscaloosa Trend study area during the fall 1974 to
summer 1975 HIMFS Fishery Independent groundfish surveys .

!0l/Jl COlWWTIYR P00LED MEAN
T1I08 NAM PE$CENT PaECPJIT PEHC>i1fT FREQ. ol CD!lOLiTIVa DEN8ITT INDEX Or

COqP08ITI08 COlIP08IT20M CO!lPOSITIOr OCCOaBENCS ABUNDANCE ci / HA) DISPERSION
ChlorosooffiGvs osrysurus 15 .200 15.200 17.457 0 .567 725 . 34.07 128 .71
Stsaotows baprimu 5 .124 20.323 13 .629 0.300 1291 . 26.60 428.35
Aaohoa h.psetua 3 .744 24.067 11 .052 0.167 1750 . 21 .57 309.58
LoliBO psslsii 8 .569 32.635 7.272 0.267 2052 . 14 .19 66 .21
Loli4 o 4 .163 36.798 6.236 0.200 2311 . 12 .17 46.18
Soypbosos 5 .191 41 .989 6.212 0.067 2569 . 12 .13 219.83
lrius telis 4 .488 46.478 4.093 0.433 2739 . 7 .99 28.46
Dsoapoda 3 .192 49.670 3.684 0.067 2892 . 7 .19 92.88
Syaoiua papillosu. 7 .666 57.335 3.299 0.667 3029 . 6 .44 7 .52
9areapila jaguaoa 1 .722 59.057 3.227 0.200 3163 . 6 .30 90.86
Syaodus toetans 4 .476 63.533 3.034 0.767 3289 . 5 .92 10 .70
Lo1118uaoula 2.608 66.141 2.649 0.167 3399 . 5 .17 64 .43
Traoaiaooeptialus syops 2.227 68.368 1 .397 0 .133 3457 . 2 .73 26.15
lactioa 1 .323 69.692 1 .397 0.100 3515 . 2.73 18 .58
lsteroidsa 1.960 71 .651 1 .228 0.133 3566 . 2.40 19 .03
Lo1118uacula bre .is 1.070 72.721 1 .108 0.200 3612 . 2.16 21 .58
Btropus arossotus 1 .052 73.773 0.915 0.400 3650 . 1 .79 4 .73
0pdiuroidsa 4 .201 77.974 0.891 0.067 3687 . 1 .74 21 .90
Dipleotrus bivittatu. 1 .307 79.281 0.819 0.267 3721 . 1 .60 8 .81
Cynosoioa 0 .546 79.827 0.722 0.033 3751 . 1 .41 30 .00
Calliasotes sapidua 2.077 81 .905 0.698 0.400 3780 . 1 .36 2.32
Traohurus latha.i 0 .4411 82.349 0.530 0.133 3802 . 1 .03 7 .24
Psoseua astaous 0.580 82.928 0.482 0.133 3822 . 0 .94 8.93
Prioaotus rubio 0.316 83.245 0.433 0.233 3840 . 0 .85 3 .06
Peprilus burti 0.459 83 .703 0.433 0.133 3858 . 0 .85 7 .54
Calappa 1 .870 85.574 0.409 0.133 3875 . 0 .80 6.05
Sphoeroldss par.us 0.416 85.989 0.361 0.167 3890 . 0 .70 3.28
Mioropo8oaias uadulatus 0.180 86.169 0.361 0.167 3905 . 0.70 4 .93
Meilitida: 0.668 86.837 0.337 0.067 3919 . 0.66 9.12
Trichiurus lspturus 0.143 86.980 0.313 0.033 3932 . 0 .61 13 .00
Prionotus tribulua 0.301 87.282 0.265 0 .133 3943 . 0.52 3.66
Seoaberasoras ca.alla 0.066 87.348 0.241 0 .033 3953 . 0 .47 10 .00
Aluterns soho .pti 0.358 87.706 0.241 0 .133 3963 . 0.47 3.38
SpDyraeoa euaoaaaoao 0.155 87.861 0.241 0 .100 3973 . 0.47 4 .41
Dipleotrua radiale 0.409 88.271 0.193 0.133 3981 . 0.38 3.34
Ahizopriooodoa terraeoo.ae 0.136 88.406 0.169 0 .100 3988 . 0 .33 2 .57
Sardiaslla aurita 0.104 88.510 0.169 0 .067 3995 . 0 .33 5 .23
Opisthoas .a o811aua 0.097 88.607 0.169 0 .100 4002 . 0 .33 2 .86
Portuaus 0.175 88.782 0.169 0 .067 4009 . 0.33 5 .23
Ceatropriatis pailadelptiious 0.157 88.939 0.169 0 .067 4016 . 0 .33 5 .23
bLoiaostcaus gula 1.241 90.181 0.169 0 .100 4023 . 0 .33 2 .86
Cyaosoioa areaariua 0.183 90.364 0.144 0 .067 4029 . 0 .28 4.28
Portnaus 8lbbesii 0.242 90.606 0.144 0.067 4035 . 0 .28 4.28
Chaetodipterus laber 0.040 90.646 0.144 0.033 4041 . 0 .28 6.00
Squilla 0.227 90.872 0.120 0.100 4046 . 0.23 2.10
Dlplectrua toraosu. 0.605 91 .477 0.120 0.133 4051 . 0 .23 1 .28
Prionotus soitulus 0.115 91 .592 0.120 0.100 4056 . 0 .23 2 .10
Lut,lasus caapechaaus 0.213 91 .805 0.120 0 .100 4061 . 0 .23 1 .69
Prionotus salaoaicolor 0.109 91 .914 0.120 0.100 4066 . 0 .23 1 .69
Sphoeroides 0.096 92.010 0.096 0.067 4070 . 0 .19 1 .93
Citbaricathys spilopterus 0.603 92.614 0.096 0 .133 4074 . 0 .19 0.90
Peaaeus duorarus 0.082 92.695 0.096 0.067 4078 . 0 .19 2 .45
Seleae setapiaala 0.053 92.748 0.096 0.033 4062 . 0 .19 4.00
lurelia 0.417 93 .165 0.072 0.033 4085 . 0 .14 3.00
Caraaz fusus 0.101 93 .265 0.072 0.067 4088 . 0 .14 1 .62
Citharicbthys aaorops 0 .494 93 .759 0.072 0.067 4091 . 0.14 1 .62
Sphyraa tiburo 0 .135 93 .895 0.072 0 .067 4094 . 0 .14 1 .62
Paralicathys letbosti gna 0 .226 94.120 0.072 0 .100 4097 . 0.14 0 .93
Portuaus spiaisaaus 0.056 94.176 0.072 0 .100 4100 . 0.14 0 .93
Sphyraa lewini 0 .033 94.209 0.072 0 .033 4103 . 0.14 3.00
Eoheaeis oauorates 0 .061 94.270 0.072 0 .067 4106 . 0 .14 1 .62
Ovalipes guadulpeasis 0 .069 94.340 0.072 0 .067 4109 . 0 .14 1 .62
Calliaeotes siailis 0 .174 94.514 0.072 0 .100 4112 . 0.14 0 .93
Citbariohthys corautua 0 .278 94.792 0.048 0 .033 4114 . 0 .09 2.00
Luidia 0 .333 95.125 0.048 0 .067 4116 . 0 .09 2.00
Naroiae brasllisasis 0 .050 95 .175 0.048 0 .067 4118 . 0.09 0 .97
Aacylopsetta quadrocallata 0 .046 95.221 0.048 0 .067 4120 . 0.09 0.97
Persephoaa aquiloaaris 0 .039 95.260 0.048 0 .033 4122 . 0.09 2.00
Struaaus teres 0 .011 95.271 0 .048 0 .033 4124 . 0.09 2 .00
Sicyonia doraaiia 0 .061 95.332 0.048 0 .033 4126 . 0 .09 2 .00
Ovalipes 0 .011 95.343 0.048 0 .067 4128 . 0 .09 2 .00
Prionotus 0 .075 95.418 0.048 0 .033 4130 . 0 .09 2 .00

16



Table 7 . Continued.

ruor aals

P.naam s.tit.rus
lbasoanthus hispidus
Lutjaaus s7nWis
Opnidion holbrooki
Bapatas .ph.litioua
Anthosoa
Dasyatus s..rioana
Baohya.ntron oaa.du.
Lnoho. 17ol.pis
Mu811 o.phalus
Calappa tlawsa
Haliwtioht4ys aoul.atus
Ar.na.ua oribrarlus
Caran= bippoa
CLSlaaTot.rus soho.pli
Sioronia Dr.wirostris
6naop.
6tropus siarostaspu
Sy.phurua
Raja slant .ria
0rttiopristis otir7sopt .ra
SarBassu.

SAMPLS SO!@14i2 : 91MPLL7 a 30

r E .. CalsOirrIrs roa.aD MB.r
PEaC882 PSaCitr PSSC012 B9B0. oY COMOL1TI9a DlOISITT IlIDSI Or

COMIOSIiIOt COlIFOSZTIOM COMP09ITIOD OCCOBB®ICS AHO10)AItC6 (# ~ HAl DISPS88IOM

0.013 95.431 0.048 0.033 4132. 0 .09 2.00
0 .110 95.540 0 .048 0.067 4134 . 0 .09 0 .97
0 .021 95.562 0 .024 0 .033 4135 . 0 .05 1 .00
0 .005 95.567 0.024 0.033 4136 . 0 .05 1 .00
0.031 95.598 0.024 0 .033 4137 . 0 .05 1 .00
0 .025 95.623 0.024 0 .033 4138 . 0 .05 1 .00
0 .012 95.635 0 .024 0 .033 4139 . 0 .05 1 .00
0 .025 95.660 0.024 0.033 4140 . 0 .05 1 .00
0 .101 95.761 0.024 0 .033 4141 . 0 .05 1 .00
3 .333 99.094 0.024 0.033 4142 . 0 .05 1 .00
0 .025 99.119 0.024 0.033 4143 . 0 .05 1 .00
0 .167 99.286 0.024 0 .033 4144 . 0 .05 1 .00
0 .005 99.291 0.024 0 .033 4145 . 0 .05 1 .00
0 .025 99.316 0.024 0 .033 4146 . 0 .05 1 .00
0.020 99.336 0.024 0.033 4147 . 0 .05 1 .00
0 .417 99.753 0.024 0 .033 4148 . 0.05 1 .00
0 .139 99.892 0.024 0 .033 4149 . 0.05 1 .00
0.044 99.936 0.024 0.033 4150 . 0.05 1 .00
0.025 99.961 0.024 0 .033 4151 . 0 .05 1 .00
0 .013 99.975 0.024 0 .033 4152 . 0.05 1 .00
0.025 100.000 0.024 0.033 4153 . 0 .05 1 .00
0.000 100 .000 0.000 0.033 4153 . 0.00 as*0*•

TOTA[. T1=i a 94 TOTAL DOISIlS a 195.19
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Table 8 . Relative composition of demersal nekton taxa at Station Group 4
stations based on the results of analysis of samples collected in
and around the Tuscaloosa Trend study area during the fall 1974 to
summer 1975 NMFS Fishery Independent groundfish surveys .

!lelN C01lULlTI9E P00l.ED loZlr
T120N MAMB PEYC>8T PE9CIDIT P6$CENT FBBD, 0F CIIMOL3TIY8 DRBSIT! I)IDSZ 0F

COIIP03ITIGM COlIPOSITIOM COMP0.9ITIOM OCCOHHSYCE iHONDUiCB ( i / HA) DISPBHSION
Mlcroposonias undalatns 43 .758 43.758 48.484 0.916 29081 . 383 .22 372 .61Triobiarus leptnrus 8.821 52 .580 8 .551 0.589 34210 . 67.59 363.49Staisdaobasria are.ntsa 4.998 57.578 8.159 0.308 39104 . 64.49 455.87Cynosaloa ar.narias 7.223 64.800 6.224 0 .776 42837 . 49.19 107 .50Panams +ust ec +s 5 .983 70.784 4 .641 0 .860 45621 . 36 .69 57 .78L.lostamas zantburas 4.223 75.006 4.160 0 .364 48116 . 32.88 291 .45Traobypsns.us 3.183 78.189 2.694 0 .421 49732 . 21 .29 78.44Parsp .oa.ns 2.575 80.764 1 .861 0.150 50848 . 14 .71 114.123oypb-a 1 .830 82.595 1 .621 0.065 51820 . 12.81 467 .53
C1nomlon oothas 1 .794 84.388 1 .464 0.449 52698 . 11 .57 26 .27
Prionotus rubio 1 .882 86 .271 1 .412 0.570 53545 . 11 .16 27 .98
Portanas spinioarpns 1 .502 87 .773 1 .124 0.168 54219. 8.88 127 .963ol.nocu'a 0.985 88.758 0 .920 0.299 54771 . 7.27 48.46
uptioWnsus 0.837 89.595 0.820 0.075 55263 . 6.48 95.70
Csntropristia philad .iphicaa 0.868 90 .463 0.734 0.542 55703 . 5 .80 8.97dalisutiobthys aoulsatua 0 .702 91 .164 0.717 0.187 56133 . 5.67 41 .79S.rramas atrobranohus 0.963 92.127 0.660 0.327 56529 . 5.22 22.78
Callinsctsa siaills 0.632 92.759 0.477 0.234 56815 . 3 .77 37.84
Lapopb~us 0 .575 93.334 0.452 0 .336 57086 . 3 .57 9 .80Iwpopbidium br.vibarbs 0 .429 93.763 0 .333 0 .047 57286 . 2 .64 60 .41Porichthys poroslssims 0 .437 94.201 0.330 0.262 57484 . 2 .61 9 .37
Stanotcaas caprious 0 .340 94.540 0.298 0 .187 57663 . 2.36 13 .27Synodus fo.t.ns 0.380 94.921 0.257 0.234 57817 . 2 .03 10 .87
P.prilus burti 0.386 95.307 0.252 0.178 57968. 1 .99 19 .40Lo118o p.al.ii 0.279 95 .586 0.242 0.047 58113 . 1 .91 95 .22Cyolops.tta obittsndsni 0.341 95 .927 0.213 0.215 58241 . 1 .69 9.91
SVuLlk 0.248 96 .174 0.192 0 .103 58356 . 1 .52 32.58
Dmapteru+ p usotatus 0.142 96 .316 0 .155 0 .047 58449 . 1 .23 50.76
iipbop.a.us laroy.ri 0.064 96 .380 0.135 0.019 58530 . 1 .07 43 .41Coaerisa flava 0.133 96 .513 0.130 0.112 58608 . 1 .03 7 .29Cynosolon 0.376 96 .890 0.128 0.019 58685 . 1 .01 38.30Lasodon rso.boids 0.235 97 .125 0 .127 0.093 58761 . 1 .00 14 .58Syaciua papilloaus 0.192 97 .317 0.122 0.140 58834 . 0 .96 7 .04
Lariaus fasoiatus 0 .133 97 .450 0.107 0.065 58898 . 0.84 13.09Paraliobtbys lstbostigza 0 .091 97 .541 0 .085 0.262 58949 . 0.67 2.23Dipl.otrus bivittatua 0 .052 97.593 0 .085 0.019 59000 . 0 .67 45.30
Citbariobtbys spiloptarus 0 .099 97.693 0 .080 0.075 59048 . 0 .63 5.94
Rhizopriooodon tsrra.oovas 0.113 97.806 0 .077 0.112 59094 . 0 .61 14 .53L+eJaoua ca.p.chaaua 0.063 97.869 0.068 0 .131 59135 . 0 .54 3 .68
P.na.aa s.tltsrus 0.111 97.980 0.067 0.103 59175 . 0 .53 4.72
S.l.om setapinnis 0.080 98.061 0.060 0.103 59211 . 0 .47 4 .82R.n111a 0.099 98.160 0.058 0.037 59246 . 0 .46 11 .87Prionotus st.arnsl 0.059 98.219 0 .055 0.019 59279. 0 .43 29.21Asasiaus latua 0.054 98.273 0 .055 0 .056 59312. 0 .43 7 .67
Lollisnnoula 0.071 98.343 0 .053 0 .084 59344 . 0 .42 5.44ConB.r oo.anious 0.082 98.426 0 .053 0.065 59376 . 0 .42 6 .01
Plssionika 0.044 98.470 0.050 0.009 59406 . 0 .40 30.00Cha.todipt.rus fab.r 0 .051 98.521 0.050 0.056 59436 . 0 .40 5 .10Traaburus latbaai 0.065 98.586 0.047 0.075 59464 . 0 .37 5 .008oplunnis 0.068 98.654 0.045 0.056 59491 . 0 .36 5 .32
Brotula barbata 0.037 98.691 0 .043 0.075 59517 . 0 .34 3.71Portnnw sibbsii 0 .058 98.749 0.043 0.028 59543 . 0 .34 11 .95LoliBO 0 .055 98 .804 0.038 0.056 59566 . 0.30 4.74
Hrotula 0 .047 98 .851 0.038 0 .065 59589 . 0.30 4 .57Orophyois fioridanas 0 .040 98 .890 0.038 0.028 59612 . 0.30 7.54Rauinoidss loalsian.nais 0 .076 98.967 0.037 0.047 59634 . 0.29 5.48Btras.us tar.s 0 .281 99.248 0.037 0.037 59656 . 0 .29 7.78Aoius fslis 0.034 99.282 0.032 0 .019 59675 . 0 .25 9 .65Diplsotrua rsdials 0 .016 99.298 0.032 0 .019 59694 . 0 .25 11 .56
8oplunnis sacrurus 0.014 99.312 0.032 0 .028 59713 . 0 .25 15 .28Callin.ctss sapidas 0.055 99.367 0.032 0 .037 59732 . 0 .25 5 .40
Calappa sulcata 0.031 99.398 0 .027 0.037 59748 . 0 .21 5 .02
Sicyonia dorsalia 0.030 99.428 0 .025 0.019 59763 . 0 .20 10 .15An,du'a 0.103 99.531 0 .023 0.009 59777 . 0 .18 14 .00
Pristipo.oidss aQuilosaris 0.014 99.544 0 .018 0.028 59788 . 0 .14 3 .66
Peprilus paru 0.020 99.564 0 .018 0 .028 59799 . 0 .14 4 .76Antsnnarius radiosus 0.024 99.588 0.017 0.028 59809 . 0 .13 4 .15
Oynnsch 1+h+s tsza . 0 .023 99.611 0.017 0.037 59819 . 0 .13 3 .54
Congrina 0.021 99.632 0.015 0.056 59828 . 0 .12 1 .82R.nilla sull.ri 0.015 99.647 0.015 0.019 59837 . 0 .12 4 .96Synodus 0.008 99.655 0.015 0.009 59846 . 0 .12 9.00Anchoo, bsps eu+s 0.014 99.669 0 .013 0.009 59854 . 0 .11 8 .00
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Table 8 . Coatinued•

lOZ3M CDMOi.dTITE P00LMD lS1M
TiZOM MAHR PEECENT PEMCdT PEACHMT FMEp. 0P COMOLdTIYE DEMSITT IIIDEI 0F

COMIPO3I'TIOM COMPOSITIOM COMPOSITION OCCOME®ICE 180MDAIICE ( i / MA) DISPEMSIOM

Cblorosooadrua ahrysnrns 0 .008 99 .677 0.013 0.019 59862 . 0 .11 3 .96
8ollaasoia oo..mis 0.020 99.696 0.012 0.037 59869 . 0.09 2.10
Sioyonia br.virostris 0.041 99.738 0.012 0.009 59876 . 0.09 7 .00
istaroid.a 0.007 99.745 0.012 0.009 59883 . 0.09 7 .00
3pbo.roidss 0 .010 99.755 0.010 0.019 59889 . 0 .08 2.97
Portnnua 0 .010 99.765 0.008 0.009 59894 . 0 .07 5 .00
Sy.pbarus diansdiaow 0.017 99.781 0.008 0.009 59899. 0.07 5.00
Sy.pburua 0 .009 99.790 0.008 0.009 59904 . 0 .07 5 .00
Baoiaostaws gula 0.007 99.798 0.007 0.009 59908 . 0.05 4 .00
Lolliguooula br..ia 0.007 99.805 0.007 0.009 59912 . 0.05 4.00
SQuilla mpusa 0 .008 99.814 0.007 0.009 59916 . 0 .05 4.00
L.goo.p0alus la..lgatns 0.010 99.82# 0.007 0.009 59920 . 0.05 4.00
Saurida braaili.osis 0 .009 99.832 0.007 0.019 59924 . 0.05 2.49
Portnoua sayl 0.010 99.842 0.007 0.009 59928 . 0.05 4.00
Coog.r 0 .006 99.848 0.005 0.009 59931 . 0 .0# 3 .00
Cosgrida. 0 .009 99.856 0.005 0.009 59934 . 0.04 3 .00
Prioaotua ros.us 0 .006 99.863 0.005 0.009 59937 . 0 .04 3 .00
Lasonsa 0 .005 99.868 0.005 0.009 599 40 . 0 .04 3 .00
Anohoa 0.002 99.870 0.005 0.009 599 43 . 0.0# 3 .00
Rangia 0 .022 99.892 0.005 0.009 59946 . 0 .04 3 .00
Gobiida. 0.003 99.895 0.003 0 .009 59948 . 0.03 2 .00
rlnthosos 0 .007 99.902 0.003 0.009 59950 . 0 .03 2.00
Nataatla 0.005 99.907 0.003 0.009 59952 . 0.03 2 .00
Priosotua ophryss 0.005 99.913 0.003 0.009 59954 . 0.03 2 .00
Aatrop.ats 0 .007 99.919 0.003 0.009 59956 . 0 .03 2 .00
Parapaadalus longioauda 0.005 99.925 0.003 0.009 59958 . 0.03 2 .00
Toma gal.a 0 .008 99.933 0.003 0.009 59960 . 0 .03 2.00
Calsppa 0.007 99.939 0.003 0 .009 59962 . 0.03 2.00
Lopholatllis ohssa .l.ootio.pa 0.006 99.946 0.003 0.009 59964 . 0 .03 2 .00
P .aa.aa duoraraa 0 .004 99.950 0.002 0.009 59965 . 0.01 1 .00
Carans lusus 0.005 99.956 0.002 0.009 59966 . 0.01 1 .00
Laldia 0.003 99.958 0.002 0 .009 59967 . 0 .01 1 .00
Ops.ua partus 0.002 99.960 0.002 0 .009 59968 . 0.01 1 .00
Calappa aprisg.ri 0 .004 99.965 0.002 0.009 59969 . 0.01 1 .00
Priosotua tribnlus 0 .003 99.967 0.002 0.009 59970 . 0.01 1 .00
Prioootus salaonicolor 0.003 99.970 0.002 0.009 59971 . 0 .01 1 .00
Trigllda. 0.002 99.972 0.002 0 .009 59972 . 0.01 1 .00
Syaoiua 0.002 99.974 0.002 0 .009 59973 . 0 .01 1 .00
Caroti∎ bio Ls taloitoraia 0.001 99.975 0.002 0.009 5997M . 0.01 1 .00
Canlolatilus oyaaops 0.003 99.979 0.002 0 .009 59975 . 0 .01 1 .00
Syspharas plagiusa 0 .003 99.981 0.002 0.009 59976 . 0.01 1 .00
M.patus .ph.lltioas 0.002 99.983 0.002 0 .009 59977 . 0.01 1 .00
lsaboa aitobilli 0.004 99.987 0.002 0.009 59978 . 0 .01 1 .00
Etropas orossotua 0.004 99.991 0.002 0 .009 59979 . 0.01 1 .00
Ogooo.ptialua 0.003 99.994 0.002 0 .009 59980 . 0 .01 1 .00
Nsobytbits gillll 0.006 100.000 0.002 0 .009 59981 . 0 .01 1 .00

SAMPLE SIIl91AMi: SIMPLESS ∎ 107 TOTAL TLTI a 118 TOTAL DEM3ITZ a 790 .40
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Table 9 . Relative composition of demersal nekton taxa at Station Group 5
stations based on the results of analysis of samples collected in
and around the Tuscaloosa Trend study area during the fall 1974 to
summer 1975 NMFS Fishery Independent groundfish surveys .

!RY C@MJTIYE POOLED HEM
TimN NAME PERCdT PE$CEIIT PEHCEMT FREQ. OP CO!ffil.8TI9E DEMSITZ INDEX OF

COMPOSITION COMPOSITION COKPOSITIOp OCCDRHSIICE iHONDUCE (/ / 93) DI3PE83ZGH

ltioropososiaa nodalatas 10 .862 10.862 21 .903 0.604 14328. 210 .44 3169.21

Stsootaws oaprlnus 17 .769 28.631 18.226 0.833 26251 . 175.12 355.93

P.prilus burti 5 .418 34.049 6.676 0.490 30618 . 64.14 605.00
Traohoras latbasi 6 .035 40.084 4.690 0.448 33686 . 45.06 292.59
Ophiuroid.a 0.952 41.036 2.944 0.031 35612 . 28.29 1827.38
Prionatus robio 2.243 43.279 2.207 0.625 37056 . 21 .21 57 .83
L.ioatowa zaatpsrus 1 .484 44.763 2.081 0.406 38417 . 19.99 128.06
Sysodas toat .os 2.832 47 .595 2 .061 0.823 39765 . 19.80 104.17
lnohoa h.pastua 3.229 50.824 1 .977 0.292 41058 . 18.99 160.83
110ly4P 5.094 55 .918 1 .934 0.323 42323 . 18 .58 45.38
Syaniua papillos. 2.471 58.389 1.851 0 .625 43534 . 17 .79 48.13
Psaws ast.oas 3.220 61 .609 1 .851 0.719 44745 . 17 .79 45.55
Triohiurns l .pturos 2.304 63.913 1 .623 0 .313 45807 . 15 .60 129.05
S.rraous atrobranobns 1 .392 65 .305 1 .599 0.240 46853 . 15 .36 167 .68
C.atropristia pellad.lphioas 1 .830 67.136 1 .599 0.573 47899. 15 .36 74 .23
Cyoosolos ar.oariua 0.661 67.797 1 .578 0.417 48931 . 15 .16 428 .25
Portnsos spinioarpus 1 .074 68.871 1 .367 0.167 49825 . 13 .13 143 .71
Traotiyp.oa.us 2.131 71 .002 1 .348 0.313 50707 . 12 .95 64.64
[a®odos rhosboidss 1 .608 72.610 1 .281 0.323 51545 . 12 .31 68.62
Chlorosooebrus ohrysorus 1 .659 74.269 1 .085 0 .156 52255 . 10 .43 118.12
ga ..ngyla jag as. 1 .298 75.567 1 .064 0 .198 52951 . 10.22 117 .49
Etropus orosaotua 1 .254 76.821 1 .050 0.510 53638 . 10.09 50.22
Dipl.otrus blvittato. 0.855 77.676 1 .003 0 .146 54294 . 9 .64 88.92
(.ariaaa tasoiatas 0 .143 77.819 0.998 0 .083 54947 . 9 .59 522.41
eali.utiotithys aosl .atus 0.886 78.705 0.945 0.292 55565 . 9 .08 94.67
Luidu 1 .399 80 .103 0.887 0.083 56145 . 8 .52 309.81
M.llitida. 0.531 80 .634 0 .781 0.052 56656 . 7 .51 130.96

Anabos, 1 .091 81 .725 0 .780 0.052 57166 . 7 .49 117 .82
D.aapt.rus pnsotatua 0.634 82 .360 0.708 0.115 57629. 6.80 205.35
P.na.as duorarm 0.694 83 .053 0 .572 0.240 58003 . 5.49 36.37
Soow•paens oaloarata 0.425 83 .478 0.567 0 .156 58374 . 5 .45 75 .15
Callissotu aisilis 1 .467 84.946 0.566 0.292 58744 . 5 .43 40 .48
Sioyonia br.virostris 0.523 85 .469 0 .552 0.240 59105 . 5 .30 76 .46
Etrua.as t.r.s 1 .520 86.989 0.534 0.219 59454 . 5 .13 79.33

Squilu 0.540 87.529 0.530 0.333 59801 . 5 .10 22 .33
Spbo.roid.a p.r.us 0.546 88.075 0.512 0.198 60136 . 4 .92 34 .50
Dipl.otrua radial . 0.689 88.764 0.511 0.313 60470 . 4 .91 23 .22
Eobinoid.a 0.679 89.443 0.474 0.115 60780 . 4.55 55 .43
Lutjamia c..p.ohasus 0.382 89.825 0.399 0.323 61041 . 3 .83 34.06
Opistbosna oslimm 0.349 90.175 0.326 0.042 61254 . 3.13 128.29
Euoiaostasas gala 0.738 90.913 0.318 0 .229 61462 . 3.06 24.34
Priosotus 0.216 91 .129 0.307 0.042 61663 . 2 .95 68.22
Clyp.a.t.r 0.586 91.715 0.295 0 .083 61856 . 2 .83 47 .82
Pristiposoids .pailooaris 0.177 91 .892 0 .281 0.104 62040 . 2 .70 111 .42
Sioyonia doraalis 0.254 92 .146 0.278 0.156 62222 . 2 .67 28 .21
Anopoa lyol .pia 0.831 92.977 0.277 0.083 62403 . 2 .66 42 .83
L.poppidiu . 0.371 93 .348 0.252 0.240 62568 . 2 .42 11 .12
Cynosolos sotyas 0.203 93 .550 0 .231 0.115 62719 . 2.22 42 .45
Loligo p.al.ii 0.444 93 .995 0.222 0.073 62864 . 2.13 36 .55
Syaolus 8unt .ri 0.241 94.236 0.217 0.125 63006 . 2.09 34 .07
Cyolops.tta obitt.ad.si 0.308 94.544 0.211 0.250 63144 . 2.03 9 .68
Bellator silitaris 0.178 94.723 0.190 0.073 63268 . 1 .82 41 .69

Aat.roid.a 0.452 95.175 0.182 0.104 63387 . 1 .75 84 .20
Cynosoion 0.368 95.543 0.174 0 .052 63501 . 1 .67 32.75
Prionatus tribnlua 0 .142 95 .685 0.173 0 .146 63614 . 1 .66 29.67
Spbyra.na Quachsobo 0 .251 95.937 0.156 0 .094 63716 . 1 .50 18 .80

Cithariobtbys apilopt .ras 0 .254 96 .191 0.138 0 .115 63806 . 1 .32 13 .65
Triohops.tta v.ntralis 0 .088 96 .279 0.136 0 .052 63895 . 1 .31 37.59
Portusus glbbsii 0 .103 96 .382 0 .135 0.073 63983 . 1 .29 32.74
Prionatus aalmonloolor 0.192 96 .574 0.115 0.135 64058 . 1 .10 10 .41

Esoope aiob .linl 0 .220 96 .794 0.110 0.031 64130 . 1 .06 28.29
Arius t .lis 0.237 97 .031 0.104 0.094 64198 . 1 .00 18.04

Lolliansoula br .vis 0.291 97 .322 0.092 0.052 64258 . 0 .88 21 .16
Callin.ots sapidus 0.115 97 .438 0.090 0.167 64317 . 0 .87 7 .21
Porichthya poroaissimus 0.159 97 .597 0.089 0.135 64375 . 0 .85 5 .66
Prionatus paralatus 0.056 97.652 0 .083 0 .063 64429 . 0 .79 14 .85
Priosotns ros.us 0.056 97.708 0 .081 0 .031 64482 . 0 .78 28 .14
Syaoiua 0 .070 97.778 0 .076 0 .021 64532 . 0 .73 30 .56
Saurida brsili.nsis 0 .265 98.043 0 .076 0 .115 64582 . 0 .73 11 .40

Cha.todipt.rua tab.r 0 .025 98.068 0.075 0.052 64631 . 0 .72 27 .22
Syspburus plaaiusa 0 .028 98.096 0.073 0.052 64679 . 0 .70 27 .71
Calappa 0 .129 98.225 0 .064 0 .167 64721 . 0 .62 3 .22
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Table 9 . Continued .

lR.r cDlOLarIlls POGf.SD lDil.
TAXON M4K PRRCJNT PBi=' PERCaT BR&0. 0l CML1TIYB DAi3ITT INDR2 Cr

COMpOSITLOr CmPOSITIOY COMP03ITION OOCOlRB•CE 1H0)IDUICB FL) DISPE83ZOM

Calapp. suloata 0.078 98.303 0.054 0.083 64756 . 0 .51 6 .42
Op.a.us par .ns 0.073 98.376 0.047 0 .063 64787 . 0 .46 10 .14
Poiydaotylus ootoss.ns 0.033 98.409 0.043 0.063 64815 . 0 .41 6.85
3.lar oru.eoophthalaua 0.066 98.474 0.043 0 .073 64843 . 0 .41 5 .84
Calappa sprinpri 0.034 98.509 0 .041 0.021 64870 . 0.40 14.87
).ollisuacula 0.052 98.561 0 .037 0.042 64894 . 0 .35 6.23
Tricbopsetta 0.017 98.578 0 .037 0.010 64918 . 0 .35 24 .00
61to1®ostenu arssnteus 0.0" 98.623 0.037 0.031 64942 . 0 .35 10 .95
Lutjanw syosais 0.093 98.717 0.035 0.073 64965 . 0 .34 8.24
PolYo..as virtiaious 0.012 98.728 0.032 0.010 64986 . 0 .31 21.00
S.ls= setapinnis 0.063 98.791 0.032 0 .083 65007 . 0 .31 3 .77
R.ni1L nill.ri 0.033 98.824 0.029 0.010 65026 . 0.28 19 .00
MentioirrIIua am.rioanus 0.024 98.848 0.026 0.042 65043 . 0.25 6 .18
Spatan`oida 0.094 98.942 0.023 0 .031 65058. 0.22 5.30
3oorp..oa bresiiieosia 0.032 98.974 0.021 0 .021 65072 . 0 .21 12.12
Prioaotus ophryas 0.023 98.997 0.021 0.073 65086 . 0.21 3 .17
0gooo.phalus 0.010 99.007 0.021 0 .021 65100 . 0.21 7 .07
Paraliohthys l.tdo.tipa 0.050 99.056 0.020 0.115 65113 . 0.19 1 .34
Loptiolatilis cha .a.leontio.ps 0.009 99.066 0.018 0.010 65125 . 0.18 12 .00
P.nsws saiferus 0.025 99.091 0.018 0.052 65137 . 0.18 3 .24
Raninoides louisiansnsis 0.015 99.106 0.017 0 .021 65148 . 0.16 6.59
Prionotus st.arnsi 0.031 99.138 0.017 0.052 65159 . 0.16 2 .73
Zali.uts siosintyi 0.032 99.170 0.017 0.010 65170 . 0.16 11 .00
Sardineila aurita 0.013 99.183 0.017 0.042 65181 . 0 .16 4.94
8rotula 0.011 99.194 0.015 0.052 65191 . 0 .15 3 .13
L.popbldius be.vibsrbe 0.036 99.230 0.015 0 .031 65201 . 0.15 5 .35
3pho.roides 0.024 99.254 0.015 0 .031 65211 . 0 .15 4.54
Raja tesana 0.009 99.263 0.012 0.042 65219 . 0.12 3 .45
Gy.naobirus 0.006 99.269 0.012 0.010 65227 . 0.12 8.00
Anthosoa 0.006 99.276 0.012 0.010 65235 . 0.12 8.00
Aaasiaus 0.006 99.282 0.012 0 .010 65243 . 0 .12 8.00
Gymoaohirus texae 0.018 99.300 0.012 0 .031 65251 . 0.12 3.71
Opeidiida. 0.019 99.319 0.012 0 .021 65259 . 0 .12 4 .21
Renilla 0.172 99.491 0.011 0 .021 65266 . 0.10 4 .11
Oroptiycis r.eius 0.007 99.498 0.009 0.010 65272 . 0.09 6.00
Solenooera 0.030 99.528 0.009 0 .021 65278 . 0 .09 3 .31
8slists oaprisous 0.034 99.562 0.009 0.031 65284 . 0 .09 2.97
Roplunnls ssorurus 0.007 99.569 0.008 0 .021 65289 . 0.07 2 .57
Rho.eoplitp aurorubens 0.003 99.572 0.008 0.010 65294 . 0.07 5.00
Holothuroidw 0.019 99.592 0.008 0.010 65299 . 0 .07 5 .00
Portuous spiniaaqw 0.013 99.605 0.008 0.031 65304 . 0.07 2.17
t .soo.phalus la..igatus 0.022 99.627 0.008 0.042 65309 . 0 .07 1 .36
Ooniast .r a.erioanw 0.002 99.629 0.008 0.010 65314 . 0.07 5 .00
OrtIIopristis ohrysopt .ra 0.005 99.634 0 .006 0.010 65318 . 0.06 4.00
Ophidion w.lshi 0.004 99.638 0.006 0.010 65322. 0.06 4 .00
3y.phurus dicaediams 0.004 99.642 0.006 0.010 65326 . 0.06 4.00
RLisoprioaodon t .rra.aova. 0.036 99.677 0.006 0.021 65330 . 0 .06 1 .98
Ovalipu 8uadulpeosis 0.005 99.682 0 .006 0.021 65334 . 0.06 2 .48
Natantia 0.004 99.686 0.006 0.010 65338 . 0 .06 4 .00
Anasisus latus 0.004 99.690 0.006 0.010 65342 . 0.06 4 .00
8.patus .phelitious 0.004 99.693 0.006 0.010 65346 . 0 .06 4 .00
SQuilla .apusa 0.014 99.707 0.006 0.010 65350 . 0.06 4 .00
klut.rus sono.pfi 0.019 99.726 0.006 0.021 65354 . 0 .06 1 .98
Gytnotlfora= nigrosarsinatus 0.017 99.743 0.005 0.031 65357 . 0.04 0 .98
Osooosppalus vsp.rtilio 0.007 99.750 0.005 0.010 65360 . 0.04 3.00
3ynodus po.yi 0.012 99.761 0.005 0.010 65363 . 0 .04 3.00
Prioout.r 0.002 99.763 0.005 0.010 65366 . 0.04 3.00
8o11srnnia ooounis 0 .006 99.769 0.005 0 .021 65369 . 0 .04 1 .65
Saurida 0.021 99.790 0.005 0.010 65372 . 0.04 3 .00
Lopholatilis 0.007 99.797 0.005 0.010 65375 . 0 .04 3 .00
Bopophrys s.nta 0.006 99.802 0.005 0.010 65378. 0.04 3 .00
P.prilus parn 0 .008 99.811 0.005 0.010 65381 . 0.04 3 .00
Paraliohthys aqusiil .otus 0 .027 99.838 0.003 0.010 65383 . 0 .03 2 .00
3pbyrna tiburo 0 .018 99.856 0.003 0 .021 65385 . 0.03 0.99
Synodua 0 .013 99.869 0.003 0.010 65387 . 0 .03 2.00
Soc.O.r japonicus 0 .007 99.876 0.003 0 .021 65389 . 0.03 0.99
CarobarIIlnus porosus 0 .002 99.878 0.003 0 .021 65391 . 0 .03 0.99
Ba..ulon aurolin .atua 0.007 99.885 0.003 0 .010 65393 . 0 .03 2 .00
Caiaius p.nnatula 0 .010 99.895 0.003 0 .010 65395 . 0 .03 2.00
Raja .81aat.ria 0.003 99.898 0.003 0 .010 65397 . 0 .03 2 .00
Parap.na.us 0.003 99.901 0.002 0 .010 65398 . 0 .01 1 .00
Libinia 0.006 99.907 0.002 0 .010 65399 . 0.01 1 .00
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Table 9 . Continued.

TAZON NAN

4trop.oten
Canas huus
3oylla rldaG
Equ.tn.
3ooab.ro.orus saoalatus
Caroharhiaus aoronotas
SphTrna lwriai
Noplnoaia
!l.llita
S.rraous
Paptrldaa
Cynlopa.tta riabrlata
Uropbyaia
0Qoooaptiilaa Du vua
Coogrlda.
Noosoanthus tilspld us
Orualatida *
Ha11ntM
B.ilator

SAMP[ .E 8@MLNl: SA!@LLS a 96

lBtlN ColQLiTIVN FOOLND NaAN
PNNCB>T PNRCSNT FBHCIONT FREQ. OF COlO1LlTI9N Dmf3ITZ >YDBZ 0F

COMPO3ITZON CottP03ITI0N CoqPOSITION OCCUNEAICN ABUNDANCN (# ~ 8A) DI3PSNSION

0.003 99.910 0.002 0.010 65400 . 0 .01 1 .00
0.002 99.912 0.002 0.010 65401 . 0 .01 1 .00
0.005 99.917 0 .002 0.010 65402 . 0 .01 1 .00
0.005 99.922 0.002 0.010 65403 . 0 .01 1 .00
0.014 99.936 0 .002 0.010 65404 . 0 .01 1 .00
0.001 99.937 0.002 0.010 65405 . 0.01 1 .00
0.003 99.939 0.002 0.010 65406 . 0 .01 1 .00
0.006 99.945 0.002 0.010 65407 . 0 .01 1 .00
0.005 99.950 0.002 0.010 65408 . 0 .01 1 .00
0.003 99.953 0.002 0 .010 65409 . 0.01 1 .00
0.005 99.958 0.002 0 .010 65410 . 0.01 1 .00
0 .006 99.96# 0.002 0 .010 65411 . 0.01 1 .00
0 .008 99.972 0.002 0 .010 65412 . 0.01 1 .00
0 .005 99.977 0.002 0 .010 65413 . 0 .01 1 .00
0 .008 99.985 0.002 0.010 65#1Y . 0.01 1 .00
0.010 99.995 0.002 0.010 65415 . 0.01 1 .00
0.005 100.000 0.002 0.010 65416 . 0.01 1 .00
0.000 100.000 0.000 0.010 65416 . 0 .00
0.000 100 .000 0.000 0.010 65#16 . 0.00 090690

TOTAL TIZL . 163 TOTAL DO3IT! a 960.80
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Table 10 . Relative composition of demersal nekton taxa at Station Group 6
ba d on the results of analysis of samples collected instations se

and around the Tuscaloosa Trend study area during the fall 1974
to summer 1975 NMFS Fishery Independent groundfish surveys .

e0Z1. Colloull4t POOLBa e16 ..
TADDN rYi PaYCENT PR9CSBT PElC87rT FH&Q. Or CD!lOLl7IYS DBYSITS INDEX OF

COMPOSITIOr CONPOSITION COIIP032?IDt OCCDYRENC6 A801Wm1NCS ( 6 / H6) DISPBASIOH

gt.eotooas oaprimts 22.133 22.133 19.735 0 .841 3880 . 124.34 99.42
Ast.roid.a 2.946 25.079 19.501 0.205 7714 . 122 .86 2725 .82
gyaoluis papul,os~ 8.150 33.229 5.666 0.909 8828 . 35 .70 52 .35
aainosto.aa 2ala 6.311 39.540 4.720 0.682 9756 . 29.74 52.50
Prionotw --lson+ oolor 4 .535 44.074 3.688 0.523 10481 . 23 .23 40 .91
Prionotus rupio 3 .381 47.455 3.459 0 .500 11161 . 21 .79 51 .07
Soorpa.ea oaloarata 3 .257 50.712 3.418 0 .614 11833 . 21 .53 46 .28
Sioyonia br ..irostris 2.348 53.060 3.184 0 .477 12459 . 20 .06 127 .16
Synodus to .t.as 6.124 59.184 2.981 0.932 13045 . 18.78 24 .11
Dipl.otru. Divittatua 2.260 61.444 2.579 0.273 13552 . 16.25 83 .57
Anopoa O.psaas 2.008 63 .453 2.538 0.045 14051 . 15.99 492.90
SYriotiiurus 1 .ptarns 2.775 66.228 2.452 0.114 14533 . 15.45 174.88
Mioropogonias undulatus 2.310 68 .538 2 .385 0.477 15002 . 15.03 53.98
Traobarus lstba.l 1 .969 70.507 2.116 0.318 15418 . 13.33 182.05
0ppiuroid.a 2.039 72.546 2 .096 0 .091 15830 . 13 .20 387.95
B.llator ailitaris 1 .229 73 .775 1.368 0.477 16099. 8 .62 31 .53
Loligo 3.132 76 .907 1 .287 0.250 16352 . 8 .11 34 .81
P.aa.us ast.ous 1 .034 77.940 1.185 0.432 16585 . 7 .47 48 .83

Lol18o psal.li 1 .986 79.926 1 .002 0.227 16782 . 6 .31 42 .97
D.oapteru+ panotatus 0.987 80 .913 0.905 0.159 16960 . 5 .70 40 .01
L.iostomas antpnrua 0.806 81 .719 0.860 0.159 17129 . 5 .42 36 .72
LaBodon rboaboid.a 1 .122 82.840 0.844 0.432 17295 . 5 .32 12 .28
P.pl.uos burti 0.781 83.621 0.763 0.318 174#S . 4 .81 31 .62
Portanas splnloarpua 0.744 84.365 0.651 0.409 17573 . 4 .10 8.68
spno.roid.a p.r.us 0.618 84.983 0.636 0.295 17698 . 4.01 15 .81
C.atropristis philad.ipnlous 0.772 85 .7,55 0.621 0 .295 17820 . 3 .91 17.34
syaoiua iant.ri 0.580 86.336 0.615 0 .136 17941 . 3 .88 30.84
Prionotus ros.us 0 .454 86.789 0.590 0 .250 18057 . 3 .72 17 .41
Psm.us duorarm 0 .499 87 .282 0.570 0.386 18169 . 3.59 10 .88
L.poppidiua 0 .337 87 .619- 0.488 0 .273 18265 . 3 .08 14.46
8oi.aoo.ea 0.566 88.185 0.443 0.091 18352 . 2 .79 35 .91
Calappa suloata 0.075 88.260 0.336 0.114 18418 . 2 .12 16 .20
Mallitida. 0.883 89.143 0.310 0.114 18479 . 1 .95 32 .38
Zlpbop.n.us Iaroy.ri 0.377 89.520 0.310 0.023 18540 . 1 .95 61 .00
Bohinoid.a 1 .553 91 .073 0.310 0.159 18601 . 1 .95 15 .98
Lutianu. os.p.ohanns 0.402 91 .475 0.310 0.205 18662 . 1 .95 11 .11
Bali.utiotittiys aoul .atus 0.864 92.339 0.280 0.341 18717 . 1 .76 4 .28
Saurida brasili.osis 0.576 92.915 0.280 0.295 18772 . 1 .76 4.69
C.atropristis ooyurus 0.213 93 .128 0.249 0.091 18821 . 1 .57 26 .15
gowpa.aa 0.484 93 .612 0.239 0.068 18868 . 1 .51 29.97
B .llatoa• 0.179 93 .791 0.198 0.091 18907 . 1 .25 17 .64
S.lar oroa.noptithalws 0.360 94.152 0.188 0.182 18944 . 1 .19 5.47
Traohinoo.pnalns ayopa 0.414 94.565 0.168 0.205 18977 . 1 .06 4.41
Lut3anua synavis 0.106 94.672 0.158 0.114 19008 . 0.99 16 .54
Bar.n2ula ]atuana 0.157 94.828 0.158 0.114 19039 . 0.99 20.31
S.rr.aus atrobranonas 0 .231 95.059 0.158 0.114 19070 . 0 .99 8.88
Luidia 0 .015 95.074 0.142 0 .023 19098 . 0 .90 28.00
8qnilla ..pasa 0 .168 95.243 0.132 0 .068 19124 . 0.83 8.68
3.1.ne a.tapinnis 0.160 95.403 0 .127 0.068 19149 . 0 .80 11 .74
Prionotw 0.157 95.560 0.127 0.068 19174 . 0 .80 9 .69
Calappa sprin2arl 0 .143 95.703 0.127 0.091 19199 . 0 .80 6.50
Aissois saesinata 0.111 95.813 0.117 0.068 19222 . 0 .74 8 .85

Prioaotus paralatas 0.139 95.952 0.112 0.091 19244 . 0 .70 12 .05
Poriohthya porosissious 0.090 96 .042 0.107 0.135 19265 . 0 .67 3 .56
Prioootus opnrys 0.170 96 .212 0.102 0.182 19285 . 0 .64 3.12
Cyolops.tta onitt.nd.ni 0.133 96 .345 0.102 0.205 19305 . 0 .64 3.42
Equ.tus aou.inatua 0.083 96 .428 0.092 0.068 19323 . 0 .58 8.79
Cynoaoion 0.122 96.550 0.086 0.068 19340 . 0 .54 7.97
Calappa 0.082 96.632 0 .081 0.114 19356 . 0 .51 3.59
Soorpa.na braalli.nsis 0.197 96.829 0 .081 0 .023 19372 . 0 .51 16 .00
Soyllarid.s oodit.r 0 .186 97.015 0 .061 0 .136 19384 . 0 .38 3 .47
Etrua.as t .r.. 0 .198 97.213 0.061 0.114 19396 . 0 .38 3 .81
Halists caprisoas 0 .106 97.319 0.056 0 .091 19407 . 0 .35 4.12
Spno.roids 0 .085 97.404 0.051 0 .091 19417 . 0 .32 3 .45
Priatipo.oids aQnilonaris 0 .066 97.470 0.051 0.068 19427 . 0 .32 4.47
Ztropus crossotus 0 .046 97.516 0.051 0.068 19437 . 0 .32 3 .25
Cba.todipt.ras faD .r 0.057 97.573 0.051 0.114 19447 . 0 .32 2.22
gquilla 0.021 97.594 0.051 0.045 19457 . 0 .32 5.70
Clyp.ast.r 0.065 97 .660 0.046 0.068 19466 . 0 .29 3 .77
Sphyra.na guaoDanono 0.048 97 .708 0 .046 0.068 19475 . 0 .29 4.45
lnasiaus latus 0.123 97 .831 0 .046 0.068 19484 . 0.29 5.59
Callinset.s sinitis 0.091 97 .922 0 .046 0.068 19493 . 0.29 4 .45
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Table 10 . Continued.

MEAN CollOL.Txvs FOOL.Jia 1g.M
2LD02 rQS PE11C1;:T PSaC81T PBSCl12T FB&0. o! C@10i.ATI4B DEISIiT INDEX OF

COMIOSITI01 C@lFOSITION COMPOSITION OCCIIRBl12C8 3BONDUICE HA) DISPBRSION
Balistldae 0.092 98.014 0 .041 0.045 19501 . 0 .26 4 .93
Ophiopholus 0.641 98.655 0 .041 0.045 19509 . 0 .26 4 .93
Callinsotas aapidua 0.020 98.675 0.036 0.045 19516 . 0.22 3.49
CYolopstta flabriata 0.019 98.694 0.031 0 .023 19522 . 0.19 6.00
Bbisoprionodon tarra.no.aa 0.055 98.749 0.031 0.068 19528 . 0.19 2.93
Chiloqot.ros saho .pti 0.055 98.805 0.031 0 .091 19534 . 0.19 1 .91
Anobovislla wrystolt 0 .036 98 .841 0.031 0.045 19540 . 0 .19 2.93
Cynosoion ar .oarius 0.034 98.875 0.031 0.023 19546 . 0 .19 6.00
Paraliobtbts l.tbostigma 0.034 98.909 0.031 0.091 19552 . 0 .19 1 .57
Portuaus aibbasii 0.053 98.962 0.031 0 .023 19558 . 0 .19 6 .00
Sy.phurus pla"usa 0.018 98.980 0.025 0 .023 19563 . 0 .16 5.00
lbnaoanthus bispidus 0.018 98.998 0 .025 0 .023 19568 . 0 .16 5 .00
9bo.boplitas aurorub.os 0.031 99.030 0.025 0 .045 19573 . 0 .16 2.54
Sardinslla aurita 0.024 99.054 0.020 0.045 19577 . 0 .13 1 .95
PartBwopa aarrata 0.029 99.083 0.020 0.045 19581 . 0 .13 2.47
Ot.notboras nigro.ar8lnatus 0.025 99.108 0.020 0.045 19585 . 0 .13 2.47
P.prilua paru 0.024 99.132 0.020 0.023 19589 . 0 .13 4 .00
Upansus parvua 0.022 99.154 0.020 0.045 19593 . 0 .13 2.47
Dipl.otrua radial. 0.031 99.185 0.015 0.045 19596 . 0 .10 1 .64
LaBoo.pLalus 1a..iptu. 0 .034 99.219 0.015 0.068 19599. 0 .10 0.95
Congrina tlara 0.011 99.230 0.015 0.023 19602 . 0.10 3.00
Orophyola floridanua 0 .017 99.246 0.015 0.023 19605 . 0 .10 3.00
Sioyonia dor.alis 0 .007 99.253 0.015 0.023 19608 . 0.10 3.00
Olm otba'a : 0.025 99.278 0.015 0.068 19611 . 0.10 0 .95
Anohoa lrolspia 0 .009 99.287 0.015 0.023 19614 . 0.10 3.00
Alut.rus sohoapfi 0 .043 99.330 0.015 0.045 19617 . 0.10 1 .64
Cyooaoion notbu. 0.017 99.347 0.015 0.023 19620 . 0.10 3.00
St.llltar lanosolatus 0.017 99.363 0.015 0 .023 19623 . 0.10 3.00
paNraa 0.033 99.397 0.015 0.023 19626 . 0.10 3.00
Astrop.ot.n 0.042 99.439 0.010 0.023 19628 . 0 .06 2.00
loantbostraoion quadrioornis 0.012 99.451 0.010 0 .023 19630 . 0.06 2.00
Raja t.ana 0.019 99.470 0.010 0.045 19632 . 0.06 0.98
08ooo .ptialua nasutus 0.095 99.565 0.010 0.045 19634 . 0 .06 0.98
OaOOosphalus 0.084 99.649 0.010 0.045 19636 . 0 .06 0.98
So7llarida. 0.037 99.686 0.010 0.045 19638 . 0 .06 0.98
Opbidiidaa 0.018 99.704 0.010 0.023 19640 . 0 .06 2.00
So711arua 0.021 99.725 0.010 0.023 19642 . 0 .06 2.00
6sora r..ora 0.021 99.752 0.010 0.045 19644 . 0 .06 0 .98
&:pophrta s.nta 0.003 99.755 0.005 0.023 19645 . 0 .03 1 .00
11'aob7pana.us 0.010 99.766 0.005 0.023 19646 . 0 .03 1 .00
Anthosoa 0.008 99.774 0.005 0.023 19647 . 0 .03 1 .00
Orop"ois 0.014 99.788 0.005 0.023 19648 . 0 .03 1 .00
Gysothoras .oriaga 0.012 99.800 0.005 0.023 19649. 0.03 1 .00
Orophyais rsgiua 0.009 99.809 0.005 0.023 19650 . 0 .03 1 .00
Carabarhinus aoronotus 0.016 99.825 0.005 0.023 19651 . 0 .03 1 .00
Portunua splnlaaona 0.014 99.840 0.005 0.023 19652 . 0 .03 1 .00
[atb.tosto.a albiautta 0.012 99.851 0.005 0 .023 19653 . 0 .03 1 .00
S7nodus poe7i 0.028 99.879 0.005 0.023 19654 . 0.03 1 .00
9aobyaantroa oanadua 0.016 99.895 0.005 0 .023 19655 . 0 .03 1 .00
Dipl.otru. tornosum 0.058 99.953 0.005 0 .023 19656 . 0 .03 1 .00
Bohsn.ia aauorats. 0.012 99.966 0.005 0 .023 19657 . 0 .03 1 .00
Muat.lus oanis 0.005 99.971 0.005 0.023 19658 . 0.03 1 .00
Porit.ra 0.008 99.979 0.005 0 .023 19659 . 0.03 1 .00
Priaoanthus ar.oatua 0 .009 99.988 0.005 0.023 19660 . 0 .03 1 .00
Prioootua st.arasl 0 .012 100.000 0.005 0 .023 19661 . 0 .03 1 .00
34MPLE SOl41a8S : SAlIPLi1 a 44 TOTAL TIIL a 127 TOTAL DEfSITT a 630.05
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Table 11e Six taxa groups resulting from a synthesis of community analyses of three replicate samples
collected at 154 stations in and around the Tuscaloosa Trend study area during the fall
1974 to summer 1975 NMFS Fishery Independent groundfish surveys.

N
~

Group 1 . Taxa Most Characteristic of tbe Shallow Water Nabitat Group 11 . Taxa Widespread Acrosa the Study Area, but Moet

Mu.erically Pro.inent in Waters Overlying Sandy
Scientific Naue Common Nase

Sediaients
~~pAyL y~y" short squid
penapyd aetiferus white shrimp Scientifio Name Cc..on Na .e
Harcine hrasilia Dp ls lesser electric ray

uaGS soaled sardineulltl laBrevoortia p -trpnup gulf rnhaden
Atlantic thread herring

gacEOg ,
SyLGdYa flsatlna inshore llxardfiah

~ aetu ~ striped anchovy Halleuf•ichthvs a mn e. ." pancake batfiah

g ∎itchelli bay anchovy6 J
Cantropriatis ppuadpjphI Na rock sea bass

0 p
lla hardhead catfishfA i LagGdpp ch0lGGidOa pigfishus er

-r1nus gafftopsail catfishB
Pspcilu, bui'J1 gulf butterfiah

AgrA
ehrvaurua Atlantic bumperCpl ncomb

Gyclopaatta Dpu,LSadnl Mexican flounderptp rua
aua nroba ephalLa shsepaheadAr~r SLrapus OCflaOQtua fringed flounder_

I .Arinua faaciatua banded drum SylClm p3D111oauN dusky flounder

Mertlclrrhua amerinapu, scuthern kingfisb
Stellifer ]apc~l,ys star drum
Chaatodioteryp fahep Atlantic spadafish
Polydactylus prl,onaaue Atlantic threadfin
gy~Dh~rus pLgipp` blackcheek tonguefish

Group 5. Taxa widespread in Waters Overlying Sandy Sediments

Scientific Ysu Common Na.e

LQUSQ peal" spuid

Group 2. Taxa Most Characteristio of Deep Maters Overlying pBDamNa duorarum pink ahri.p
gZy,pyL QpEAAUA rock shrimp

•Muddy Sediments in the Western Portion of the Study round herringgtru .eus j,uDA

Area and in the Vicinity of the Mississippi River Delta SaYLida brJ0111C081a largeecale lizardfish
Dinleetru- b1y1yEatm dwarf sand perch

Seientifie Name Co..on Name Dlplectrun padlyls sand perch

DACApLAye pynotatus round acad
Paranenaeus shriwp Traehurua laytij&j rough aoad
Solenncera shri .p LULJanLe pgopIChanua red snapper
Trachynenaeua shrimp ;,utjanu aypagfjN lane snapper
Y1pbONHIIONII seabob Prlatipoaoidea aouilnnaria wenchaen
QpngrlDS IltYe yellow oonger F.nnlnoataeua gitu silver Jerry
g~Dp~L ugentea lusinous hake s eno os~e arlpya longapine porgy

$phyraena gyaCbOnphp guaguanohe
sygpt", guntzr1 shoal flounder
Lggp aftphalua laevigatus smooth puffer
gpbo ,roldea pgryya least puffer

Group 3 . Taxa Widespread Across the Study Area, but Most Numerically

Prominent in Waters Overlying Muddy Sedi .ents

Scientific Ma.e

2EOBffila aitRCLD
Ca111neci,Bp pl,il jD

Leioatosua vanth urup

tl1CC9A0i0DlHa ppduld
Trichiurus lapturua
PL14L4LYII C.LLCSQ
Cithar1chthva ap11Qp
Paralichthva laf,tipaZ

Common Maae

brown shrimp
lesser blue crab
Atlantic sharpnose shark
Atlantic ∎idahipun
Atlantic moonfish
sand sestrout
silver seatrout
spot
croaker
Atlantic outlasafiah
blaokfin aearobin
bay whiff
southern flounder

Group 6 . Taxa Most Characteristic off Mid-Depth to Deep

Waters Overlying Sandy Sediments

Scientific Nase

Snyllarides nodifer
Portunus aninicaroua
Trachinocephalus yjM
Acprpaana caloarata
Bellator millitaris
Prionotua Qphy ru
Prionotua roseue

Common Na .e

lobster
portunid crab
anakefiah
snoothhead acorpionfiah
horned searobin
bandtail searobin
blueapotted aearobin



Table 12 . A coincidence table displaying the relationship of the siz taxa groups to the six
station groups resulting from a synthesis of community analyses of three replicate samples
collected at 154 stations in and around the Tuscaloosa Trend study area during the fall
1974 to summer 1975 N!!FS Fishery Independent groundfish surveys .

STATION GROUPS

Group 1 Group 2 Group 3 Group M Group 5 Group 6

Mid-dept6 to deep Nid-depth to deep
Nearshore waters N.arshor

*
waters Nears6ore Deep waters overlying sandy waters overlying sandy

priaarily oolleoted priaarily oolleoted waters overlying waters overlying sediments colleoted sediments oolleoted
in winter and spring in spring and su..er sandy sediments .uddy sediments in spring and sumaer in tall and winter

N

T .YI GROUPS

Group 1 P 3 3

Group 2 P

Group 3 P P 3 P

Group # 3 3 S 3

Group 5 S

Group 6

3 S

P P

P P

3 P

P : PRIMARY ASSOCIATION

3 ∎ SECONDARY ASSOCIATION



demersal nekton taxa . The taxa groups that exhibited seasonal trends also
exhibited clear cut spatial distributions .

The integration and synthesis of the analysis results yielded six
station groups (habitats) and six taxa groups (communities) . The stations
in these six groups are shown, by season, in Figure 2 . Table 4 presents
summary statistics for the six station groups while Tables 5-10 show the
relative composition over all stations in each of the six station groups .
The six taxa groups are presented in Table 11, and the distributions of
these taxa groups across the six station groups are presented in Table 12 .

The six station groups (Figure 2 and Tables 4 and 12) included three
shallow water to middepth groups (Groups 1-3) and three middepth to deep
water groups (Groups 4-6) . All groups except the shallowest (Group 2)
encompassed a wide range of depths . Inspection of Table 12 reveals that
seasonal trends primarily differentiate stations in Group 1 from those in
Group 2 and, similarly, those in Group 5 from those in Group 6 . For each
pair of groups, the same taxa groups characterized both members . Groups
1 and 2 were differentiated on the basis of seasonal trends of Taxa Group
1 taxa, and Group 5 and 6 differed mainly on the basis of seasonal trends
of the Taxa Group 6 taxa . This suggests that it may be appropriate to
consider combining Groups 1 and 2 and Groups 5 and 6 and characterize the
seasonal data on the basis of four groups . The results at least point out
the secondary role of season as a factor in the distribution of demersal
nekton communities on the Tuscaloosa Trend Shelf OCS .

Station Group 1 was largely comprised of nearshore and some middepth
stations (range of 3-29 fm (fathoms)) located across the study area (Figure
2 and Table 4) . The majority of the stations in this group were collected
in winter and spring, but this group also included some fall and summer
collections, indicating that the seasonal trends were secondary to other
sources of variation. Of the three nearshore station groups, (Groups 1-3) ,
this group supported the most diverse community, and also had the highest
mean number of individuals (Table 4) . Compared to the stations from deeper
waters in Groups 5 and 6, Group 1 stations had substantially lower numbers
of taxa, lower diversity and richness, and higher numbers of individuals
(Table 4) .

Station Group 2 defined a nearshore habitat comprised of stations
located in shallow waters across the study area ; with many of the stations
being located near Chandeleur and Breton Sounds (Figure 2) . The stations
in this group tended to harbor lower total numbers of taxa and individuals
compared to the Group 1 stations (Table 4) . This group included five fall,
3 winter, six spring and six summer collections .

The nearshore habitat located in shallow waters overlying sandy
sediments in the eastern and central portion of the study area formed
Station Group 3 (Figure 2) . These stations were characterized by
relatively low total numbers of taxa and the lowest mean number of
individuals, and were collected during fall, spring, and summer (Table 4) .

Station Group 4 defined a habitat characterized by deep waters
overlying muddy sediments in the western portion of the study area and in
the vicinity of the Mississippi River Delta (Figure 2) . This group was
well represented during all four seasons . Of the three middepth to deep
water groups (Groups 4-6), Group 4 has lowest mean values for total number
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of taxa and community parameters (Table 4) . These values were more similar
to those of the three more nearshore groups (Groups 1-3) .

Station Group 5 defined a habitat characterized by middepth to deep
waters overlying sandy sediments in the eastern portion of the study area
(Figure 2) . It was well represented during all seasons, but more so
during spring and summer . Values for total numbers of taxa and community
parameters were the highest of all groups and very similar to each other
(Table 4) . Station Group 6 defined a habitat similar to Station Group
5, but included more collections from the fall and winter and fewer from
the spring and summer . As mentioned above, mean numbers of taxa and means
for community parameters were similar to those of Group 5 and higher than
those for any of the other groups (Table 4) .

Taxa Group 1 included those taxa most characteristic of the nearshore
waters across the study area in winter and spring stations (Station Groups
1-3 and especially Group 1 in Table 12) . However, as seen in Table
12, they were also characteristic, to a lesser degree, of the other two
groups of shallow water stations (Groups 1 and 2) . The lower relative
importance of these taxa in the collections from the Group 2 stations,
which represented a seasonal trend in the distributions of these taxa, was
primarily responsible for the differentiation of the Station Group 1 and
Group 2 stations. Some of the taxa most representative of this group were
Penaeus setiferus , Menticirrhus americanus , Larimus fasciatus , and Arius
felis (Table 11) . These trends are consistent with the life history of
white shrimp, which migrates to the shelf from the estuaries in fall and
winter, and is predominantly found over muddy sediments . Many of the other
taxa in Taxa Group 1 have similar estuarine-dependent life histories .

The taxa in Group 2 were virtually restricted to the middepth to
deep water stations overlying muddy sediments in the western portion
of the study area, and in the vicinity of the Mississippi River Delta
(Table 12), with Parapenaeus LPIL, Solenocera LPIL, Trachvnenaeus LPIL, and
Steindachneria araentea most characteristic of this group (Table 11) . Of
all the taxa groups identified, this one had the most restricted habitat
preferences, and was primarily responsible for the unique character of the
community at the Group 4 stations (Figure 2) .

The taxa comprising Group 3 were widespread across the study area,
but were relatively most abundant in shallow to deep waters overlying muddy
sediments (Station Groups 1, 2 and 4 and especially Station Group 1 in
Table 12) . Some of the taxa most representative of this group include
Penaeus aztecus , Qynoscion arenarius , Cynoscion nothus , Microooaonias
undulatus and Trichiurus lenturus (Table 11) . Many of these Group 3 taxa
are estuarine dependent, and their preferences for muddy substrates is
well known. Young brown shrimp (Penaeus aztecus ) migrate from Gulf Coast
estuaries in late spring and early summer, moving to deeper waters as the
year progresses (see Section 2 .5 .5) . In winter they were found as deep
as the deepest Fishery Independent survey stations (50-60 fm or about 100
m) These migration patterns explain their widespread distributions .

Group 4 taza were also widespread across the study area, but were
relatively most abundant in waters overlying sandy sediments . They
were especially well represented at the middepth to deep water stations
overlying study sediments in the eastern portion of the study area
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during all seasons (Groups 5 and 6 in Table 12) . nodus foetens ,
Centrooristis Dhiladelohicus , Peorilus burti and Svacium nanillosum were
most characteristic of this group (Table 11) .

Taxa Groups 5 and 6 essentially defined the unique character of
Station Groups 5 and 6 (Table 12) . The taxa in Group 5 were widespread in
waters overlying sandy sediments (Station Groups 3, 5 and 6 in Table 12),
with Penaeus duorarum , Lut_ianus camoechanus , Eucinostomus AU,l,g , Stenotomus
caorinus and Trachurus lathami most representative of the group (Table 11) .
As was the case with the Group 4 taxa, those in Group 5 were especially
well represented at the middepth to deep water stations overlying sandy
sediments in the eastern portion of the study area during all seasons
(Groups 5 and 6 in Table 12) .

The Group 6 taxa were more or less restricted to middepth~ to
deep water stations overlying sandy sediments (Station Groups 5 and
6), and were best represented during fall and winter (i .e ., in Station
Group 6) . The distributions of those taxa differ from those of the
Group 5 taxa mainly by their absence from the shallow water, sandy
habitat (Station Group 3) and their lesser relative importance at the
middepth to deep water stations The lower relative importance of these
on sandy bottoms in spring and summer (Group 5) . taza in the collections
from the Group 5 stations, which represented a seasonal trend in their
distributions, was primarily responsible for the differentiation of the
Group 5 and Group 6 stations (Table 12) . Some of the taxa most
characteristic of this group were Bellator militaris , Prionotus roseus , and
Seordaena calcarata (Table 11) .

1 .3 .3 NMFS Fishery IndeDendent Survey Fall Data. 1973-1983

The results of the analysis of the subset of fall Fishery Independent
data over the period 1973-1983 indicated that recurring trends in the
distributions of taxa groups in the Tuscaloosa Trend study area did occur .
Major patterns in the 10 year data set were primarily related to depth
and geographical location, both probably being strongly related to trends
in hydrography and sediment texture. Temporal trends were of secondary
importance, but were still evident for several taxa and station groups .

Since this analysis included data collected over a number of years,
defining habitats (i .e., station groups) on a geographic basis is not as
meaningful as in the seasonal analysis. Therefore, the station groups
discussed herein are those eight groups defined in the TWINSPAN analysis
(see Figure 17 of Section 2 .5 .14 .3), and are shown in Table 13 (as well
as Table 36 of Section 2 .5 .4 .3) . For consistency with the other summary
sections, the roman numeral identification of the TWINSPAN station groups
(in Table 13) have been changed to arabic numerals (e .g., Group IA1 = Group
1, Group I182 = Group 8, etc .) . Summary statistics for these eight groups
are shown in Table 14 . Table 15 shows the eight taxa groups defined on
the basis of the community analyses, while Table 16 shows the relationship
of the taxa groups to the station groups .

The dominant trend in the distribution of demersal nekton communities
over the Tuscaloosa Trend study area as revealed by TWINSPAN station
groupings (Table 13) was spatial, and involved segregation of the majority
of the stations in the west and central regions (Groups 1-4) from the
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Table 13 . Distribution of stations (by region and depth) in each of eight TWINSPAN groups resulting
from analyses of 90 selected demersal nekton collected in three replicate samples at 150
stations in three regions of the Tuscaloosa Trend study area during fall NMFS Fishery
Independent surveys from 1973 to 1983 .
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Table 14 . Summary statistics of emrironmental and community parameters for
eight station groups identified from a synthesis of analyses of
three replicate samples collected at 150 stations in three regions
of the Tuscaloosa Trend study area during fall NMFS Fishery
Independent surveys from 1973 to 1983 .

Standard
Parueter Mean Deviation Minium !lazimua

GROQP 1 «∎

D.pth (fm) 7 .905 2 .052 6.000 12 .333
Rottc. Temperature (°F) 73 .250 7 .676 62.000 79 .000
Total Taxa 9 .238 5 .269 4 .000 17 .667
Total Count 1181 .333' 1898.943 196 .333 5464 .333
Diversity (J'1 0 .954 0 .792 0.126 1 .906
Evenness (R') 0.403 0.270 0 .083 0 .691
Richness (D) 1 .316 0 .832 0.469 2 .669
_«»- -_--__--__«_« GR00Ps2 »-_

Depth (ta) 17 .070 9 .447 7 .000 44 .000
Bottos Temperature (°F) 73.649 3 .200 65.000 79 .000
Total Taxa 16 .217 5.084 5.000 28 .333
Total Count 751 .798 1289.116 119.667 8682 .333
Diversity (J') 1 .754 0.521 0 .315 2 .701
Evenn.ss (R') 0 .633 0.143 0 .196 0 .841
Richn.ss (D) 2.540 0.942 0.446 4 .624

_ _ GROOP:3 » --- --

Depth (la) 34.780 8 .717 15 .000 46 .000
Botto. Temperature (°F) 73.214 4 .117 65.000 77.000
Total Taxa 19 .661 4 .442 13.000 29 .667
Total Count 577.565 431 .569 122 .333 1954 .333
Diversity (J') 2.095 0 .347 1 .320 2.719
E renness (R') 0.710 0.090 -0.505 0 .828
Richness (D) 3.104 0 .866 1 .788 4 .781

------_-- »--- GROOP:4 -««--«__

D.pth (ta) 43 .772 6.479 33 .000 55.333
Rottes Temperature (°F) 67 .111 4 .343 63.000 75 .000
Total Tasa 16 .930 4.608 9 .000 26 .667
Total Count 440.158 235 .369 99 .333 886.000
Diversity (J'1 1 .802 0.324 1 .146 2.344
Evenness (R') 0.653 0.103 0 .363 0.842
Richness (D) 2.777 0 .660 1 .559 4.081

GROOPaS _--»-»»__»_»_« --__»»_

Depth (ts) 38.556 6 .491 25 .000 48.000
Rottoa Temperature (°F) 68.143 4 .180 64 .000 75.000
Total Taa 13 .278 3 .905 7 .000 19.000
Total Count 1159 .208 1256 .050 234 .333 3978.333
Diversity (J') 1 .450 0 .595 0 .488 2.149
Evenness (R') 0.559 0 .191 0 .255 0.744
Richness (D) 2 .110 0.666 1 .043 2 .988

-- -- - GRGUP∎6 ---------------- ---
Depth (fa) 24 .556 6 .309 17 .000 36.000
Bottc . Temperature (°F) 74 .167 1 .772 71 .000 76.000
Total Taxa 16 .467 6 .857 5 .667 26.000
Total Count 308 .778 298 .056 21 .333 802.000
Diversity (J') 1 .998 0 .478 0 .917 2.546
Evenness (R') 0 .751 ' 0 .104 0 .521 0 .874
Riobn.ss (D) 3 .019 1 .086 1 .337 4 .686

GRODP∎7 -- ---

Depth (Is) 13 .857 6 .376 6 .667 270667
Hottos Temperature (°F) 72 .909 4 .036 66 .000 81 .000
Total Taxa 14 .571 5.436 7.000 30.000
Total Count 245 .921 273.955 16 .667 1107 .667
Diversity (J') 1 .744 0 .407 1 .225 2 .782
Evenness (R') 0.673 0.122 0.430 0.865
Richness (D) 2 .737 0.863 1 .237 5 .282

»»___«_»«»«»__»»»« GROUPsB » ---- »----- »« »-

Depth (fm) 11 .500 6 .835 6 .667 16 .333
Bottom Temperature (°F) 75 .000 2 .828 73.000 77 .000
Total Taxa 6 .333 3 .300 4 .000 8.667
Total Count 32 .167 19.092 18.667 45 .667
Diversity (J') 1 .146 0 .754 0 .613 1 .680
Evenness (R') 0.639 0.277 0 .442 0 .835
Richness (D) 1 .677 1 .181 0 .842 2 .512
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Table 15 . Eight taxa groups resulting from a synthesis of community analyses
of three replicate samples collected at 150 stations in three
regions of the Tuscaloosa Trend study area during fall NMFS Fishery
Independent surveys from 1973 to 1983 .

Group 1 . Taxa Most Characteristic of the Shallow Water Habitat Group 5 . Taxa Moat Characteristic of the Shallow Water Habita

in the Western Region

Scientific Name

PjkMiONS bGL1fBrlia
HisIID9rLli pALiAIIUII
AiClIIS" ,ig ii1DS
20iaL4Carr 9g11nu4
Ar111a Zalia
BfiCa AiC1GYa
SiG10r98tQahrya awCYa u~=
Selaad naLaDlnalII
1~iClauia rSBDitL1tII
Men -1 1 rjfg;a ~OC11~j~{i~
Stel ifer 1 nneola-+a

29lgyAAGtyl_u_a 2919ndam

Coomon Name

white shrimp
gulf menhaden
scaled sardine
Atlantic thread herring
hardhead catfish
gafftopsail catfish
Atlantic bumper
Atlantic moonfish
banded drum
southern kingfish
star drum
Atlantic threadfin

Group 2 . Taza Most Charaoteristic of Mid Depth to Deep Waters

Overlying Muddy Sediments in the Western Portion of the Study

Area and in the Vicinity of the Mississippi River Delta

Scientific Naae

PiCipenaOHi
SpinaflcDra
IrachymaeuA
Cnnarina fla (a

Stelndanl+neria araentea

OnLSnGar1Y1 l~lOaHa
~po ~ifydly~ arael~ai
S.rra_n!a BtL9bLiaChBS
P-1 1sannla ~~ypj -

Caaman Name

shrimp
shrimp
shrimp
yellow conger
luminous hake
singlespot frogfish
blackedge ousk-eel
blackear bass
ragged goby

Group 3 . Taza Widespread Across the Study Area, but Most Numerically

Prominent in Waters Overlying Muddy Sediments

Scientific Name Common Name

Eaot.ua isLscua
,Saillla
r-lline . .= ALMILLIA
PnClchthya 2=2ALWMA.
L~fmaclnII fCaDir.lua
2tnOaCloa aQUua
LOLA"ALUA ranG/n+rn .
HLQCQ2R9QALA& ADd ,la-+a

a ndLp e +a jAW
Trlrhiurua lenturua

Em lu. 2AM
C1 Uhari h !eya !nilnoterua
aar 1 i Uhva IftUL2AUs0i

brown shrimp
mantis shrimp
lesser blue crab
Atlantic midshipman
sand seatrout
silver seatrout
spot
croaker
Atlantic apadefiah
Atlantic outlasafish
barvestfiah
bay whiff
southern flounder

in the Eastern and to Some Extent Central Region

Scientific Name Cooaon Name

pgn Aya AUQUOUL pink shrimp
L 11ia n~nre. aaDldua blue crab
Portunua &jbh2AjL portunid crab
anpp,oi ASRAA= striped anchovy
ALRIORWIL f2CRQau4 sand perch
r-Wsmapgchanyg red snapper

zypiapatpvlia gNli silver Jenny

$Liopya scanfiayya fringed flounder
aluygrua AChQspu orange filefish
88111dLpa sgprlaDUa gray triggerfish

Aapparoids3, pSLyyya least puffer

Group 6 . Taza Most Characteristic of Mid-Depth Waters

Overlying Sandy Sediments

Scientific Name Common Name

AIGZQ"A hreyiraatria
Tra hin enh l A a MXM

92hlAloa hOlLi:4kt
ren_tronri-yta Qr,Yurua
Sf2rLl9Da silcaratd
AILILLor millitaria

Pr1QLnL11i 9pb7LCSIS
Prionotua ~pyyt
Dw1 one . ,w , lot

hOnaCintb3lS hlA2ldNa

rook shrimp
anakefish
bank cusk-eal
bank sea bass
smoothhead acorpionfial
horned searobin
bandtail searobin
bluespottod searobin
blackwing aearobin
planehead filefish

Group 7 . Taxa Favoring the Deepest Stations in the Study Area

Scientific Name

S~aGrDprisLia ~hlladaphicua
Sarrap{ A atrobranehua
ZcISL1pMolIIqG jIQ!'LInnaria
ALenotrua panrinua

Ptat]laa pRtLi
Pr1oIIO7.u.i 2Sr.alaLYa
Pr.lcnojua IILOarnai
2Ri.ZODDeLb$ nh / t~ t en ni

Common Name
portunid crab
largescale lizardfish
southern hake
rook aea bass
blackear bass
wenchman
longapine porgy
gulf butterfiah
Mexican aearobin
ahortwing searobin
Mexican flounder

Group 4. Taxa Widespread Across the Study Area, but Most Group 8. Ta:a with Widespread Distributions Showing No
Numerically Prominent in Waters Overlying Sandy Strong Preferences
Sediments

Scientific Name Common Name
Scientific Hame Common Name rdLIA pM ny 1 -t; crab

r-nlie,ncy" brovis short squid BhlzeprlonodoII yerraenovmq
'

Atlantic sharpnose shai
LQLUQ pe, I &I I squid Hille" ="v+ ACYleAtllaL pancake batfiah
$yppdyl SDOysaII inshore lizardflah LASQ02a rhOmDOldBn pinfiah

pIALlarm hiv+_ttat•_ dwarf sand perch j2hyeasak --h,nghQ guaguanche
S.LNpp,tymµa sgprinua longspine porgy Tra&h,,P,,, JALIL-ga rough acad
$y3ci1- pSp111DAM dusky flounder P a 'al"Alh°II 1BLti45Llsma southern flounder
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Table 16 . A coincidence table displaying the relationship of the eight taxa groups to the eight
station groups resulting from a synthesis of community analyses of three replicate samples
collected at 150 stations in three regions of the Tuscaloosa Trend study area during fall
NMFS Fishery Independent surveys from 1973 to 1983 .

W
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majority of those in the eastern region (Groups 5-8) . Within these
two major groups, the stations were ordered with the shallowest stations
(Groups 1 and 8) at the ends of the TWINSPAN display and the deepest
stations (Groups 4 and 5) near the center of the display . Thus, even
though they were located at opposite ends of Table 13, Group 4 and 5
stations were somewhat similar to each other .

Groups 1 and 2 (Table 13) comprised the majority of the shallow
to middepth stations from the western and central- regions of the study
area, along with a few deep water stations from the western region and
a few shallow depth stations from the eastern region . Collectively these
stations represented the white shrimp ground habitat in the Tuscaloosa
Trend study area. Group 1 and 2 stations were characterized mainly by
taxa in Taxa Groups 1, 3 and 5, with occasional representation by taxa
in Taxa Groups 4 and 8 (Tables 15 and 16) .

Station Group 1 consisted of seven shallow stations collected during
the period 1975-1978, with the 0-10 fm zone in the western region being
represented during all four years . These stations were taxonomically
similar to those of Group 2 except they were more depauperate and had
higher mean number of individuals (Table 14) . This indicates that during
these four years, inshore stocks of many taxa in the western region of
the Tuscaloosa Trend study area may have been abnormally low . Group 1
stations had the second lowest mean number of taxa and the lowest means for
community parameters (Table 14) . Only Taxa Groups 1 and 3 were represented
at these depauperate Group 1 stations (Table 16) .

Although dominated by stations from the western region, Station Group
2 included a number of stations from the central and eastern regions (Table
13) . Many of these stations were characterized by taxa in Taxa Group 5
(which were most prominently represented at the shallow and sandy Group
5 stations in Tables 13 and 16) as well as taxa characteristic mainly of
the western portion of the study area (Taxa Groups 1 and 3 in Tables 15 and
16) . These stations generally showed higher numbers of taxa than the other
Group 2 stations (Table 14) since they included taxa characteristic of
both sandy and muddy bottoms. Their presence at Station Group 2 stations
indicated that during some years, taxa which were characteristic of the
shallow shelf in the western region also occupy the shallow shelf in the
central and eastern regions . Several other taza groups which were more
characteristic of other station groups (i .e ., Groups 4, 7, and 8 in Table
15) were also represented at the Station Group 1 stations (Table 16) .
Station Group 2 stations had mean numbers of taxa and means for community
parameters that were higher than those of Group 1 but lower than those of
Groups 3 and 4, which were generally found offshore of the Group 2 stations
(Table 13) .

Station Groups 3 and 4 included the vast majority of the stations
collected in the central and western regions at depths greater than 30 fm
as well as the majority of stations in the 40-50 fm depth range from the
eastern region (Table 13) . The major spatial difference in Station Groups
3 and 4 was the presence of a number of stations, mainly from the central
region at depths of less than 30 fm, in Group 3 . Taxonomically, the two
groups were very similar, with the same taxa groups being represented in
each (Table 16) . The two groups differed by the lower relative importance
of taxa from Taxa Groups 2 and 3 at Group 4 stations, as well as the lower
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relative importance of some of the Group 7 taxa at Group 3 stations (Tables
15 and 16) . The stronger affinity of the Group 3 taxa to the stations
in Station Group 3 (as compared to those in Station Group 4) was probably
due to the inclusion of a number of stations of less than 30 fm depth
and more stations in the 30 to 40 fm depth range in Station Group 3 .

In addition to Taxa Groups 2, 3 and 7, Taxa Groups 4 and 8 made
minor contributions to Station Group 3 stations (Tables 15 and 16) . Means
for number of taxa and community parameters were very high for stations
in Station Groups 3 and 4, with those for Group 3 being the highest of
any of the eight station groups (Table 14) . Mean numbers of individuals
were intermediate for both station groups .

Ecologically, these trends may represent subtle sediment responses
in the central and western regions or they may involve changes in depth
distributions of taxa in response to changes in hydrographic conditions
from year to year . Group 4 taxa (Table 15), which were relatively more
important at stations in Station Group 4, generally preferred sandier
substrates . Since the same stations were not sampled each year, and the
same strata were not sampled at the same time each year, trends over time
could be attributable to differences in sampling location and time within
the fall season. Alternately or coincidentally, these trends could be
attributable to year to year hydrographic variability that influences the
depth distribution of demersal nekton on the Tuscaloosa Trend shelf .

In this regard, it is interesting to note that all of the stations of
greater than 50 fm depths are located in Group 4, while Group 3 includes
the majority of stations from 40-50 fm depths in the western region . Since
the taxa most representative of the deepest stations in the study area
(Taxa Group 6) were relatively less important at the stations in Station
Group 3, the trends in Table 13 could represent onshore-offshore migration
patterns of this group . Thus, for years represented in Station Group 4,
the deep water taxa attained maximum shelf intrusion, while during those
years represented in Group 3, there was maximum offshore excursions by the
widespread taxa in Taxa Group 3 (Table 15) .

Station Groups 5 and 6 included most of the stations collected in the
eastern region at depths greater than 20 fm, while Groups 7 and 8 included
the majority of the stations collected in the eastern region at depths
less than 20 fm, along with several stations located at similar depths from
the central region (Table 13) . The major difference in Station Groups 5
and 6 was depth . Only one station located in less than 30 fm of water
was included in this group, while only four stations greater than 30 fm
depth were included in Group 6 (Table 13) . Temporal and spatial trends
embodied in these two station groups were primarily due to the general
absence of Group 6 taxa (including Seoroaena ealcargta , Bellator militaris ,
Prionotus salmpnicolor and Trachinocenhalus oos ) at Group 5 stations,
and the lower relative importance of Group 7 taxa (including Serranus
atrobranehus , Centroeristis philadelnhicus and Stenotomus caorinus) at
stations in Station Group 6 (Tables 15 and 16) . Note that taxa in Taxa
Group 7 were also important in differentiating Station Groups 3 and 4
(Table 16), and it appears that the migrations of this deep water taxa
group were responsible for changes in community structure in the deep
waters of all regions of the study area . Note also that the stations
from the eastern region from depths greater than 40 fm that were not
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included in Station Group 5 were included in Station Groups 3 and 4,
which included stations from mainly the western and central regions . Since
Group 5 stations included those from only the middle of the study period,
indications are that Group 7 taxa were less well represented at 30-50 fm
depths in the study area during the early and later years .

The patterns of distribution of the Group 6 taxa are extremely
interesting, especially since the stations in Station Group 6 were the
preferred habitat of these taxa (Tables 15 and 16) . The distinct
periodicity of the occurrence of stations in Group 6 (Table 13) may
indicate migration of Group 6 taxa into and out of the Tuscaloosa Trend
study area over time . Station Group 5 had one of the highest mean number
of individuals, over three times as high as that for Group 6 (Table 14) .
Mean numbers of taxa and means for all community parameters were, on the
other hand, lower for Station Group 5, and were only marginally higher than
those for the relatively depauperate Station Groups 1 and 8 . Means for
Station Group 6 were, on the other hand, among the highest, being exceeded
only by those for Station Group 3 (Table 14) .

The final two groups of stations (Groups 7 and 8) represented mainly
shallow to middepth stations from the eastern and, to a lesser degree,
central regions of the study area. In general, stations in these two
groups were characterized by relatively few taxa and individuals compared
to stations at similar depths from the western region. Those from Group
8 were the most depauperate, and also had the lowest mean number of
individuals of any station group (Table 14) . Taxa Groups 4 and 5 were
best represented at these stations, with the Group 5 taxa being most
characteristic (Table 16) . Taxa Groups 6 and 8 were also represented
at stations in Station Group 7 (Table 16) . Station Group 8 included
two very depauperate stations collected from 1973, a year of atypical
hydrographic conditions along the northern Gulf coast . Because taxa in
Taxa Group 4(Table 15) were widespread in distribution, they probably
contributed little to the segregation of the Group 7 and 8 stations from
those of Groups 3-6 (Table 16) . In contrast, Taxa Group 5 taxa (Table
15) were major components of the community at only the Station Group 7
stations (Table 16), indicating that trends in these Group 5 taxa were
mainly responsible for the spatial and temporal patterns exhibited by
the Group 7 stations (Table 13) . The majority of the stations from the
central region included in this group were from the years 1973-1976, with
the eastern region being poorly represented during these years . Most
of the stations from the eastern region in Group 7 were from the period
1976-1981 . Therefore, it appears that the taxa most representative of
Group 7 exhibited changes in distributions within the study area from year
to year .

Eight taxa groups were identified from the community analyses of
the annual Fishery Independent data set (Table 15) . Most groups were
identified as distinct ecological entities in both the TWINSPAN and factor
analyses (see Figure 17 and Table 37 in Sections 2 .5 .4 .3 and 2 .5 .4 .4,
respectively), and the majority were also defined in the seasonal analysis
(see Table 11) .

Taxa Group 1 represents one major component of the white shrimp
grounds fauna, and includes the white shrimp itself as well as many other
muddy bottom, shallow depth restricted taxa (Table 15) . The majority of
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these taxa are estuarine dependent . These taxa were only occasionally
found beyond 30 fm depths . They showed a distinct preference for the
muddy bottoms of the western region and, to a lesser extent, the central
region of the study area . They characterized Station Group 2 and were
also represented at Station Group 1 (Table 16) . They were included in Taxa
Group IA2 and Factor 5 of the TWINSPAN and factor analyses, respectively
(see Figure 17 and Table 37 in Sections 2 .5 .4 .3 and 2 .5 .4 .4) . This group
was essentially equivalent to Group 1 of the seasonal analysis (see Table
11) .

Complimenting this shallow water, muddy bottom group are those taxa
in Taxa Group 2 that were more or less restricted to middepth and deep
muddy bottom stations in the western region of the study area (Groups 3
and 4 in Table 16) . They defined Taxa Group IA1 and Factor 6 of the
corresponding community analyses (see Figure 17 and Table 37 in Sections
2 .5 .4 .3 and 2 .5 .4 .4, respectively), and most were included in Group 2 of
the seasonal analysis (see Table 11) . Notable in its absence from Taxa
Group 2 in the annual analysis was the seabob . While other analyses
conducted in this study confirmed the seabob's preference for the shelf
west of the Mississippi River Delta, the seabob was rare in the subset
of samples selected for the annual analyses, probably because few of the
Fishery Independent survey stations were located in waters of less than
5 fm depths . These middepth to deep water taxa in Group 2 included three
other species of shrimp (Table 15) which uniquely characterized the brown
shrimp ground habitat .

Taxa Group 3 (Table 15) was essentially the same as Group 3 in the
seasonal analysis (see Table 11) . Group 3 taxa were distributed over muddy
bottoms in the western and central regions of the study area at all depths,
and were also represented at most stations on sandy bottoms (Station Groups
5-7 in Table 16) . This group included a number of taxa of commercial
importance (Table 15), many of which are estuarine dependent . They form
the second major component of both the nearshore and offshore muddy bottom
habitats . Some of the more widespread taxa (including the brown shrimp and
croaker) were also found in relatively lower numbers at middepth and deep
sandy bottom stations. They characterized TWINSPAN Group IA2 and Factor
2 in the corresponding community analyses (see Figure 17 and Table 37 of
Sections 2 .5 .4 .3 and 2 .5 .4 .4, respectively) .

As Taxa Groups 1 to 3 characterized the muddy bottom habitats in
the western and central regions of the study area ., Taxa Groups 4 to 6
characterized the several sandy bottom habitats (Table 16) . The taxa
groups defined in this annual analysis for sandy bottom habitats were
somewhat different from those defined in the seasonal analysis (see Table
11) . In general, taxa in Taxa Groups 1 to 3 did not show as much habitat
fidelity as those defining the muddy bottom communities, and many fewer
taxa characterized these sandy bottom communities .

Group 4 taxa were generally widespread across the study area, but were
most numerically prominent in waters overlying sandy sediments . Group 4 of
the seasonal analyses (see Table 11) showed the same trends, but the taxa
were somewhat different, with the inshore lizardfish and the dusky flounder
common to both groups . The group was not particularly well defined in
either the TWINSPAN or factor analyses due to the widespread distributions
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of its members (see Figure 17 and Table 37 in Sections 2 .5 .4 .3 and 2 .5 .4 .4,
respectively) .

Group 5 taxa were most characteristic of the shallow water habitat in
the eastern region and parts of the central region of the study area (Table
16) . A similar group was not defined in the seasonal analyses (see Table
11) . Instead, one group characteristic of the shallow water environment
in the entire study area was identified (equivalent to Group 1 in Table
15) . Group 5 taxa were best represented at stations in Station Group 7,
but were also represented at stations in Station Groups 2 and 8 (Table
16) . The taxa in Taxa Group 5 characterized Factor 4 and TWINSPAN Groups
182 and IIA1 in the corresponding community analyses (see Figure 17 and
Table 37 in Sections 2 .5 .4 .3 and 2 .5 .4 .4, respectively) . The pink shrimp
and the portunid crab most characterized Group 5 (Table 15), which also
included several other taxa known to prefer sandy bottoms .

Group 6 taxa were most characteristic of the middepth stations on
sandy bottoms in the eastern region of the study area . They were of
greatest relative importance at the Group 6 stations (Table 16) and the
dynamics of these taxa may be responsible for the temporal trends exhibited
by the Group 6 stations. Taxa Group 6 taxa were also represented at
stations in Station Groups 5 and 7 (Table 16) . Of all the sandy bottom
taxa, those in Group 6 showed the most restricted distributions . These
taxa characterized TWINSPAN Group IIB2 and Factor 1 in the corresponding
community analyses (see Figure 17 and Table 37 in Sections 2 .5 .4 .3 and
2 .5 .4 .4, respectively) . Most of these same taxa were included in Group
6 in the seasonal analysis (see Table 11), among them the snakefish, the
bank cusk-eel, the bank sea bass, the smoothhead scorpionfish and a number
of searobins. They apparently appeared in the study area at several fairly
well defined time periods (Table 13) , indicating migration in and out of
the Tuscaloosa Trend ecosystem . They were found almost exclusively in the
eastern region of the study'area, and were not generally found outside the
10 to 40 fm depth range .

Taxa Group 7 (Table 15) was not defined in the seasonal analysis (see
Table 11), but in the annual analysis these taxa clearly characterized
the deepest stations across the study area ( Station Groups 4 and 5 in
Table 16) . However, they were not restricted to these stations and were
generally represented in all station groups except Groups 1 and 8 (Table
16) . In the seasonal analyses, many of these taxa were characterized as
occurring widely over the study area but preferring sandy bottoms, while
others were characterized as being widespread over sandy bottoms ( see Table
11) . These taxa most characterized Factor 3 and TWINSPAN Taxa Group IB1
of the community analyses ( see Figure 17 and Table 37 in Sections 2 .5 .4 .3
and 2 .5 .4 .4, respectively) . Results indicated that the dynamics of the
Group 7 taxa contributed strongly to the differentiation of the Group 3
and 4 stations, as well as the Group 5 and 6 stations ( Tables 13 and 16) .

The final taxa group (Group 8 in Table 15) included taxa that were
widespread over the study area and showed no strong preference for any
particular habitat . This group was not well defined in the TWINSPAN or
factor analyses since they did not show distinct trends . Taxa in Group
8 included the Atlantic sharpnose shark, the pancake batfish, the pinfish,
the rough scad and the southern flounder .
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Figure 3 . Total annual catch ( kg, heads on) of a) white and brown shrimp and
b) pink shrimp and seabobs in NMFS statistical subareas 9-13, which
encompass the Tuscaloosa Trend study area .
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Table 17 . Total annual catch ( kg, heads on) and relative proportion of total catch of brown, white,
pink and seabob shrimp in NMFS statistical subareas 9-13, which encompass the Tuscaloosa
Trend study area, based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P.AZTECUS P.DUORARUM P.SETIFERUS %.KROYERI

YEAR KILOGRAMS PCT KILOGRAMS PCT KILOGRAMS PCT KILOGRAMS PCT TOTAL

1960 11414868 0 .69 93284 0 .01 4758754 0 .29 333307 0 .02 16600213
1961 5716102 0 .78 238787 0 .03 1208024 0 .17 151195 0 .02 7314108
1962 4964745 0 .51 97468 0 .01 4173296 0 .43 544443 0 .06 9779953
1963 9512967 0 .49 248701 0 .01 9761667 0 .50 77801 0 .00 19601136
1964 6976258 0 .46 122376 0 .01 7791164 0 .52 189486 0 .01 15079284
1965 12052935 0 .67 101519 0 .01 5405583 0 .30 301987 0 .02 17862024

N 1966 13314715 0 .69 150331 0 .01 5634860 0 .29 290140 0 .01 19390045
1967 17990102 0 .80 269617 0 .01 4142907 0 .18 117352 0 .01 22519978
1968 19013203 0 .84 304395 0 .01 3172221 0 .14 248600 0 .01 22738419
1969 16066630 0 .63 401266 0 .02 8982801 0 .35 54742 0 .00 25505439
1970 15972307 0 .64 191961 0 .01 8465348 0 .34 503549 0 .02 25133164
1971 18176707 0 .73 160775 0 .01 6503217 0 .26 67989 0 .00 24908688
1972 17130178 0 .79 198211 0 .01 4115652 0 .19 270179 0 .01 21714220
1973 10208575 0 .72 248605 0 .02 3555463 0 .25 199052 0 .01 14211695
1974 11584577 0 .73 175188 0 .01 3727489 0 .23 385362 0 .02 15872615
1975 9585173 0 .72 139443 0 .01 2873608 0 .22 634052 0 .05 13232276
1976 18236378 0 .79 199423 0 .01 4531385 0 .20 -77434 0 .00 23044620
1977 22042462 0 .74 222054 0 .01 6674103 0 .23 651267 0 .02 29589885
1978 17253247 0 .74 137179 0 .01 5854189 0 .25 179097 0 .01 23423712
1979 15991575 0 .73 302886 0 .01 5230002 0 .24 502352 0 .02 22026815
1980 12719736 0 .65 116095 0 .01 5964252 0 .31 675455 0 .03 19475538
1981 19414822 0.73 139798 0 .01 6281149 0 .23 910831 0 .03 26746600
1982 19098684 0 .78 242842 0 .01 4924067 0 .20 294172 0 .01 24559765

TOTALS 324436945 0 .70 4502204 0 .01 123731200 0 .27 7659844 0 .01 460330193



In summary, eight taxa groups were identified in the annual analysis .
Groups 1-3 showed well-defined depth preferences within the muddy bottoms
of the western region and, to some extent, central region of the study
Groups 4-6 favored portions of the eastern region, Group 7 characterized
area. the deep water stations over the entire study area, and Group 8
showed no particular trends . The dynamics of these taxa groups indicated
that trends over time were occurring in the study area .

1 .3 .4 Gulf Coast Shrimc Data (GCSD)

1 .3 .4 .1 Introduction

GCSD for four penaeid shrimp, brown ( Penaeus aztecus), white (g.
setiferus ) pink (P. duorarum) and seabob ( %iohooeneus kroyeri) , in NMFS
GCSD statistical subareas 8-13 (which encompass the Tuscaloosa Trend study
area) were analyzed for the period 1960-1982 . Two variables, catch (C) and
catch/unit water surface area (C/A), were analyzed . Results of preliminary
analysis of GCSD, along with results of the analyses of the scientific
trawl survey data, indicated that these data would best suit the needs
of the Tuscaloosa Trend ecosystem study if the five GCSD statistical
subareas were aggregated to three regions, representing a western region
(statistical subarea 13), a central region (statistical subareas 11 and
12 combined) and an eastern region (statistical subareas 9 and 10) . NMFS
statistical subareas are shown in Figure 9 in Section 2 .3 .4 .2 . The
western region lies adjacent to the west side of the Mississippi River
delta, while the eastern region lies off Alabama and Florida . The central
region extends from the birdfoot delta on the west to Mobile Bay on the
east, and includes Mississippi Sound and Chandeleur Sounds . The eastern
region differs from the other two by having sediments of coarser grained
material (fine grained sand) . Other manipulations made to the original
data received from Nl FS TIMS involved consolidation of the 5 fm GCSD depth
zones into one inshore and four offshore zones, and aggregation of the
eight size classes of shrimp into three size classes . A map showing the
regions and depth strata used in the shrimp analysis is presented in Figure
10 of Section 2 .3 .4 .3 .

Analysis results are presented as main effect and two and three way
interaction means for year, month, region, zone and size . Figure 3 and
Table 17 show the trends in total C (in kilograms (kg), heads on) for the
four species of penaeid shrimp over the 23 year period 1960-1982 . Figures
4 and 5 show the distribution of C/A over the same period by region broken
down into inshore and offshore zones . Section 2 .5 .5 .2 contains a more
detailed discussion and display of these results .

1 .3 .4 .2 Comparison of Trends Among Species

Over the entire 23 year period (1960-1982), C in the three regions
totalled approximately 285 million kg (heads off), or approximately 12
million kg per year . Of this total, about 70 % was brown shrimp, and
28% white shrimp, with seabobs and pink shrimp making up the remaining two
percent . Penaeus aztecus dominated C in all years except for the period
1962-1964, when C of brown and white shrimp were similar (Figure 3 and
Table 17) .

43



There were both similarities and differences in the trends for white .
and brown shrimp. Both species showed relatively high C during the
period 1969-1970, while during the period 1973-1975, C of both species was
relatively low . In 1967 . 1968 and 1977, brown shrimp C was high while
that for white shrimp was relatively low .

C of pink and seabob shrimp were consistently lower than those for
brown and white shrimp . Seabob C was highly variable through time, with
peak C occurring in 1981 (almost 1 million kg) . Pink shrimp C was less
variable, and appears to have declined in recent years relative to that
of seabobs .

Offshore, C/A for all four species decreased with depth, but the
decline was less steep for brown shrimp (Figures 4 and 5) . Most white
and pink shrimp were caught in waters of less than 40 m depth, while brown
shrimp C/A was more evenly distributed out to 100 m depths . Seabobs showed
the most restricted depth distribution, with few being caught at depths
greater than 20 m .

Three of the penaeid species (all except pink shrimp) generally showed
similar spatial trends over the study area, with highest densities (as
measured by C/A), in the western region and lowest densities in the eastern
region (Figures 4 and 5) . The seabob demonstrated the weakest affinity
for the two regions located east of the Mississippi River, and (therefore)
showed the most restricted geographic distribution . It was caught in
appreciable numbers only in the western region, where the vast majority
of the C was made in inshore waters and especially in nearshore waters
of less than 10 fm depths (Figure 5) . Going west to east, the contribution
of inshore areas to total seabob C increased . A lower relative amount
of seabob C was reported from inshore waters compared to the three species
of the genus Penaeus . This is consistent with the general feeling that
seabobs are not estuarine dependent (Juneau 1977) .

White and brown shrimp C/A showed spatial trends similar to those
of the seabob (i .e ., highest densities in the west and lowest densities
in the east), but were generally more widely distributed over the study
area (Figure 4) . While white shrimp C/A was by far the highest on the
shelf in the western region, C/A for brown shrimp was more similar in
the western and central regions . For both species, inshore areas of the
western region were very productive, with C/A in the inshore zones of
the central and especially eastern regions being much lower . Even so,
the vast majority of the white shrimp C in the eastern region occurred
in the estuaries, with virtually no offshore C reported . This probably
indicates that white shrimp migrate westward upon leaving the estuaries
of the eastern region, taking up residence on the shallow shelf in the
central region (Lindner and Anderson 1956) . The data clearly indicated
that brown shrimp C in the estuaries and shallow Gulf were dominated by the
size class of smallest shrimp, while a substantial fraction of the white
shrimp C in these zones consisted of larger shrimp . This is consistent
with the general understanding that white shrimp remain in the estuaries
longer than brown shrimp, and grow to larger sizes there (Burkenroad 1934,
Gunter 1950) .
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1 .3 .4 .3 Brown Shrimp

The brown shrimp life cycle was well represented in the GCSD . C/A
in the estuaries increased dramatically in May and June as juvenile shrimp
moved out of the nurseries and into open bay staging areas and the shallow
Gulf shelf. There was a clear trend as the year progressed for higher
C of larger•brown shrimp further offshore . The data clearly indicated that
the size class of smallest shrimp showed very sharp decreases in C/A with
depth, a trend just the opposite of the trends observed for the two larger
size classes (which were caught in greatest numbers at depths of 40-100
m) . Regionally, peak C of brown shrimp occurred first in the west and
one month later in the central and eastern regions . C/A also appeared to
be substantially more evenly distributed over the year at greater depths,
with inshore waters showing both highest and lowest monthly C/A over the
year. This indicates that the nearshore zone (out to 10 fm) was not the
preferred habitat, and was primarily an area through which brown shrimp
must migrate to reach the more offshore brown shrimp grounds .

1 .3 .4 .4 White Shrimp

Although the life cycle of the white shrimp was not quite as
well defined as was that for brown shrimp, the salient features were
still evident in the GCSD, including the characteristic bimodal seasonal
distribution of C. Across the entire study area, white shrimp showed
a major increase during fall and early winter (August to December) and
a second smaller peak in late spring (May to June) . This bimodal
distribution is consistent with the general understanding that some white
shrimp postlarvae may enter estuaries too late in the fall to reach
sufficient size to join the offshore adult stocks the same fall or winter .
These shrimp probably overwinter in the estuaries, or, during colder
winters, in the shallow Gulf, reentering the estuaries in the spring to
complete their growth. However, C in spring was dominated by larger
shrimp, indicating they may have migrated as adults from the estuaries
the previous fall . The extended period over which white shrimp of the
smallest size class were caught in elevated numbers (August to January)
may indicate that the period of postlarval recruitment of white shrimp is
extensive, and that shrimp were migrating out of the estuaries over the
entire fall period (Baxter and Renfro 1967, Moffett 1970, Gaidry and White
1973 . Christmas et al . 196 6 ) . This was very different from the trends
for brown shrimp, where one major cohort resulting from a winter to early
spring postlarval recruitment determines the success of the population for
the year . Seasonal patterns were much more well defined and predictable
for brown shrimp .

Size-related trends with depth and season were much more poorly
defined for white as compared to brown shrimp, consistent with existing
knowledge of the autecology of the two species. Offshore, C/A of the
several size classes of white shrimp showed little change with depth .
Seasonal trends in C/A were similar across all depths, although there was
indication that peak C in the 20-40 m zone lagged by several months that
in the inshore and shallow (0-20 m) offshore zones .

As was the case for white shrimp, pink shrimp C exhibited a bimodal
distribution through the year . The major peak in C generally occurs in
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May (inshore) and June (0 - 20 m depths, offshore), with C declining
to low values by midsummer . A second, modest increase in C occurs both
inshore and offshore in the midfall to early winter period . The fall C
was dominated by shrimp of the smallest size class, indicating an extended
period of pink shrimp spawning . The fall cohort may be the result of
spawning of young of the year shrimp (i .e ., those entering the estuaries
the previous winter and early spring) .

From year to year, there did not appear to be much correspondence
between inshore and offshore C. The major pattern over time was the
decreasing importance of the eastern estuaries during the last five or six
years, and the increasing importance of the central region (both inshore
and offshore) during the 1970s .

1 .3 .4 .5 Pink Shrimp

Pink shrimp also exhibited very low C/A in the eastern region
offshore, but inshore C/A in this region was the highest of the three
regions (Figure 5) . Pink shrimp C was even lower offshore in the western
region, with the central region being the only one yielding substantial
offshore C of pink shrimp . However, very few pink shrimp were caught
inshore in the central region . Therefore, it appears that pink shrimp
maturing in the estuaries of western Florida and Alabama migrate into the
area of siltier sediments in the central region upon leaving the estuaries .
A similar trend was noted above for white shrimp . The apparent low
abundances of pink shrimp on the sandy sediments of the eastern region
may be due to the fact that they are composed of relatively fine-grained
sands, quite unlike the coarse textured sands on the west Florida shelf,
where pink shrimp dominate the penaeid C . While shrimp of the smallest
size class dominated the estuarine C and decreased in relative importance
with distance offshore, the two size classes of larger shrimp exhibited
no changes in C/A with depth offshore .

1 .3 .4 .6 Seabobs

Seasonal trends for seabob C were similar in the central and western
regions, with first increases observed in late summer and peaks found
during fall and early winter . Catch then declines throughout the remainder
of winter and spring, being lowest'in late spring to early summer . This
basic seasonal pattern was exhibited in all depth zones in which seabobs
were caught in relatively high numbers, while at 20-40 m depths, increases
in C began later and elevated C extended into the spring, possibly
indicating offshore migration with age . Over the years, seabob inshore
C has declined relative to offshore C, especially during years of high
offshore C (Figure 5) .

1 .4 CONCLUSIONS

Results of the community analyses reflected the complex ecological
patterns in the Tuscaloosa Trend ecosystem . All analyses revealed the
presence of taxa characteristic of the shallow water, muddy bottom,
variable hydrography habitat in the estuaries and shallow shelf in the
western and central regions of the study area (the white shrimp grounds) .
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Most of the characteristic taxa, which included the white shrimp, the Gulf
menhaden, the bay anchovy, the hardhead catfish, the Atlantic bumper, the
southern kingfish, and the star drum are estuarine dependent . The white
shrimp grounds were also characterized by taxa that were widely distributed
over the study area, but were most prominent in waters overlying muddy
sediments . Most of these taxa, including the brown shrimp, the sand and
silver seatrouts, the spot, the croaker, and the Atlantic cutlassfish .
are estuarine dependent and are the characteristic taxa of the brown
shrimp grounds, located offshore of the white shrimp grounds . In the
immediate vicinity of the birdfoot delta and westward, a third muddy bottom
assemblage was evident in all three analyses . However, these taxa were
not found in shallow waters or on muddy bottoms east of the delta. They
include several penaeid shrimp including Parapenaeus LPIL and the seabob,
as well as the yellow conger, the luminous hake, and the singlespot
frogfish . In addition to these three taxa groups, the SEAMAP analysis
identified taxa that were widespread in high salinity waters overlying
muddy bottoms both east and west of the delta during spring (including
the shrimp, Trac enaeus LPIL and Squilla LPIL, the bearded brotula,
and the blackedge cusk-eel) . There was great similarity in taxa at the
stations from all but the shallowest depths in the western region, due
perhaps to the large volume of freshwater discharged into this area from
the Mississippi River .

The shallow water, sandy bottom habitat of the central and eastern
regions off Alabama and westernmost Florida was not characterized by a
distinct inshore community comparable to that of the white shrimp grounds .
This habitat was characterized by widespread taxa and taxa characteristic
of more offshore habitats that migrated inshore seasonally . A number
of taxa found in the SEAMAP survey, including the cleannose skate, the
tomtate and several species of searobins, may be representative of the
higher salinity, inshore habitat of the Florida shelf east of the study
area. The middepth and deep water habitats in the eastern region were
characterized by three groups of taxa . Taxa in the first group were
widely distributed over the study area, but preferred sandy sediments
(the scaled sardine, the inshore lizardfish, the rock sea bass, and the
Gulf butterfish) . Taxa in the second group were widespread over sandy
bottoms, and included the squid, Loliao Dealii , the rock shrimp, the dwarf
sand perch, the largescale lizardfish, the red snapper, the wenchman, the
longspine porgy, and the least puffer . Taxa in the third group of taxa
were restricted to middepth and deep water habitats on sandy bottoms .
This group was best characterized by the horned, bandtail, bluespotted
and blackwing searobins, the smoothhead scorpionfish, the snakefish and
the bank cusk-eel . Nekton community structure was very similar at all
deep water stations located east of the delta, due to the widespread
distributions of many of these sandy bottom taxa .
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2 .0 DETAILED ANALYSIS METHODOLOGIES AND RESULTS

2 .1 INTRODUCTION

The Gulf of Mexico supports the largest single commercial fishery
in the U .S ., accounting for 36% of the total volume and 26% of the
total value (SEAMAP 1984) . Within the Gulf, the Tuscaloosa Trend region
(Figure 6) is among the most biologically productive areas (Gunter 196?) .'
Many of the ecologically and commercially important finfish and shellfish
species are estuarine dependent (Roithmeyer 1965) . Populations of these
species are strongly related to processes acting on the larval and
juvenile life stages, especially those processes related to the transport
to the estuaries and subsequent growth and survival in the estuaries .
These demersal finfish and shellfish species exemplify the ecologic
interrelationships of the outer continental shelf (OCS) and the adjacent
coastal areas. The offshore distributions of many of these species are
related to hydrographic conditions and sediment type .

Beyond approximately 50 to 100 m depths, the demersal communities
are considerably different, with a higher proportion of species that are
offshore residents during their entire life cycle . Much less is known
about the relationships of these deep water species to environmental
processes .

The ecological and commercial importance of many of the demersal
finfish and shellfish species has fostered the development of long-term
data bases by both state and federal agencies which generally encompass
taxonomic count, biomass and environmental data for both estuarine
and adjacent OCS areas. The analysis and synthesis of these data
provides valuable information to fishery scientists and managers, and aids
the development of the Tuscaloosa Trend ecosystem conceptual model by
identifying the dominant ecological processes and higher-level taxonomic
and trophic groupings for model compartmentalization .

2 .2 OBJECTIVES

The objectives of the quantitative characterization of demersal
finfish and shellfish communities in the Tuscaloosa Trend OCS region are :

(1) to create an integrated database that incorporates biotic and
environmental data from federal and state sources ;

(2) to characterize the spatial and temporal patterns in the
structure of demersal finfish and shellfish assemblages ;

(3) to identify homogeneous habitats of the study area for model
discretization ;

(4) to define the relationships of habitats to communities ;

(5) to utilize this community context to identify functional taxa or
trophic groupings for model compartmentalization ;
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(6) to define the relationships of communities and key taxa to
physical and biological processes ;

(7) to determine the degree of variability in those model compart-
ments attributable to temporal, spatial and random variation ;
and

(8) to establish correlations between model compartments to identify
important causal relationships .

2 .3 DATABASE

2 .3 .1 Overview

The first step in the quantitative analysis of the finPish
and shellfish communities in the Tuscaloosa Trend region was the
identification, acquisition and computerization of the relevant biological
and environmental data sets . Table 18 summarizes the federal and state
databases utilized in the quantitative characterization of the demersal
finfish and shellfish communities .

Because the ecological and economic importance of the commercial
fishery in the northern Gulf valuable long-term time series of taxonomic
count data for demersal nekton species has been archived by state agencies
for estuarine and nearshore waters and by federal agencies for the adjacent
OCS areas . Because of the importance of estuarine processes to the life
cycles of many of the commercially important finfish and shellfish, long-
term time series of data for Ekman transport, river discharge, tides,
winds, and precipitation, was also acquired from federal sources for
the same time periods encompassed by the taxonomic count data . The
integration of these data into the project database allowed the development
of quantitative relationships of community and population structure to
environmental processes .

2 .3 .2 1982 and 1983 SEAMAP Survey Data

The SEAMAP program is a cooperative state/federal/university effort
that was implemented in 1981 under the overall direction of the Gulf States
Marine Fisheries Commission (GSMFC) to provide for the cost-effective
collection, management, and dissemination of fishery-independent biological
and environmental data'in the Gulf of Mexico (SEAMAP, 1984) . Participants
in the SEAMAP program include the five Gulf states, GSMFC, NMFS-SEFC, the
Gulf of Mexico Fishery Management Council, Sea Grant programs, universities
and the Gulf and South Atlantic Fisheries Development Foundation . The
SEAMAP program provides a framework for coordinating estuarine and offshore
sampling times, vessels and methodologies and for cooperative regional
planning for fishery research activities .

In the quantitative characterization of the finfish and shellfish
communities in the Tuscaloosa Trend region, the SEAMAP shrimp and
bottomfish trawl survey data and the associated environmental data were
utilized (Table 18) . The SEAMAP ichthyoplankton survey data were not
available in time to permit analysis . Offshore trawl survey collections
were made at night at randomly selected stations located inside !45 fm
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Table 18 . Data included in the Tuscaloosa Trend fisheries analysis database
and their sources .

DATA SET SOURCE

Fadera.l Saurees

Flshery Independent
Surveys for Groundfish

Southeastern Area Monltor-
tng and Ass.ssaent Program
(SEAMAP)
A. Shrlsp and Bottom Fish

Survey
B. Ichthyoplankton Survey
C. Environmental Surv.y

Dr. Walter R . Nelson/
Mr. Ken Savastano
National Marine Fisheries
Servlce

Ms. N1kk1 Bane
SEAMAP Coordinator
Gulf States Marine
Flsher/es Cossalsslon

Gulf Coast Shrimp Data Mr . Darrell T1drell

R1ver Dlscharge

Prectpttat/on and Winds

Ttdes

Ekwan Transport

National Marine Ftsherl .s
S.rv1ce

U .S . G.ologtcal Survey
Offlce of Water Data
Coordination

Mr. Warren Natch
National Climatic Data
Center

Ms. Janet Colt
National Ocean Survey

Dr. Andy Backun
National Marine Fisheries
Service
Pacific Environmental Group

a NUMBER OF TEMPORAL PHYSICAL
VARIABLES STATIONS SPAN FREQUENCY FORM

TC. B . LF . T. variable. 1972-1983 annually during magnetlc tape
S. 0D . TU. C 5-50 fathom fall, some sea-
XBT4 depths sonal cov.rage

TC. B . LF . T. varlable. 1982-1983 annually during magnetic tape
S. D0 . TU. C 1-50 fathom spN ng-sumwsr
XBT depths

TC. B . NT. DF statistical 1960-1983 swnthly magnetic tape
ar.a by 5-
fathom depth
2onM

12 1960-1983 monthly magnetic tape

4 1960-1983 monthly magnetic tape

1 magnetic tape

30 grids 1960-1983 wonthly eagn.tlc tape

Stat. Sou rces

Louisiana Dea .rsal Mr . Harry E . Schafer . Jr . TC . B. LF . T . variable 1965-1983 monthly or magnetic tape

Fisheries and Environmental Dept . of Wildlife and S . D0. TU. NU sael-wonthly some hard copy

Data Fisheries/Dr . Joan Brorder
National Marine Fisheries
Service

Mississippi Deraisal Fish- Dr . Thomas Mcllraln TC . B . T. S. 11 1973-1983 monthly or hard copy

.rtes and Environmental Gulf Coast Research DO se*1-monthly
Data Laboratory

Alabama Danersal Fish- Mr . Walter Tatuw/ TC . B . T. 5. 15-30 1977-1983 monthly or hard copy

ertes and Environmental Mr. Steve Heath DO sem i -sbnthly
Data Department of Conservation

and Natural Resources

»TC • taxonoelc count S • salinity
B• btoeass DO - dissolved oxygen
LF • length/frequency TU • turbidity
NT • nuaber of trips NU • nutrients
OF - days fished C• chlorophyll
T• temperature XBT • expendable bathythermograph
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depths with a 40 ft shrimp trawl . Trawl stations (Figure 7) encompassed
a 1 fm depth stratum with a maximum tow time of 30 minutes and a minimum
tow time of 10 minutes. All tows were made perpendicular to the depth
contours . Inshore waters were sampled by smaller state vessels employing a
16 foot trawl . In conjunction with the shrimp and bottomfish trawl survey,
salinity, oxygen, and chlorophyll values and expendable bathythermograph
temperature profiles were recorded at each station (SEAMAP, 1982) .

2 .3 .3 NMFS Fishery Independent Survey Data

Kemmerer et al . (1982) have provided a summary of the Fishery
Independent surveys for the period 1972 to 1981 . These studies were
initiated by the NMFS Pascagoula Laboratory in response to concerns
expressed by the groundfish industry about declining stocks of commercially
important demersal species in the northern Gulf of Mexico .

Since the inception of the Fishery Independent survey program in 1972,
the Oregon II research vessel has served as the sampling platform for the
surveys . A 12.2 m headrope length, four seam shrimp trawl, with 5 cm
stretch nylon mesh in the wings and body and 3 .8 em stretch nylon mesh
in the cod end is used as the standard sampling trawl . Three replicate
10 minute trawl tows are made at each sampling site at a speed of 2 .5
knots, with the catch from each tow processed separately . The bottom
area covered by the open net is 0 .71 ha. The entire catch is always
weighed, and when catches are small, the entire catch is processed . When
catches are prohibitively large, a random subsample of each is processed,
and extrapolations are made to the total catch based on ratios of weight
of subsample to total weight . Each species of finfish and shellfish is
counted and weighed as a group to the nearest 45 gm . Length-frequency data
are usually taken for only the numerically dominant and/or commercially
important taxa . Environmental data generally collected on these surveys
include surface and bottom temperature and salinity, but more recently,
surface and bottom dissolved oxygen and chlorophyll have been added .

Figure 8 (from Kemmerer et al . 1982) shows the Fishery Independent
survey study area. The northern and southern boundaries of the survey area
are the 5 and 50 fm depth contours, respectively . Therefore, all data
were collected within the depth range of the Tuscaloosa Trend study area .
One primary and two secondary areas have been identified. The primary
area coincides with the region of maximum groundfish concentrations, and
is sampled most intensively . A large portion of the Tuscaloosa Trend study
area is located within this primary area . NMFS has subdivided the survey
area into a series of 30 minute longitudinal sampling units, which are,
in turn, each divided into five depth strata (5-10 fm, 11-20 fm, 21-30 fm,
31-40 fm, and 41-50 fm) . Each of the longitude x depth strata is further
divided into 10 minute square sampling blocks, and each block is subdivided
into 16 two minute latitude x 2 .5 minute longitude sampling sites . Within
each longitude x depth stratum, sampling sites are randomly selected for
each cruise . Table 19 (from Kemmerer et al . 1982) summarizes the 20 Oregon
II Fishery Independent survey seasonal cruises conducted during the period
1972 to 1981 ; data for 1982 and 1983 were also available . Most of the
effort has been concentrated in the autumn when population densities are
generally greatest . We used these fall data for our analysis of long term
trends . In the last several years, efforts have centered on spring and
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Figure 8 . Sampling area for Fishery Independent Surveys for groundfish in the northern Gulf of
Mexico .
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Table 19 . Summary of Fishery Independent groundfish survey cruises in the northern Gulf of Mexioo,
1972-1981 .

t-n
Ln

SEASON

YEAR WINTER SPRING SUMMER FALL

1972 0 0 0 2
1973 0 1 0 1
1974 0 0 2 1
1975 0 1 1 1
1976 1 0 1 1
1977 0 0 0 1
1978 0 0 0 1
1979 0 0 0 1
1980 0 1 0 1
1981 0 1 0 1

TOTALS 1 4 4 11



fall sampling . Only during 1974 and 1975 did cruises with enough spatial
scope occur over 4 continuous seasons for use in our analyses .

2 .3 .4 GCSD
2 .3 .4 .1 Introduction

Analysis of historical trends in commercial catch (C) and catch per
area (C/A) of penaeid shrimp in the Tuscaloosa Trend study was based on
GCSD, which is maintained by NMFS, Technical and Information Management
Services (TIMS), Miami, Florida . GCSD are composed of two different files,
the Shrimp Dealer Data and the Shrimp Trip Interview Data . Until several
years ago, monthly and annual summaries of both the Dealer and Interview
Data were published in NOAA/NMFS Current Fisheries Statistics . These
published summaries, which were used in our analyses, are no longer issued .
Data for the most recent years are available only from TIMS . GCSD monthly
summaries are not equivalent to those published in Shrimp Landings, which
include quantities landed within a reporting period regardless of when
trips were completed or where fishing took place .

The Shrimp Dealer Data are obtained from records kept by shrimp
dealers, and represent the best estimates of total C entering the
commercial market . These data were the subject of the analyses herein
reported. They include port of landing, type and identification of fishing
craft, month of landing, number of trips, species and size composition and
market value by species and marketing size . Shrimp size is expressed in
number of shrimp (heads off) per pound or count. Eight sizes, ranging
from 68 and over per pound (the category of smallest sized shrimp) to under
15 per pound (the category of largest sized shrimp), are reported . Damaged
shrimp are reported as pieces .

GCSD include fishery information for brown shrimp (P. aztecus) , pink
shrimp (g. duorarum) , white shrimp ( E. setiferus) , seabobs ( %inhooeneus
kroveri) , royal reds ( Iivmenooenaeus robustus) , rock shrimp ( Sicvonia
brevirostris) and Y. brasiliensis. Of these seven taxa, the royal red
is a deep water species, seldom being caught shallower than 200 m . Since
it occurred in the Tuscaloosa Trend study area only rarely, it was not
treated quantitatively in this analysis . Also, data for rock shrimp and
g. brasiliensis were sporadic, and were also not addresses quantitatively .
Data for the three Penaeus species and the seabob were analyzed in this
study . Unlike the other three taxa, data for seabobs were not reported
by size . In our study we converted the reported (heads off) weight to
total (heads on weight) by multiplying the reported weight by the following
conversion factors : brown, 1 .61 ; pink, 1 .60 ; white, 1 .54 ; and, seabobs
1 .53 (NOAA 1976) .

2 .3 .4 .2 GCSD Reporting System and Grid

NMFS has established a grid system for reporting penaeid shrimp C
in the Gulf of Mexico . Within the U .S., twenty-one statistical subareas
have been established (Figure 9) . Statistical subareas 9-13 collectively
encompass the entire Tuscaloosa Trend study area and its adjacent inland
waters . Each statistical subarea is further subdivided into 5 fm depth
zones for reporting purposes . Data are reported separately for inshore
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and offshore waters . NMFS has established a code system for inland waters
in each statistical subarea so C can be reported for individual estuarine
systems . In the Tuscaloosa Trend Study area, waters for which C is
reported include Pensacola Bay, Mobile Bay, Mississippi Sound, Lakes Borgne
and Pontchartrain, Breton and Chandeleur Sounds, and inside waters from the
Mississippi River to Bayou La Fourche . A maj or change occurred in the
inland code system in 1976, involving some consolidation and switching of
subarea affiliations for same inland waters . These changes, which involved
subareas 9 and 10 as well as subareas 11 and 12, obviously complicate
intepretation of C trends in inshore waters for the individual subareas
over time .

Table 20 (modified from Patella 1975) shows the water surface area
associated with each statistical subarea x 5 fm depth zone . Overall, the
data indicate that the Tuscaloosa Trend study area is bathymetrically more
complex than the more typical shelves bordering Texas and the west coast
of the Florida peninsula .

Of the 21 statistical subareas in the Gulf of Mexico, subarea 9,
which includes the eastern most portion of the Tuscaloosa Trend study area,
encompasses the smallest offshore water surface area . Along with subareas
10 and 12, they constitute the three subareas with the smallest offshore
water surface areas in the entire Gulf of Mexico . The small water surface
areas occupied by 0-20 m depths of subareas 9 and 10 are attributable
to the relatively narrow shallow shelf in the vicinity of DeSoto Canyon.
This shallow zone decreases in width going east across subarea 10, being
narrowest in subarea 9 . Going east from the eastern boundary of subarea
9 (86 degrees W longitude), the shallow zone widens appreciably . Note that
even though this zone occupies small water surface areas in subareas 9 and
10, the water surface area occupied by waters 20-40 m in depth is fairly
expansive in each subarea . Water surface areas for depths greater than
40 m in subareas 9 and 10 are also strongly influenced by the slope of
DeSoto Canyon.

Statistical subarea 11 includes the largest total water surface area
and largest area 20-40 m deep of any of the five statistical subareas
in the Tuscaloosa Trend study area (Table 20) . Subarea 11 occupies the
geographic center of the Tuscaloosa Trend OCS, and also includes most of
Mississippi Sound . It lies along the eastern ( and offshore) boundaries
of subarea 12, which consists primarily of estuarine waters . Therefore the
fishery dynamics of subarea 11 should be closely tied to those of the major
estuaries located to the immediate east of the Mississippi River delta.
The eastern boundary of subarea 11 (with subarea 10) lies in the vicinity
of the transition from silty to sandy sediments on the OCS . Therefore,
the fishery dynamics of subarea 11 might be expected to differ considerably
from those of subareas 9 and 10 ( located further east) .

The most unique statistical subarea in the entire Gulf of Mexico
is subarea 12 (Figure 9) . Subarea 12 includes, for the most part,
inshore areas such as Breton and Chandeleur Sounds and Lakes Borgne and
Pontchartrain, and very little of the OCS itself . Subareas 11 and 13,
which bound subarea 12 on the east and south, respectively, encompass the
majority of the OCS waters adjacent to subarea 12 . This is reflected
in the small offshore area included in subarea 12 (Table 20, Figure 9),
and especially in zones representing depths greater than 20 m . Subarea
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Table 20 . Water surface areas (ha) included in each five fathom depth cell in GCSD statistical
subareas 9-13, which encompass the Tuscaloosa Trend study area .

DEPTH (FATHOMS)

AREA 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 GT 50 TOTAL

9 4241 14895 155323 110036 94916 54867 34733 36902 40646 20137 354059 920755
vn 10 18937 91696 164679 187285 113404 33235 33909 22831 21632 9057 134962 831627~

11 59380 234504 169095 150633 137673 88465 75883 42500 24867 20646 318449 1322095

12 79271 16806 2561 1056 1130 301 113 45 0 0 0 101283

13 65661 74039 37173 37859 39688 37403 32835 22168 21711 30167 300852 699555
TOTAL 227490 431940 528832 486868 386811 214271 177473 124447 108855 80007 1108322 3875315



12 contains no water surface area at depths greater than 100 m . While
the surface area of subarea 12 occupied by waters 0-20 m deep is low, it
is similar to that of subarea 10 and considerably greater than that of
subarea 9 .

Statistical subarea 13 is the only one lying west of the Mississippi
River delta (Figure 9) . For this reason alone, the fishery dynamics of
subarea 13 might be expected to be different from that of the subareas
located east of the delta . Inland waters in subarea 13 include Barataria
and Caminada Bays, Lake Salvador, Little Lake, and East Bay between
Southwest and South Passes . Sediments in subarea 13 are predominantly
silty, being more similar to those of subarea 11 than to subareas 9 and 10,
located further east . As is evident from Figure 9, subarea 13 represents
a transitional region. To the west of subarea 13, the OCS assumes the
more typical bathymetry of much of the Louisiana and Texas OCS, while to
the east, immediately adjacent to the birdfoot delta, the shelf is steeper
and narrower than anywhere else in the Gulf. This is reflected in the
relatively small water surface areas of 20-100 m depths in the study area
compared to subareas outside the Tuscaloosa Trend study region .

The spatial and temporal resolution and boundaries of the GCSD are
well suited to model conceptualization and quantification . The GCSD grid
covers the entire Tuscaloosa Trend study area . The basic spatial reporting
unit provides considerable detail on longshore and onshore/offshore trends .
The monthly reporting intervals provide a reasonable time step for fishery
geology modeling purposes . Because GCSD have been consistently reported
since 1960, an extensive time series of this important component of the
Gulf continental shelf ecosystem is available for analysis .

2 .3 .4 .3 Data Processing and Reduction

Monthly summaries of the GCSD Dealer Data Files for the years 1960-
1982 were obtained from NMFS/TIMS on magnetic tape . These summaries
contained information equivalent to those presented in the previously
published GCSD monthly summaries with several exceptions . First number
of trips were not included . Number of trips on a year by area basis
were subsequently acquired in hard copy form and were computerized .
Second, inshore C was identified only to the level of statistical subarea,
disallowing C in the individual inland water bodies, to be differentiated .
Finally, the data received on tape included corrections to the Dealer Data
File made subsequent to the publication of the summaries .

Inclusion of a large number of (5 fm) depth intervals and all 8
size classes of shrimp in the analysis would inevitably lead to excessive
numbers of empty years x month x area x depth x size cells in the data
matrix and considerable variability in values for individual spatial x
size cells over time . As such, the original depth zones were consolidated
into one inshore zone (all depths combined) and four offshore zones (0-20
m, 20-40 m, 40-100 m, and 100-200 m) ; similarly, the original eight size
classes were consolidated into three size categories (0-20, 21-40 and
41 and more shrimp per pound heads off) . These same depth and size
consolidations were used in a similar analysis of GCSD along the Texas
coast (Comiskey et al . 1982) .
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For the purposes of this fisheries analysis, an attempt was made
to render the GCSD analysis consistent with those for the SEAMAP and
Fisheries Independent Data . Analyses of these scientific trawl data
revealed three more or less distinct regions in the Tuscaloosa Trend study
area. These were (1) a western region located west of the Mississippi
River delta, encompassing statistical subarea 13 ; (2) a central region,
including statistical subareas 11 and 12, and encompassing the entire
estuarine system from the Mississippi River delta to (but not including)
Mobile Bay ; and (3) an eastern region, including statistical subareas 9 and
10, and encompassing the inshore and offshore waters of western Florida and
eastern Alabama. In addition to these geographical differences, several
dominant depth trends recurred through the several analyses . These trends
were accomodated by the depth zones used in the analysis .

Based on these facts and preliminary analyses using all five
statistical subareas, it appeared beneficial to combine the five original
subareas into three "homogeneous" subregions (i .e ., eastern, central and
western) . This aggregation accomodated several other "problems" as well .
First, some statistical subarea x depth zone cells were represented by
very small water surface areas, even after the consolidation of depth
zones . This was particularly true for the offshore zones in subarea
12 (which consist predominantly of estuaries) . Catch reported for these
spatially small cells was variable and obviously incorporated considerable
spurious error. Also, while there was no water surface area given by
Patella (1975) for depths greater than 100 m in subarea 12, there were
a number of instances of reported C in these cells in the data received
from TIMS. By combining subareas 11 and 12, these problems were resolved .
Consolidation of subareas 11 and 12 into one central region appeared to
be further justified on an ecological basis since subarea 12 constituted
a very large portion of the estuaries adjacent to subarea 11 (those
bordering the western portion of subarea 11) . The preliminary analyses
indicated that little information was lost in the aggregation to three
regions, while interpretability of trends was greatly enhanced . Combining
subareas 9 and 10 resulted in loss of some interesting longshore gradients,
since subarea 10 was somewhat transitional between the very sandy area off
westernmost Florida (subarea 9) and the silty bottoms off the Mississippi
River delta and Mississippi Sound (subarea 11) . These trends are noted
in the text where appropriate. A final consideration pointing toward
spatial aggregation involved the data for inland waters . Since the monthly
summaries received from TIMS did not include codes for individual estuaries
(i .e ., they were reported at only the statistical subarea level), there was
no way to accomodate the changes in reporting of inland C that occurred in
1976 . Since these changes involved subareas 9 and 10 as well as subareas
11 and 12, aggregating both pairs of subareas was required to render the
C data for inland waters interpretable .

Water surface areas in each region by consolidated depth zone cell
are presented in Table 21 (in hectares) and are shown in Figure 10 . Data
for offshore areas were taken from Patella (1975), while those for inland
waters were taken from the Cooperative Estuarine Inventories for Louisiana
(Perret et al . 1971), Mississippi (Christmas 1973), Alabama (Crance 1971),
and Florida (McNulty et al . 1972) . In no two regions are the trends
for water surface area with depth consistent, attesting to the complexity
of the Tuscaloosa Trend Study area . This complexity is attributable to
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Table 21 . Water surface areas (ha) included in each region by depth zone cell used in the shrimp
analysis .

E------- --_______ __ - ~

REGION INSHORE 0 - 20 M 20 - 40 M 40 - 100 M 100 - 200 M TOTAL
~----- -

WEST 121992 139700 75033 216805 300852 854382
O,
w CENTRAL 954053 389961 323345 467619 318449 2453427

EAST 219449 129679 617323 584912 489021
-------

2040384
--------------

TOTAL 1295494

------

659340

-------

1015701

-------

1269336 1108322 5348193



the presence of the prograding Mississippi River delta in the study area .
The central region contained the largest overall area but the eastern
region contained the largest offshore area (Table 21) . The central region
contained by far the largest inshore area, being four times greater than
that for the eastern region and almost eight times greater than for the
western region. Most of the inland waters in the central region were
included in GCSD statistical subarea 12, which is mainly composed of inland
waters (Figure 9) . The western region contained the smallest inshore
and offshore areas. However, considering the entire study area (i .e .,
all three regions combined), the water surface areas for the three most
offshore zones are very similar . While being the largest, the inland water
surface area is only about 20x larger than that for the zones deeper than
20 m. On the other hand, the shallowest offshore zone (0-20 m) is only
approximately 60% of the area of any of the other offshore zones, and
about 50% of that for the inland zone . Total water surface area in the
eastern and central regions were relatively more similar to each other than
to the western region, which consisted of only one GCSD stati stical subarea
(subarea 13) .

Results of the analyses of C and C/A for brown, white and pink
shrimp as well as seabobs are presented as tables, graphs and bar charts
displaying the most important main effects (i.e., year, month, region,
depth and size) and two and three way interaction means . For the three
species of Penaeus, these graphic displays included region x depth x size,
month x depth x size, year by depth by size and year x region (including
inshore and offshore x size. Size was not reported for seabobs and size
was not included in any of the analyses . Graphic displays for seabobs
included area x month x depth and year x area x depth . For those analyses
involving region and/or depth zone as class variables, the trends for C
and C/A would be different, depending on the water surface area included
in each spatial cell (the values in Table 21) .

The lack of consistency in water surface areas for the 15 region
x depth zone cells in the Tuscaloosa Trend Study area indicates that
relationships of C and C/A are not simple . The reader should note that all
analyses which do not include statistical area or depth as class variables
will result in identical trends for C and C/A, and the two variables are
used interchangeably in those discussions .

2 .3 .5 State Estuarine Surveys

2 .3 .5 .1 Overview

The states of Louisiana, Mississippi and Alabama have conducted
spatially and temporally extensive biological and environmental sampling
programs. These programs have primarily been designed to assess the stocks
of commercially important finfish and shellfish species ; however, many
programs incorporate data on all species collected . The analysis of these
valuable data provides the information needed to make management decisions
such as the dates for the opening and closing of commercial fishing seasons
in state waters .

Because of the importance of estuarine processes to the life cycles
of many of the commercially important finfish and shellfish species on the
OCS, these state estuarine data are essential for establishing quantitative
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relationships between community and population structure on the OCS and
estuarine processes .

2 .3 .5 .2 Louisiana Demersal Fisheries and Environmental Data

The Louisiana estuarine data integrated into the project database
included taxonomic count, wet-weight biomass, length-frequeney, turbidity,
nutrients and near-bottom temperature, salinity, and dissolved oxygen
measurements collected monthly or semi-monthly at a variable number of
stations from 1965 to 1983 (Table 18) . Trawl samples were collected with
a 16 ft trawl where possible, with a 6 ft trawl utilized in very shallow
waters. The •program was primarily designed to assess penaeid shrimp
populations, and only they were enumerated in the 6 ft trawl samples .
However, all organisms were identified and enumerated in many of the 16
ft trawl samples .

The Louisiana estuarine data was recently computerized in analytically
compatible formats by NMFS/SEFC (Savell et al . 1983) and the resulting
integrated database is available on magnetic tape. The contacts for
these data were Mr . Harry Schafer, Louisiana Department of Wildlife and
Fisheries, Baton Rouge, Louisiana and Dr . Joan Browder, NMFS/SEFC, Miami,
Florida. Because the data for 1981 to 1983 were not available, the
Louisiana data were not integrated into the project database .

2 .3 .5 .3 Mississippi Demersal Fisheries and Environmental Data

The estuarine data from Mississippi integrated into the project
database included taxonomic count, wet weight biomass, and near-bottom
temperature, salinity and dissolved oxygen measurements collected monthly
or semi-monthly at a total of 11 selected stations for the period 1973
to 1983 (Table 18) . Of the six trawl stations, the four most inshore
stations were sampled with a 16 ft otter trawl 0 .75 inch wing mesh, 0 .25
inch cod end mesh) towed for 10 minutes . The two most offshore stations
were sampled with a 36 ft otter trawl with the same mesh dimensions
towed for 30 minutes . A beam plankton trawl was towed in a 50 m radius
to sample larvae and postlarvae at three stations, and the remaining
two stations were sampled with a 50 ft bag seine (0 .25 inch bar mesh) .
All organisms were enumerated in the otter trawl and seine samples and
larval and postlarval crabs, shrimp and finfish were enumerated in the
beam plankton trawl samples (McIlwain, 1982 ; Mr . James Warren, Gulf Coast
Research Laboratory, pers . eomm.) . The Mississippi data were obtained
in hard copy form by contacting Dr. Thomas Mcllwain, Gulf Coast Research
Laboratory, Ocean Springs, MS .

2 .3 .5 .4 Alabama Demersal Fisheries and Environmental Data

The Alabama estuarine data integrated into the project database
included taxonomie count, wet-weight biomass, and near-bottom temperature,
salinity and dissolved oxygen measurements collected monthly or semi-
monthly at approximately 15 stations during the period 1977-1983 (Table
18) . Trawl samples were collected with a 16 ft otter trawl (0 .75 inch wing
mesh, 0 .25 inch cod end mesh) towed at approximately 3 knots for 10 minutes
(Swingle, 1971) . For the period 1977 to 1980, only the penaeid species
were enumerated, thereafter, all organisms captured in the trawl samples
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were enumerated (Mr . Steve Heath, Alabama Department of Conservation and
Natural Resources, pers . comm.) . The Alabama data were obtained in hard
copy form from Mr . Walter Tatum and Mr. Steve Heath, Alabama Department
of Natural Resources, Dauphin Island, Alabama . These data have not yet
been integrated into the project database .

2 .3 .6 Federal Environmental Data

Due to the importance of oceanographic and estuarine processes and
environmental conditions the life cycles and survival of the estuarine
dependent and commercially important species, time series of data for
river discharge, precipitation and winds, tides, and Ekman transport were
acquired for representative stations in the Tuscaloosa Trend study area for
the time period 1960-1983 (Table 18) .

River discharge data collected monthly at 12 stations located on the
major sources of freshwater input in the study were acquired on magnetic
tape from the U.S. Geologic Survey, Office of Water Data Coordination
and from the U .S . Army Corps of Engineers, New Orleans and Vicksburg
Districts. Precipitation and winds data were obtained for four coastal
weather stations from Mr. Warren Hatch of the National Climatic Data
Center, Asheville, North Carolina . Tide data for the period 1966 to 1983
collected at Dauphin Island, AL was obtained from Ms . Janet Colt and Mr .
Steve Lyles at the National Ocean Survey, Rockville, Maryland . Ekman
transport data for the study area was obtained from Dr . Andy Backun, NMFS,
Pacific Environmental Group, Monterey, California .

2 .4 ANALYTIC APPROACH

The overall approach to the analysis of the fishery data for the
Tuscaloosa Trend study area centered on the use of multivariate pattern
analysis techniques to provide the context within which major trends and
sources of variation within and among suites of community and habitat
variables could be quantified and mapped, and homogeneous subregions of the
Tuscaloosa Trend study area could be identified . Within this context, taxa
showing the most clear cut, consistent and ecologically meaningful trends
were identified, resulting in a culling of those taxa that were either
too rare or too sporadic in distribution to provide much information . The
ultimate goal of the pattern analysis was to define communities, habitats
(i.e., station. groups) and the relationship of communities to station
groups .

One of the most important data products in the initial stages of
community analysis is the relative composition table . Both mean percent
composition and pooled percent composition values are given in these
tables . Taxa which have highly clumped distributions generally have higher
pooled than mean percent composition values . The mean percent composition,
by scaling each sample to a 0-100 (percent) basis before calculating an
overall mean percent composition, reduces the influence of outliers (i .e.,
very high values) in one or several of the samples . Cumulative percent
composition (based on mean percent composition), frequency of occurrence,
cumulutive abundance, mean abundance (per ha), and an index of dispersion
are also presented for each taxa . Relative composition tables were
calculated for each of the initial community data sets used in this study,
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and the results were used to describe overall community composition and
to eliminate rare taxa from subsequent multivariate community analysis .

The principal multivariate technique used in this study was Two-Way
Indicator Species Analysis (TWINSPAN) . TWINSPAN is an efficient way to
display all taxonomic data in one reduced data matrix, with the samples
and taxa oriented along gradients of community structure (Hill 1979) . In a
TWINSPAN display, the samples are ordered across the top, and the taxa are
ordered down the side . The numbers 1 through 5 in the display represent
categories of increasing relative percent composition of each taxon at each
sample ( i . e . , 1 = 0-2x , 2 = 2-5x , 3 = 5-10f , 4 = 10-20% and 5 = >20x ) .
No numerical entry (a dash) indicates that the taxon was not found in
the sample. The groupings of samples and taxa result from hierarchical
dichotomizations of the samples and taxa, and represent a progressive
ref inement of the relationships of sample groups (i .e., habitat types) to
taxa groups (i.e., communities) .

Within this context, taxa selection was conducted, and final TWINSPAN
displays were generated for the selected taxa . These final displays
are presented in this report . Tables of environmental variables and/or
community parameters and tables of correlations of taxa with environmental
variables were produced wherever possible, with stations and taxa ordered
in the same way as in the corresponding TWINSPAN analyses . The algorithm
used to calculate species diversity was the Shannon-Weiner H', while
Pielou's Index J' was used to calculate evenness and Margalef's Richness
Index D was used to calculate species richness . Maps depicting the
distributions of station groups were also produced where appropriate .
These data products substantially enhance the interpretation of the results
of the analysis .

In addition to TWINSPAN, factor analysis was used in the analysis
of the Fishery Independent groundfish survey annual data. Factor analysis
identifies independent trends in community structure (i .e ., the factors),
with the loading of each taxon on each factor indicating the importance of
the taxon to the community trend embodied in the factor . Factor analysis
produces scores for each factor in each sample, indicating the importance
of the community trend embodied in the factor to the community structure
of the sample . These scores were then used as dependent variables and
were correlated with important environmental variables thought to influence
nekton community dynamics in the Tuscaloosa Trend study area .

The results of these pattern analyses were used, in concert, to
identify nekton communities (taxa groups) and habitats (sample or station
groups) and the relationship of taxa groups to station groups (i .e .,
communities to habitats) . These relationships were expressed as taxa group
by station group coincidence tables . This information was then used to
disoretize the study area into (internally) homogeneous subregions . Once
the subregions were defined, community, population and habitat variables
were statistically characterized within each subregion. A detailed
analysis of population dynamics of commercially important penaeid shrimp
was then conducted within this spatial context .
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2 .5 RESULTS

2 .5 .1 4EAMAP Survey Data, Sprin¢ 1982

2 .5 .1 .1 Relative Composition and Abundance

The community composition over all samples combined from the fall
1982 SEAMAP survey is summarized in Table 22. A total of 81,429
individuals representing 225 taxa were identified from 128 trawl samples .
A hierarchical master taxonomic list for these 84 taxa 'is shown in Table
23 .

In general, the overall community tended to be numerically dominated .
by a relatively small number of taxa, with the vast majority of the taxa
represented by only a few individuals each (Table 22) . The nine most
abundant taxa represented over 50% of the pooled percent composition, and
the 32 most abundant taxa accounted for almost 80% of the cumulative mean
percent composition . An examination of the frequency of occurrence values
reveals that none of the taxa were widely distributed, with only Penaeus
aztecus being collected in greater than 50% of the samples (frequency of
occurrence = 0 .578 in Table 22) .

Trae enaeus LPIL, §guilla LPIL, and Stenotemus gaorinus each
accounted for greater than 10% of the pooled percent composition . They
had very clumped distributions ( index of dispersion values of 725 to 1331),
occurring on 48, 40 and 46% of the samples, respectively . Anchoa mitchilli
accounted for 9 .5% of the pooled percent composition, but occurred in only
26% of the samples ( frequency of occurrence = 0 .27) . Callinectes similis
and Prionotus rubio each accounted for greater than 3% of the pooled
percent composition, and both occurred in 44% of the samples . Penaeus
aztecus , Sicvonia brevirostris , Anchoa nasuta and Anchoa heosetus each
accounted for greater than 2% of the pooled percent composition . Anchoa
nasuta had an especially clumped distribution, being found in only 6 .3%
of the samples . Other numerically prominent taxa include Parapenaeus
LPIL, MieropQgQgias undulatus , Leiostomus xanthurus , Sicyonia dorsalis ,
Solenocera LPIL, Penaeus duorarum and i__nl li cunnul_a_ brevis , each accounting
for greater than 1% of the pooled percent composition. Of these,
MicropQgonias undulatus and Lollirruncula brevis were found in greater than
40% of the samples, while Paranenaeus LPIL was found in only 6 .3% of
the samples . Other less numerically prominent taxa that occurred in
greater than 30% of the samples included Sphoeroides narvus , Centrooris~is
ohiladelphicus , gtroeus crossotus , Synoseion arenarius , Synodus foetens and
Trichiurus lenturus .

2 .5 .1 .2 Two-Way Indicator Species Analysis

An important application of the relative composition and abundance
tables and other exploratory analysis techniques is in the selection of
the taxa to be included in subsequent community analyses . Based on the
results shown in Table 22, all taxa which occurred in two or fewer samples
were removed from further consideration. This resulted in the removal
of 75 taxa from the original list of 225 taxa, with the remaining 150
taxa subjected to further analysis . Two-Way Indicator Species Analyses
(TWINSPAN) was then used to further reduce this suite of 150 taxa to a more
workable level . The resulting ordered data matrix (whose values are one
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Table 22 . Overall relative composition of demersal nekton taxa collected
in single replicate samples at 128 stations in and around
the Tuscaloosa Trend study area during the spring 1982 SEAMAP
groundfish survey.

!lEn COMOLA,?IYS PaOLBD
TAION NAM PENCCBNT PENCENT PE8C11arT FBBQ. OF COMQLATIYE LIDE! OF

COMPOSITDON COMPOSITION CO!lPOSITION OCCDANBXCE ABONDANCS DISPBBSION

'hsopyp.na.us 9.963 9.963 20.538 0 .477 16724 . 1331 .72
Squills 5.772 15 .735 15.244 0 .398 29137 . 1184.15

Stenotows oaprinus 9.446 25 .181 11 .417 0.461 38434 . 724.59

Anohoa sltopi131 12.109 37 .290 9.500 0.266 46170 . 506 .55

Callin.etn siailis 3.950 41 .240 4 .516 0.438 49847 . 205 .86

Prionotus rubio 1 .668 42.908 3 .581 ~ 0.438 52763 . 334.85

P.na.us asteons 3.296 46 .204 2.809 0.578 55050 . 124 .75

SSoyonia Drwiroatris 2.256 48.460 2.212 0.320 56851 . 249.30

Anohoa sasuta 2.290
7925

50.750
56.541

2.198
2.039

0.063
0.445

58641 .
60301 .

940 .36
89.78Anepoa u.ps.tus .

1 677 58.218 1 .598 0 .063 61602 . 209.89Pu. apenaeus
Mioropo8on undulatus

.
2.152 60.371 1 .487 0 .430 62813 . 235 .21

L.iostc.us zanttiurua 2.476 62.847 1 .287 0 .305 63861 . 141 .86

Sioyonia dorsalis 0.910 63.757 1 .259 0 .234 64886 . 86.15

3o lemap.a 1 .123 64 .879 1 .118 0.234 65796 . 104 .41

P.na.us duorarua 1 .028 65 .907 1.066 0.352 66664 . 40.58

Lo1118unoula Dr.ris 4.243 70.150 1 .038 0.445 67509 . 29.62

Portaaas Bipp .sii 0.607 70.757 0.939 0.242 68274 . 82 .21
Spno.roids par.os 0.835 T1 .592 0.682 0.359 68829 . 38.32

Bolis•nala oo .~unis 0.405 71 .998 0.672 0.156 69376 . 45 .15

C.atropristis pbi.lad.lphious 0.894 72.891 0 .651 0.336 69906 . 20.19
Lo11®D pNl.ii 2.026 74.918 0.619 0.219 70410 . 46 .87

Etropns oroaaotua 0 .540 75.458 0.601 0.352 70899 . 22.64

L.popbidius ira.llai 0.471 T5.929 0.553 0 .273 71349 . 35 .57
Syaoius gunt.ri 0 .581 76.509 0.491 0 .227 71749 . 75 .06

Doryt .utbis pleii 0 .702 77 .211 0.484 0 .047 72143 . 125.18

Prionotus salsonioolor 0.534 77 .745 0.465 0.102 72522 . 99 .43
Cynosoioo ar .narius 0.963 78.708 0.452 0.375 72890 . 28.64

Syaoiua papillosus 0.470 79.179 0.404 0.125 73219. 104.08

Dipl.otru . Divittatu . 0.515
0 0 2

79.694
78679

0.399
0 386

0.234
0 063

73544 .
73858 .

18 .12
196.08SyaCLuM

Ora.L i pea
. 9

0.103
.

79.889
.

0 .370
.

0 .016 74159 . 298 .99

Ast.roid.a 0.926 80.815 0 .368 0 .141 74459 . 83 .56
Portuaus spinicarpw 0.402 81 .217 0 .321 0.109 74720 . 59.80

SQULIk Mpusa 0.258 81 .475 0 .321 0 .070 74981 . 127 .80
11 60

Synodus to.t.ns 0.426 81 .901 0.306 0 .336 75230 . .

Prionotua triDulus 0 .353 82.254 0.302 0 .203 75476 . 25.39

Triohiurus 1 .pturus 0 .706 82 .960 0.282 0 .313 75706 . 17 .07

Standaoba.ria arpnt .a 0.292 83 .251 0.268 0.078 75924 . 30.09
1873LuLdLa 0.666 83 .917 0.264 0.055 76139 . .

Sy.phuru , pla giusa 0.491 8M .408 0.263 0.297 76353 . 18 .44

Aplysia 0.096 84.504 0.262 0.039 76566 . 165 .92

!l.llita quinqui .ap.rtorata 1 .953 86 .458 0.237 0.023 76759 . 181 .23

P.prilus Ourti 0.956 87.413 0.228 0.133 76945 . 45 .62

Prionotus ros.us 0.263 87.677 0 .211 0.039 77117 . 66 .70

Anepa 0.230 87.907 0 .208 0 .031 77286 . 80 .25

Lagodon nca.boid .s 0 .227 88.133 0.199 0 .070 77448 . 49.59
kbplunnis saa•uras 0 .188 88.321 0.195 0 .164 77607 . 10 .95

8.llatoe• militae•is 0 .185 88.505 0.184 0 .070 77757 . 28 .11
Porichttiys porosissisns 0 .124 88.629 0.17T 0.219 77901 . 49.48

gcorpa.na oaloar.ta 0.145 88.775 0.174
4

0.094
0780

78043 .
78185

30.41
8770S.e•raaus au•opranopus 0.164

1850
88.938

12389
0 .17
0.169

.
0.133

.
78323 .

.
33.34Hali.uticbthys aoul .atus .

0 350
.

89.473 0.168 0.133 78460 . 25.02Mantioirrbus awricanus .
1 865 91 338 0.152 0.203 78584 . 13 .80Callin.cts sapidus

C.ntropristis ooyurus
.

0 .219
.

91 .558 0.138 0.070 78696 . 40 .31

SCypp0za 0 .199 91 .756 0 .126 0.039 T8799. 39.06

CblorosoosOrus rJlrysurus 1 .880 93.637 0.120 0 .203 78897 .
T8993

9 .49
74 06St.llit.r lano.olatu. 0 .123 93.759 0 .118 0.039 . .

Portunus 0 .142 93.901 0.115 0 .023 79087 . 51 .09

Saurida Dr .sili.nsis 0.123 94 .024 0.115 0 .133 79181 . 33 .33

Eucinostows gula 0.043 94 .068 0.114 0.039 79274 . 36.28
Pristiposoides sQuilooaris 0.089 94.157 0.096 0.078 79352 . 14 .87

P.na.us s.tit.rus 0.128 94 .285 0 .093 0.188 79428 . 7.01

Citharichthys apilopterus 0.124 94 .409 0 .091 0.164 79502 .
9573

12.17
63 39

Ac.ates as.rioanus 0.091
0 061

94 .500
94 561

0.087
0 .080

0 .016
0.070

7 .
79638 .

.
16 .50Opbloetbus gossii .

0 138
.

94 698 0 076 0.102 79700 . 12 .65
Aar.ngula jaguana . . .
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Table 22 . Continued.

!a<1N CmlOwrIVS POOLED
?1=0N NIlNt PB1C1N1T PBRClQT PEAC8N2 FHNG. OF COMUi.LTZYB INDEX OP

C0MP03I?IDN COtlPOSITSON CO!lFOSITZON OCCUARl1yCS iBUND1NCB DISPERSION
Arius tslls 1 .835 96 .534 0.075 0.164 79761 . 5 .29
Maocs oonstriota 0.117 96 .650 0.075 0.031 79822 . 21 .68
Br.voortia patrowa 0.033 96 .684 0.074 0.039 79882 . 37 .89
Lut jaau oaap.onaous 0.183 96.867 0.074 0.070 79942 . 12.50
Cyeoaolon aothus 0.138 97 .005 0.064 0.070 79994 . 20.79
Lri.ns tasolatus 0.103 97.108 0.056 0.109 80040 . 5 .16
Prionotus oaroliaus 0.100 97 .207 0.054 0.047 80084 . 18.02
Prionotus scitulua 0.067 97.275 0.054 0.039 80128 . 19.54
Cyolopsetta obittand.ai 0 .047 97.322 0.053 0.094 80171 . 4 .79
PriosotuN 0 .029 97.351 0.053 0.016 80214 . 23 .31
Prionotus paralatus 0 .083 97.434 0.050 0.039 80255 . 16.76
Syoodus poqi 0 .054 97.488 0.048 0.031 80294 . 15 .53
Cyoosolon 0 .044 97.531 0.045 0.039 80331 . 10 .09
L.popnidiua 0 .037 97.569 0.044 0.078 80367 . 4 .70
Trso0looc.phalus ayops 0 .056 97.625 0.044 0.047 80403 . 17.75
Paavs pa " 0.049 97.673 0.044 0.031 80439 . 20.49
lpulp.ot.n 0.060 97.733 0.039 0 .031 80471 . 12.60
Antsaoarius rsdiosus 0 .031 97.764 0.038 0.086 80502 . 4.60
P.prilus para 0 .096 97.860 0.037 0 .086 80532 . 4 .80
1MLlitida* 0.091 97.951 0.036 0.055 80561 . 7.04
Orthopristis ohrysoptsra 0.119 98.070 0.033 0.047 80588 . 6.02
Urophyois re`lus 0.044 98.114 0.032 0 .016 80614 . 12 .90
Calappa snloata 0.025 98.140 0.031 0.094 80639 . 3.23
Moaacantbus bispidus 0.048 98.188 0.029 0 .078 80663 . 3 .25
Asoidlac.a 0.050 98.237 0.028 0 .016 80686 . 16 .34
Luidia olathrata 0.041 98.278 0.028 0 .016 80709 . 11 .61
N.tapenaa.opsis Qood .l 0.056 98.334 0.028 0 .008 80732 . 23 .00
S.rr.aiculus pusilio 0.031 98.365 0.026 0 .031 80753 . 5.74
Brotula barbata 0.009 98.374 0.026 0.047 80774 . 7 .56
Diplectram foraosu. 0.021 98.394 0.026 0.016 80795 . 19 .08
Poritara 0.048 98.443 0.025 0.008 80815 . 20 .00
H.patus •ph .litious 0.028 98.471 0.025 0.078 80835 . 2 .36
Oaooo.phalus 0.041 98.511 0.023 0.016 80854 . 12 .63
Soorpa.oa brasilisasia 0.037 98.548 0 .020 0.016 80870 . 9 .07
Prionotus st.araai 0.032 98.580 0.020 0.055 80886 . 2 .90
Uropbycis floridanus 0.025 98.604 0 .018 0.047 80901 . 2 .91
Caulolatilus iat.rudiw 0.004 98.608 0 .018 0.016 . 80916 . 10 .16
Spbo.roid.s dorsalts 0.021 98.630 0 .017 0 .031 80930 . 5 .79
0ywachirus t.a. 0.021 98.650 0.017 0.031 80944 . 4 .07
Synodua intsrsftlius 0.022 98.672 0 .016 0 .023 80957 . 4 .32
laasisus latus 0.020 98.692 0 .016 0 .031 80970 . 3 .70
L.pophidiu m jeaoaas 0.029 98.720 0 .016 0 .031 80983 . 3 .54
Ophidion w.lsbi 0.020 98.740 0 .015 0.063 80995 . 1 .75
Scyllarus 0.019 98.759 0 .015 0 .016 81007 . 6 .62
Opnidlon grayi 0.016 98.775 0 .015 0.008 81019 . 12 .00
Opbidlon bolbrooki 0.017 98.792 0.015 0.016 81031 . 6 .62
Dacapt.rua punotatus 0 .077 98 .869 0 .015 0.039 81043 . 2 .59
Ra ja .glantaria 0.022 98 .892 0 .015 0.055 81055 . 2 .09
Aoohovislla 0.012 98.903 0.015 0.023 81067 . 4.10
Picus papyratia 0.017 98 .920 0 .015 0.008 81079 . 12 .00
Uroptiycis clrratus 0.018 98 .939 0.014 0.016 81090 . 5.87
Congriaa tlava 0.009 98.947 0.014 0.039 81101 . 2 .75
Portunus spiniaanus 0.015 98 .963 0.014 0.031 81112 . 6 .05
Polydaotylus octonaaus 0.123 99.086 0.014 0.031 81123 . 3 .85
Tracburus lathaii 0.023 99.109 0.012 0.031 81133 . 2 .94
Ophiuroid .a 0.024 99.133 0.012 0.008 81143 . 10.00
Soyllarids 0.023 99.156 0.012 0.023 81153 . 6 .57
Satbstosta.a albiNutta 0.022 99.178 0.011 0.023 81162 . 3 .85
Trin.ots maoulatus 0.090 99.268 0.011 0.023 81171 . 5 .64
Sooab.ro.orus saculatus 0.056 99.324 0.010 0.055 81179 . 1 .20
8aladi.ila onrysura 0.015 99.339 0.010 0.031 81187 . 3 .46
Sardiaslla ancho.ia 0.016 99.355 0.010 0.023 81195 . 3 .21
Doroso.a p.t.eans . 0 .004 99 .360 0.010 0.008 81203 . 8 .00
Up.n.us partus 0.010 99.370 0.010 0.023 81211 . 2 .71
Mallus auratus 0 .009 99.378 0.009 0.016 81218 . 5 .27
Chila .yctarus aoho.pfi 0.141 99.520 0.009 0.039 81225 . 1 .82
Eoaiaoid.a 0 .017 99.537 0.009 0.008 81232 . 7.00
Spbyra.na bor.alls 0.004 99.540 0.009 0.008 81239 . 7 .00
Rhiaopt.ra bonasua 0 .031 99.572 0.007 0.023 81245 . 2 .98
Cha.todipt .rus tab.r 0 .025 99.597 0.007 0.008 81251 . 6 .00
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Table 22 . Continued.

TIlON MIls

Gymothoras
Ilphopsnsus Icroy .ri
Sslsas astapinnis
Br.Bncsros atlanticus
8aninoidss louisiansnsis
Prioootus opW7aa
Caran= hippos
Aaohoa lyolspis
Cantharus oanosllarius
Ancho.i*11a psrfaaoi3t3
Otophidiun c.ostipm.
Lo118o pldi
Priaoanthus ar.oatus
Ogooo.phalus radiatua
Arohosarsua probatoosphalus
Carldsa
8alLtss caprisous
SF.phurus dlcaedianus
Carsns Nsua
GFsnothora: sasioola
9hmhoplitss aurorahsns
Citbarichthys .aorops
Sy.phurus oivitstus
Squilla ohydasa
lbonosnthus oiliatus
Equstus umwrosus
Cllbsoarius
Calappa lla.ra
Clrp•ast.r
Murioldau
Barbatia candida
Bsllator
Mas.ulon aurolinsatu.
Sphyrna lsriai
06ooo.phalus nasutus
Scorpa.na
4noylopsstta quadrocsllata
Parth.nop .
Gp.nothoras oosllatua
StaoorhFnohus sstlcornis
Podoohsls
LaBoc.phalus la .ri8atus
llutsrus hsudsloti
ParallohthFs lsthostiga
Psiurus
Opisthons.a oGliau.
Ryptious soulatus
Fistularia tahaoaria
Panulirus ar8ua
Moaacanthua
&uFoon oasalioulatu.
Raohyo.atron oanadu.
Cyolopaotta liahriata
Osooo.phalldas
lLtoporhaphis oalcarata
Gq.nura siorura
Buayoon spiratum
Pristi`sn)!s alta
Cllbanarius tittatus
Sombrida.
P.rssphona aquilonaris
Pitar oordatus
CypNlurus hstsrurus
GOCOpua Yul(aria
Msaiptsronotua novsoula
8ippoea.pus
Ssisns tcm.r
dhithropasop.us harrisil
Psr.sphoaa aWitarranaa
Macrooo.lcea

M,BAN CUMULATIVE POOLED
PRiC&IT PERCENT PERCENT FA®0. OF CUMULATIVE IMDBZ OF

COtlPOSITIOM CO!lPOSITIOM COMPOSITIOM OCCURRENCE ABUNDANCE DISPE9SIOM

0.015 99.611 0 .007 0.008 81257 . 6 .00
0.002 99.613 0 .006 0.008 81262 . 5 .00
0.014 99.627 0 .006 0 .031 81267 . 1 .37
0 .006 99.632 0 .006 0 .031 81272 . 1 .37
0 .008 99.641 0.006 0 .023 81277 . 2.18
0 .004 99.645 0.005 0.016 81281 . 2.49
0 .006 99.651 0.005 0 .023 81285 . 1 .48
0 .006 99.657 0.005 0.016 81289 . 2.49
0 .008 99.665 0.005 0.008 81293 . 4 .00
0 .003 99.669 0.005 0 .016 81297 . 2.49
0.012 99.680 0.005 0.016 81301 . 2.49
0 .021 99.701 0.005 0 .008 81305 . 4 .00
0.011 99.713 0.004 0 .016 81308 . 1 .66
0.001 99.713 0.004 0.008 81311 . 3 .00
0.007 99.720 0.004 0.023 81314 . 0.98
0.004 99.724 0.004 0.008 81317 . 3 .00
0.004 99.729 0.004 0.016 81320 . 1 .66
0.004 99.733 0.004 0.008 81323 . 3 .00
0.003 99.735 0 .004 0.008 81326 . 3 .00
0.001 99.736 0.004 0.008 81329. 3 .00
0.002 99.738 0 .004 0.008 81332. 3 .00
0.004 99.742 0 .004 0.016 81335 . 1 .66
0 .006 99.747 0.004 0.008 81338 . 3 .00
0.002 99.749 0.004 0.008 81341 . 3 .00
0.007 99.756 0.004 0.008 81344 . 3 .00
0.002 99.758 0.004 0.008 81347 . 3 .00
0 .001 99.759 0.002 0 .008 81349 . 2.00
0.004 99.764 0.002 0.016 61351 . 0.99
0 .002 99.766 0.002 0.008 81353 . 2 .00
0 .002 99.768 0.002 0 .016 81355 . 0 .99
0.004 99.772 0.002 0 .008 81357 . 2 .00
0 .004 99.776 0.002 0.008 . 81359 . 2.00
0.002 99.777 0.002 0.008 81361 . 2 .00
0.009 99.787 0.002 0.016 81363 . 0.99
0.003 99.790 0.002 0.008 81365 . 2.00
0.005 99.795 0.002 0.008 81367 . 2.00
0.001 99.796 0.002 0.016 81369. 0.99
0.006 99.802 0.002 0.016 81371 . 0.99
0.006 99.808 0.002 0.008 81373 . 2.00
0.005 99.813 0.002 0.008 81375 . 2.00
0.003 99.816 0.002 0.008 81377 . 2 .00
0.007 99.822 0.002 0.016 81379 . 0.99
0.002 99.824 0 .002 0.008 81381 . 2 .00
0 .001 99.825 0.002 0.016 81383 . 0.99
0.003 99.828 0.002 0.016 81385 . 0.99
0.006 99.835 0.002 0.016 61387 . 0.99
0.005 99.840 0.002 0 .008 81389 . 2.00
0.001 99.841 0.001 0.008 81390 . 1 .00
0 .002 99.843 0.001 0 .008 81391 . 1 .00
0 .001 99.843 0 .001 0.008 81392 . 1 .00
0 .002 99.845 0.001 0.008 81393 . 1 .00
0.001 99.846 0 .001 0.008 81394 . 1 .00
0.002 99.848 0.001 0.008 81395 . 1 .00
0.002 99 .851 0 .001 0 .008 81396 . 1 .00
0.029 99.879 0 .001 0 .008 81397 . 1 .00
0.011 99.890 0 .001 0 .008 81398 . 1 .00
0.002 99.892 0 .001 0 .008 81399. 1 .00
0.002 99.895 0 .001 0.008 81400 . 1 .00
0.030 99.925 0 .001 0.008 81401 . 1 .00
0.002 99.927 0 .001 0.008 81402 . 1 .00
0.002 99.929 0 .001 0.008 81403 . 1 .00
0.002 99.931 0.001 0.008 81404 . 1 .00
0.002 99.934 0 .001 0.008 81405 . 1 .00
0 .007 99.941 0.001 0 .008 81406 . 1 .00
0 .002 99.943 0.001 0 .008 81407 . 1 .00
0 .001 99.944 0.001 0 .008 81408 . 1 .00
0 .012 99.956 0 .001 0 .008 81409 . 1 .00
0.003 99.959 0.001 0 .008 81410 . 1 .00
0.002 99.962 0 .001 0 .008 81411 . 1 .00
0.002 99.964 0 .001 0.008 81412 . 1 .00
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Table 22 . Continued.

r.m. rANa

Bohiopbis
loaotbostraaiou Qnadrioornis
Ovalips floridanua
Ovalips 8uadalpsnsis
SoylLridas nodilsr
Parth.oope s.rrata
Libinia
Lntjanida.
doplumis
L.iolasbrus aitidus
Outropstta frontalis
Palprida*
Nnstslus eanis
Cbosdriontipes
Caasis
GorBonlids.
Dasyatis ubina

SAMPLE SOl01 A12: SIMPLlS ∎ 128

1s.r CDIlOwrIVS e00s.11a
PBSCaN? PEac11Xr rSSC>!>rr Fasc. O) CuMOL.rxvs I11nsI oa

COIIPC3ISmN ODqFOSTfmr COMFOS1TIOti OCC089101CS /80l0)BNCE DI3FE13IGY

0.002 99.966 0.001 0.008 81413 . 1 .00
0.002 99.969 0.001 0.008 81414 . 1 .00
0 .003 99.972 0.001 0.008 81415 . 1 .00
0 .001 99.973 0.001 0.008 81416 . 1 .00
0 .001 99.974 0.001 0.008 81417 . 1 .00
0 .001 99.975 0.001 0.008 81418 . 1 .00
0 .001 99.976 0.001 0.008 81419 . 1 .00
0 .011 99.987 0.001 0.008 81420 . 1 .00
0 .001 99.988 0.001 0 .0.08 81421 . 1 .00
0.002 99.990 0.001 0.008 81422 . 1 .00
0.002 99.993 0.001 0.008 81423 . 1 .00
0 .001 99.994 0.001 0.008 81424 . 1 .00
0.002 99.995 0.001 0.008 81425 . 1 .00
0.000 99.996 0.001 0.008 81426 . 1 .00
0.002 99.998 0.001 0.008 81427 . 1 .00
0 .001 99.999 0.001 0.008 81428 . 1 .00
0 .001 100.000 0.001 0.008 81429 . 1 .00

TOTAL ?iL ra 225
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Table 23 . Hierarchical list of demersal nekton taxa collected in single
replicate samples at 128 stations in and around the Tuscaloosa
Trend study area during the spring 1982 SEAMAP groundfish survey .

Arthropoda 58
Crustacea 61

Decapoda 6175
Penaeidae 617701

• Metapenaeopsis goodei 6177010301
• Parapenaeus 61770105
• Penaeus aztecus 6177010101
• Penaeus duorarum 6177010102
e Penaeus setiferus 6177010103
• Sicyonia 61770104
e Sicyonia brevirostris 6177010401
* Sicyonia dorsalis 6177010402
+~ Sicyonia stimpsoni 6177010406
* Solenocera 61770106
• Solenocera vioscai 6177010602
• Trachypenaeus 61770102
• %iphopeneus kroyeri 6177010701

Sergestidae 617702
• Acestes americanus 6177020101

Albuneidae . 618313.
* Albunea paretii 6183130201
• Scyllaridae 618202
• Scyllarides 61820202
* Scyllarides nodifer 6182020202
• Scyllarus 61820201
e .Paguridae 618306
• Clibanariu3 61830607
• Clibanarius vittatus 6183060701
• Pagurus 61830602
• Goneplaoidae 618905

Portunidae 618901
• Arenaeus cribrarius 6189010101
• Callinectes danae 6189010303
• Callinectes sapidus 6189010301
• Callinectes similis 61 .89010302
• Ovalipes 61890105
* Ovalipes floridanus 6189010501
• Ovalipes guadulpensis 61890105??
• Ovalipes ocellatus 6189010502
e Portunus 61890106
* Portunus gibbesii 6189010601
• Portunus sayi 6189010602
• Portunus spinicarpus 6189010603
• Portunus spinimanus 6189010604

%anthidae 618902
• Menippe mercenaria 6189021301
• Pilumnus dasypodus 6189021405
• Rhithropanopeus harrisii 6189020901

Dromiidae 618502
• Dromidia antillensis 6185020301
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Table 23 . Continued .

• Majidae 618701
• Anasimus latus 6187012001
• Libinia 61870109
* Libinia emarginata 6187010902
e Macrocoeloma 61870121
• Metoporhaphis calcarata 6187011801
• Podochela 61870119
• Stenocionops spinosissima 6187012403
• Stenorhynchus seticornis 6187011701
* Parthenopidae 618702
• Leiolambrus nitidus 6187020201
* Parthenope 61870201
+~ Parthenope serrata 6187020104

Calappidae 618602
* Calappa flammea 6186020101
• Calappa sulcata 6186020102
• Hepatus epheliticus 6186020201

Leucosiidae 618603
• Persephona aquilonaris 6186030103
e Persephona mediterranea 6186030104
• Persephona punctata 6186030101

Raninidae 618604
• Raninoides louisianensis 6186040201
• Caridea 6179

Palaemonidae 617911
• Macrobrachium ohione 617 9110201

Stomatopoda 6191
Squillidae 619101

• Squilla 61910101
e Squilla chydaea 6191010102
+~ Squilla empusa 6191010101

Palinura 6182
Palinuridae 618201

• Panulirus argus 6182010101

Mollusca 5085
Bivalvia 55

Arcoida 5506
Arcidae 550601

* Barbatia candida 5506010502
Mytiloida 5507

Pinnidae 550702
e Atrina serrata 5507020102

Pterioida 5508
Pectinidae 550905

• Aequipecten 55090508
+~ Aequipecten gibbus 55090508??
• Amusium papyraceum 5509051101

Veneroida 5515
Tellinidae 551531

• Macoma constricta 5515310121
Veneridae 551547

e Chione latilirata 5515471506
• Pitar cordatus 5515 471202

74



Table 23 . Continued .

Cephalopoda 57
Theuthidida 5705
Myopsida 5706

Loliginidae 570601
• Doryteuthis pleii 5706010301
e Loligo pealeii 5706010102
• Loligo pleii 5706010103
• Lolliguncula brevis 5706010201

Octopodida 5708
Octopodidae 570801

+~ Octopus vulgaris 5708010202
Gastropoda 51
Anaspidea 5124

Aplysiidae 512402
• Aplysia 51240202

Mesogastropoda 5103
Cassididae 510377

• Cassis 51037702
Cymatiidae 510378

• Distorsio clathrata 5103780301
Ficidae 510381

; Ficus papyratia 51038101??
Lamellariidae 510366

• Lamellaria 51036601
Naticidae 510376

+~ Polinices duplicatus 5103760407
* Sinum 51037605

Tonnidae 510380
• Tonna galea 5103800101

Neogastropoda 5104
Buccinidae 510504

* Cantharus cancellarius 5105040401
• Muricidae 510501
e Thais haemastoma 5105010801
• Opisthobranchia 5181
• Nudibranchia 5127

Stenoglossa 5105
Melongenidae 510507

• Busycon canaliculatum 5105070102
* Busycon spiratum 5105070106

Echinodermata 81
Arbacioida 8147

Arbaciidae 814701
; Arbacia punctulata 8147010101
• Asteroidea 8104

Paxillosida 8106
Astropectinidae 810601

• Astropecten 81060105
Spinulosida 8112

# Clypeasteridae 815301
• Clypeaster 81530101
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Table 23 . Continued .

• Echinoidea 8136
Clypeasteroida 8152

e Mellitidae 815504
• Mellita quinquiesperforata 8155040101
+~ Holothuroidea 8170
+~ Ophiuroidea 8120

Stelleroidea 8101
Platyasterida 8105

Luidiidae 810501
• Luidia 81050101
• Luidia clathrata 8105010102

• Porifera 36

Cnidaria 37
• Anthozoa 3740

Pennatulacea 3752
Renillidae 375303

• Renilla mulleri 3753030101
~ Pennatulidae 375402
• Scyphozoa 3730

Semaeostomeae 3734
Pelagiidae 373401

e Chrysaora quinquecirrha 3734010203
Ulmaridae 373403

• Aurelia 37340302

• Ectoprocta 78

Chordata 8388
Antennarioidei 8787

Antennariidae 878702
; Antennarius radiosus 8787020203
+~ Ogcocephalidae 878704
; Halieutichthys aculeatus 8787040301
• Ogcocephalus 87870401
e Ogcocephalus nasutus 8787040103
• Ogcocephalus parvus 8787040105
* Ogcocephalus radiatus 8787040106
• Zalieutes mcgintyi 8787040401

Aulostomoidei 8819
Fiatulariidae 881902

• Fistularia tabacaria 8819020101

76



Table 23 . Continued.
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Balistoidei 8860
Balistidae 886002
Aluterus heudeloti 8860020102
Aluterus schoepfi 8860020101
Aluterus scriptus 8860020104
Balistes capriscus 8860020201
Canthidermis sufflamen 8860020502
Monacanthus 88600207
Monacanthus ciliatus 8860020701
Monacanthus hispidus 8860020703
Monacanthus setifer 8860020704

0straciontidae 886003
Acanthostracion quadricornis 8860030201

Batrachoidiformes 8783
Batrachoididae 878301

Porichthys porosissimus 8783010106
Chondrichthyes 8701
Exocoetoidei 8803

Exocoetidae 880301
Cypselurus heterurus 8803010101
Hirundichthys rondeleti 8803010903
Parexocoetus brachypterus 8803011101
Prognichthys gibbifrons 8803011201

Labroidei 8839
Labridae 883901
Hemipteronotus novacula 8839010802

Lophiodei 8786
Lophiidae 878601
Lophiu3 87860101

Myctophoidei 8762
Synodontidae 876202
Saurida brasiliensis 8762020301
Synodus foetens 8762020101
Synodus intermedius 8762020102
Synodus poeyi 8762020104
Trachinocephalus 87620204
Trachinocephalus myops 8762020401

Osteichthyes 8717
Anguilliformes 8740
Congridae 874112

Congrina flava 8741120302
Ophichthus gomesii 8741131001
Ophichthus ocellatus 8741131003

Muraenesocidae 874108
Hoplunnis 87410801
Hoplunnis macrurus 8741080102

Muraenidae 874105
Gymnothorax 87410504
Gymnothorax ocellatus 8741050405
Gymnothorax saxicola 8741050407

Ophichthidae 874113
Echiophis 874113??
Myrophis punctatus 8741130802
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Clupeiformes
Clupeidae
Brevoortia patronus
Dorosoma petenense
Etrumeus teres
Harengula j aguana
Opisthonema oglinum
Sardinella anchovia

Engraulidae
Anchoa
Anchoa hepsetus
Anchoa lyolepis
Anchoa mitchilli
Anchoa nasuta
Anchoviella
Anchoviella perfasciata

Gadiformes
Bregmacerotidae

Bregmaceros atlanticus
Gadidae
Urophycis cirratus
Urophycis floridanus
Urophycis regius

Merlucciidae
Steindachneria argentea

Moridae
Physiculus fulvus

Ophidiidae
Brotula barbata
Lepophidium
Lepophidium brevibarbe
Lepophidium graellsi
Lepophidium jeannae
Neobythites gillii
Ophidion grayi
Ophidion holbrooki
Ophidion Welahi
Otophidium omostigmum

Perciformes
Callionymidae

Callionymus agassizi
Carangidae

Caranx
Caranx fusus
Caranx hippos
Caranx latus
Chloroscombrus
Chloroscombrus chrysurus
Decapterus punctatus
Selar crumenophthalmus
Selene setapinnis
Selene vomer
Trachurus lathami

8745
874701
8747010403
8747010502
8747010601
8747010803
8747010701
8747011003
874702
87470202
8747020201
8747020205
8747020202
8747020206
87470203
8747020304
8789
879102
8791020101
879103
87 91031005
8791031007
8791031002
879104
87 91040201
879101
8791010301
879201
8792010401
87920105
8792010502
8792010504
8792010505
8792012001
8792010602
8792010603
8792010605
87 92010701
8834
884601
8846010101
883528
88352803
8835280302
8835280303
8835280304
88352804
8835280401
8835281202
8835280601
88352807??
8835280701
8835280102

78



Table 23 . Continued.

r
r
~
•
r
•

•

•

•

•

•

•
r

•
•
•
•
•
•

•

r
•

•
e

r

•
s
e
e
•
•
:
f
•
•
•
•

Gobiidae 884701
Bollmannia communis 8847011601
Gobionellus boleosoma 8847010501
Gobionellus hastatus 8847010502

Apogonidae 883518
Apogon maculatus 8835180107

Branchiostegidae 883522
Caulolatilus intermedius 8835220103

Chaetodonidae 883555
Chaetodon ocellatus 8835550101

Coryphaenidae 883529
Coryphaena 88352901

Echeneidae 883527
Echeneis naucrates • 8835270201

Ephippidae 883552
Chaetodipterus faber 8835520101

Gerridae 883539
Eucinostomus argenteus 8835390101
Eucinostomus gula 88353 90102

Grammistidae 883503
Rypticus maculatus 8835030204

Lutjanidae 883536
Lutjanus campechanus 8835360107
Lutjanus synagris 8835360112
Pristipomoides aquilonaris 8835360701
Rhomboplites aurorubens 8835360501

Mullidae 883545
Upeneus parvus 8835450402

Pomadasyidae 883540
Haemulon aurolineatum 8835400101
Orthopristis chrysoptera 8835400201

Priacanthidae 883517
Priaoanthus arenatus 8835170101
Pristigenys alta 8835170201

Rachycentridae 883526
Rachycentron canadum 8835260101

Sciaenidae 883544
Bairdiella chrysura 8835440301
Cynoscion 88354401
Cynoscion arenarius 8835440106
Cynoscion nothus 8835440103
Equetus lanceolatus 8835441202
Equetus umbrosus 8835441206
Larimus fasciatus 8835440501
Leiostomus xanthurus 8835440401
Menticirrhus americanua 8835440601
Menticirrhus littoralis 8835440602
Micropogonias undulatus 8835440701
Stellifer lanceolatus 8835441001
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Serranidae 883502
Centropristis ocyurus 8835020304
Centropristis philadelphicus 8835020305
Diplectrum bivittatum 8835021005
Diplectrum formosum 8835021002
Epinephelus flavolimbatu3 8835020405
Hemanthias leptus 8835021201
Serraniculus pumilio 8835022201
Serranus atrobranchus 8835022302
Serranus phoebe 8835022308
Serranus subligarius 8835022309

Sparidae 883543
Archosargus probatocephalus 8835430301
Calamus leucosteus 8835430505
Calamus nodosus 8835430506
Lagodon rhomboides 8835430201
Pagrus pagrus 8835430601
Stenotomus caprinus 8835430102

Scombridae 885003
Scomberomorus maculatus 8850030502

Cynoglossidae 885802
Symphurus civitatus 8858020102
Symphurus diomedianus 8858020103
Symphurus plagiusa 8858020101

Soleidae 885801
Achirus lineatus 8858010202
Gymnachirus texae 8858010303 '
Trinectes maculatus 8858010101

Pleuronectoidei 8857
Bothidae 885703

Ancylopsetta dilecta 8857030503
Ancylopsetta quadrocellata 8857030506
Bothus 88570306
Bothus ocellatus 8857030603
Citharichthys cornutus 8857030106
Citharichthys macrops 8857030109
Citharichthys spilopterus 8857030110
Cyclopsetta chittendeni 8857030801
Cyclopsetta fimbriata 8857030802
Etropus crossotus 8857030201
Gastropsetta frontalis 8857031001
Monolene sessilicauda 8857031204
Paralichthys lethostigtna 8857030304
Syacium 88570313
Syacium gunteri 8857031301
Syacium micrurum 8857031302
Syacium papillosum 8857031303
Trichopsetta ventralis 8857031404

Polynemoidei 8838
Polydactylus octonemus 8838010101
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Rajiformes 8713
Dasyatidae 871305

Dasyatis sabina 8713050105
Gymnura micrura 8713050202

Myliobatidae 871307
Rhinoptera bonasus 8713070301

Rajidae 871304
Raja eglanteria 8713040113
Raja texana 8713040133

Torpedinidae 871303
Narcine brasiliensis 8713030401

Scombroidei 8850
Trichiuridae 885002

Trichiurus lepturus 8850020201
Scorpaenoidei 8826

Scorpaenidae 882601
Neomerinthe hemingWayi 8826010402
Pontinus longispinis 8826010503
Scorpaena 88260106
Scorpaena brasiliensis 8826010605
Scorpaena calcarata 8826010606
Scorpaena plumieri 8826010614

Triglidae 882602
Bellator 88260202
Bellator militaria 8826020203
Peristedion 88260203
Peristedion miniatum 8826020307
Prionotus 88260201
Prionotus carolinus 8826020101
Prionotus martis 8826020111
Prionotus ophryaa 8826020113
Prionotus paralatus 8826020114
Prionotus roseus 8826020117
Prionotus rubio 8826020118
Prionotus salmonicolor 8826020120
Prionotus scitulus 8826020103
Prionotus stearnsi 8826020121
Prionotus tribulus 8826020104

Soyliorhinoidei 8708
Carcharhinidae 870802

Mullus auratus 8835450201
Mustelus canis 8708020401
Rhizoprionodon terraenovae 8708020301

Sphyrnidae 870803
Sphyrna lewini 8708030103

Siluriformes 8777
Ariidae 877718

Arius felis 8777180202
Bagre marinus 8777180101

Sphyraenoidei 8837
Sphyraenidae 883701

Sphyraena borealis 8837010102
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Stromateoidei 8851
Stromateidae 885103

+~ Peprilus burti 8851030104
+~ Peprilus paru 8851030102

Syngnathoidei 8820
Syngnathidae 882002

• Hippocampus 88200202
• Syngnathus scovelli 8820020113

Tetradontoidei 8861
Diodontidae 886103

• Chilomycterus schoepfi 8861030101
Tetraodontidae 886101

e Lagocephalus laevigatus 8861010101
• Sphoeroides dorsalis 8861010205
• Sphoeroides nephelus 8861010208
• Sphoeroides parvus 8861010210
+~ Sphoeroides spengleri 8861010211

Trachinoidei 8840
Opistognathidae 884002

* Lonchopisthus lindneri 8840020102
Uranoscopidae 884014

• Astroscopus y-graecum 8840140102
* Ascidiacea 8401

Miscellaneous taxa
• Gorgoniidae 375105

Sepiolidae 570402
• Rossia 57040201
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of the five categories of relative percent composition of each taxa counts
in each sample) provided the context for assessing the ecological trends of
these taxa, and the identification and exclusion of taxa that did not show
meaningful trends . This initial TWINSPAN display is not presented in this
report . Of the 150 numerically abundant taxa selected from the relative
composition analysis, 84 taxa were ultimately selected for inclusion in the
detailed community analysis .

After the suite of 84 taxa were selected, a final TWINSPAN analysis
was conducted, resulting in the ordered two-way display shown as Figure
11 . Table 24 presents values for environmental variables and community
parameters in each sample, with the samples ordered and grouped in the
same manner as in the corresponding TWINSPAN display (Figure 11) . Table 25
presents the Pearson product-moment correlation coefficients of the density
of each taxon and the values for the community indices in each sample with
each environmental variable, with the taxa ordered and grouped in the same
manner as in the corresponding TWINSPAN display. Figure 12 presents a map
showing the affinities of the 128 samples to the most meaningful TWINSPAN
sample groups in Figure 11 . Examination of Figures 11 and 12 and Tables
24 and 25 in concert helps identify environmental trends most related to
the ordering and grouping of the samples and taxa .

These results indicated that the ordering of samples across the top
of the TWINSPAN display (Figure 11) were related to depth, hydrographic
conditions and geography . The samples on the far right of the TWINSPAN
display (Sample Group II in Figures 11 and 12 and Table 24) were generally
collected at the shallowest depth stations (2 to 14 m), . and were generally
characterized by the lowest salinities (range from 6 .4 to 35 .5 ppt) and the
highest temperatures (range from 23 .0 to 31 .7° C) . Within Group II, there
did not appear to be much difference in the depth, hydrographic conditions
or geographical location of the samples in Groups IIA1 and II82 (Figure
12 and Table 24) .

In general, the samples in Station Group II had lower total numbers
of taxa and lower values for community parameters compared to those in
Station Group I (Table 24) . Most of those in Station Group IIH were very
depauperate. Numbers of individuals were more variable than were values
for community parameters within both Groups I and II, but Group II included
a much larger number of samples with very few individuals (Table 24) .

The samples in Sample Group I were, for the most part, collected
in deeper waters (depth ranged from 9 to 90 m), and were generally
characterized by higher salinities (salinity ranged from 31 .0 to 37 .7 ppt)
and lower temperatures (temperature ranged from 17 .6 to 27 .8° C) . Within
Group I, samples in the two outside groups (Groups IA1 and IB2) included
the majority of the samples from the deep water stations while those in
Groups IA2 and IB1 were mainly collected from middepth stations . Of the
deep water stations, those in Group IA1 were mainly collected east of
the Mississippi River outfall, while those in Group I82 were collected
mainly west of the delta. Similarly, those in Group IA2 were collected
mainly from the eastern and central regions of the study area, while those
in Group IB1 were mainly collected from the western and central regions
(Figures 11 and 12 and Table 24) . Therefore, within Group I, the major
trend (separating Group IA from Group IB) appear to be geographical, and
within Groups IA and IB, the differences were most related to depth .
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Figure 11 . Ordered two-way display resulting from TWIlNSPAN analysis of
relative abundances of 84 selected demersal nekton taxa collected
in single replicate samples at 128 stations in and around
the Tuscaloosa Trend study area during the spring 1982 SEAMAP
groundfish survey .
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Figure 12 . Map of the SEAMAP groundfish study area showing the membership of the samples to the
six most meaningful groups resulting from TWINSPAN analysis of relative abundance of 84
selected demersal nekton taxa collected in single replicate samples at 128 stations in and
around the Tuscaloosa Trend study area during the spring 1982 SEAMAP groundfish survey .
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Table 25 . Ordered matrix of simple bivariate Pearson product moment
correlation coefficients of densities of 84 selected demersal
nekton taxa and community parameters with environmental variables
collected at 128 stations in and around the Tuscaloosa Trend study
area during the spring 1982 SEAMAP groundfish survey .

e .tt..
Dlasol v.d Bottc. Bottom

Tan D.pth 014g.a Salinity T..p .r.tur .

Sol.aoova 0 .24403 0 .11194 0 .15897 -0 .26707
Uropbycla Clorldaaus 0 .55334 -0 .07691 0 .14050 -0 .30750
1.oliso p.al .ii -0 .02554 0 .18741 0 .09685 -0 .04369
Iloaaoaatbus hlspldus 0 .07799 0 .25268 0 .12173 -0 .18334

Sloyoaia 6r .olrostris 0 .12097 0 .12390 0 .13178 -0 .15781
DoryLwtDis pl.il 0 .07414 0 .1T056 0 .08622 -0 .12997
D.oapt.rus puaot .tus -0 .0502T 0 .26889 0 .09551 -0 .05959
Suoiaostc.us sula 0 .10121 -0 .01454 0 .07472 -0 .06060
Luti .ous oa .p.cpaaua 0 .06924 0 .02126 0 .10486 -0 .09724
Orthopristls obrysopt .ra 0 .01595 0 .14510 0 .09715 -0 .08343
Prioontus paralatus 0 .32352 0 .07528 0 .09491 -0 .19367
Prloaotw saitulus 0 .07342 0 .12034 0 .07641 -0 .11478

IA 1 8aja slaat.ria 0 .13043 0 .18450 0 .10520 -0 .15725
Tr.cbinoo.pa .lus .yops 0 .12109 0 .12574 0 .06626 -0 .11391
Prioootus caroliaus 0 .06973 0 .12861 0 .06726 -0 .09762
Portuaus spiaic.rpua 0 .45968 -0 .03223 0 .11716 -0 .27980

I A B.llator alitaris 0 .38446 0 .08738 0 .12994 -0 .23684
C.atropristis ocyurus 0 .24375 0 .14779 0 .09248 -0 .17990
I,a8odoa nco.eoids 0 .21672 0 .03302 0 .08714 -0 .13304
Prioaotw roww 0 .18276 0 .13546 0 .08100 -0 .14285

Prioootw aalsrooicolor 0 .19330 0 .14415 0 .09375 -0 .15865
Soorp..u calcarata 0.28863 0 .06815 0 .13540 -0 .21681
Syaoiu. papillonr 0.21498 0 .10185 0 .09928 -0 .17629

S oodu. . 1 0 .15661 0 .15750 0 .08251 -0 .13405
Syoodus fo.t .as . . 0 .22037 -0 .3171
Priomtus st.arasi 0 .28958 0 .06443 0 .12729 -0 .15615

Syacium guot .ri 0 .13215 0 .14669 0 .10268 -0 .13453

1A2 g4~lla .apuaa -0 .p2999 -0 .18866 0 .05086 -0 .09351
P .a..us duorarum -0 .00375 -0 .06793 0 .17311 -0 .22296

I Dlpl.atrum ESvlttatum 0 .09621 -0 .06214 0 .20822 -0 .24698
St.ootows oa rious 0 .23986 0 .04642 0 .19462 -0 .20010

ia.ets si 1.
L.popaidiu. prsalai 0 .47106 -0 .15520 0 .20997 -0 .36780

Hopluanls scrurus 0 .41163 -0 .25309 0 .24301 -0 .42393
Cyclop..tta obitt .od.oi 0 .21857 0.11157 0 .18930 -0 .24347
8a11 .ut1ostLys acul.atu. 0 .01803 -0.08497 0 .10572 -0 .08506
Poricmteys porosi.aw 0.04279 -0.06479 0 .08831 -0 .08883
Spuilla 0 .15465 -0 .17684 0 .18195 -0 .25083
Sicyoaia dors.lis 0 .20853 -0 .17632 0 .19251 -0 .30175
Pa.ap.dNy 0 .23587 0 .01520 0 .16800 -0 .29995~
Bollaaaya oom .oala 0 .24129 -0 .07081 0 .22692 -0.31047dO0
lat .ao .rius rsdio.w 0 .34242 -0 .14140 0 .16005 -0 .30798
8rotula WrEata 0 .05404 -0 .08540 0 .08733 -0 .11119

I B~
Cyeosoioa oothus 0 .04057 -0 .01332 0 .09510 -0 .07265

2r Opeicet0us ao ..aii 0 .11065 -0 .05763 0.12586 -0 .209 3, IB
Pristipowid .s saulloo.rls 0 .34668 -0 .13925 0.14539 -0 .25494
Ssrrsoua atro6raocsus 0 .17955 0 .05593 0.08947 -0 .09853
St.iadaobasria .rpat .a 0 .25132 -0 .13760 0 .17592 -0 .28694
Tracbyp.u.us 0 .13269 -0 .12748 0 .19416 -0 .20859
Portuous giD0.s11 0 .00206 -0 .08460 0 .13486 -0 .13401
Calappa sulcata 0 .08472 -0 .04643 0 .13766 -0 .14761

Prioaotus ruslo 0 .07594 -0 .08250 0 .15107 -0 .15605
8.p.tu. .pe.litioua -0 .07610 -0 .15660 0 .09095 -0 .16527
C.atropri .tia peilad .lpCioua 0 .37900 -0 .01809 0 .25102 -0 .31909

Ltropus cro..otus -0 .05080 -0 .00981 0 .16458 -0 .22766
S .urlda Orssill.asis 0 .14672 0 .06249 0 .08992 -0 .09511
Nar.avla J aoa -0 .05937 -0 .20096 0 .06835 -0.00902

o..us ssti .rus .115
Citearichthys apilopt.rus 0 .04450 -0 .17746 0 .07190 -0.06102

1 82 OpAidioa rLLsbi -0 .08620 -0 .07773 0 .05637 -0.08344
S o.roid.s Parma 0 .00009 -0 .00965 0 .10062 -0 .15552

(I A1
P.prilua 0urti
Prioootw tri0ulus

-0 .0 1
-0 .09682

-0 .10
-0.11286_

0.021
0 .06663

-0 .o
-0 .14047

Sy.pOurua pla8luss -0.13~.25~0g -0 .5T205 0 .19907
IIA P.oa .us ast.oua -0 .09533 0 .12736 -0 .12775 -0 .05931

IIA2 Br. .oortla patroous 0 .02655 -0 .03762 0 .02442 -0 .05498
L.So.tc.us anteurus -0 .09603 -0 .11766 0 .03684 -0 .06587

cropo®oa uadulatw . .11
Cyoo.cioo ar.carius -0 .00189 -0 .13789 0 .05695 -0 .05439

Soo -D.ro.orus .acul .tw -0 .05316 -0 .20448 -0 .00302 0 .12153
IIB1 Tricmiurus l .pturus 0 .00686 0 .09198 0 .05062 -0 .02821

loosom s.pwtus -0 .15721 -0 .14577 -0 .07195 0 .09211
II L .ri.us iasciatw -0 .21312 -0 .08947 -0 .10196 0 .07416

aa
St .llit.r laao .ol.tus -0 .03288 -0 .05849 0 .04440 -0 .02081

IIB Polyactylus ootoaa.us -0 .14993 0 .05323 -0 .30085 0 .25537
Trlaaots woulatus -0 .10178 0 .02413 -0 .16391 0.16975
Callla .ot.s aapidus -0 .06809 0 .04939 -0 .17938 0 .20554

/182 Ariw r.11s -0 .26042 -0 .01972 -0 .04614 0 .16056
tl.atlclrrEu . ...rio.aus -0 .18324 -0 .01092 -0 .23598 0 .16095
P.prilus p.ru -0 .0384T 0 .08096 -0 .14063 0 .02624
Lollisuacula pr.vls -0 .21304 -0 .10875 -0 .03296 0 .13742
Iacsoa ouuta -0 .13578 -0 .04658 -0 .15278 0 .17658
Chlorosoo.prus chrysurus -0 .17933 0 .03199 -0 .39291 0 .21908

Total Tan 0 .46749 0 .02185 0 .41103 -0 .65216
Total Individuals 0 .21687 -0 .12788 0 .20744 -0 .31522
Div .rsity 0 .39233 0 .00888 0 .43412 -0 .57343
BicEO..s 0 .36913 0 .04529 0 .38278 -0 .52788
8raapass . 0 .05451 0 .04821 0 .26635 -0 .16435
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The taxa were ordered such that those most characteristic of the
shallower depth, lower salinity and higher temperature stations (Sample
Group II) were located along the bottom portion of the TWINSPAN display
and ordered correlation table (Taxa Group II in Figure 11 and Table 25) .
Conversely, those taxa that were most characteristic of the deeper waters
with higher salinities and lower temperatures (Sample Group I) were located
along the middle to upper portions of the TWINSPAN display (Taxa Group I
in Figure 11 and Table 25) .

Total number of taxa, species diversity and species richness tended
to show moderately strong positive relationships with depth and salinity,
and moderately strong negative relationships with temperature (Table 25),
indicating that the offshore communities tended to be more diverse than
those inshore .

Although depth, hydrography and geography were obviously related to
the ordering and grouping of samples (and therefore related to community
composition), these factors alone did not adequately account for all of the
trends evident in the TWINSPAN display, especially those in Sample Group
I. The distributions of many demersal nekton species are also strongly
related to the characteristics of the sea floor . Because no sediment data
were collected during the SEAMAP program, sediment texture was inferred
by overlaying a map of the SEAMAP station locations on a recent map of
sediment texture in the study area .

The taxa in Taxa Group IA ( Solenocera LPIL through Stenotamus cacrinus
in Figure 11 and Table 25) were virtually restricted to the moderate to
deep water stations (Sample Groups IA and IB1) . The taxa in Group IA1
were most characteristic of Sample Group IA, with occasional scattered
occurrences in Sample Group IB . Some of the taxa most representative of
this trend include Loliao Dealeii and Sicvonia brevirostris . The taxa in
Group IA2 tended to be more widely distributed than those in Group IA1,
with many being well represented across Station Groups IA and IB1 . Svnodus
foetens , Penaeus duorarum and Stenotamus caorinus were most indicative of
this trend .

As a group, the taxa in Group IA tended to exhibit positive
correlations with depth, dissolved oxygen, and salinity and negative
correlations with temperature (Table 25) . However, in many cases these
correlations tended to be weak . Solenocera LPIL, IIroohvcis floridanus ,
Portunus sninicarous , Bellator militaris , ScorDaena calcarata and Svnodus
foetens exhibited moderately strong positive relationships with depth, and
moderate negative relationships with temperature .

The taxa in Group IB were virtually restricted to the stations
in Sample Groups IB1 and IB2 (Figures 11 and 12) . Some of the
taxa most representative of this trend included Callinectes similis ,
Souilla LPIL, Trachveenaeus LPIL, and Prionotus rubio . Paraoenaeus LPIL,
Boilmania communis and Steindachneria araentea tended to be restricted in
distribution to the moderately deep to deep water stations included in
sample Group 1B2, whereas Portunus gibbesii , Etroous crossotus, ur d
brasiliensis , Harenaula Jaituana and Snhoeroides narvus tended to be
restricted to the shallow to moderately deep stations represented in Sample
Group IB1 (Figure 11 and Table 24) . Callinectes similis , Porichthvs
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ooroaissimus , Sauilla LPIL, Trachvoenaeus and Prionotus rubio were widely
distributed across Group IB stations (Figure 11) .

The correlations of the densities of Group IB taxa with environmental
variables were greatly similar to those for the Group IA taxa . Most taxa
in both groups exhibited positive relationships with depth and salinity,
and negative relationships with temperature (Table 25) . However, the
Group IB taxa generally exhibited stronger negative correlations with
temperature and slightly stroriger positive correlations with salinity,
and also showed consistent but weak negative correlations with dissolved
oxygen. These differences reflect the greater depths, lower dissolved
oxygen concentrations, higher salinities, and lower temperatures of many
of the stations represented by samples in Sample Group TB2 (Table
24) . Cal inectes similis , Lenoohidium ttraellsi , onl,pnnis macrurus ,
and CentroDristis philadelDhicus exhibited moderately strong positive
correlations with depth and salinity and moderately strong negative
correlations with temperature . Antennarius radiosus and Pristinomoides
anuilonaris showed moderately strong positive relationships with depth and
negative relationships with temperature . The distributions of the four
taxa in Taxa Group IB2 differed from those of the Group IB1 taxa by
virtue of their presence at the shallow stations in Group IIA1 (Figures
11 and 12) . The distributions of the taxa in Taxa Group IB1 seem to be
transitional between those taxa most characteristic of the higher salinity,
deep water habitat of Sample Group I and those taxa most characteristic
of the lower salinity, shallow water habitat of Sample Group II (Figures
11 and 12) . This transition was also evident in the correlations of these
taxa with environmental variables, as three of the four taxa showed weak
but negative correlations with depth (Table 25) .

The taxa in Group IIA tended to be widespread across Sample Groups
IB and IIA, but were virtually absent from Sample Groups IA and IIB
(Figure 11) . In addition, these taxa tended to be less well represented
in samples from the deep water, high salinity habitat represented by
Sample Group IB2 . Penrilus burti , Penaeus azteeus and Leiostomus xanthurus
were most representative of the trends in Taxa Group IIA . As with the
taxa in Group IB2, the Group IIA taxa mark a transition from those taxa
most characteristic of Sample Group I to those taxa most characteristic
of Sample Group II. This trend was reflected in the correlations
of the Group IIA taxa with environmental variables, with five of the
six taxa exhibiting weak negative correlations with depth (Table 25) .
Symohurus plaaiusa exhibited a strong negative correlation with salinity,
and moderate positive correlations with dissolved oxygen and temperature .

Many of the taxa in Group IIB tended to be relatively widespread
across the study area. However, they were most characteristic of the
low salinity, shallow water stations represented by Sample Group II and
were generally absent at the high salinity, moderately deep to deep water
stations represented by Sample Group IA and (to some extent) Sample Group
IB2 (Figures 11 and 12 and Table 24) .

The taxa in Group IIB1 tended to be more widespread across the study
area than those in Taxa Group I182 . The Group I1B1 taxa were generally
widespread across Sample Groups IB and IIA, but were virtually absent
from the stations represented in Sample Groups IA and IIB . Some of the
taxa most representative of this trend included Microyoaonias undulatus ,
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Cynoscion arenarius , and Anchoa heDsetus . MicroDoaonias undulatus was the
only taxon in Group IIB that was well represented in the high salinity,
moderately deep to deep water stations included in Sample Group IB2 . Four
of the six taxa in Taxa Group IIB1 were negatively correlated with depth,
three taxa were negatively correlated with salinity, and three taxa were
positively correlated with bottom temperature ( Table 25) . Microooaonias
undulatus exhibited a moderately strong positive correlation with depth and
a negative correlation with temperature, reflecting the occurrence of this
taxon in the high salinity, deep water habitats of Sample Group IB2 .

With the exception of Lolliauncula brevis , the taxa in Group IIB2 were
virtually restricted to the shallow water, low salinity, high temperature
habitats represented by Sample Group II ( Figures 11 and 12 and Table 24) .
Ancho$ m_{*-chi?li numerically dominated the community composition at all but
five of the stations in Sample Group IIA, but was virtually absent from
the stations represented in Sample Group IIB . Anchoa mitchilli ( the bay
anchovy) is a schooling pelagic species that is usually not collected by
bottom trawl gear, except in shallow waters . Callinectes saoidus was well
represented in Sample Group IIA, but occurred in only two samples in Group
IIB .

Lolliauncula brevis was well represented at many of the samples in
Groups IIA, IIB, and IB1 . Anchoa nasuta (the longnose anchovy), which
was shown to have a very clumped distribution in the relative composition
analysis (see Table 22), was virtually restricted to the depauperate
samples in Sample Group IIB (Figure 11) .' As was the case with the bay
anchovy, this pelagic species is usually not collected by trawl gear in
deeper waters . Chloroscombrus chr-vsurus was also well represented in the
samples in Group IIB, and occurred intermittently across the study area .
Along with Anchoa heosetus (in Taxa Group IIB1, Figure 6) these three
Group IIB2 taxa dominated the composition of the community at stations
represented in Sample Group IIB1 (Figure 11) .

The correlations of the taxa in Group IIB2 with environmental
variables (Table 25) confirmed the shallow water association, with all
of the taxa being negatively correlated with depth and all but one
being negatively correlated with salinity and positively correlated with
temperature .

2 .5 .2 SLAMaP Survey Data . SDrins 1983

2 .5 .2 .1 Relative 'Composition and Abundance

The community composition over all samples combined is summarized
in Table 26 . A total of 113,389 individuals representing 262 taxa were
identified from 156 trawl samples . A hierarchical master taxonomic list
for these 262 taxa is shown in Table 27 .

As in the 1982 analysis (see Table 22), the community was numerically
dominated by a relatively small number of taxa, and the vast majority of
the taxa were represented by only a few individuals each (Table 26) . Based
on pooled percent composition, the top three taxa accounted for greater
than 50% of all individuals collected . Based on mean percent composition,
the 10 most abundant taxa accounted for greater than 50% of the total
cumulative percent composition, and the 44 most abundant taxa accounted
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Table 26 . Overall relative composition of demersal nekton taxa in single
replicate samples collected at 156 stations in and around
the Tuscaloosa Trend study area during the spring 1983 SEAMAP
groundfish survey .

lOi1M COlB)LrIYE PooLBD
?lm8 8Yt PEHC>1>Ir PEIIC11>IT P88C1lN2 PaW. Or COMOL/?IYS I11DS: or

COIIPOSITIOM CONP03ISION COMP03ISIOr 0CC02AmICE 4BOttDANCa D7SPS8SION

'1rsopypsoaws 12.578 12.578 30.462 0.385 34540 . 2058.31
Anohoa .itohi121 10.602 23.181 16 .374 0.282 53106 . 2179.35
Stsootosus oapriwu 6.521 29.702 5.479 0.468 59319 . 325.18
Ca111nsot.s si.ilis 2.219 31.922 4.011 0.295 63867 . 1964.33
Mioropo8oalas nndulatus 3.242 35 .163 3.322 0.378 67634 . 487.63
31oyonia brawirostris 3.773 38.936 2 .411 0 .455 70368 . 124 .51
Panaaat astsons 2.900 41 .835 2.166 0.532 72824 . 111 .44
9qnilla 1 .455 43 .290 1 .972 0.359 75060 . 88.32
Lo118o psalsil 5.426 48.716 1.860 0.462 77169 . 76.15
Pana.ua duoraru. 2.405 51 .121 1 .813 0.391 79225 . 72.82
Caatropristls philad.1p01ous 2.661 53 .783 1 .376 0.551 80785 . 86.28
Prionotus rabio 0.599 54.382 1 .342 0.167 82307 . 485.99
8slisutiohtlys aoalsatus 0.866 55.248 1.226 0.301 83697 . 131.59
Caliinsot.s aapidas 1 .391 56.639 1 .223 0.231 85084 . 353.73
Cyooaolos ar.narias 1 .064 57 .704 1 .141 0 .397 86378 . 143.64
Portanidaa 0.507 58.210 1.082 0.038 87605 . 457.32
Anoboa b.ps.tns 3.335 61 .5#S 1 .066 0.288 88814 . 118 .61
Prionotus tribulus 1 .305 62.850 0.934 0.340 89873 . 88.58
Polydaotylus ooton.w. 2.191 66.041 0.930 0.192 90928 . 126 .84
Etropus orossotns 1 .039 66.080 0.916 0.506 91967 . 33 .01
Trioblurus loptaras 1 .139 67.219 0.867 0.288 92950 . 156 .46
Anohaa 0.326 67.545 0.845 0.006 93908 . 958 .00
Lapophidlus tras1Li 0.586 68.131 0 .817 0.269 94834 . 117 .67
Traohuras lattiaai 0.757 68.888 0.799 0.173 95740 . 386 .51
Sioyonia dorsalia 0.393 69.281 0.768 0.122 96611 . 118 .77
3nptturus pla8lusa 0.410 69.691 0.728 0.346 97437 . 236 .68
speoaroidas parvus 0.946 70.637 0.686 0 .417 98215 . 35 .91
Diplsotraa bivittatus 0.461 71 .097 0.624 0 .263 98923 . 33 .84
Sysoius papillosu. 1 .479 72.576 0.619 0 .321 99625 . 37 .33
Prionotus rOaans 0.522 73.098 0.579 0.160 100282 . 135 .55
Prionotus salaonioolor 0.873 T3.971 0.494 0 .237 100842 . 81 .79
Orophyais tlorid .aus 0.272 74.243 0.431 0 .256 101331 . 34 .62
Etru.ws tsr.s 1 .078 75.321 0.421 0 .128 101808 . 125.05
Anahos nasuta 0.685 T6.006 0.414 0.058 102277 . 110 .58
Syuilla aspusa 0.234 76.239 0.413 0 .064 102745 . 71 .95
Bollssania oa..uais 0.262 76.502 0.400 0.103 103199 . 90 .07
Antsaasrius radiowu 0.263 76.765 0.392 0.109 103643 . 107 .68
[.o1118unoula br.wis 0.456 77.221 0.374 0 .115 104067 . 41 .76
Portanns apiniaarpiu 0 .539 77.761 0 .356 0.192 104471 . 42.28
Spaoiu. 8untsri 0 .168 77.929 0.327 0.128 104842 . 58 .71
Prioootus soitulus 1 .541 79.470 0.326 0.192 105212 . 35 .25
Nesu.ia bairdii 0 .250 79.720 0.315 0 .032 105569 . 98.59
Guntsriotithys 1oo8tp.ais 0.181 79.901 0 .307 0.051 105917 . 132 .53
Portunas gibb.aii 0 .399 80.300 0.281 0.224 106236 . 19 .65
P.na.us a.tifarus 0.311 80.611 0.262 0.282 106533 . 13 .71
Arius ta11s 1 .198 81 .809 0 .231 0.128 106795 . 43 .25
Iwiostamu zantburus 0.455 82.264 0.225 0.224 107050 . 24.58
i.a8odon rtio.boidas 0 .606 82 .870 0.208 0.160 107286 . 48 .06
Solanooora 0.390 83.260 0.201 0.141 107514 . 23.78
Nar.nBula ,1a8uaoa 1 .313 84 .573 0 .195 0.179 107735 . 44 .85
0pbidion holbrooui 1 .191 85 .764 0.190 0.231 107950 . 12.24
Daoaptarus pnnotatna 0.090 85 .853 0.177 0.064 108151 . 161 .41
8oplunnis saorurus 0.103 85 .956 0.148 0.083 108319 . 56.09
H-lon aaroliasatus 0.728 86 .684 0.133 0.045 108470 . 48.10
SYnodas fo.tsns 0.340 87.024 0 .133 0.327 108621 . 4 .72
Stsindaoberria ar®sntsa 0.042 87 .066 0.132 0.006 108771 . 150 .00
Opbidion v.lshi 0.119 87 .185 0.124 0.173 108912 . 13 .97
M;antioirrhns anarioanas 0.102 87.287 0.117 0.096 109045 . 28.50
Dipl.otrsn torsosas 0.384 87 .671 0.116 0.135 109176 . 18.92
3olaraotiaia 0.224 87.895 0.109 0.019 109300 . 84.33
P.prilns borti 0.245 88.140 0.105 0.173 109419 . 9 .59
Poritsra 0.209 88.349 0.105 0.051 109538 . 84 .41
H.llator silitaria 0.341 88.690 0 .104 0.083 109656 . 19 .25
Lapopbidlus J.anaas 0.192 88.882 0 .104 0 .071 109774 . 19 .11
traopiaooap4alua s7ops 0.426 89.308 0 .091 0 .147 109877 . 12 .34
Citbarictitb7s apiloptsrw 0 .158 89.466 0 .091 0.154 109980 . 10 .95
Prionotus sartis 0 .311 89.T7T 0 .090 0.032 110082 . 2T .86
N.o.ariatbs h..inpqi 0 .379 90.156 0.087 0 .103 110181 . 14 .07
P.prilus paru 0 .104 90.260 0 .087 0 .026 , 110280 . 56.38
OrtCopristis obrysoptara 0 .258 90.518 0.086 0 .096 110378 . 16 .76
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Table 26 . Continued.

tl8.. Co1soL.:ZVS ro0j .>ta
T1M rYS ealcarr Paa= PaECIDrr FsaG. Gr Co!lOLIrIVS LIas2 OF

Ca+PO.fI?zor Co!lPOSTrIOr CGMFO8ITI01 GCCOnaBtiCS .eorclNCS aSSrsYSZO.
O.alip.a floridanus 0.150 90 .668 0 .083 0.058 110472 . 16.89
3oorpa.na oaloarata 0.224 90 .892 0.080 0.141 110563 . 9 .67
PoriohtLys poroaissi .u 0.194 91 .086 0.077 0.179 110650 . 10 .93
Santtiidas 0.175 91 .261 0.074 0.032 110734 . 72 .50
Orophyois raglus 0.268 91 .529 0.072 0.109 110816 . 8 .14
Squilla ohydaea 0.074 91 .603 0.072 0.032 110898 . 33.54
Orophyoia airratus 0 .056 91 .658 0.069 0.083 110976 . 9 .20
Parap.na.us 0 .058 91 .717 0.068 0.019 111053 . 48.79
Synodus int.rin.dius 0 .301 92.018 0.063 0.071 111124 . 9 .45
®spatus spb.litious 0.025 92.043 0 .061 0.051 111193 . 47 .44
Syanim 0.051 92.095 0.060 0.038 111261 . 30 .91
Lut,tamu oa.p.obanus 0.102 92.197 0.056 0.103 111324 . 9 .77
3.rranus atrobranohas 0.061 92.258 0.054 0.109 111385 . 5 .36
Cynlops.tta obittsodeni 0.051 92.309 0.054 0 .071 111446 . 28 .96
Chioro.oombrus obi7surus 0.175 92.484 0.052 0 .058 111505 . 22 .05
Portuous spi.J. M•, 0.066 92.550 0.051 0.077 111563 . 15 .07
Hopluonis 0.029 92.579 0.051 0.019 111621 . 43 .88
IOboabopiitss aurorub.as 0.127 92.706 0 .050 0.032 111678 . 30.02
Ophidion gryyi 0.113 92.819 0.050 0.103 111735 . 5 .26
Saurida brasilisnsi . 0.085 92.904 0.049 0.147 111791 . 4 .35
06oooaphalus 0.169 93 .073 0.044 0.096 111841 . 17 .55
Solsraois 0.218 93 .291 0.044 0.006 111891 . 50.00
Ba..ulon plualari 0 .218 93 .509 0.044 0.006 111941 . 50.00
Prioootus st .arnsi 0 .084 93 .593 0.042 0.083 111989. 5 .06
P.uoinostows 8u1a 0.047 93 .640 0 .041 0.038 112035 . 11 .47
Citbariobtbys 0 .194 93 .834 0.037 0.045 112077 . 8 .36
Lariaus tasoiatu. 0 .051 93.885 0.037 0.071 112119. 10 .56
O.alips pWulp.aais 0 .121 94.006 0.035 0.109 112159. 2 .91
L.poptiidiue 0 .051 94.057 0.033 0.019 112196 . 17 .31
O.alip.. 0.078 94.134 0.033 0.038 112233 . 12 .85
Gysmothoras oigro..r8inatus 0.017 94.151 0.032 0.026 112269 . 14 .47
Calappa sulcata 0.014 94.165 0.029 0.090 112302 . 4 .94
Paaum ssdaois 0.128 94.293 0 .027 0.026 112333 . 13 .66
Taplus 0.009 94.302 0.027 0.006 112364 . 31 .00
Flonaoantbus nLpidus 0.081 94.383 0.026 0.090 112394 . 2.69
L.popbidlum br ..ibsrb. 0.004 94.387 0.026 0.006 112423 . 29 .00
Pristipo.oidsa apuilooaria 0.035 94.423 0.024 0 .045 112450 . 6 .35
MQuip.otaa 0.121 94.544 0.023 0 .019 112476 . 22.21
Prionotus oarolious 0.026 94.570 0.023 0.013 112502 . 22.28
lat.roid.a 0.116 94.686 0.022 0 .051 112527 . 7 .53
Da.yatis .abina 0.650 95.336 0.022 0.019 112552 . 14 .37
Scorpa.oa bruiliansis 0.098 95.434 0.022 0.032 112577 . 9.14
Msllitida. 0.057 95.491 0.022 0.038 112602 . 10 .19
Prionotas paraiatus 0.048 95 .539 0.020 0.051 112625 . 5.50
Op6lahtbus 8ossli 0.010 95 .548 0.020 0.026 112648 . 9.61
GaBoo.phalus 1a.wiptus 0.012 95 .561 0.019 0.026 112670 . 9.10
StalliTsr lano.olatua 0.060 95 .620 0.019 0.038 112692 . 4.80
C.ntropristis ooyurus 0.094 95 .715 0.019 0.006 112713 . 21 .00
Pba.optyz eonklini 0.009 95 .724 0.019 0.013 112734 . 19 .08
Soa.b.ro.orsu saaulatus 0.026 95 .749 0.019 0.032 112755 . 10.17
8olothuroid .a 0.084 95 .833 0.018 0.019 112775 . 14.67
ipo8oeidas 0.029 95.862 0.017 0.006 112794 . 19.00
Spho.roids sp.o81er1 0.169 96.031 0.016 0.045 112812 . 4 .58
Br..oortia patroaus 1 .925 97 .956 0 .016 0.032 112830 . 6.59
ParalioRthys 1.thostipa 0.034 97.990 0.016 0.032 112848 . 6 .71
[ath.to.to.a albigutta 0.054 98.044 0.015 0.071 112865 . 1 .61
8rotula barbata 0.009 98.053 0.015 0.058 112882 . 3.74
9a,ta .glantaria 0.074 98.127 0.014 0 .077 112898 . 1 .53
0sooo.pbalus nasutua 0.003 98.130 . 0 .014 0 .026 112914 . T.32
Gyaoaobirua tasaa 0.017 98.148 0.012 0 .019 112928 . 7 .62
Miorospatbodon cnrysurus 0.037 98.185 0.012 0 .019 112942 . 5 .23
Swrsons pboaba 0.025 98.209 0.012 0 .019 112956 . 8 .97
Arcbosar`us probatoo.phalus 0.036 98.245 0.011 0 .013 112969 . 11 .14
Citbariohthys aaorops 0.013 98.259 0.011 0 .051 112982 . 3 .25
Synodus poeyi 0.047 98.305 0.011 0.038 112994 . 2 .94
Luidia 0.047 98.352 0.011 0.019 113006 . 6 .13
lNttastomatida. 0.031 98.383 0.011 0.026 113018 . 4 .12
Gysootborai 0.033 98.417 0.010 0.058 113029 . 1 .67
Sayilaridss nodit.r 0 .023 98.439 0.008 0.032 113038 . 2 .29
Bqu.tus u.brosus 0.027 98.466 0.008 0.032 113047 . 2 .07
Matapona.opsis good.i 0.020 98.486 0.008 0.019 113056 . 3 .18
S.lsna s .tapinnis 0.025 98.511 0.008 0.045 113065 . 1 .40
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Table 26 . Continued.

lm COMOLiiIYS PaOMMED
21NON NAIS PENC1aT PaaC>Dy2 PaRCENS PSHQ. or CDlOIJSIYa IHDSZ or

COtlP032TI0N COMPOSI?I0N COMPO.lISION OCCQH88NC8 iBOND1NCE DISPSBSION
0topnidiua amoatigmot 0.040 98.550 0.007 0 .032 113073 . 1 .71
Oobion.llus bastatus 0.008 98.558 0.006 0 .026 113080 . 2.69
ipoNoa pa .udoroulatua 0.016 98.574 0.006 0 .013 113087 . 3.55
Spbo.roidaa doraalia 0.041 98.616 0.006 0.032 113094 . 1 .54
Btru..ua 0.003 98.619 0.006 0.013 .113101 . 5 .27
Poro.llaoidsa 0.011 98.629 0.006 0 .006 113108 . 7.00
Aoanthostraoion quadrioornis 0.016 98.646 0.006 0.038 113115 . 1 .25
Hairdlalla obrysara " 0.005 98.651 0.006 0.038 113122 . 1 .25
Libloia dubia 0.006 98.657 0.006 0.032 113129 . 1 .54
Pagurida . 0.026 98.682 0.006 0.032 113136 . 1 .82
Aar.11a 0.034 98.716 0.005 0.026 113142 . 1 .64
S.lar oruaaaopM- L-i 0.015 98.731 0.005 0.006 113148 . 6.00
Droaidia antill.eais 0.011 98.742 0.005 0.013 113154 . 4 .32
Iplysia 0.025 98.766 0.005 0.026 113160 . 1 .97
Paseaa pagrus 0.019 98.786 0.005 0.013 113166 . 2.98
oyaaaahirus ..las 0.024 98.810 0.005 0.038 113172 . 0.97
lnoylops.tta quadrooallata 0.024 98.834 0.005 0.038 113178 . 0.97
2rinaot .s aaoalatus 0.002 98.836 0.004 0 .019 113183 . 2.18
S.rraataulus piailio 0.004 98.840 0.004 0.019 113188 . 2.18
Opea.us p- 0.015 98.855 0.004 0.019 113193 . 2.18
Alutarus beud.loti 0.017 98.872 0.004 0.026 113198 . 1 .38
EUolaosta.nw arpataua 0.003 98.875 0.004 0.013 113202 . 2 .49
Calappa 0.007 98.883 0.004 0.019 113206 . 1 .48
P.otiaidao 0.015 98.897 0.004 0.013 113210 . 2.49
Br.pao.roa atlantiaus 0.004 98.901 0.004 0.026 113214 . 0.98
Hr.paoaroa 0.007 98.908 0.004 0.013 113218 . 1 .99
Clypaaatar 0.003 98.911 0.004 0.006 113222 . 4 .00
Prioaotus ophryu 0.006 98.916 0.004 0.013 113226 . 2.49
Maroina braailleosis 0.011 98.927 0.004 0 .026 113230 . 0.98
H..anthias .irenus 0.013 98.940 0.004 0.006 113234 . 4.00
Abinopt.ra boauus 0.658 99.598 0.004 0.026 113238 . 0.98
Calappa fla~..a 0.009 99.607 0.004 0.026 113242 . 0.98
Cba.todoa oo.llatua 0.009 99.616 0.004 0.013 113286 . 2.49
8.patua 0.004 99.620 0.004 0.013 113250 . 2.49
Sy.phurus dioNdiaous 0.007 99.628 0.004 0.026 113254 . 0.98
Syspbueva oi.itatus 0.001 99.628 0.003 0.013 113257 . 1 .66
Snorpaaoa disper 0.007 99.636 0.003 0.006 113260 . 3.00
Cba.todon aad .ntarius 0.005 99.640 0.003 0.006 113263 . 3.00
Podooh.la sidn.yi 0.022 99.662 0.003 0.006 113266 . 3 .00
Calaaua ba,tooado 0.006 99.668 0.003 0.013 113269 . 1 .66
Cyolopa.tta fiabriata 0.006 99.674 0.003 0.013 113272 . 1 .66
Cha.todlptarus faber 0.015 99.690 0.003 0.019 113275 . 0.99
Soyllarids 0.032 99.722 0.003 0.013 113278 . 1 .66
Syoatatbus louisiaaao 0.006 99.728 0.003 0.019 113281 . 0.99
N.toporbapbis oalaarata 0.002 99.730 0.003 0.019 113284 . 0.99
Gobiuo: stru.oaua 0.000 99.731 0.003 0.006 113287 . 3 .00
Btropus 0.003 99.734 0.003 0.006 113290 . 3.00
Iiphop.naus faroyeri 0.003 99.737 0.003 0.013 113293 . 1 .66
Caran= hippos 0.002 99.739 0.003 0.019 113296 . 0.99
lstrosoopus y8ra.oua. 0 .004 99.744 0.002 0 .013 113298 . 0.99
O.alipOs oo.l1atua 0.003 99.746 0.002 0.006 113300 . 2.00
Dasyatis sayi 0.002 99.748 0.002 0.006 113302 . 2.00
Cynoaoion notbua 0.007 99.755 0.002 0.013 113304 . 0.99
9aja tsana 0.006 99.761 0.002 0 .013 113306 . 0.99
Prioaotus 0.001 99.761 0.002 0 .013 113308 . 0.99
Soyllarida. 0.005 99.766 0.002 0 .006 113310 . 2 .00
ConNrina flava 0.003 99.769 0.002 0.013 113312 . 0 .99
6ahiaoid.a 0.006 99.775 0.002 0 .013 113314 . 0.99
Caulolatilus int .ra.dius 0.003 99.778 0.002 0 .013 113316 . 0.99
Lyropaot.n nodoaus 0.006 99.784 0.002 0 .013 113318 . 0.99
Alut.rus aobo.pti 0 .006 99.790 0.002 0 .013 113320 . 0.99
Opbiueroid.a 0.006 99.796 0.002 0 .013 113322 . 0.99
Ontopus 0.012 99.807 0.002 0.013 113324 . 0.99
Cantbipst .r rostrata 0 .003 99.811 0.002 0 .006 113326 . 2 .00
Hypsobl.naius bsatsi 0.007 99.818 0.002 0.006 113328 . 2 .00
oastropsatta froatslis 0.007 99.825 0.002 0.013 113330 . 0.99
Sardlaalla ancho.ia 0.010 99.835 0.002 0 .013 113332 . 0.99
Poriohthys pauoiradiatus 0 .000 99.836 0.002 0 .006 113334 . 2 .00
lchirua linaatus 0.002 99.837 0.002 0.013 113336 . 0.99
Bhizoprionodoo t.rra.no.a. 0.003 99.840 0.002 0.013 113338 . 0.99
Equ.tus lano .olatus 0.007 99.847 0.002 0 .013 113340 . 0.99
Soyllarus 0.013 99.861 0.002 0 .013 113342 . 0.99
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Table 26 . Continued.

lRBN COMULiTIYB Po0LXD
TimN Nils PsaCml2 PS8C81r PBHCENt P9E0. oP CUMULlTI9B IND6Z OF

COMPOSI2I0N COiQO31T20N COMPOSITION OCCUBHlOICB 13UNDiNCB DI3PBRSION
Ogooo.phalas rsdiatus 0.000 99.861 0 .001 0.006 113343 . 1 .00
PsrsspNona puaatata 0.001 99.862 0.001 0.006 113344 . 1 .00
Sobiophis 0.006 99.868 0.001 0.006 113345 . 1 .00
Pollnio .s daplioatua 0.001 99.869 0.001 0.006 113346 . 1 .00
Halistss caprisoua 0.004 99.873 0.001 0 .006 113347 . 1 .00
Carssz fusaa 0.000 99.87# 0.001 0.006 113348 . 1 .00
CLSlowyot .rus soho.ptl 0.003 99.877 0.001 0 .006 113349 . 1 .00
Carapus b .r.udsnsis .0 .004 99.881 0.001 0.006 113350 . 1 .00
Pesoiolaria 0 .00# 99.885 0.001 0.006 113351 . 1 .00
8pinspbslus fla.oliabatus 0.005 99.890 0.001 0.006 113352 . 1 .00
Lutjamu priaaua 0.002 99.891 0.001 0.006 113353 . 1 .00
ParallotitbPs aqsa.ilsstas 0 .001 99.892 0.001 0 .006 11335# . 1 .00
Lpogon anrolia.atus 0.003 99.895 0.001 0 .006 113355 . 1 .00
Aaoboa lyol*pla 0.001 99.896 0.001 0.006 113356 . 1 .00
Bothus robinal 0 .004 99.900 0.001 0 .006 113357 . 1 .00
Dorosona pet.osns. 0.002 99.902 0.001 0 .006 113358 . 1 .00
Hsllita qaioquispsrforata 0.001 99.90# 0.001 0.006 113359 . 1 .00
ParaLiohttiPs albisutta 0.001 99.905 0.001 0.006 113360 . 1 .00
Opbiobtbus 0.003 99.908 0.001 0 .006 113361 . 1 .00
9olaaanthas bsr.udsnsis 0.003 99.911 0.001 0.006 113362 . 1 .00
SpbPra.oa suaotiaaobo 0.005 99.915 0.001 0.006 113363 . 1 .00
MioroNobius tbalaaslmu 0.008 99.923 0.001 0.006 11336# . 1 .00
Sphyroa lsrlni 0.000 99.923 0.001 0.006 113365 . 1 .00
3.riola soaata 0.006 99.929 0.001 0.006 113366 . 1 .00
lQrotophus atf1m 0.001 99.930 0.001 0.006 113367 . 1 .00
inchorislla psrfasoiata 0.003 99.933 0.001 0.006 113368 . 1 .00
Psot .n 0.00# 99.937 0.001 0.006 113369 . 1 .00
Equetus puootatus 0.000 99.937 0.001 0.006 113370 . 1 .00
Aathozoa 0.001 99.938 0 .001 0.006 113371 . 1 .00
Cala.ua nodoana 0.004 99.942 0.001 0.006 113372 . 1 .00
Ryptious saoolatas 0.004 99.947 0 .001 0 .006 113373 . 1 .00
GoOioosilus oo.aaloua 0.001 99.948 0.001 0 .006 11337# . 1 .00
Per.moostas hraohyptsrus 0.019 99.966 0 .001 0 .006 113375 . 1 .00
Doraitator roalatas 0.000 99.967 0 .001 0 .006 113376 . 1 .00
3tsnorLyno4us 0.001 99.968 0 .001 0 .006 113377 . 1 .00
P.troohir+s diopn.s 0.001 99.968 0 .001 0 .006 113378 . 1 .00
Octopus valNaris 0.001 99.969 0.001 0 .006 113379 . 1 .00
Opbiohthns oosllatna 0.001 99.970 0 .001 0 .006 113380 . 1 .00
Llp4slda. 0.003 99 .97 4 0 .001 0 .006 113381 . 1 .00
8uayooa coatrariu. 0.001 99.975 0 .001 0 .006 113382 . 1 .00
iulostow saoalatus 0.005 99.980 0 .001 0 .006 113383 . 1 .00
Hothns 0.003 99.982 0 .001 0.006 113384 . 1 .00
Calappa aoNwta 0.000 99.983 0 .001 0.006 113385 . 1 .00
updoWaus 0.001 99.98# 0 .001 0 .006 113386 . 1 .00
Lutdia olathrata 0.003 99.987 0 .001 0 .006 113387 . 1 .00
Pasoiolaria tulipa 0.009 99.996 0.001 0.006 113388 . 1 .00
Priaoantbas ar.n.tas 0.00# 100 .000 0 .001 0 .006 113389 . 1 .00
Botoproots 0.000 100.000 0.000 0.006 113389 . 0N0s*

SAMPl.E 3GlOIlYZ: SAMP[.bS . 156 lOiiL !AL s 262
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Table 27 . Hierarchical list of demersal nekton taxa collected in single
replicate samples at 156 stations in and around the Tuscaloosa
Trend study area during the spring 1983 SEAMAP groundfish survey .

Arthropoda 58
Crustacea 61

Decapoda 6175
Penaeidae 617701

• Metapenaeopsis goodei 6177010301
• Parapenaeus 61770105
* Penaeus aztecus 6177010101
+~ Penaeus duorarum 6177010102
e Penaeus setiferus 6177010103
• Sicyonia brevirostris 6177010401
* Sicyonia dorsalis 6177010402
+~ Solenocera 61770106
• Trachypenaeus 61770102
* Xiphopeneus 61770107
• %iphopeneus kroyeri 6177010701
• Scyllaridae 618202
* Scyllarides 61820202
* Scyllarides nodifer 6182020202
• Scyllarus 61820201
• Paguridae 618306
* Petrochirus diogenes 6183061201
• Porcellanidae 618312
e Portunidae 618901
• Callinectes sapidus 6189010301
• Callinectes similis 6189010302
• Ovalipes 61890105
• Ovalipes floridanus 6189010501
• Ovalipes guadulpensis 61890105??
+~ Ovalipes ocellatus 6189010502
• Portunus gibbesii 6189010601
• Portunus spinicarpus 6189010603
• Portunus spinimanus 6189010604
• Xanthidae 618902 •

Dromiidae 618502
• Dromidia antillensis 6185020301

Majidae 618701
• Libinia dubia 6187010901
• Metoporhaphis calcarata 6187011801
+~ Podochela sidneyi 6187011902
• Stenorhynchus 61870117

Cal.appidae 618602
+~ Calappa 61860201
• Calappa angusta 6186020105
• Calappa flammea 6186020101
• Calappa sulcata 6186020102
• Hepatus 61860202
• Hepatus epheliticus 6186020201

Leucosiidae 618603
• Persephona punctata 6186030101
+~ Alpheidae 617 914

Palaemonidae 617911
* Macrobrachium ohione 617 9110201
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Table 27 . Continued.

Stomatopoda 6191
Squillidae 619101

• Squilla 61910101
• Squilla chydaea 6191010102
• Squilla empusa 6191010101

Mollusca 5085
Bivalvia 55

Pterioida 5508
e Pectinidae 550905
~ Aequipecten 55090508
~ Lyropecten nodosus 5509051301
' Pecten 55090504

Veneroida 5515
Sanguinolariidae 551533

• Tagelus 55153302
Cephalopoda 57

Theuthidida 5705
Myopsida 5706

Loliginidae 570601
• Loligo pealeii 5706010102
• Lolliguncula brevis 5706010201

Octopodida 5708
Octopodidae 570801

• Octopus vulgaris 5708010202
Gastropoda 51
Anaspidea 5124

Aplysiidae 512402
• Aplysia 51240202

Mesogastropoda 5103
Naticidae 510376

e Polinices duplicatus 5103760407
Stenoglossa 5105
Fasciolariidae 510509

• Fasciolaria 51050902
• Fasciolaria tulipa 5105090202

Melongenidae 510507
• Busycon contrarium 5105070104
e Volutidae 510513
e Scaphella junonia 5105130201

Echinodermata 81
• Asteroidea 8104

Spinulosida 8112
Clypeasteridae 815301

• Clypeaster 81530101
• Echinoidea 8136

Clypeasteroida 8152
• Mellitidae 815504
~ Mellita quinquiesperforata 8155040101
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Table 27 . Continued.

e Holothuroidea 8170
• Ophiuroidea 8120

Stelleroidea 8101
Platyasterida 8105

Luidiidae 810501
; Luidia 81050101
• Luidia clathrata 8105010102

+~ Porifera 36

Cnidaria 37
• Anthozoa 3740
~ Scleractinia 3764

Scyphozoa 3730
Semaeostomeae 3734

Ulmaridae 373403
• Aurelia 37340302

+~ Ectoprocta 78

Chordata 8388
Antennarioidei 8787
Antennariidae 878702

• Antennarius radiosus 8787020203
Ogcocephalidae 878704

• Halieutichthys aculeatus 8787040301
+~ Ogcocephalus 87870401
• Ogcooephalus nasutus 8787040103
e Ogcocephalus radiatus 8787040106

Aulostomoidei 8819
Fistulariidae 881902
Aulostomidae 881901

• Aulostomus maculatus 8819010101
Balistoidei 8860

Balistidae 886002
• Aluterus heudeloti 8860020102
• Aluterus schoepfi 8860020101
+~ Balistes capriscus 8860020201
• Monacanthus hispidus 8860020703

Ostraciontidae 886003
• Acanthostracion quadricornis 8860030201

Batrachoidiformes 8783
Batrachoididae 878301

• Porichthys pauciradiatus 8783010105
• Porichthys porosissimus 8783010106
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Table 27 . Continued .
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Exocoetoidei 8803
Exocoetidae 880301

Parexocoetus brachypterus 8803011101
Myctophoidei 8762

Myctophidae 876214
Myctophum affine 8762141501

Synodontidae 876202
Saurida brasiliensis 8762020301
Synodus foetens 8762020101
Synodus intermedius 8762020102
Synodus poeyi 8762020104
Trachinocephalus myops 8762020401

Osteichthyes 8717
Anguilliformes 8740

Congridae 874112
Congrina flava 8741120302
0phiehthus 87411310
Ophichthus gomesii 8741131001
Ophichthus ocellatus 8741131003

Muraenesocidae 874108
Iioplunn13 87410801
Hoplunnis macrurus 8741080102

Muraenidae 874105
Gymnothorax 87410504
Gymnothorax nigromarginatus 8741050404

Nettastomatidae 874110
Ophichthidae 874113

Echiophis 874113 7 ?
Clupeiformes 8745

Clupeidae 874701
Brevoortia patronus 8747010403
Dorosoma cepedianum 8747010501
Dorosoma petenense 8747010502
Etrumeus 87470106
Etrumeus teres 8747010601
Harengula jaguana 8747010803
Sardinella anchovia 8747011003

Engraulidae 874702
Anchoa 87470202
Anchoa hepsetus 8747020201
Anchoa lyolepis 8747020205
Anchoa mitchilli 8747020202
Anchoa nasuta 8747020206
Anchoviella perfasciata 8747020304

Gadiformes 8789
Bregmacerotidae 879102
Bregmaceros 87910201
Bregmaceros atlanticus 8791020101

Carapidae 879202
Carapus bermudensis 8792020101

Gadidae 879103
Urophycis cirratus 8791031005
Urophycis floridanus 8791031007
Orophycis regius 8791031002
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Table 27 . Continued.

Macrouridae 879401
+ Nezumia bairdii 8794010802

Merlucciidae 879104
+ Steindachneria argentea 8791040201

Ophidiidae 879201
+ Brotula barbata 8792010401
+ Gunterichthys longipenis 8792012301
+ Lepophidium 87920105
+ Lepophidium brevibarbe 8792010502
+ Lepophidium graellsi 8792010504
+ Lepophidium jeannae 8792010505
+ Ophidion grayi 8792010602
+ Ophidion holbrooki 8792010603
+ Ophidion welshi 8792010605
+ Otophidium omostigmum 8792010701

Gobiesociformes 8784
Gobiesocidae 878401

+ Gobiesox strumosus 8784010102
Perciformes 8834
Blenniidae 884201

• Hypsoblennius hentzi 884 2010201
Carangidae 883528

+ Caranx fusus 8835280302
+ Caranx hippos 8835280303
+ Chloroscombrus chrysurus 8835280401
+ Decapterus punctatus 8835281202
+ Selar erumenophthalmus 8835280601
+ Selene setapinnis 88352807??
+ Seriola zonata 8835280804
+ Trachurus lathami 8835280102

Gobiidae 884701
+ Bollmannia communis 8847011601
+ Dormitator maculatus 8847013302
• Gobionellus hastatus 8847010502
+ Gobionellus oceanicus 8847010503
+ Microgobius thalassinus 8847010702
+ Apogonidae 883518
+ Apogon aurolineatus 8835180104
+ Apogon pseudomaculatus 8835180110
+ Phaeoptyx conklini 8835180501

Branchiostegidae 883522
+ Caulolatilus intermedius 8835220103

Chaetodonidae 883555
+ Chaetodon ocellatus 8835550101
+ Chaetodon sedentarius 8835550107
+ Holacanthus bermudensis 8835550304

Ephippidae 883552
+ Chaetodipterus faber 8835520101

Gerridae 883539
+ Eucinostcmus argenteus 88353 90101
+ Eucinostomus gula 8835390102

Grammistidae 883503
+ Rypticus maculatus 8835030204
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Table 27 . Continued.

Lutjanidae 883536
e Lutjanus campechanus 8835360107
e Lutjanus griseus 8835360102
• Pristipomoides aquilonaris 8835360701
• Rhomboplites aurorubens 8835360501

Mullidae 883545
0 Upeneus parvus 8835450402

Pomacentridae 883562
• Microspathodon chrysurus 8835620401

Pomadasyidae 883540
e Haemulon aurolineatum 8835400101
• Haemulon plumieri 8835400102
• Orthopristis chrysoptera 8835400201

Priacanthidae 883517
+~ Priacanthus arenatus 8835170101

Soiaenidae 883544
• Bairdiella chrysura 8835440301
• Cynoscion arenarius 8835440106
* Cynoscion nothus 8835440103
+~ Equetus lanceolatus 8835441202
+~ Equetus punctatus 8835441205
• Equetus umbrosus 8835441206
+~ Larimus fasciatus 8835440501
• Leiostomus xanthurus 8835440401
~ Menticirrhus americanus 8835440601
• Micropogonias undulatus 8835440701
• Stellifer lanceolatus 8835441001

Serranidae 883502
* Centropristis ocyurus 8835020304
+~ Centropristis philadelphicus 8835020305
• Diplectrum bivittatum 8835021005
• Diplectrum formosum 8835021002
* Epinephelus flavolimbatus 8835020405
+~ Hemanthias vivanus 8835021202
* Serraniculus pumilio 8835022201
• Serranus atrobranchus 8835022302
+~ Serranus phoebe 8835022308

Sparidae 883543
• Archosargus probatocephalus 8835430301
* Calamus bajonado 8835430502
• Calamus nodosus 8835430506
* Lagodon rhomboides 8835430201
• Pagrus pagrus 8835430601
• Pagrus sedecim 8835430602
• Stenotomus caprinus 8835430102

Scombridae 885003
• Scomberomorus maculatus 8850030502

Cynoglossidae 885802
• Symphurus civitatus 8858020102
+~ Symphurus diomedianus 8858020103
e Symphurus plagiusa 8858020101

Soleidae 885801
• Achirus lineatus 8858010202
* Gymnachirus melas 8858010301
; Gymnachirus texae 8858010303
• Trinectes maculatus 8858010101
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Table 27 . Continued.

Pleuronectoidei 8857
Bothidae 885703 -

• Ancylopsetta quadrocellata 8857030506
• Bothus 88570306
* Bothus robinsi 8857030604
• Citharichthys 88570301
• Citharichthys macrops 8857030109
• Citharichthys spilopterus 8857030110
• Cyclopsetta chittendeni 8857030801
~ Cyclopsetta fimbriata 8857030802
• Etropus 88570302
• Etropus crossotus 8857030201
• Gastropsetta frontalis 8857031001
e Paralichthys albigutta 8857030302
* Paralichthys lethostigna 8857030304
• Paralichthys squamilentus 8857030306
• Syacium 88570313
* Syacium gunteri 8857031301
• Syacium papillosum 8857031303

Polynemoidei 8838
• Polydactylus octonemus 8838010101

Rajiformes 8713
Dasyatidae 871305

• Dasyatis sabina 8713050105
• Dasyatis sayi 8713050106

Myliobatidae 871307
* Rhinoptera bonasus 8713070301

Rajidae 871304
* Raja eglanteria 8713040113
* Raja texana 8713040133

Torpedinidae 871303
t Narcine brasiliensis 8713030401

Scombroidei 8850
Trichiuridae 885002

• Trichiurus lepturus 8850020201
Soorpaenoidei 8826

Scorpaenidae 882601
• Neomerinthe hemingWayi 8826010402
e Scorpaena brasiliensis 8826010605
• Scorpaena calaarata 8826010606
• Scorpaena dispar 8826010607

Triglidae 882602
• Bellator militaris 8826020203
• Prionotus 88260201
• Prionotus carolinus 8826020101
* Prionotus martis 8826020111
• Prionotus ophryas 8826020113
• Prionotus paralatus 8826020114
• Prionotus roseus 8826020117
• Prionotus rubio 8826020118
• Prionotus salmonicolor 8826020120
* Prionotus scitulus 8826020103
e Prionotus stearnsi 8826020121
e Prionotus tribulus 8826020104
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Table 27 . Continued.

Scyliorhinoidei 8708
Carcharhinidae 870802

e Rhizoprionodon terraenovae 8708020301
Sphyrnidae 870803

# Sphyrna lewini 8708030103
Siluriformes 8777

Ariidae 877718
• Arius felis 8777180202

Sphyraenoidei 8837
Sphyraenidae 883701

• Sphyraena guachancho 8837010103
Stromateoidei 8851
Stromateidae 885103

• Peprilus burti 8851030104
• Peprilus paru 8851030102

Syngnathoidei 8820
Syngnathidae 882002

* Syngnathus louisianae 8820020104
Tetradontoidei 8861

Diodontidae 886103
e Chilomycterus schoepfi 8861030101

Tetraodontidae 886101
• Canthigaster rostrata 8861010401
• Lagocephalus laevigatus 8861010101
• Sphoeroides dorsalis 8861010205
~ Sphoeroides nephelus 8861010208
• Sphoeroides parvus 8861010210
* Sphoeroides spengleri 8861010211

Trachinoidei 8840
Uranoscopidae 884014

* Astroscopus y-graecum 8840140102
• Kathetostoma albigutta 8840140301

Miscellaneous taxa
Paramuriceidae 375103

e Scleracis 37510304
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for 80% of the cumulative percent composition. None of the taxa in the
community were widely distributed, as only Penaeus aztecus , Centrooristis
nhiladelohicus , and Etroous crossotus were collected in more than 50% of
the samples . Trachvoenaeus LPIL, c a mitehilli , and Callinectes is
had very clumped distributions (indices of dispersion of 2058, 2179, and
1964, respectively) .

As in the 1982 data, Trachvoenaeus LPIL was the most abundant
taxon, accounting for 30% of the pooled percent composition, followed
by Anchoa mitchilli , which accounted for 16 % of the pooled percent
composition. Stenotomus caorinus , Callinectes similis , Microvoaonias
undulatus , Sicvonia brevirostris , Penaeus aztecus, and Seuilla LPIL each
accounted for 2% or greater of the pooled percent composition. Taxa
found in greater than 40% but less than 50% of the samples included
Callinectes similis , Sicvonia brevirostris , Loliao yealeii , and Sohoeroides
narvus, while those collected in greater than 30% but less than 40% of the
samples included Trachynenaeus LPIL, Microooaonias undulatus, u 1 LPIL,
Penaeus duorarum, Halieutichthvs aculeatus, Cvnoscion arenarius , Prionotus
tribulus , Snohurus Dlaaiusa , Svacium oaoillosum and Svnodus o ens. For
the most part, the communities were very similar over the two fall seasons
(Tables 22 and 26) .

2 .5 .2 .2 Two-Way Indicator Species Analysis

As in the 1982 SEAMAP analysis, the relative percent .composition
and abundance table and other exploratory techniques were utilized in the
selection of the taxa to be included in subsequent community analyses .
Based on the results shown in Table 26, all taxa which occurred in two
or fewer samples were removed from further consideration . This resulted in
the removal of 106 taxa from the original list of 262, with the remaining
156 taxa being subjected to further analysis . This suite of 156 taxa was
reduced to a more workable level by utilizing the results of a preliminary
TWINSPAN analysis (not presented) to exclude the taxa that were not showing
ecologically meaningful trends . Of the 156 numerically abundant taxa
selected from the relative composition analysis, 90 taxa were ultimately
selected for inclusion in the detailed community analysis .

After the suite of 90 taxa were selected, a final TWIldSPAN analysis
was run (Figure 13) . A map showing the affinities of the 156 samples to
the six most meaningful TWINSPAN sample groups (in Figure 13) is presented
in Figure 14 . Table 28 presents values for environmental variables and
community parameters in each sample, with the samples ordered and grouped
in the same manner as in the corresponding TWINSPAN display (Figure 13) .
Table 29 presents the Pearson product-moment correlation coefficients of
the density of each taxa and the values for community indices in each
sample with environmental variables, with the taxa ordered and grouped
in the same manner as in the corresponding TWINSPAN display (Figure 13) .
Examination of Figures 13 and 14 and Tables 28 and 29 in concert helps
identify environmental trends most related to the ordering and grouping of
the samples and taxa.

As in the analysis of the 1982 SEAMAP data discussed above (Figure
11), the ordering and grouping of the samples and taxa in the TWINSPAN
display (Figure 13) appears to be most related to hydrography, depth and
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Table 29 . Ordered matrix of simple bivariate Pearson product moment
correlation coefficients of densities of 90 selected demersal
nekton taxa and community parameters with environmental variables
collected at 156 stations in and around the Tuscaloosa Trend study
area during the spring 1983 SEAMAP groundfish survey .

8ottw
Dis.olv.d Botta. Rottom

Ta=a D•ptb 0qr8 e0 Salinity Tpp.ratur .

La8odo0 rba.boid .. 0 .05755 0 .17068 0 .09789 -0 .10329
PrioOotw sal.o0lcolor 0 .14009 0 .11319 0 .08461 -0 .05537
SPaodus ro .t .Os 0 .25290 0 .00427 0 .21944 -0 .20282
B.ilator .Slitaris 0 .41102 -0 .05650 0 .12506 -0 .19365
Mo0aca0tbus bispidw 0 .18251 0 .15645 0 .13918 -0 .10665
N.a ..ri0tb. .bs.dnpsyl 0 .12944 0 .07387 0 .12812 -0 .14684
Prlstlpo~old .s aQullooaYs 0 .28442 0 .02897 0 .09963 -0 .15740
Sy ac1um papillosu . 0 .21314 -0 .05117 0 .19379 -0 .22582
Synodus 1nt .rMdius 0 .29424 0 .13559 C .14039 -0 .14977
SyOodus poqi 0 .33998 -0 .02060 0 .10100 -0 .14565
Tracbiooa.pbalus qops 0 .36547 0 .19612 0 .14752 -0 .14223
Uropbrcis r .81us 0 .39070 0 .02002 0 .15749 -0 .21089
8..wloa auroliasatum -0 .00283 0 .05574 0 .08112 -0 .09140
0pbid1o0 bolbroo(0. 0 .18117 0 .25091 0 .16063 -0 .13047
Spbo.roids sp.081 .r1 0 .09652 0 .21727 (1 .09708 -0 .10440
Slcycnla brwiro•trls 0 .05861 -0 .08402 0 .19561 -0 .17948
LcliBo p.a1 .11 0 .08071 0 .10516 0 .20504 -0 .11784
Soorp..na calcarat . 0 .26606 0 .06229 (1 .14262 -0 .12334
Dipl .otnm ror.o.u. -0 .10822 0 .27553 (1 .10665 -0 .08864
Ortbopristis ebrysopt .ra -0 .06072 0 .17589 0 .09429 -0 .10898
Pr100otu : sartis -0 .04295 0 .29146 0.07945 -0 .06939
Prioootus •citulus -0 .00142 0 .09277 0 .13718 -0 .12267
Ra]a ..la0t .rla 0 .08177 0 .15789 0 .14582 -0 .14618

Sol.o00 .ra 0 .13744 0 .02147 0 .15162 -0 .22261
C.ntropri .tis pbllad.lpblaus 0 .08049 -0 .11601 0 .15408 -0 .05077
L.popbidiu. ,).•oaa . 0 .20770 0 .00507 0 .11650 -0 .14776
D.aapt .ru. pu0otatus -0 .00111 0 .00043 0 .03690 0 .01837
Prlosotus st .araa 0 .28951 -0 .09583 0 .14111 -0 .19222
St .Ootows caprinus 0 .19121 0 .03212 0 .18791 -0 .14672
Opbtdio0 grayl -0 .06560 0 .02596 3 .12541 -0 .12323
Ctru..us t.r .. -0 .02237 -0 .00335 3 .08661 -0 .03996
Tr•o6uru• latbasi 0 .13464 0 .p1B32 J .07884 -0 .06576
09allpu 8wdu1p.0ais -0 .06575 -0 .09248 D .15640 -0.17739
tut,laous oa.p.cbaous 0 .12092 -0 .05970 0 .12039 -0 .08747
Poricbtbys poro•SSslw 0 .11905 -0 .05267 0 .10233 -0 .01142

~

~
a0
O

~<
~

P.o..u" duoraru. -0 .09590 -0 .35059 0 .18879 -0 .1790D
PortuOw spl0iraua 0 .03051 -0 .09849 0 .08042 -0 .05674
CPOlopsata obitt.od.oi 0 .12252 0 .01554 0 .06972 -0 .02151
Nali.utlobtbPs •culsatw 0 .03728 -0 .22276 0 .14402 -0 .23442
Tr.obPp.O . .us 0 .03134 -0 .27363 0 .17763 -0 .27031
Portunu. tibb..ii -0 .03748 -0 .27761 0 .16258 -0 .24046
SQullla .•pua. 0 .02199 -0 .14383 0 .12452 -0 .23956
Oralips rloridabus -0 .07285 -0 .20695 0 .08625 -0 .09171
Sicroola dorsalis 0 .01595 -0 .08314 0 .12594 -0 .19724
Parap .oa.us 0 .02736 0 .09903 0 .06436 -0 .08628
Calapp e sulcata 0 .01946 -0 .17879 0 .10201 -0 .16047
Brotula barbata -0 .03521 -0 .15341 0 .05333 0 .05746
Prlomtus ruoio -0 .07486 -0 .18393 0 .04478 -0 .06814
Saurida brss111.oa1• 0 .13206 -0 .08991 0 .14343 -0 .12300
S.rraoua atrobrasabu . 0 .19973 -0 .05954 0 .15500 -0 .23110
SPaaium guot.ri 0 .00445 -0 .16297 0 .11812 -0 .21813
UropbPci s olrratas 0 .07300 -0 .06428 0 .14486 -0 .23514
UropbPois rlorid .bus 0 .00899 -0 .23373 0 .17613 -0 .31355
Aat .o .arius r.dlo .us 0.22213 -0 .01175 0.09449 -0 .11497
Gpopbldlua gr a.llsl 0 .16272 -0 .06574 0 .12776 -0 .12675
OuOt .riobtbys loosip.ais 0 .17012 -0 .02400 0 .07689 -0 .12414
NsuW balydli 0 .28589 -0 .03341 0.08896 -0 .16651
Boplusais rorurus 0 .17557 -0.00268 0.07859 -0 .10562
Spuilla 0 .09872 -0 .22010 0.18389 -0 .17025
Bollrmla o0..~03s 0 .18362 -0 .00710 0.10484 -0 .15531

I LolliBu.oula br .vis -0 .12188 -0 .17534 0.05872 -0 .08271
~BZ 8tropus erossotua 0 .04749 -0 .21858 0 .19619 -0 .17294

Opbidloo u .labi -0 .05156 -0 .12146 0 .01855 -0 .03698
Prioootus tribulus -0 .13235 -0 .24494 0 .07324 -0 .01872

a.c .. s •
Sy.pauru . pla{iusa

-
-0 .05108 -0 .10152 -0 .04100 -0 .00594

P.aa•us aalr.rus -0 .12835 -0 .19046 0 .09544 0 .09942
P.oa .u . •st.ous -0 .08313 -0 .30370 0 .05531 -0 .02985

~ CPnoscioo ar .oarlu. 0 .00131 -0.04541 0.04244 -0 .00807
HAI Tricbiurus l .pturu. 0 .04238 -0 .05016 -0 .01777 0 .07241

taeboa b.p..tus -0 .14307 -0 .05198 -0 .06484 0 .10651I
Cttbaricbtbvs sniloot.rus 0 .16679 -0 .12123 0.01204 -0 .04058

Har.nsula j a8uaoa __ -0 .04692 -0 .10819 0.03717 0 .07289
St.1llr.r laac .olatw - .T5565 0 .02267 --4.10331 0 .1100
Cbloro.com brus abrysurus -0 .07737 -0 .09770 -0.01683 0 .12540
P.prilu. Ourti -0 .05529 -0.10109 -0.04382 0.04830
txboa .1tob1111 -0 .17357 0 .07929 -0.21664 0 .14031
Aocboa n.•uta -0 .16196 0 .03547 -0.14012 0 .17354
I
a
rirs rasalatu. -0 .11550 -0 .13863 -0 .05484 0 .02410

Gio.to.us isatburos 0 .05188 -0 .00923 0.00731 0 .03185
M.oticirrbus a ..riae0us -0 .15778 0 .05559 -0.28112 0 .17426
Opbiebtbu. 8o.si1 -0 .10357 -0 .01981 -0 .06406 -0 .00395
PolydaotPlus oatooswa -0 .16210 0 .00096 -0 .20291 0 .23702
Mieropo`oulas uadulatus 0 .16490 -0 .01844 -0 .00022 -0 .00121

Total Tata 0 .29418 -0 .27022 0 .56658 - 0 .56609
Total Indlvlduals -0 .00959 -0 .29451 0 .10425 -0 .18138
Diversity 0 .42098 -0 .10588 0 .65141 -0 .55118
RSCOa.as 0 .33798 -0 .12569 0 .60598 -0 .57451
6r.no.•s 0 .25407 0 .07678 0 .35885 -0 .20329
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Figure 13 . Ordered two-way display resulting from TWINSPAN analysis of
relative abundances of 90 selected demersal nekton taxa collected
in single replicate samples at 156 stations in and around
the Tuscaloosa Trend study area during the spring 1983 SEAMAP
groundfish survey .
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geography . Although not measured, it appears that sediment composition
was important in determining the trends within areas that were otherwise
similar . For interpretive purposes, sediment composition at the SEAMAP
trawl stations was inferred in the same manner as for the 1982 collections
(i.e., by overlaying a map of the station locations on a recent map of
the sediment composition in the study area) .

The overall ordering and grouping of the 1983 samples in Figure 13
was almost identical to that seen in Figure 11 for the 1982 samples . The
samples on the far right of the TWINSPAN display (Sample Group II in Figure
13 and Table 28) were, for the most part, collected in the shallowest,
most nearshore areas in the vicinity of the Mississippi Delta and near
the confluence of Mississippi Sound and Mobile Bay (depth ranged from 2
to 16 m) . They were generally characterized by lowest salinities (range
of 5 .3 ppt to 32 ppt) and highest temperatures (range of 21 .5 to 30 .1°
C) . There did not appear to be any strong geographical differences in
the stations represented in Groups I181 and IIB2 . The samples in Group I
were collected in deeper waters (range of 9 to 90 m) or from the nearshore
areas off the Florida coast in the western portion of the study area, and
were characterized by the highest salinities (range of 32 to 38 ppt) and
lowest temperatures (range of 18 .8 to 26 .0° C) .

Sample Group IA encompassed the stations located on very sandy
sediments in the eastern portion of the study area of f the Alabama and
Florida coasts (Figure 14), with the deep water, more offshore stations
included in Station Group IA1 and the shallow water, more nearshore
included in Group IA2 (Table 28) . Sample Group IB included the stations
located on the finer textured (muddier) sediments in moderate depth to deep
waters in the western and central portions of the study area, with those
stations located east of the Mississippi River outfall included in Group
IB1 and those located west of the outfall in Group IB2 . For the most
part, those in Group IB2 were collected from stations in deeper waters than
those in Group IB1 . As in the results of the 1982 analysis, the main
factor responsible for separating Group IA stations from those of Group
IB appears to be geographical (east vs west), and within Groups IA or IB,
the major differences appear to be depth related . Within each of the four
groups in Sample Group I (Figure 13), there was considerable variability
in numbers of taxa and community parameters, and no clear cut trends among
Groups IA1-182 were apparent based on these parameters (Table 28) .

Total number of taxa, species diversity and species richness were
positively correlated with depth and salinity, and negatively correlated
with temperature, again indicating that the offshore communities tended to
be more diverse than those inshore (Table 29) .

The taxa were ordered in Figure 13 such that those most characteristic
of the shallower depth, lower salinity and higher temperature waters
(Sample Group II) were located along the bottom portion of the TWINSPAN
display and corresponding ordered correlation table (Taxa Group II in
Figure 13 and Table 29) . Conversely, those taxa (in Taxa Group I) that
were most characteristic of middepth and deep waters with higher salinities
and lower temperatures (Sample Group I) were located along the middle and
upper portions of the TWINSPAN display and correlation table (Figure 13
and Table 29) .
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The majority of the taxa in Taxa Group IA1 ( Laabdon rhomboides through
Rata eglanteria in Figure 13 and Table 29) were most characteristic of
the deeper water, high salinity, sandy habitat in the eastern portion of
the study area (Sample Group IA1 in Figure 14) . Some of the taxa in
Group IA1 which were most characteristic of this trend include Prionotus
salmonicolor , Bellator militaris , Svaaiu oanillosum , Svnodus intermedius ,
Trachinoceehalus mvODg , and Uroohvcis reaius . Sicyonia brevirostris and
LollgQ oealeii were widespread across all depths in this sandy habitat,
and were also well represented in several of the samples from the moderate
depth to deeper water, high salinity, muddy sediment habitat east of
the Mississippi River Delta (Station Group IB1) . DiDlectrum formosum ,
9rthooristis chrvsoptera , Prionotus martis and Prionotus scitulus were most
characteristic of the shallow water, nearshore, sandy habitat encompassed
in Sample Group IA2 . The correlations of the Group IA1 taxa with
environmental variables supported the deeper water association for these
taxa, with the majority of these taxa exhibiting positive correlations
with depth, dissolved oxygen, and salinity and negative correlations with
temperature (Table 29) .

The taxa in Group IA2 tended to be more widespread in distribution
compared to those in Group IA1, with many of the taxa well represented
in the high salinity, sandy and generally middepth habitat of Sample
Group IA2, and in the high salinity, muddy sediment and generally
middepth habitat east of the Mississippi River Delta (Sample Group IB1) .
Some of the taxa most characteristic of this trend included Oohidion
srravi , Etrumeus teres , Trachurus lathami , and OvaliDes gSiadulnensis .
Centropristis nhiladelnhicus , Stenotomus caorinus , and Prionotus roseus
showed these same trends, but were also represented in similar deep water
habitats located both east and west of the Mississippi River outfall
(Sample Groups IA1 and IB2) . The correlations of the Group IA2 taxa with
environmental variables were generally similar to, but somewhat weaker than
those exhibited by the taxa in Group IA1 (Table 29) .

The Group IB1 taxa were, for the most part, restricted to the high
salinity, muddy sediment habitat located at middepths to deep waters the
central •and western portions of the study area (Sample Group IB) . Many
of the taxa in Group IB1 were restricted to the central portion of
the study area (Sample Group IB1), with Penaeus duorarum, Halieutichthvs
aculeatus , Portunus aibbesii , Sicvonia dorsalis , Prionotus rubio , Urophvcis
floridanus and Dinlect'rum bivittatum most characteristic of this trend .
Trachvoenaeus LPIL, Lenoohidium araellsi , and Sauilla LPIL were well
represented in the areas both east and west of the outfall, whereas
Gunterichthvs longinenis , Nezumia bairdi , Hoolunnis maerurus, and Bollmania
communis were virtually restricted to the area west of the outfall (Sample
Group IB2) . The correlations of the Group IB1 taxa with environmental
variables were generally weak, with the majority of the taxa exhibiting
positive relationships with depth and salinity, and negative relationships
with dissolved oxygen and temperature (Table 29) .

The five taza that comprised Taza Group It32 ( Sohoeroides Darvus ,
Lollirruncula brevis , Etroous crossotus , Oohidion e s , and Prionotus
tribulus) were the most widespread taxa in the study area, but were most
relatively more abundant in the high salinity, muddy sediment middepth
habitat east of the Mississippi River outfall (Sample Group IB1 in Figures
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13 and 14 and Table 28) . Lo1liRuncula brevis and Prionotus tribulus
were not collected in the high salinity, muddy sediment habitat west of
the Delta (Sample Group IB2) . The correlations of Group IB2 taxa with
environmental variables were generally very weak (Table 29), a reflection
of their widespread distributions .

The taxa in Group IIA ( Callinectes similis through Callinectes sanidus
in Figure 13 and Table - 29) were widespread across the muddy sediment
habitats east and west of the Mississippi River outfall (Sample Group
IB) and in the shallow water, low salinity habitats near the confluence
of Mobile Bay and Mississippi Sound and near the Mississippi River Delta
(Sample Group IIA) . These taxa were virtually absent from the high
salinity, sandy habitats in the central to eastern portions of the study
area (Sample Group IA in Figures 13 and 14 and Table 28) . Some of the
taxa most representative of this trend include Callinectes similis, eu
aztecus, and Cvnoscion arenarius. Callinectes similis was not collected
in the fine-textured habitat west of the Mississippi River Delta (Sample
Group IB2), whereas Callinectes saoidus occurred in all of these samples .
The correlations of the Group IIA taxa with environmental variables were
generally weak, due in large part to their widespread distributions (Table
29) . However, the occurrence of these taxa in shallow depth, low salinity
habitats was evident in the signs of the correlation coefficients, with
most of the taxa exhibiting negative correlations with depth .

The Group I18 taxa ( Arius felis through Microooaonias undulatus in
Figure 13 and Table 29) were virtually restricted to the shallow depth, low
salinity habitats located near the confluence of Mobile Bay and Mississippi
Sound, and immediately east and west of the Mississippi River Delta . Some
of the taxa most representative of this trend include Anchoa mitchilli ,
Leiostemus xanthurus , Polvdactvlus octonemus , and Microooaonias undulatus .
The correlations of these taxa with environmental variables confirmed the
shallow water, low salinity association, with virtually all of the taxa
exhibiting negative correlations with depth and salinity and positive
correlations with temperature (Table 29) .

2 .5 .3 NMFS Fisherv IndeDendent Survey Seasonal Data

2 .5 .3 .1 Introduction

The main purpose of this analysis was to evaluate seasonal trends
in nekton community structure in the Tuscaloosa Trend study area . The
Fishery Independent surveys included few samples from areas of the west
Florida shelf that were included in the spatially extensive 1983 SEAMAP
survey . in the As such, taxa characteristic of the sandy sediments of
the eastern part of the study area (see Groups 4 and 5 in Tables 2 and
3) were not well represented in the Fishery Independent survey data . On
the other hand, the seasonal data provided another dimension not seen in
the analysis of the spring SEAMAP data or fall Fishery Independent survey
data. Distributions of taxa in this seasonal analysis would be expected
to be somewhat different from those seen in the spring and fall analyses,
and the results should more closely define the life histories of the taxa
in the Tuscaloosa Trend study area .
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2 .5 .3 .2 Relative Composition and Abundance

The community composition over all samples combined is summarized
in Table 30. A total of 421,435 individuals representing 300 taxa
were identified and enumerated in 763 seasonal trawl samples from 256
station selected for preliminary analysis . The community was numerically
dominated by Microoogonias undulatus, which was collected in 69% of the
samples (frequency of occurrence = 0 .69) and accounted for 34% of the
pooled percent composition; Stenotomus caerinus and Leiostomus xanthurus
each accounted for greater than 5% of the pooled percent composition,
with yeiostcmus xanthurus exhibiting a very clumped distribution (index of
dispersion = 5144 .20) . These two taxa were each found in about 1/3 of the
samples . Based on mean percent composition (Table 30), the top eight most
abundant taxa accounted for over 50% of the cumulative percent composition .

Trichiurus leoturus and Cynoscion arenarius were the next most
abundant taxa, each accounting for greater than 4% of the pooled percent
composition (Table 30) . These two species were relatively widespread in
distribution, with each occurring in greater than 40% of the samples .
Penaeus aztecus and Cy,noscion nothus each accounted for greater than
3% of the pooled percent composition . Penaeus aztecus was the second
most widespread taxon, occurring in almost 60% of the samples collected .
Arius felis, Anchoa heosetus, Trachvoenaeus LPIL, and Prionotus rubio each
accounted for approximately 2% of the pooled percent composition, with
Prionotus rubio occurring in 49% of the samples collected . Other taxa
that were relatively widely distributed (frequency of occurrence >0 .30)
included Arius felis , Svnodus foetens , Svacium Daoillosum and Centrooristis
ohiladelnhicus .

There were substantial differences in community composition when these
results were compared to those from the SEAMAP 1982 and 1983 fall analyses
(compare Tables 22 and 26 with Table 30) . Microooaonias undulatus was
approximately an order of magnitude more abundant and Trachvpenaeus LPIL
about an order of magnitude less abundant in the Fishery Independent survey
data. These differences may be attributable both to differences in the
locations of sampling stations in the two studies and to seasonal effects .
In the spring SEAMAP analysis, Microooaonias was more or less restricted to
the inshore zone (Figures 11 and 13), while in this seasonal analysis, it
was the most widely distributed taxa (Table 30) . Another major difference
in the results of the two studies derives from the inclusion of estuarine
stations in the SEAMAP surveys . Taxa that spend the majority of their
existence in or near the estuaries (e .g., Anchoa mitchilli ) were less well
represented in the Fishery Independent survey database which included few
samples from stations located in less than 5 fm depths .

2 .5 .3 .3 Two-Way Indicator Species Analysis

As part of the initial community characterization, various community
indices were calculated and are discussed below in the context of the
multivariate analysis of the community data . A hierarchical list of taxa
found in the seasonal data set is presented as Table 31 .

Based on the results of the relative composition analysis (Table 30),
all taxa which did not occur in at least three samples were excluded
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Table 30 . Overall relative composition of demersal nekton taxa collected
in three replicate samples at 154 stations in and around the
Tuscaloosa Trend study area during the fall 1974 to summer 1975
NMFS Fishery Independent groundfish surveys .

Relative Co.posltlon Table for th. Seasonal FID Data
MEAN CUMULATIVE POOLED MEAN

TAION NAM6 PERCENT PERCENT PERCENT FREO. OF CUMULATIVE DENSITY INDEX OF
COMPO3ITION COMPO3ITION COMPOSITION OCCURRENCE ABUNDANCE (f / HA) DISPEASI01

Micropogoniae undulatus 23 .195 23 .195 33.969 0.689 143159 . 264.55 1230 .63
Stenotc.us oaprinus 6.104 29.299 5 .805 0 .328 167624 . 45 .21 320 .64
Lefosta.us zanthurua 2.222 31 .521 5 .040 0.336 188866 . 39.25 5144 .20
Trichiurus lepturus 4 .863 36.384 4 .833 0.402 209234 . 37.64 372 .51
Cynoselon aren.rius 3.413 39.796 4.272 0.474 227238 . 33.27 781 .31
Penaeus aztecus 3.945 43 .742 3.679 0.598 242741 . 28.65 235 .19
Cynosoion nothus 1 .488 45 .230 3.106 0.311 255829 . 24.19 1549.27
Arius felis 5 .129 50.359 2 .393 0 .308 265916 . 18 .64 148 .04
Anchoa h.psatus 1 .753 52.112 2.070 0.170 274639 . 16 .12 1036 .04
Trachypena.us 2.654 54.765 1 .996 0 .286 283051 . 15 .55 95 .04
Prionotus rublo 2.068 56 .833 1 .979 0.491 291390 . 15 .41 82 .38
Steindachnsria argent .a 1 .160 57 .993 1 .656 0.089 298371 . 12 .90 437 .81
Aateroid.a 1 .752 59.745 1 .514 0 .092 304753 . 11 .79 1710 .53
Luidis 1 .825 61 .570 1 .369 0.068 310522 . 10 .66 328 .94
Peprilus burti 1 .110 62.680 .1 .365 0.248 316273 . 10 .63 497 .93
Trachurus latha.i 1 .495 64.174 1 .297 0.160 321738 . 10 .10 295 .71
Selene s.tapinnis 0.470 64.645 1 .205 0.110 326817 . 9 .39 3366 .51
Loligo 2.295 66.939 1 .047 0 .151 331231 . 8 .16 119.35
Chloroeoosbrus chrysuru 2.465 69.404 0 .966 0 .183 335300 . 7 .52 103 .26
Syaciuo papillosu. 1 .897 71 .301 0 .948 0.338 339296 . 7 .38 46 .25
Harengula jaguana 0.968 72.269 0.824 0.142 342770 . 6 .42 214 .58
Synodus foetsns 1 .864 74.133 0 .809 0 .435 346178 . 6 .30 54 .15
Serranus atrobranohus 0.719 74.851 0 .711 0.159 349173 . 5 .53 151 .26
Cynosolon 0.721 75.572 0 .692 0 .063 352091 . 5 .39 330 .59
Centropristis philad.lphious 0.926 76.498 0 .653 0.328 354841 . 5 .08 49.03
Ophiuroidea 0.483 76.981 0 .651 0 .017 357586 . 5 .07 1368 .07
Penseus s.tif.rus 0.743 77.724 0 .588 0.218 360064 . 4 .58 48 .06
Dipleotru. bivittatu. 0.606 78.330 0 .504 0 .123 362190 . 3 .93 65 .32
Portunus spinicarpus 0.512 78.842 0 .502 0.104 364307 . 3 .91 110 .80
Callinsetes si.ilis 0.687 79.529 0 .497 0 .231 366401 . 3 .87 36 .15
Lari.us fasoistus 0.273 79.802 0 .475 0 .115 368401 . 3 .70 211 .78
Lagodon rho.boidee 0.567 80.370 0 .472 0 .181 370389 . 3 .67 51 .22
Sicyonia br..irostris 0.537 80.907 0 .454 0.130 372303 . 3 .54 86 .04
Parapenaws 0.580 81 .487 0 .437 0.042 374145 . 3 .40 124 .20
Etropus orosaotus 0.640 82.127 0 .427 0 .235 375946 . 3 .33 33 .81
Eucinosto.us gula 0.848 82.974 0 .407 0 .143 377663 . 3 .17 54 .52
Xiphopen.us 0.455 83 .429 0.384 0.038 379280 . 2 .99 128 .45
Squilla 0.547 83.976 0.379 0.194 380879 . 2 .95 29.14
Halieutichthys acul.atus 0.441 84.418 0 .376 0 .156 382465 . 2 .93 58 .30
Anchos ∎itchilli 0.586 85 .004 0 .366 0.058 384006 . 2 .85 85 .95
Lolligunoula breris 0.684 85.688 0 .349 0 .127 385477 . 2 .72 33 .13
Prionotus sal .onicolor 0.552 86.240 0 .320 0.122 386827 . 2 .49 45 .00
Scyphozoa 0.511 86 .751 0.313 0 .041 388148 . 2 .44 390 .18
Lepophidiu. 0.392 87.142 0 .296 0 .193 389397 . 2 .31 14 .84
Scorpa.na calcarata 0.309 87.452 0 .294 0 .077 390638 . 2 .29 63 .17
Stellifer lano .olatus 0.305 87.757 0.278 0 .042 391811 . 2 .17 93 .75
Loligo pe .leii 0.796 88.552 0 .263 0 .094 392918 . 2.05 51 .06
Echinoldea 0.451 89.004 0.261 0 .056 394019 . 2.03 115 .83
Solenocera 0.338 89.342 0.253 0 .083 395087 . 1 .97 43 .57
Polycha.ta 0.097 89.439 0.237 0 .001 396087 . 1 .85 1000.00
Etru.eus teres 0.401 89.840 0.236 0 .063 397081 . 1 .84 149 .13
Aatropsctan 0.243 90.083 0.232 0 .009 398057 . 1 .80 463 .31
Sphoeroidea par.ua 0.360 90.443 0.228 0 .147 399019 . 1 .78 21 .05
Cyclopsetta chittendesl 0.228 90.671 0.205 0 .159 399882 . 1 .59 94 .33
Decapterus punotatus 0.198 90.870 0.200 0.048 400723 . 1 .55 132.59
Mentlcirrhus a .erioanus 0 .304 91 .174 0.197 0 .094 401553 . 1 .53 34 .45
Anchos 0 .262 91 .435 0.188 0 .024 402347 . 1 .47 93 .29
Prionotus tribulus 0.269 91 .705 0.180 0 .097 403104 . 1 .40 29 .63
Pen..us duoraru. 0 .217 91 .921 0.171 0 .121 403826 . 1 .33 24 .86
Benilla .ulleri 0 .304 92.225 0.170 0 .043 404543 . 1 .32 40 .21
Porichthys porosiaai.us 0 .212 92.437 0.156 0 .144 405201 . 1 .22 13 .77
Callinectss sapidus 0 .322 92.759 0.156 0 .135 405858 . 1 .21 41 .12
Opiathona .a oglinua 0 .595 93.354 0.153 0 .076 406504 . 1 .19 60.98
Lut,lanus cup.chanus 0 .230 93.584 0.153 0 .142 407149 . 1 .19 21 .53
Hydrozoa 0 .181 93.765 0.151 0 .017 407785 . 1 .18 401 .21
Mellitldas 0 .145 93.910 0.139 0 .017 408372 . 1 .08 120.49
Prionotue 0 .180 94.090 0.136 0 .026 408944 . 1 .06 57 .62
Lolliguncula 0 .351 94.441 0.131 0 .071 409496 . 1 .02 32.40
Bellator .ilitaris 0 .139 94 .580 0.130 0 .064 410044 . 1 .01 31 .02
Diplectru. radiale 0 .177 94 .757 0 .126 0.079 410577 . 0.98 25 .31
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Prietipo.oides aqullonaris 0.170 94.927 0.115 0 .045 411061 . 0 .89 70 .81
Decapoda 0.323 95 .249 0.114 0.017 411540 . 0 .89 62 .75
Polydactylua octone .us 0.054 95 .303 0 .093 0 .033 411931 . 0 .72 43 .63
Citharichthys Bpiloptarus 0.157 95 .460 0 .086 0.098 412293 . 0 .67 9 .09
Lepophidium brevibarbe 0.106 95 .566 0 .085 0.030 412651 . 0 .66 41 .20
Chaetodlptarus faber 0.090 95 .656 0 .070 0 .080 412944 . 0 .54 13 .60
Syacium sunteri 0.070 95 .726 0.068 0 .033 413231 . 0 .53 31 .46
Portunus epini.anus 0.063 95 .789 0 .066 0.028 413508 . 0 .51 52.69
Sicyonia dorsalia 0.056 95.845 0 .061 0 .041 413767 . 0 .48 23 .20
Clypeaeter 0.124 95.969 0.061 0 .021 414024 . 0.47 40 .34
Portunus sibbesii 0.064 96 .033 0.054 0.048 414251 . 0.42 17 .62

Saurida braailieneis 0.172 96.205 0.052 0.067 414470 . 0 .40 8.32
Paraliohthya lethostipa 0.087 96.292 0.049 0 .155 414676 . 0.38 2 .46
Anchoa lyolepia 0.112 96.404 0.048 0 .017 414879 . 0 .38 40.44
Ovalipea guadulpensis 0.128 96.532 0.048 0 .008 415082 . 0.38 176 .25
Urophycis floridanua 0.098 96.630 0.047 0 .046 415279 . 0 .36 9 .92
Archoasrgus probatocephalua 0.216 96.847 0.047 0.030 415475 . 0 .36 17 .79
Prionotus roseus 0.047 96.894 0.046 0 .033 415667 . 0 .35 19 .87
Sphyraena guachancho 0.060 96 .954 0.043 0.041 415850 . 0 .34 13 .61
Seorpaena braeiliensis 0.068 97 .022 0.038 0.009 416012 . 0 .30 37 .48
Upeneus parvus 0.066 97 .088 0.036 0.031 416164 . 0 .28 20.41
Calappa sulcata 0.041 97 .129 0 .035 0.038 416313 . 0 .28 10 .40
Congrina flava 0.030 97 .160 0.030 0.029 416440 . 0.23 7 .24
Lutjanus aynasrla 0.045 97 .205 0.030 0.038 416565 . 0.23 10 .27

Brevoortia patronus 0.055 97 .259 0 .030 0 .026 416690 . 0 .23 18 .38
Trachinooephalus .yop. 0.130 97 .390 0.028 0 .026 416809 . 0.22 17 .19
Cephalopoda 0.037 97 .427 0.027 0.003 416923 . 0 .21 73.81
Sy.phurus plasiuaa 0.025 97.452 0.027 0.038 417035 . 0 .21 14 .53
Naroine braailienais 0.061 97 .513 0.027 0 .041 417147 . 0 .21 8.99
Prionotue paralatus 0 .035 97.548 0.026 0 .028 417258 . 0.21 11 .54
Sphoeroides 0.040 97.588 0.026 0 .038 417366 . 0.20 6 .03
Brotula 0.040 97.628 0.025 0 .026 417470 . 0.19 8 .36

Trineotss .aculatus 0.005 97.634 0.025 0 .005 417574 . 0 .19 45 .04
Trichopsetta ventralis 0 .021 97.655 0.024 0 .014 417675 . 0 .19 33 .82
Calappa 0 .109 97.764 0.023 0.050 417774 . 0 .18 3 .93
Renilla 0 .078 97.841 0.022 0.014 417867 . 0 .17 16 .00
Rhisoprionodon terraenovas 0.047 97.889 0.022 0.054 417959 . 0 .17 8 .30
Selar oruasnophthalsus 0 .039 97 .927 0 .021 0.029 418049 . 0 .17 6 .29
Portunue 0 .019 97 .947 0 .021 0.012 418139 . 0 .17 30 .83
Oor6onlidae 0.112 98 .059 0 .021 0 .008 418227 . 0 .16 16 .06
Polinices dupllcatus 0.016 98.074 0 .021 0 .004 418314 . 0 .16 65.48
Basrs .arinus 0.028 98.102 0.019 0.016 418395 . 0.15 20.30
Baliates caprisous 0.065 98.167 0.019 0.033 418475 . 0 .15 10 .81
Prionotus ataarnsi 0.034 98.201 0 .019 0.020 418554 . 0 .15 16 .69
Etropua 0.029 98.231 0 .019 0 .013 418632 . 0.14 15 .48
Syaciu. 0.032 98.263 0 .018 0.012 418708 . 0.14 23 .27
Soorpaena 0.047 98.309 0 .018 0.008 418784 . 0 .14 24.30
Encope .iohslini 0.029 98.338 0.018 0 .005 418860 . 0.14 27 .38
Roplunnis 0.023 98.361 0 .017 0 .025 418933 . 0 .13 6 .47
Prionotus ophryas 0 .051 98.412 0.017 0 .030 419005 . 0.13 7 .17
Calappa apringeri 0 .022 98.434 0.017 0 .017 419077 . 0 .13 9 .86
Saurida 0 .054 98.488 0.016 0.009 419145 . 0 .13 22 .76
Raninoidaa louiatanensia 0 .034 98.522 0.016 0 .018 419212 . 0.12 6.38
Bairdiella chryaura 0 .020 98 .542 0.015 0 .013 419276 . 0 .12 11 .90
Centroprlatis ocyurua 0 .024 98 .566 0 .015 0 .009 419338 . 0 .11 22 .27
Anaai .us latus 0.020 98.586 0.014 0.022 419399 . 0 .11 5 .98
Citharichthys .aorops 0 .051 98 .637 0 .013 0.018 419455 . 0 .10 7 .47
Aurelia 0.074 98 .711 0 .013 0.004 419508 . 0 .10 24 .66
Peprilus paru 0.017 98.728 0.013 0.017 419561 . 0 .10 4 .75
Oy.n.chirus tesae 0.015 98 .743 0 .013 0.022 419614 . 0 .10 4 .90
Oscocephalus 0.029 98.772 0.012 0.024 419665 . 0 .09 4 .98
Orthopriatia obrysoptsra 0.020 98.792 0 .012 0.012 419714 . 0 .09 21 .98
Chilo.yoterus achoepfi 0.020 98.812 0.011 0.029 419762 . 0 .09 3 .07
Brotula barb.ta 0.010 98.822 0 .011 0 .017 419807 . 0 .08 4 .41
Antennarius radiosus 0.014 98.836 0 .011 0 .018 419852 . 0 .08 5.57
Synodus poeyi 0 .031 98.867 0.010 0 .005 419895 . 0 .08 19 .85
Caranx fusus 0.021 98.888 0 .009 0 .026 419934 . 0 .07 2.75
Bellator 0 .010 98.898 0 .009 0 .007 419973 . 0 .07 18.10
Plesionilca 0 .008 98.906 0.009 0 .003 420009 . 0 .07 25.99
Conger oceanicua 0 .012 98.918 0.008 0 .010 420042 . 0.06 6.06
Monacanthus hispidus 0 .028 98.946 0 .008 0 .024 420075 . 0 .06 2 .66
Mellita 0 .047 98.993 0 .008 0.004 420107 . 0 .06 28.18
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Sco.berosorus oavalla 0.009 99.002 0 .008 0.005 420139 . 0.06 8.53
eoll.annia oo..unis 0.015 99.017 0 .007 0.018 420170 . 0 .06 5 .03
Sardinella aurlta 0.016 99.033. 0 .007 0 .017 420201 . 0 .06 3 .87
Bothidas 0.004 99.036 0 .007 0 .003 420231 . 0 .06 21 .66
Rhoaboplltea aurorubens 0.027 99.063 0 .007 0.009 420261 . 0 .06 6 .64
Eucinoeto.us argentaus 0.007 99.070 0 .007 0.005 420291 . 0 .06 10 .04
Aluterus sohoepfi 0.035 99.105 0 .007 0.020 420320 . 0 .05 2.62
Daayatus a .erlcana 0.020 99.125 0 .007 0.014 420349 . 0.05 5 .18
Ophidion relshi 0.011 99.136 0 .007 0.012 420377 . 0 .05 4 .18
Holothuroldea 0.004 99.140 0 .007 0.004 420405 . 0.05 16 .77
fbplunnia saorurus 0.005 99.145 0 .006 0.009 420431 . 0 .05 11 .83
Mentlcirrbus 0.019 99.164 0 .006 0.005 420457 . 0 .05 9 .44
Concridae 0.009 99.173 0.006 0.009 420482 . 0 .05 11 .06
Trichopeetta 0.002 99.175 0 .006 0 .001 420506 . 0 .04 24 .00
Sco.bero.orus uculatus 0.013 99.188 0 .006 0.022 420530 . 0 .04 1 .72
Prionotus scitulus 0.017 99.205 0 .006 0.016 420554 . 0 .04 2.56
Lsgocephalua laevigatus 0.016 99.222 0 .006 0.022 420578 . 0 .04 1 .80
Libinia e .arginata 0.008 99.230 0.006 0.012 420602 . 0.04 5 .23
Anthozoa 0.007 99.237 0.005 0.009 420625 . 0 .04 5 .59
Riaaola merginata 0.006 99.243 0.005 0.004 420648 . 0.04 9 .16
Equetue aou.lnatua 0.006 99.249 0 .005 0 .007 420670 . 0.04 7 .80
Polyne.us virginicus 0.001 99.250 0 .005 0 .001 420691 . 0 .04 21 .00
Rhinoptera bon.eua 0.158 99.408 0 .005 0.020 420712 . 0.04 1 .93
Urophycls rsgiua 0.005 99.413 0.005 0 .007 420733 . 0 .04 6 .03
Gymmothorax oigrosarglnstus 0.007 99.421 0.005 0.012 420753 . 0 .04 3 .48
Diplectrum foreoau . 0.045 99.465 0.005 0 .017 420772 . 0.04 2.03
Sywphurus dio.edianus 0.007 99.472 0 .005 0.009 420791 . 0 .04 3 .40
Ogcocephalus nasutus 0.008 99.480 0.004 0.005 420809 . 0.03 12 .66
Raja texana 0.008 99.488 0 .004 0 .016 420827 . 0 .03 2.42
Ophidlidae 0.008 99.496 0.004 0.008 420845 . 0 .03 3 .31
Calappa Ilaoaa 0.008 99.504 0.004 0.010 420861 . 0 .03 2.36
Spatangoida 0.012 99.516 0.004 0.004 420876 . 0 .03 5 .39
Synodua 0.006 99.523 0.004 0.004 420891 . 0 .03 6 .72
Congrlna 0.006 99.528 0.004 0.012 420906 . 0.03 2.05
Pogoniua chroaia 0.005 99.533 0.004 0 .0 1 3 010921 . 0.^3 1 .78
Lopholatilis chasaeleonticeps 0.002 99.536 0.003 0 .003 420935 . 0.03 10 .57
Anadara 0.014 99.550 0.003 0 .001 420949 . 0.03 14 .00
Scyllarides noditer 0.012 99.562 0 .003 0.010 420963 . 0.03 3 .27
Gyenothorax 0.004 99.567 0.003 0.008 420976 . 0.02 5 .30
Syephurus 0.003 99.570 0.003 0.004 420988 . 0.02 5 .16
Encope enarginata 0.011 99.582 0.003 0 .003 421000 . 0.02 6 .66
Zalieutea .ogintyi 0.004 99.586 0.003 0.004 421012 . 0.02 10.16
Prionotus alatue 0.007 99.593 0.003 0.003 421023 . 0.02 6 .63
Mugil cephalua 0.133 99.726 0.003 0.007 421034 . 0.02 4 .81
Posatc.ua aaltatrix 0.003 99.730 0.003 0.005 421045 . 0.02 6 .08
Ancylopsstta quadrooellata 0.006 99.736 0.003 0.009 421056 . 0.02 2 .81
Hepatua ephellticus 0.003 99.739 0.002 0.008 421066 . 0.02 2.39
Raja eglanterla 0.014 99.753 0.C02 0.010 421076 . 0.02 1 .39
Sphyrna tiburo 0.008 99.762 0.002 0.009 421086 . 0.02 1 .59
Caranx hippos 0.004 99.766 0.002 0.005 421095 . 0.02 2.99
Natantia 0.003 99.769 0.002 0.004 421104 . 0.02 3 .21
Cyclopaetta tiabriata 0.004 99.773 0.002 0.005 421113 . 0.02 4 .33
Paguridae 0.006 99.779 0.002 0 .007 421122 . 0.02 2 .32
Ophiopholus 0 .037 99.816 0.002 0.003 421130 . 0.01 5 .00
Anaai.ua 0 .001 99.816 0.002 0 .001 421138 . 0.01 8 .00
Engyophrys senta 0.005 99.821 0.002 0 .007 421146 . 0.01 1 .99
Balietidae 0 .005 99.826 0.002 0.003 421154 . 0 .01 5 .00
Gymnachirus 0.001 99.827 0.002 0 .001 421162 . 0 .01 8 .00
Rachycentron canadu. 0.005 99.832 0.002 0.009 421f69 . 0.01 0.99
Rhinobatoa lentiginosus 0.002 99.834 0.002 0.007 421176 . 0 .01 1 .85
Sciaenops ocellata 0.003 99.837 0.002 0.008 421183 . 0 .01 1 .?8
Sioyonia 0.001 99.839 0.002 0 .001 421190 . 0 .01 7 .00
Libinia 0.004 99.843 0.002 0.004 421197 . 0.01 2 .71
Ovallpee 0.002 99.844 0 .001 0.005 421203 . 0 .01 2 .33
Scyllaridae 0 .005 99.849 0.001 0 .008 4'11209 . 0 .01 0.99
Ma,lldae 0.002 99.851 0.001 0 .005 421215 . 0 .01 1 .99
Echeneia naucratea 0.005 99.856 0.001 0 .007 421221 . 0 .01 1 .33
Sinu. perapectivu. 0.002 99.858 0.001 0 .003 421227 . 0 .01 4 .33
Anchoviella eurystole 0.002 99.860 0.001 0 .003 421233 . 0 .01 3 .00
Gorgonocephalua 0 .002 99.862 0.001 0 .001 421239 . 0.01 6 .00
Parallchthys aqua.ilentus 0 .005 99.867 0.001 0 .004 421245 . 0 .01 2 .33
Spsyrna lerini 0 .002 99.869 0.001 0.004 421250 . 0.01 2 .20
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Selene vomer 0.003 99 .871 0 .001 0.003 421255 . 0 .01 3 .40
Achirus 0.007 99.878 0.001 0 .003 421260 . 0 .01 3 .40
Rypticus sapcnaceus 0.001 99.880 0 .001 0.003 421265 . 0 .01 3 .40
Daayatia sayi 0.002 99.882 0 .001 0.005 421270 . 0 .01 1 .40
Goniaster americanus 0.000 99.882 0 .001 0 .001 4?1275 . 0 .01 5.00
Gubionellua haatatus 0.000 99.882 0.001 0 .001 421280 . 0.01 5.00
Portunus sayi 0.001 99.884 0 .001 0 .001 421284 . 0 .01 4.00
Gysnura micrura 0 .000 99.884 0 .001 0 .001 421288 . 0.01 4.UU
Parthenope serrate 0 .002 99.886 0.001 0 .003 421292 . 0 .01 2 .50
RPmora re.ora 0 .007 99.892 0.001 0.005 1121296 . 0 .01 1 .00
Plesionika martia 0 .003 99.895 0.001 0 .001 421300 . 0.01 4 .0C
Etropue aicrostomua 0 .004 99.899 0.001 0 .004 421304 . 0 .01 1 .50
Acqulpecten glbbus 0 .002 99.901 0 .001 0.003 4t1308 . 0 .01 2 .00
Ugcocephalua veapertilio 0.001 99.902 0.001 0.001 421311 . 0 .01 3.00
Prionanter 0 .000 99.902 0.001 0 .001 421314 . 0 .C1 3.00
Conger 0 .001 99.903 0 .001 0 .001 421317 . 0 .01 3 .00
Uroyhyois 0.005 99.908 0.001 0.004 421320 . 0 .01 1 .00
Lutjanus griseus 0.002 99.910 0.001 0.001 421323 . 0 .01 3 .00
Laemonema 0.001 99.911 0 .001 0.001 421326 . 0 .01 3 .00
Hippocampus ereotua 0.001 99.912 0 .001 0.001 421329 . 0 .01 3 .00
Carcharhinus acronotua 0.002 99.914 0 .001 0.004 421332 . 0 .01 1 .00
Cltharicbthys 0.001 99.915 0 .001 0.003 421335 . 0 .01 1 .66
l.oph.latllis 0.001 99.916 0 .001 C.001 421338 . 0 .01- 3 .00
Bollmannia 0.000 99.916 0 .OC1 0.001 421341 . 0 .01 3 .00

Scyllarus , 0.002 99.918 0 .001 0 .003 421344 . 0 .01 1 .66
Rangia 0.003 99.921 0.001 0 .001 421347 . 0 .01 3 .00
Penaous 0.000 99.921 0 .001 0 .001 421350 . 0 .01 3 .00
Callinectes 0.003 99.924 0 .001 0 .003 421353 . 0.01 1 .66
Acantboatraoion quadricornis 0 .002 99.925 0.001 0.003 421356 . 0 .01 1 .66
Pagurus 0.002 99.927 0.001 0 .001 421359 . 0.01 3 .00

Citharichthys cornutus 0 .011 99.938 0.000 0 .001 421361 . 0 .00 2 .00
Priacanthus arenatua 0 .001 99.940 0.000 0 .003 4?1363 . 0.00 1 .00

Busycon 0 .001 99.941 0.000 0 .003 421365 . 0 . n0 1 .00
Petrochirus diogenes 0 .001 99.942 0.000 0 .001 421367 . 0 .00 2.00
Persephona apuilonaris 0 .002 99.943 0.000 0 .001 421369 . 0.00 2.00
Gobiidae 0 .000 99.944 0.000 0 .001 421371 . 0.0n 2 .00
Parapandalus longicauda 0.001 99.945 0.000 0 .001 421373 . 0 .00 2 .00
Haemulon aurolineatua 0 .001 99.946 0.000 0 .001 421375 . 0 .00 2 .U0

Ophidiou hoibrooki 0.000 99.946 0.000 0.003 421377 . 0 .9u 1 .00
Ogcocephalus parvus 0.001 99.947 0.000 0.003 421379 . 0 .00 1 .00
Tonna galea 0.001 99.948 0 .000 0.001 421381 . 0 .00 2 .00
Sphoeroidea apengieri 0.003 99.951 0.000 0.001 421383 . 0 .00 2 .00
3camber japonicus 0.001 99.952 0.000 0.003 421385 . 0 .00 1 .00
Carcbarhinus porosus 0.000 99.952 0 .000 0.003 421387 . 0 .00 1 .00
Triglidae 0.004 99.956 0 .000 0.003 421389 . 0.00 1 .00
Cynoacion nabuloaus 0.000 99.956 0 .000 0.001 421391 . 0 .00 2.00
Steindachneria 0.001 99.958 0 .000 0 .001 421393 . 0 .00 2 .00
Carcharhinidae 0.002 99.960 0.000 0 .001 421395 . 0.00 7.00
Caulolatilua 0.002 99.961 0 .000 0 .003 421397 . 0.00 1 .00
Calamus pennatula 0.001 99.963 0 .000 0 .001 421399 . 0.00 2 .00
Ophichtbus 0.001 99.963 0.000 0.003 421401 . 0.00 1 .00
Symnothora: moringa 0.002 99.966 0.000 0 .003 421403 . 0.00 1 .00
Synagrops apinosa 0 .001 99.967 0.0n0 0 .001 421405 . 0 .00 2 .00
Mycteroperca phenaz 0.003 99.970 0.000 0 .003 421407 . n.CO 1 .00
Carcharhinua falcitormia 0 .000 99.970 0.000 0 .003 421409 . 0.00 1 .00
Pontinua macrolepia 0.001 99.971 0.000 0 .001 421410 . 0 .00 1 .00
Echinaster sodeatua 0.004 99.975 0.000 0 .001 421411 . 0 .00 1 .00
Gymnothora: ocellatus 0.000 99.975 0.000 0 .001 421412 . 0.00 1 .00
Carcharhinus rccullptnnls 0.006 99.981 0.000 0 .001 421413 . 0 .00 1 .0U
Saurida norsani 0.001 99.982 0.000 0 .001 421414 . 0 .00 1 .00
Serranus 0.000 99.982 0.000 0.001 421415 . 0 .00 1 .0C
Cramaiatidae 0.001 99.983 0.000 0.001 421416 . 0 .00 1 .00
Mugi1 curema 0.001 99.983 0.000 0.001 421417 . 0 .00 1 .00
Microgobius 0.000 99.983 0.000 0.001 421418 . 0 .00 1 .00
Rhinoptera 0.002 99.985 0.000 0.001 421419 . 0.00 1 .00
Equetus 0.001 99.986 0.000 0.001 421420 . 0 .00 1 .00
Busycon pyrua 0.001 99.987 0.000 0.001 421421 . 0 .00 1 .00
Tracbinotus carolinus 0.000 99.987 0 .000 0 .001 421422 . 0 .00 1 .00
Caulolatilus cyanopa 0.000 99.987 0.000 0.001 411423 . 0 .00 1 .00
Sphoeroides dorselis 0.001 99.988 0.000 0.001 421424 . 0 .00 1 .00
Arenaeus cribrariua 0.000 99.988 0 .000 0 .001 421425 . ^•^0 1 .00
0ctopw vulgarls 0 .001 99.989 0.000 0 .001 421426 . 0.00 1 .00
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Table 30 . Continued.

Relati .e Co.position Table for the Seasonal FID Data

MEAN CUMULATIVE POOLED
TAXON NAME PERCENT PERCENT PERCENT

COMPOSITION COMPOSITION COMPOSITION

Kathetoatosa albigutta 0.001 99.990 0.000
Porifera 0 .000 99.990 0.000
Huatelus cania 0 .000 99.990 0.000
Daayatia aebina 0 .000 99.991 0.000
Neobythites gillii 0 .001 99.991 0.000
Encope 0 .005 99.997 0.000
Parthenopa 0 .002 99.998 0.000
L~ucnatidae 0 .001 99.999 0.000
Equetua uabrosus 0 .001 100.000 0.000
Sargaaauu 0 .000 100 .000 0.000
Balistes 0 .000 100.000 0.000
SAMPLE SIIMMARY : SAMPLES a 763 TOTAL TAIA s 297 TOTAL DENSITY e

MEAN
FREQ. OF CUMULATIVE DENSITY INDEX OF

OCCURRENCE ABUNDANCE (/ / HA) DISP}ItS10N

0.001 421427 . O .uO 1 .00
0.001 421428 . 0 .00 1 .0 0
0.003 421429 . 0 .00 1 .00
0.001 421430 . 0 .00 1 .00
0.001 421431 . 0 .00 1 .n0
0.001 421132 . 0 .00 1 .00
0.001 421433 . 0 .00 1 .00
0.001 421434 . 0 .00 1 .00
0.001 421435 . 0 .00 1 .00
0.007 421435 . 0 00 • 0 . .er
0.001 421435 . 0 . 1) 0 • taff •
778.80
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Table 31 . Hierarchical list of demersal nekton taxa collected in three
replicate samples at 154 stations in and around the Tuscaloosa
Trend study area during the fall 1974 to summer 1975 NMFS Fishery
Independent groundfish surveys .

Annelida 50
• Polychaeta 5001

Arthropoda 58
Crustacea 61

• Decapoda 6175
• Natantia 61

Penaeidae 617701
• Parapenaeus 61770105
0 Penaeus 61770101
0 Penaeus aztecus 6177010101
+~ Penaeus duorarum 6177010102
• Penaeus setiferus 6177010103
• Sicyonia 61770104
• Sicyonia brevirostris 6177010401
# Sicyonia dorsalis 6177010402
• Solenocera 61770106
• Trachypenaeus 61770102
* 7Ciphopeneu3 61770107
f Scyllaridae 618202
• Scyllarides nodifer 6182020202
• ScylYarus 61820201
• Paguridae 618306
+~ Pagurus 61830602
• Petrochirus diogenes 6183061201

Portunidae 618901
• Arenaeus cribrarius 6189010101
+~ Callinectes 61890103
• Callinectes sapidus 6189010301
• Callinectes similis 6189010302
; Ovalipes 61890105
• Ovalipes guadulpensis 61890105??
• Portunus 61890106
* Portunus gibbesii 6189010601
# Portunus sayi 6189010602
+~ Portunus spinicarpus 6189010603
* Portunus spinimanus 6189010604
• Majidae 618701
• Anasimus 61870120
• Anasimus latus 6187012001
~ Libinia 61870109
• Libinia emarginata 6187010902

Parthenopidae 618702
• Parthenope 61870201
• Parthenope serrata 6187020104

Calappidae 618602
• Calappa 61860201
• Calappa flammea 6186020101
• Calappa springeri 61860201
+~ Calappa sulcata 6186020102
* Hepatus epheliticus 6186020201
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Table 31 . Continued .
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Leucosiidae 618603
Persephona aquilonaris 6186030103

Raninidae 618604
Raninoides louisianensis 6186040201

Pandalidae 617918
Parapandalus longicauda 6179180401
Plesionika 61791805
Plesionika martia 617 91805??

Stomatopoda 6191
Squillidae 619101

Squilla 61910101

Mollusca 5085
Bivalvia 55

Arcoida 5506
Arcidae 550601

Anadara 55060102
Pterioida 5508

Pectinidae 550905
Aequipecten gibbus 55090508??

Veneroida 5515
Mactridae 551525

Rangia 55152504
Cephalopoda 57

Theuthidida 5705
Myopsida 5706

Loliginidae 570601
Loligo 57060101
Loligo pealeii 5706010102
Lolliguncula 57060102
Lolliguncula brevis 5706010201

Octopodida 5708
Octopodidae 570801

Octopus vulgaris 5708010202
Gastropoda 51

Mesogastropoda 5103
Naticidae 510376

Polinices duplicatus 5103760407
Sinum perspectivum 5103760501

Tonnidae 510380
Tonna galea 5103800101

Stenoglossa 5105
Melongenidae 510507

Busycon 51050701
Busycon pyrum 51050701??
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Table 31 . Conti nued.

Echinodermata 81
• Asteroidea 8104

Paxillosida 8106
Astropectinidae 810601

* Astropecten 81060105
Porcellanasteridae 810702

e Prionaster 810702??
Spinulosida 8112

Clypeasteridae 815301
~ Clypeaster 81530101

Echinasteridae 811404
• Echinaster modestus 81140403??

Valvatida 8109
Goniasteridae 811104

• Goniaster americanus 81110407??
• Echinoidea 8136

Clypeasteroida 8152
• Mellitidae 815504
t Encope 81550402
• Encope emarginata 81550402??
e Encope michelini 8155040202
• Mellita 81550401
• Spatangoida 8160
* Holothuroidea 8170
+~ Ophiuroidea 8120

Ophiurida 8126
Amphilepididae 812901

• 0phiopholus 81290201
Phrynophiurida 8125
Gorgonocephalidae 812503

* Gorgonocephalus 81250302
Stelleroidea 8101

Platyasterida 8105
Luidiidae 810501

~ Luidia 81050101

• Porifera 36

Caidaria 37
+ Anthozoa 3740

Pennatulacea 3752
Renillidae 375303

• Renilla 37530301
• Renilla mulleri 3753030101
• Hydrozoa 3701
• Scyphozoa 3730

Semaeostomeae 3734
Olmaridae 373403

• Aurelia 37340302
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Chordata 8388
Antennarioidei 8787

Antennariidae 878702
Antennarius radiosus 8787020203

Ogeocephalidae 878704
Halieutichthys aculeatus 8787040301
Ogcocephalus 87870401
Ogeocephalus nasutus 8787040103
Ogcocephalus parvus 8787040105
Ogcocephalus vespertilio 8787040101
Zalieutes mcgintyi 8787040401

Balistoidei 8860
Balistidae 886002

Aluterus schoepfi 8860020101
Balistes 88600202
Balistes capriscus 8860020201
Monacanthus hispidus 8860020703

Ostraciontidae 886003
Acanthostracion quadricornis 8860030201

Batrachoidiformes 8783
Batrachoididae 878301

Porichthys porosissimus 8783010106
Myctophoidei 8762

Synodontidae 876202
Saurida 87620203
Saurida brasiliensis 8762020301
Saurida normani 8762020303
Synodus 87620201
Synodus foetens 8762020101
Synodus poeyi 8762020104
Trachinocephalus myops 8762020401

Osteichthyes 8717
Anguilliformes 8740

Congridae 874112
Conger 87411201
Conger oceanicus 8741120101
Congrina 87411203
Congrina flava 8741120302
Ophichthus 87411310

Muraenesocidae 874108
Hoplunnis 87410801
Hoplunnis macrurus 8741080102

Muraenidae 874105
Gymnothorax 87410504
Gymnothorax moringa 8741050403
Gymnothorax nigromarginatus 8741050404
Gymnothorax ocellatus 8741050405

Clupeiformes 8745
Clupeidae 874701

Brevoortia patronus 8747010403
Etrumeus teres 8747010601
Harengula jaguana 8747010803
Opisthonema oglinum 8747010701
Sardinella aurita 8747011001
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Engraulidae 874702
Anchoa 87470202
Anchoa hepsetus 8747020201
Anchoa lyolepis 8747020205
Anchoa mitchilli 8747020202
Anchoviella eurystole 8747020302

Gadiformes 8789
Gadidae 879103

Urophycis 87910310
Urophycis floridanus 8791031007
Urophycis regius 8791031002

Merlucciidae 879104
Steindacbneria 87910402
Steindachneria argentea 8791040201

Moridae 879101
Laemonema 8791010202

Ophidiidae 879201
Brotula 87920104
Brotula barbata 8792010401
Lepophidium 87920105
Lepophidium brevibarbe 8792010502
Neobythites gillii 8792012001
Ophidion holbrooki 8792010603
Ophidion rrelshi 8792010605
Rissola marginata 8792010901

Perciformes 8834
Carangidae 883528

Caranx fusus 8835280302
Caranx hippos 8835280303
Chloroscombrus chrysurus 8835280401
Decapterus punctatus 8835281202
Selar crumenophthalmus 8835280601
Selene setapinnis 88352807??
Selene vomer 8835280701
Trachinotus carolinus 8835280901
Trachurus lathami 8835280102

Gobiidae 884701
Bollmannia 88470116
Bollmannia communis 8847011601
Gobionellus hastatus 8847010502
Microgobius 88470107

Mugilidae 883601
Mugil cephalus 8836010101
Mugil curema 8836010102

Apogonidae 883518
Synagrops spinosa 8835180603

Branchiostegidae 883522
Caulolatilus 88352201
Caulolatilus cyanops 8835220102
Lopholatilis 88352202
Lopholatilis chamaeleonticeps 8835220201

Echeneidae 883527
Echeneis naucrates 8835270201
Remora remora 8835270103
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Table 31 . Continued .

Ephippidae 883552
• Chaetodipterus faber 8835520101

Gerridae 883539
+~ Eucinostomus argenteus 8835390101
e Eucinostomus gula 8835390102
f Grammistidae 883503
+~ Rypticus saponaceus 8835030207

Lutjanidae 883536
• Lut3anus campechanus 8835360107
• Lutjanus griseus 8835360102
• Lutjanus synagris 8835360112
e Pristipomoides aquilonaris 8835360701
• Rhomboplites aurorubens 8835360501

Mullidae 883545
• Upeneus parvus 8835450402

Pomadasyidae 883540
• Iiaemulon aurolineatum 8835400101
* Orthopristis chrysoptera 8835400201

Priacanthidae 883517
• Priacanthus arenatus 8835170101

Rachycentridae 883526
• Rachycentron canadum 8835260101

Sciaenidae 883544
• Bairdiella chrysura 8835440301
; Mycteroperca phenax 8835020505
• Cynoscion 88354401
• Cynoscion arenarius 8835440106
; Cynoscion nebulosus 8835440102
* Cynoscion nothus 8835440103
+~ Equetus 88354412
• Equetus acuminatus 8835441201
• Equetus umbrosus 8835441206
• Larimus fasciatus 8835440501
* Leiostomus xanthurus 8835440401
• Menticirrhus 88354406
• Menticirrhus americanus 8835440601
• Micropogonias undulatus 8835440701
• Pogonias chromis 8835440801
• Sciaenops ocellata 8835440901
• Stellifer lanceolatus 8835441001

Serranidae 883502
• Centropristis ocyurus 8835020304
• Centropristis philadelphicus 8835020305
+~ Diplectrum bivittatum 8835021005
• Diplectrum formosum 8835021002
* Diplectrum radiale 8835021004
• Serranus 88350223
+ Serranus atrobranchus 8835022302

Sparidae 883543
• Archosargus probatocephalus 8835430301
• Calamus pennatula 8835430507
+~ Lagodon rhomboides 8835430201
e Stenotomus caprinus 8835430102
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Pomatomidae 883525
Pomatomus saltatrix 8835250101

Scombridae 885003
Scomber japonicus 8850030301
Scomberomorus cavalla 8850030501
Scomberomorus maculatus 8850030502

Cynoglossidae 885802
Symphurus 88580201
Symphurus diomedianus 8858020103
Symphurus plagiusa 8858020101

Soleidae 885801
Achirus 88580102
Gymnachirus 88580103
Gymnachirus texae 8858010303
Trinectes maculatus 8858010101

Pleuronectoidei 8857
Bothidae 885703

Ancylopsetta quadrocellata 8857030506
Citharichthys 88570301
Citharichthys cornutus 8857030106
Citharichthys macrops 8857030109
Citharichthys spilopterus 8857030110
Cyclopsetta chittendeni 8857030801
Cyclopsetta fimbriata 8857030802
Engyophrys senta 8857030901
Etropus 88570302
Etropus crossotus 8857030201
Etropus microstomus 8857030202
Paralichthys lethostigma 8857030304
Paralichthys squamilentus 8857030306
Syacium 88570313
Syacium gunteri 8857031301
Syacium papillosum 8857031303
Trichopsetta 88570314
Trichopsetta ventralis 8857031404

Polynemoidei 8838
Polydactylus octonemus 8838010101

Polynemidae 883801
Polynemus virginicus 8838010203

Rajiformes 8713
Dasyatidae 871305

Dasyatis sabina 8713050105
Dasyatis sayi 8713050106
Dasyatus americana 8713050103
Gymnura micrura 8713050202

Myliobatidae 871307
Rhinoptera 87130703
Rhinoptera bonasus 8713070301

Rajidae 871304
Raja eglanteria 8713040113
Raja texana 8713040133

Rhinobatidae 871302
Rhinobatos lentiginosus 8713020101

Torpedinidae 871303
Narcine brasiliensis 8713030401
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Scombroidei 8850
Trichiuridae 885002

Trichiurus lepturus 8850020201
Scorpaenoidei 8826

Scorpaenidae 882601
Pontinus macrolepis 8826010504
Scorpaena 88260106
Scorpaena brasiliensis 8826010605
Scorpaena calcarata 8826010606

Triglidae 882602
Bellator 88260202
Bellator militaris 8826020203
Prionotus 88260201
Prionotus alatus 8826020105
Prionotus ophryas 8826020113
Prionotus paralatus 8826020114
Prionotus roseus 8826020117
Prionotus rubio 8826020118
Prionotus salmonicolor 8826020120
Prionotus scitulus 8826020103
Prionotus stearnsi 8826020121
Prionotus tribulus 8826020104

Scyliorhinoidei 8708
Carcharhinidae 870802

Carcharhinus acronotus 8708020504
Carcharhinus falciformis 8708020506
Carcharbinus maculipinnis 8708020509
Carcharhinus porosus 8708020512
Mustelus canis 8708020401
Rhizoprionodon terraenovae 8708020301

Sphyrnidae 870803
Sphyrna tiburo 8708030101
Sphyrna leWini 8708030103

Siluriformes 8777
Ariidae 877718

Arius felis 8777180202
Bagre marinus 8777180101

Sphyraenoidei 8837
Sphyraenidae 883701

Sphyraena guachancho 8837010103
Stromateoidei 8851

Stromateidae 885103
Peprilus burti 8851030104
Peprilus paru 8851030102

Syngnathoidei 8820
Syngnathidae 882002

Hippocampus erectus 8820020201
Tetradontoidei 8861
Diodontidae 886103

Chilomycterus schoepfi 8861030101
Tetraodontidae 886101

Lagocephalus laevigatus 8861010101
Sphoeroides 88610102
Sphoeroides dorsalis 8861010205
Sphoeroides parvus 8861010210
Sphoeroides spengleri 8861010211

124



Table 31 . Continued.

Trachinoidei 8840
Uranoscopidae 884014

• Kathetostoma albigutta 8840140301

Pheaophyta 15
Phaeophyceae 1501

Fucales 1510
Sargassaceae 151004

+~ Sargassum 15100401

Miscellaneous taxa
+~ Gorgoniidae 375105
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from further consideration. In addition, those taxa which represent higher
levels of taxonomic identification (i.e., family, order, class or phylum
level identifications) were also excluded . This process resulted in the
selection of 175 taxa to be included in subsequent pattern analysis . These
175 taxa were subjected to initial TWINSPAN analysis of mean data at 256
stations (not presented) . Based on the results of this initial analysis,
a suite of 100 taxa that showed the most ecologically meaningful trends
was selected for detailed community analysis and presentation .

The results of the initial THINSPAN analysis were used in conjunction
with maps depicting the station group locations by season to provide the
basis for the elimination of 102 of the 256 stations . Some portions
of the study area were more intensively sampled than others, and many
of the excluded stations were located in these intensively sampled areas .
The procedure involved removing redundancy in the data set while still
retaining all of the important trends . This selection process yielded
154 stations that maintained adequate spatial and seasonal coverage .
Therefore, the TWINSPAN analysis presented in this report consists of four
seasons of data for 100 selected taxa at 154 stations that were each
sampled on one occasion. The numbers of stations were evenly distributed
over the four seasons. The locations of the stations in the analysis are
presented, by season, in Figure 15 .

The ordered two-way display resulting from this TWINSPAN analysis,
which concisely displays the major trends in community structure, is
presented in Figure 16 . The stations in the two-way table are listed
across the top, and the taxa are listed down the side . Table 32 presents
the values for depth, near bottom temperature and community parameters for
each station, with the stations ordered and grouped in the same manner as
in the corresponding TWINSPAN display (Figure 16) . Examination of Figure
16 and Table 32 in concert facilitates the identification of environmental
trends most related to the ordering and grouping of stations and taxa .

These results showed that the station ordering across the top of
the TWINSPAN display (Figure 16) was primarily related to hydrography
(manifested in seasonal and geographical trends) and sediment composition
(manifested through geographic location) . The first dichotomy separated
two groups of stations that differed mainly by geographic location . The
stations on the left of the TWINSPAN display (Station Group I in Figure
16 and Table 32) were primarily located in the western and central portions
of the study area with the addition of some of the very nearshore stations
in the eastern portion of the study area . The stations on the right
of the TWINSPAN display (Station Group II in Figure 16 and Table 32)
were primarily located in the eastern portion of the study area with the
addition of same central stations . The central portion of the study area
marks a transition from the predominantly muddy sediments of the western
portion of the study area to the predominantly sandy sediments of the
eastern portion of the study area .

Similarly, the taxa were ordered such that those that were most
characteristic of the western and central regions and the very nearshore
habitat in all regions (Station Group I) were located along the upper
portion of the TWINSPAN display (Taxa Group I in Figure 16), whereas those
taxa that were most characteristic of the stations in the eastern portion
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Figure 15 . Map of the Tuscaloosa Trend study area showing the locations of the NMFS Fishery
Independent groundfish survey stations for fall 1974 to summer 1975 .
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Figure 16 . Ordered two-way display resulting from TWINSPAN analysis of mean
relative abundances of 100 selected demersal nekton taxa collected
in three replicate samples at 154 stations in and around the
Tuscaloosa Trend study area during the fall 1974 to summer 1975
NMFS Fishery Independent groundf ish surveys .
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of the study area were located along the bottom portion of the display
(Taxa Group II in Figure 16) .

The stations comprising Station Group IA1 in Figure 16 and Table 32
were primarily located in middepth to deep waters in the western region and
directly off the Mississippi River Delta, with the addition of a few deep
water stations located in the central region . Station Group IA1 included
8 fall, 8 winter, 8 spring and 11 summer stations, indicating a stable
community structure over the year . Based on the values for community
parameters (Table 32), the samples at these stations were not appreciably
different from those in Groups IA2 and IB1 .

Station Group IA2 (Figure 16) included 40 stations located in shallow
to middepth waters across the entire study area . This group included 9
fall, 13 winter, 11 spring and 7 summer collections .

The 21 stations comprising Station Group IB1 (Figure 16) were
generally located in shallow depths across the entire study area. Many of
these stations were located near Chandeleur and Breton Sounds . They tended
to have low total numbers of taxa and low total numbers of individuals,
but they were not strikingly different from the samples in Groups IA1 and
IA2 (Table 32) . This group was dominated by spring and summer collections,
and included 5 fall, 3 winter, 6 spring and 7 summer stations .

Station Group IB2 was comprised of 1 very depauperate sample collected
from a shallow water station in the central portion of the study area
during spring (Figure 16 and Table 32) .

Station Group IIA1 was comprised of 32 stations primarily located in
middepth waters in the central and eastern portions of the study area,
with the addition of a few deep water stations and a few shallow water
stations. Group IIA1 was dominated by spring and summer stations, and
included 5 fall, 5 winter, 12 spring and 10 summer stations . Although
there was considerable variability within the group, these stations and
those in Group IIA2 generally had highest numbers of taxa and clearly had
highest taxa richness (Table 32) .

The 15 stations comprising Station Group IIA2 were generally located
in middepth waters in the eastern portions of the study area, with the
addition of some deep water stations . Compared to those in Group IIA1,
the Group IIA2 stations covered a narrower depth range (Table 32) . This
group was dominated by fall and winter collections, and included 5 fall,
5 winter, 3 spring and 2 summer stations .

Station Group IIB1 included 6 stations located in shallow to middepth
waters in the eastern region with the addition of 2 central stations and
1 western station . This group included 4 fall stations, 1 spring station
and 1 summer station, and tended to harbor total numbers of taxa and total
numbers of individuals that were lower than those of the Group IIA stations
and similar to those of the Group I stations (Table 32) .

Station Group I182 included 2 spring and 2 summer collections from
stations located in shallow to middepth waters in the central and eastern
portions of the study area (Figure 16) . This group also harbored low total
numbers of taxa and low total numbers of individuals (Table 32) . As was
the case with Group IIB1, Group I1B2 included no winter collections .
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The taxa in Taxa Group IA exhibited three distinct distributions .
Paranenaeus LPIL, %inhooeneus LPIL and Steindachneria araentea from Taxa
Group IA1 and Solenoeera , Conarina a a and Trachynenaeus LPIL from Taxa
Group IA2 were most characteristic of the deep water stations located in
the western portion of the study area and directly off the Hississippi
River Delta. These stations occupied the left-most portion of Station
Group IA1 in Figure 16 and the upper-most portion of Table 32 . With
the exception of Cynoscion nothus the remaining taxa in Group IA1 were
generally restricted to the low salinity, nearshore and middepth stations
spread across the entire study area (those in Station Groups IA2 and
IB1) . The stations in Group IA2 were primarily sampled during fall,
winter and spring, indicating that these taxa tended to be absent from
this nearshore habitat during summer. In addition, the Group IA1 taxa
were almost completely absent from the nearshore stations sampled during
spring and summer in Station Group IB1, further indicating that those
taxa tended to be absent from the nearshore habitat during the warmer
months . Some of the taxa most characteristic of this trend were Penaeus
setiferus, Stellifer lanceolatus and Menticirrhus americanus from Group IA1
and Larimus fasciatus from Group IA2 .

The taxa in Group IA that showed the third distinct type of
distribution were, with the exception of Cynoscion nothus, all included
in Group IA2 . In general, Group IA2 taxa were widely distributed across
the study area, and include many of the most ubiquitous and numerically
prominent taxa. The Group IA2 taxa were relatively most abundant in the
muddy sediment habitat of the western and central regions of the study
area (Station Group I), and were relatively much less abundant in the
sandy sediment habitat located in the eastern portion of the study area
(Station Group II) . As with the taxa in Group IA1, the Group IA2 taxa
also showed a tendency to be absent or less numerically prominent at
the nearshore stations included in Station Group IB1, particularly those
sampled during spring and summer . Some of the taxa most representative
of Group IA2 include Microooaonias undulatus , Cynoscion arenarius, and
Triehiurus leoturus .

The taxa in Group IB1 exhibited distributions very similar to those
described above for Taxa Group IA2, but were slightly more prominent at
the stations located on sandy sediments in the eastern portion of the study
area ( i. e. , Station Group II) . As with the taxa in Group IA, the Group
IB1 taxa also showed a tendency to be less numerically prominent at the
nearshore stations included in Station Group IB . Some of the taxa most
representative of Taxa Group IB1 include Penaeus aztecus , Prionotus r b o,
and Leio_ stc us_ xanthurus .

The taxa in Group IB2 were virtually absent from collections at
deep water stations located in the western portion of the study area and
directly off the Mississippi River Delta (Station Group IA1), but were well
represented at the stations located in shallow to middepth waters across
the study area (Station Groups IA2 and IB1) and at many of the stations
in the eastern portion of the study area (Station Group II) . Many of
the Group IB2 taxa were among the few that were well represented at the
generally depauperate, shallow water stations included in Station Group
IB1 . Arius fells was most characteristic of these stations . Other taxa

131



representative of Group IB2 include ,Syuilla LPIL, Anchoa heosetus. and
Chloroscombrus chrvsurus .

The three taxa in Group IIA1 ( Centropristis philadelphicus ,
Cvcloosetta ghittendeni and Halieutichthys aculeatus were most characteris-
tic of middepth to deep water stations overlying sandy sediments in the
eastern region (Station Group IIA), but also occurred at many of the deep
water stations overlying muddy sediments in the western portion of the
study area and directly off the Mississippi River Delta (Station Group
IA1) .

The five taxa comprising Group IIA2 ( Citharichthvs macrops, E o u
crossotus , Harenaula jgguana , Laaodon rhomboides , and Peorilus burti ) were
most characteristic of the stations located over sandy sediments in the
eastern portion of the study area (Station Group II), but were also
collected at many of the stations located over muddy sediments in shallow
and middepth waters (Station Group IA2 and IB1) .

The Group IIB1 taxa were relatively most abundant at the stations
located over sandy sediments in the eastern region (Station Group II), with
only scattered occurrences across the remainder of the study area . Some of
the taxa most characteristic of Group IIB1 were Penaeus duorarum , Sicvonia
brevirostris , Lut_ianus camnechanus , Snhoeroides oarvus , Syium oaoillosum ,
Svnodus tens, and Portunus soinicarous.

With •the exception of Eucinostomus g{", Stenotomus caerinus ,
Trachurus lathami , and Dinlectrum radiale, the taxa in Group IIB2 were
virtually restricted to collections at stations located in middepth to
deep waters overlying sandy sediments in the eastern portion of the
study area primarily during fall, winter and spring (Station Group
IIA2) . Some of the taxa most representative of this trend included
TrachinoceDhalus myops , Scvllarides nodifer , Bellator militaris , Prionotus
roseus , Scornaena calcarata, and Saurida brasiliensis . Eucinost0mus aula ,
Stenotemus canrinus , and Trachurus lathami were also well represented at
the stations located in middepth to deep waters in the eastern portion of
the study area that were primarily collected in spring and summer (Station
Group IIA1), and Dinlectrum radiale was virtually restricted to these
stations .

2 .5 .4 NMFS Fisherp Indeoendent Survey Fall Data . 1973-1983

2 .5 .4 .1 Introduction

To analyze community trends in the study area over time, data from the
fall cruises from 1973-1980 and 1982-1983 were subset from the database .

Based on the results of the SEAMAP analysis and Fishery Independent
seasonal analysis ( see above), along with the distribution of stations in
the database, the Tuscaloosa Trend study area was subdivided into three
regions based on longitude . The eastern region included the area east
of 88 .50 longitude, and differed from the central and western regions
by virtue of the sandy co%position of its sediments. The central region
extended from 88.5 to 90 .0 longitude, while the western region consisted
of the region west of the Mississippi River delta. Within each of the
regions, 10 fm depth strata were identified, and three replicate samples
collected at one "station" in each region by depth strata cell for each
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year were selected for analysis. In only three cases did three samples
occur in any cell greater than 50 fm depth, and in an equal number of
instances (but not the same cells) no samples were available from the 40-50
fm depths. The data set submitted for analysis included 150 stations, each
with 3 replicate samples . The taxa that had been included in the final
analysis of the SEAMAP and Fishery Independent data were those selected for
inclusion in the initial analysis of the annual data. A number of these
showed scattered or otherwise not meaningful in this initial analysis, and
were eliminated from further consideration. Ninety (90) taxa were included
in the final TWINSPAN analysis, and this number was further reduced to in
the corresponding factor analysis .

5 .5 .4 .2 Relative Composition and Abundance

The community composition over all samples combined is summarized
in Table 33 . A total of 318,186 individuals representing 374 taxa were
identified from 548 samples. In general, the community tended to be
dominated by a relatively small number of taxa . The 11 most abundant taxa
accounted for greater than 50% of the cumulative mean percent composition,
whil e the top four taxa accounted for almost 50% of the organisms
collected. Most taxa exhibited restricted distributions, with only six
taxa occurring in greater than 50% of the samples collected.

Micronoaonias undulatus was the most abundant taxon, accounting for
18 .7% of the pooled percent composition, with a mean density, of 153
individuals per hectare. This taxon occurred in almost 60% of the samples
collected (frequency of occurrence = 0 .599) . j,giostamus xanthurus was
the second most abundant taxon, with a pooled percent composition of
12.2% and a mean density of 100 individuals per hectare. yeiostcmus
xanthurus occurred in 46% of the samples collected and had a very
clumped distribution (index of dispersion = 5941) . Stenotamus caprinus,
Chloroscombrus ehrvsurus , and Peorilus burti each accounted for greater
than 5% of the pooled percent composition . Of these three taxa, Stenotcmus
caorinus was the most widespread, occurring in greater than 50% of
the samples collected . Portunus soinicarDus , Penaeus aztecus , Cvnoscion
arenarius , Trichiurus leoturus , and Arius Pelis each accounted for greater
than 2% of the pooled percent composition . Penaeus aztecus was the
most widespread taxon in the analysis, occurring in 63% of the samples
collected, and was among the most evenly distributed (index of dispersion
= 41) . Other taxa occurring in greater than 45% of the samples included
Cynoscion arenarius , Prionotus rubio , Centrooristis ohiladelnhicus and
,~ynodus foetens. Table 34 is a hierarchical list of taxa represented in
the annual data set.

2 .5 .4 .3 Two-Way Indicator Species Analysis

The two-way ordered data matrix resulting from TWINSPAN is shown as
Figure 17 and the corresponding ordered table of environmental variables
and community parameters is shown as Table 35 . Because the stations in
each region by depth zone cell were chosen to be as close geographically
as possible from year to year, maps displaying the TWINSPAN results over
the 10 years were difficult to interpret . Instead, the stations in each
TWINSPAN group are shown in matrix form in Table 36 . The four groups
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Table 33 . Overall relative composition of demersal nekton taxa collected in
three replicate samples at 150 stations in three regions of the
Tuscaloosa Trend study area during fall N MFS Fishery Independent
surveys from 1973 to 1983 .

lgiN C010LiTIYN Poo1ZD !lB1N
TiDON Na!! PNNCC0IT PERCIDfT PBNCEIT F8D0. OF COMOLiTIYN DUBIZ! INDEX OF '

COMPOSITION COMPOSITION CDMPOSITION OCCORAlOICB /80NDUICB (# / HA) DISPBRSION
Mioropo®onias uodulatua 15.309 15.309 18.735 0.599 59612 . 153 .38 484 .70
L.iostasau santhurus 4.375 19.684 12.209 0 .456 98459 . 99.95 5941 .44

ootasw oaprimu 8.536 28.220 9.929 0.505 130051 . 81 .29 1999 .21
orosoosbrus oh"suru.M 4.261 32.481 8.621 0.272 157483 . 70 .58 3319.32

Peprilus burti 3.022 35 .503 5 .386 0.259 174619 . 44 .09 2545 .36
Portunus spinioarpus 2.426 37.930 2.703 0.232 183218 . 22.13 440 .82
P.aa.aa ast .oua 3.483 41 .413 2.337 0.630 190655 . 19.14 41 .05
Cynosoioa ar.oarins 2.153 43 .566 2.257 0.484 197837 . 18 .48 68.28
Triohiurus l.pturus 2.613 46 .179 2.230 0.286 204934 . 18 .26 200 .43
Mius f.lis 2.761 48.940 2.156 0.199 211795 . 17 .65 370 .18
Prioootus rubio 2.164 51 .104 1 .861 0.586 217718 . 15.24 52.51
Traoburus latha.i 1 .932 53 .035 1 .831 0 .243 223543 . 14 .99 343 .41
P.naws s.tlf.rus 1 .281 54.316 1 .568 0.241 228531 . 12 .83 494 .49
Ceatropriatis philad.1p01ous 1 .991 56 .307 1 .557 0.504 233486 . 12 .75 40 .45
S.rraous atrobranohus 1 .813 58.120 1 .429 0.303 238034 . 11 .70 140 .86
laoboa b.p.etus 1 .985 60 .105 1 .327 0.164 242256 . 10.86 182 .49
3leyonia br..irostris 1 .509 61 .614 1 .180 0.214 246012 . 9 .66 136 .79
Cyaosoioa aothus 1 .023 62.637 1 .153 0.224 249682 . 9 .44 99.52
Squilla 1 .650 64.287 1 .117 0.318 253237 . 9 .15 49.08
St.ladaona.ria arpat .a 1 .254 65 .540 1 .107 0.068 256760 . 9 .06 268.55
Callia.otes aiaills 1 .445 66 .985 1 .036 0.319 260055 . 8 .48 84.04
S ynodus fo.tans 2.119 69.104 0.939 0.536 263042 . 7 .69 31 .70
Opbiuroid.a 0 .808 69.912 0.710 0.031 265301 . 5 .81 504 .11
La®odon reo.boids 0 .756 70 .668 0.647 0.299 267361 . 5 .30 76.33
Sol.aoo.ra 0 .891 71.559 0.647 0.146 269419 . 5 .30 57.96
Syaoiua pap111osum 2 .187 73.746 0.602 0.254 271335 . 4 .93 46 .31
Traodypeaasu. 0 .883 74 .630 0.547 0.192 273075 . 4 .48 37.55
Parap.aa.ua 0 .543 75 .173 0 .503 0.062 274677 . 4 .12 104.98
Lo11No p.aleii 1 .620 76.793 0:488 0.188 276230 . 4 .00 47 .26
8ali.utiobthys aoul.atus 0 .624 77 .417 0.488 0.210 27T782 . 3 .99 55.04
Pristipo.oids aQuiloaaris 0 .650 T8.066 0.484 0 .162 279321 . 3 .96 128 .07
Cynosolon , 0 .507 T8 .573 0 .460 0.078 280785 . 3 .77 75 .35
Soorpa.ua oalcarata 0 .554 79.127 0.451 0.126 282220 . 3 .69 79.57
Prioootus paralatua 0 .407 79.534 0.431 0.088 283591 . 3 .53 157 .94
Oar.nNula jasuasa 0 .329 79.862 0.424 0 .102 284939 . 3 .47 94.78
Dlpl.otrun bivittatus 0 .921 80.783 0.395 0 .170 286195 . 3 .23 41 .56
Euolaostosus gula 0 .756 81 .539 0.381 0 .153 287407 . 3 .12 45 .35
Portunus gibb.sii 0 .786 82.326 0.372 0.179 288590 . 3 .04 68.21
Lepophidius Sra.llsi 0 .421 82.746 0.356 0.139 289724 . 2.92 46 .86
B.llator ailitaria 0.374 83.121 0.329 0.082 290770 . 2.69 65.45
Lo111Nnnoula br..is 0.751 83.872 0.319 0 .113 291786 . 2.61 33 .27
3aurida brasili .osis 0.564 84.436 0.319 0 .115 292801 . 2 .61 62 .75
A^-si-•s latus 0.310 $4.746 0.318 0.086 293814 . 2.61 285 .49
Spbo.roids par.us 0.551 85.297 0.308 0 .157 294795 . 2.52 26 .58
Hr..oortia patroau. 0.268 85.565 0.272 0 .060 295661 . 2 .23 69.60
Btropus orosaotus 0.454 86.019 0.247 0 .137 296447 . 2 .02 30.80
Prioootus salaonioolor 0.327 86.346 0.229 0 .122 297176 . 1 .88 38.58
SpataaNida. 0.162 86.508 0.224 0 .018 297889 . 1 .83 307 .83
Porichthys porosisaimus 0.262 86.769 0 .217 0 .193 298580 . 1 .78 12 .60
LutJanas casp .ebaaus 0.559 87.328 0 .217 0.212 299269 . 1 .77 24 .13
Asteroid.a 0.709 88.037 0.197 0.086 299895 . 1 .61 84 .38
Stru..us t.r.s 0.494 88.530 0 .196 0 .055 300518 . 1 .60 93 .73
Aaahoa aitcnilll 0.239 88.770 0 .194 0.015 301135 . 1 .59 125 .28
Aur.lla 0.421 89 .191 0.187 0.089 301731 . 1 .53 41 .28
Pena.us duorarua 0.348 89.539 0 .181 0.089 302308 . 1 .48 25 .44
Prioaotus ros.us 0.269 89.807 0 .181 0 .053 302885 . 1 .48 87 .02
Cyolops.tta obitt.ad.ai 0.253 90.060 0.147 0.182 303353 . 1 .20 8.42
L.pophidiua 0.199 90.259 0 .145 0 .095 303814 . 1 .19 17 .87
Prioaotus at.arnai 0.181 90.440 0 .142 0 .086 304267 . 1 .17 30 .01
Syacius 0.337 90.776 0 .140 0 .080 304712 . 1 .14 29.94
Lariaus fasniatus 0.104 90 .881 0.136 0.068 305146 . 1 .12 26 .49
Opisthonsa osllau. 0.172 91 .053 0 .135 0 .075 305574 . 1 .10 29.10
P.prilus paru 0.110 91 .163 0 .128 0.069 305982 . 1 .05 28 .44
Myopsida 0.581 91 .745 0 .127 0.369 306385 . 1 .04 26 .62
L.pophidiua br .vibarb. 0.154 91 .898 0 .114 0 .047 306748 . 0 .93 24 .75
tl.ilita 0.134 92.032 0 .113 0.002 307109 . 0 .93 361 .00
Cba.todipt.rus fab.r 0.131 92.163 0 .110 0.139 307459 . 0 .90 12 .41
EoIIiaoid.a 0.154 92.316 0 .105 0 .044 307793 . 0 .d6 26 .79
SoypAozoa 0.165 92.482 0 .103 0 .084 308122 . 0 .85 23 .46
Loligo 0.579 93 .061 0 .103 0 .060 308451 . 0 .85 21 .61
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Table 33 . Continued.
HEIN CO!lOLiTIYS POOL)ta HEW

TupD aAM PEHCIDIT PSHC>!~T PEBCSYT FR6p. 0F 'COlIDWTI48 D1DI3ITS INDEX OF
COMPOSITION COMPOSITION COMPOSITION OCCURRENCE ABUNDANCE (# / 91) DISPBBSION

ipnip.ot.n 0.239 93 .299 0.103 0 .007 308779 . 0 .84 227 .27
S.l.n. a.tapinhis 0.109 93 .409 0 .101 0 .082 309101 . 0 .83 13 .05
Opon.us paa..us 0.105 93 .513 0.096 0.036 309408 . 0 .79 78.65
Anohoa 1rol.pis 0.143 93 .656 0 .092 0.022 309700 . 0 .75 71 .13
SFaoius 4unt.ri 0.149 93 .805 0 .083 0.064 309965 . 0 .68 12 .93
ParaliohtbFs 1.Wostipa 0.109 93 .914 0.077 0 .181 310209. 0.63 4.27
Ophiol.pidida. 0 .163 94.077 0.068 0.004 310424 . 0.55 117 .15

yuidLa 0 .152 94.229 0.061 0 .046 310617 . 0 .50 T3 .83
int.nnerius radiosus 0 .066 94.295 0.058 0 .053 310800 . 0.47 18 .53
A.puip.ot.n glbbu. 0 .082 94.377 0.057 0 .011 310981 . 0 .47 98.44
Prionotus 0 .083 94.461 0.056 0.013 311159 . 0.46 60 .56
Traahlnon .phalas qops 0 .288 94.748 0.054 0 .047 311330 . 0.44 16.75
Trichopa.tta v.ntralis 0.055 94.803 0.052 0 .036 311494 . 0.42 25.06

M.llitida. 0.204 95.007 0.050 0 .033 311652 . 0.41 39.47
gicroaLa doe•aalis 0.080 95.087 0.049 0 .036 311808 . 0 .40 21 .82
Con`rina tla.a 0.059 95 .146 0.048 0.055 311962 . 0.40 7 .90
gtropua 0.099 95 .245 0 .047 0.035 312113 . 0.39 17 .07
Orophycis floridanua 0.041 95 .286 0 .047 0.036 312262 . 0.38 32.20

Caranz bippos 0.032 95 .319 0.045 0.018 312406 . 0 .37 41 .52
Citbaricbth7s spilopt .rus 0.082 95 .401 0 .045 0.071 312548 . 0 .37 6 .26
Ophidion holbroolci 0.070 95 .471 0.044 0.029 312688 . 0.36 34 .71
07.oaopitva tsa. 0.045 95.516 0.040 0.058 312814 . 0.32 6 .48

Callih.otu sapidua 0.076 95 .592 0 .038 0.060 312935 . 0.31 7 .70
Hrotula barbata 0.052 95.644 0.037 0.058 313052 . 0 .30 7 .86
SpbFra.oa 8uachanoho 0.066 95.710 0.036 0.046 313167 . 0 .30 11 .33
Doryt.uthia pl .i1 0.336 96.047 0.035 0.005 313277 . 0 .28 59.00
Astrop.et.a 0.142 96.188 0.034 0.038 313384 . 0 .28 10.62
Caranz tuaum 0.061 96.250 0.033 0.047 313490 . 0 .27 7.56
L.pophidius ,t•anna . 0.032 96.281 0.033 0.020 313595 . 0 .27 20.88
Hollaannia oo ..unis 0 .033 96.315 0.032 0 .036 313696 . 0 .26 8.44
Libinia sarginata 0 .015 96.330 0.031 0 .007 313795 . 0 .25 91 .21
Calappa suloata 0.050 96.380 0.030 0 .075 313891 . 0 .25 5 .29
T.llina 0.051 96.431 0.030 0.011 313987 . 0 .25 37 .27
Dipi.otrua tormosu . 0.209 96 .640 0.028 0.026 314077 . 0 .23 22 .63
Polydactylus ootomaus 0.050 96 .691 0.028 0.026 314167 . 0.23 8 .21
!l.nticirrhua ani.rioanus 0.020 96 .710 0.028 0.027 314255 . 0.23 9 .79
Hollusoa 0.015 96 .725 0 .027 0.002 314341 . 0 .22 86 .00
PlsiooiJca 0.064 96 .789 0.024 0.004 314418 . 0 .20 75 .02
Prionotus alatus 0.034 96 .823 0.024 0.011 314495 . 0 .20 32.74

Sol.noc.ra atlantidis 0.015 96.838 0 .024 0.005 314571 . 0 .20 50 .30
Porif .ra 0.103 96.941 0.024 0.015 314647 . 0 .20 48.19
Prionotua ophryas 0.049 96.990 0.023 0.029 314721 . 0.19 9.48
Polyoha .ta 0.047 97.037 0.022 0 .011 314792 . 0.18 25.54
Syvphurus piagluss, 0 .061 97.098 0.022 0.053 314861 . 0.18 3 .92
Raninoidss louisian.nsis 0.058 97.156 0.021 0 .044 314929 . 0.17 4 .56

D.oapoda 0.136 97.292 0.021 0 .004 314996 . 0 .17 51 .39
C.htropristis ooirurus 0.128 97.421 0.021 0 .026 315063 . 0 .17 8 .77
Aochoa 0 .035 97.456 0.020 0 .011 315126 . 0 .16 25.63
Trigiida. 0 .023 97 .479 0.020 0.009 315189 . 0 .16 18 .95
Portunus spinia.nw 0 .033 97 .512 0.019 0 .024 315250 . 0 .16 11 .24
Bagr . aarinus 0.019 97 .531 0.019 0.029 315310 . 0 .15 5 .80
Alut.rus soho.pti 0.077 97 .608 0.018 0.027 315368 . 0 .15 5 .52
Turris 0.015 97 .623 0.018 0.009 315425 . 0 .15 19 .63
S.lar cru.enophthalaua 0.034 97 .657 0 .017 0 .031 315480 . 0 .14 5 .86
Monacanthus hiapidus 0.101 97 .758 0.017 0.038 315534 . 0 .14 4 .72
Sraphurus dioa.dianus 0.022 97.780 0.017 0.024 315588 . 0 .14 9.25
Loligo pi .ii 0.033 97.813 0.016 0.005 315639 . 0 .13 41 .81
Soo.b.r Japooicua 0.014 97.827 0.016 0.004 315690 . 0 .13 45 .34
Squilla obyda.a 0 .009 97.836 0 .016 0.002 315740 . 0 .13 50 .00
Prioootus soitulus 0.050 97.886 0.016 0 .024 315790 . 0 .13 10 .17
Oralips guadulp.nsia 0 .137 98.022 0.016 0 .009 315840 . 0 .13 22.07
Lut,lanus synagris 0 .025 98.047 0.015 0 .029 315889 . 0 .13 4.47
Ophidioa r .labi 0 .013 98.060 0.015 0 .026 315936 . 0 .12 4 .92
ehizoprionodon t.rra.no.a. 0 .062 98.122 0.014 0 .053 315982 . 0.12 2 .70
Fusinus cor .i 0 .008 98.130 0.014 0 .004 316028 . 0.12 30.32
St.llif.r laac.olatus 0 .014 98 .144 0.014 0.011 316074 . 0 .12 12 .33
Ogooc.phalus 0.011 98.155 0.014 0.015 316119 . 0 .12 14.50

8othida. 0.018 98.173 0.014 0.009 316164 . 0 .12 13 .30
Sooe•pa.nids. 0.054 98.227 0.014 0.005 316208 . 0 .11 14 .86
Congrina 0.027 98.254 0.012 0.007 316247 . 0 .10 13 .16
8opiunnis sacrurus 0.014 98.268 0 .012 0.024 316284 . 0 .10 5 .10
Anadara 0.015 98.283 0 .011 0.009 316320 . 0 .09 16 .52

135



Table 33 . Continued.

!!s/r COMOLirIVS Poo(.ED MEAN
TAXot M8l6 PEECEri PEECEYT PEBCEMT FEBO. OP COMOLiTIVE DENSIi! INDSZ OF

COMP032TIOM COMPOSTlI08 COqPOSITIOY OCCOHB8MC8 ABUNDANCE (# / BU DISPEpSIOM

Pluinus 0.036 98.319 0.011 0 .007 316356 . 0.09 17.69
Synodus po*yi 0 .150 98.469 0.011 0 .018 316391 . 0 .09 6.78
La®oo.phalua la.vi`atus 0 .030 98.499 0.011 0 .020 316426 . 0.09 11 .13
Iipdop .n.us laroy.ri 0 .006 98.505 0.011 0 .004 316461 . 0.09 18.63
Bspatus apn.litious 0 .010 98.515 0.011 0 .020 316496 . 0.09 13.36
Equ.tus aou.inatus 0 .024 98.540 0.011 0 .013 316531 . 0.09 6.83
Saam b.rcmorus asoulatus 0 .016 98.555 0.011 0.020 316565 . 0.09 5.18
EatL.tosto.a alblsutta 0.011 98.566 0.011 0.026 316599 . 0.09 4.12
3pho.roidas 0.065 98.632 0.010 0.011 316632 . 0.08 11 .20
Soorpa.oa eraaili.nsis 0.008 98.639 0.010 0.005 316664 . 0.08 16 .91
Arobossrgua pro0atoa.pualus 0.015 98.655 0.010 0.011 316696 . 0.08 7.58
Equ.tus u.Drosaa 0.024 98.678 0.010 0.018 316727 . 0.08 5.34
Saurida nors.ni 0.030 98.709 0.009 0 .004 316757 . 0.08 18.25
Etrapus .iorosto.us 0.007 98.715 0.009 0.004 316787 . 0.08 28 .06
Parth .nope s.rrata 0.039 98.754 0.009 0.024 316816 . 0.07 3.51
Balists oaprisous 0.019 98.773 0.009 0.020 316844 . 0.07 4 .53
3t.aor0ynohus s .tloornia 0.023 98.796 0.009 0.009 316872 . 0 .07 13 .83
Eoplunnia t.nuis 0.006 98.802 0.008 0.009 316899 . 0.07 6.52
Syaoiu. .ioruru . 0.014 98.816 0.008 0.004 316926 . 0.07 17 .65
Sco.D.ra.orus oavalla 0.006 98.822 0.008 0.005 316951 . 0 .06 8 .97
Dipl.otrua radlal . 0.016 98.838 0.008 0.004 316976 . 0 .06 21 .31
Coaaiaa gracilior 0.005 98.843 0 .007 0.002 316999 . 0 .06 23 .00
Eopophrys s.nta 0.015 98.857 0 .007 0.016 317021 . 0 .06 3.33
Syaphurus 0.010 98.867 0.007 0.018 317043 . 0 .06 4 .42
Raninoids 0.004 98.871 0.007 0.002 317064 . 0.05 21 .00
P.rist.dios `racil . 0.005 98.877 0.007 0.007 317085 . 0 .05 9 .26
D.oapt.rus puootatus 0.109 98.986 0 .007 0.016 317106 . 0 .05 4 .21
Ehc.boplit.a aurorub.as 0.010 98.996 0.007 0.013 317127 . 0 .05 6.12
Spho.roids dorsalis 0.004 99.000 0.006 0.004 317147 . 0 .05 10.38
Gysoacnirua m.las 0.005 99.005 0.006 0.007 317167 . 0 .05 7.78
Ortnopristis cbrysopt.ra 0.013 99.018 0.006 0.009 317186 . 0 .05 4 .13
Uropnyois cirratus 0.005 99.023 0 .006 0.009 317205 . 0.05 5.40
Prioootus tribulus 0.019 99.042 0.006 0.018 317224 . 0 .05 2.44
P.troonirus diopns 0.015 99.057 0 .006 0.009 317243 . 0 .05 9 .51
Paeurus 0 .007 99.064 0.006 0.004 317261 . 0 .05 14.44
Paracon®ar oaudilia0atus 0.010 99.074 0.006 0.011 317279 . 0 .05 3.42
Ei1d.Oraadia llava 0 .013 99.087 0.006 0.007 317297 . 0.05 9 .43
Calappa tlao.a 0 .011 99.098 0.005 0 .015 317314 . 0 .04 3.92
Lolliaunoula 0 .008 99.106 0 .005 0.009 317331 . 0 .04 6.98
lfullus auratua 0.006 99.111 0.005 0.004 317348 . 0 .04 9 .22
Soyilarids aodit .r 0 .005 99.116 0.005 0.018 317365 . 0 .04 2.97
S .l .ow vo..r 0 .008 99.125 0.005 0.009 317382 . 0 .04 5 .92
Pitar oordatu. 0.005 99.130 0.005 0.007 317398 . 0 .04 5.86
Caidaria 0.026 99.155 0.005 0.005 317414 . 0 .04 6.86
Metaatia 0 .011 99.167 0.005 0.004 317430 . 0 .04 12.49
Ziphop .a.us 0.008 99.175 0.005 0.005 317445 . 0 .04 5.38
Raja t.aaoa 0 .012 99.187 0.005 0.026 317460 . 0 .04 1 .11
Caulolatilus iat .rs.dius 0.009 99.196 0.005 0.013 317475 . 0 .04 3.65
SyoaBrops splnosa 0 .004 99.199 0.005 0 .007 317490 . 0 .04 5 .38
Urocons.r syriaginw 0 .003 99.202 0.005 0 .004 317505 . 0 .04 8 .32
Zali.ut.a ao8latyi 0 .003 99.206 0.004 0 .002 317519 . 0 .04 14.00
R.nilla 0 .021 99.227 0.004 0 .005 317532 . 0 .03 6 .83
lbrropsis Quinquspinosa 0 .006 99.233 0.004 0 .005 317545 . 0 .03 9 .46
Crassoatr .a virginica 0 .010 99.243 0.004 0 .002 317557 . 0 .03 12.30
dnt.nnarius 0 .001 99.244 0.004 0 .002 317569 . 0 .03 12.00
Eplo.ph.lus llavolisDatus 0 .004 99.247 0.004 0 .009 317581 . 0 .03 4 .65
Calapp. 0 .014 99.261 0 .003 0.009 317592 . 0 .03 3 .17
RaJa .glant.ria 0 .005 99.266 0.003 0.011 317603 . 0 .03 2 .26
P.Ot.n 0 .045 99.311 0 .003 0 .004 317614 . 0 .03 7 .72
Ascidiao.a 0 .006 99.317 0.003 0.004 317625 . 0 .03 9 .18
Opbidion grayi 0 .012 99.328 0.003 0.009 317635 . 0 .03 3.19
8ivalvia 0 .002 99.330 0.003 0.004 317645 . 0 .03 5 .19
Cltharicnthys corautus 0 .002 99.333 0.003 0.004 317655 . 0 .03 5 .19
Calappa sprin2.ri 0 .007 99.340 0.003 0.004 317665 . 0 .03 5 .79
Sya.grops b.lia 0 .002 99.342 0.003 0.002 317674 . 0 .02 9.00
3yaodus 0.002 99.344 0 .003 0.002 317683 . 0 .02 9.00
Elops saurua 0 .001 99.345 0.003 0.002 317692 . 0 .02 9.00
Soia.nops oo.liata 0 .003 99.348 0.003 0.011 317701 . 0 .02 1 .88
Caulolatilw cyanops 0.003 99.351 0 .003 0.005 317710 . 0 .02 3.88
Aniaopt.ra boaaaus 0.004 99.355 0.003 0.009 317719 . 0 .02 2.32
Sardin.lla aurita 0.054 99.409 0 .003 0.005 317728 . 0 .02 4 .55
Portuaus 0.019 99.428 0 .003 0.005 317737 . 0 .02 3 .66
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TiS01 NA1N< PEHC8NT PEACSMT PSBCmIT FREQ. OF CDMOLATIVS DBMSIIT INDEX OF

CONPOSITION COMPOSITION CO!lP03ITION OCCIIHHBIICE rI80NDiNC6 (# / FL) DISPS83ION
Soyllarus 0 .004 99.432 0.003 0.005 317745 . 0.02 3 .24
Opbidion 0.003 99.435 0.003 0.005 317753 . 0.02 2.99
L.iolaabrus nitidus 0 .030 99.465 0.003 0.007 317761 . 0.02 3 .49
Bqu.tua 0.003 99.468 0.003 0.004 317769 . 0.02 6 .25
Ant.onarius oo.llatus 0.002 99.470 0.003 0.004 317777 . 0.02 4 .24
Sphyrna tiburo 0 .004 99.473 0.003 0.009 31T785 . 0.02 1 .99
Pc.atos,us saltatriz 0.002 99.475 0.002 0.009 317792 . 0.02 ' 1 .85
Congrida. 0 .001 99.476 0.002 0.004 317799 . 0.02 5.28
BNSIIthias l.ptus 0.006 99.482 0.002 0.002 317806 . 0.02 7.00
Cithsriolitbys 0.004 99.486 0.002 0.002 317813 . 0 .02 T.00
Bairdi.lla anrysura 0.004 99.491 0.002 0.004 317820 . 0.02 3 .57
Oysoothoraz nigrosrrgiaatus 0.013 99.503 0.002 0 .007 317827 . 0 .02 2.13
Nopluonis 0.003 99.507 0.002 0.004 317834 . 0.02 3 .57
Poro.llans sayana 0.002 99.509 0.002 0.004 317840 . 0.02 4 .33
Rossia 0.002 99.511 0 .002 0.005 317846 . 0 .02 2.99
Pagurida . 0.003 99.514 0.002 0.007 317852 . 0.02 1 .99
Ophiobtbida. 0.001 99.515 0.002 0.004 317858 . 0.02 4 .33
Anthosoa 0.047 99.562 0.002 0.004 317864 . 0.02 3 .33
CbiloaPCt .rus sobo.pfi 0.005 99.567 0.002 0.005 317870 . 0.02 2.99
CitharichtDys sacrops 0.005 99.572 0 .002 0.009 317876 . 0 .02 1 .32
0gcoc.phalus nasutus 0.003 99.575 0.002 0.005 317882 . 0.02 2.99
Ech.n.is nauorat .s 0.009 99.584 0.002 0.005 317888 . 0.02 2.99
RaoDyc.ntron canadu. 0.004 99.588 0 .002 0.009 317894 . 0 .02 1 .32
Fhoinosto.us arg.nt.us 0.002 99.590 0.002 0.002 317900 . 0 .02 6 .00
Psraliobthys albigutta 0.001 99 .591 0 .002 0.004 317906 . 0 .02 4.33
Paraliohtbys spu ..ll.atus 0.003 99.594 0 .002 0.005 317912 . 0.02 2.99
Pontimu longispinis 0.002 99.596 0.002 0.002 317917 . 0 .01 5 .00
Hust.lus oanis 0.001 99.598 0 .002 0 .007 317922 . 0 .01 1 .39
Rypticus saculatus 0.001 99.599 0 .002 0 .007 317927 . 0 .01 1 .39
Porc.llsaa 0.004 99.602 0.002 0.004 317932 . 0 .01 3 .40
Aroa 0.001 99.604 0 .002 0.002 317937 . 0 .01 5 .00
Libinia 0.000 99.604 0.002 0.002 317942 . 0 .01 5 .00
Ophidilda. 0.007 99.611 0 .002 0.004 317947 . 0 .01 2.60
Poro.llaaida. 0.001 99.612 0 .002 0.004 317952 . 0 .01 2 .60
Cronius 0.001 99.613 0.002 0.002 317957 . 0 .01 5 .00
Gy.nothoras aorings 0.009 99.622 0 .002 0.005 317962 . 0 .01 2.19
Opsanus b.ta 0.005 99.627 0.002 0.004 317967 . 0 .01 3 .40
S.riola dus.rili 0.003 99.630 0.002 0.004 317972 . 0 .01 2.60
Dasyatus aa.rioana 0.007 99.637 0.002 0.009 317977 . 0 .01 0 .99
Conpr oo.anicus 0.001 99.638 0.001 0.002 317981 . 0 .01 4 .00
Anadara baughmanl 0.002 99.640 0 .001 0.002 317985 . 0 .01 4 .00
Libinla dubia 0.003 99.644 0 .001 0.002 317989 . 0 .01 4.00
Conas 0.009 99.652 0 .001 0.004 317993 . 0.01 2 .50
A.uaiua papyrao .ua 0.001 99.654 0 .001 0.004 317997 . 0 .01 2.50
P.rs.pbona aquilosaris 0.004 99.658 0 .001 0.005 318001 . 0 .01 1 .50
Portunus aayi 0.002 99.660 0 .001 0.002 318005 . 0 .01 4 .00
Pagrus s.d.cia 0.002 99.662 0.001 0.004 318009 . 0 .01 2.50
Fistularia tabacaria 0.009 99.671 0.001 0 .007 318013 . 0 .01 0 .99
Carobarhinus acronotus 0.001 99.671 0 .001 0.002 318016 . 0 .01 3 .00
Lutjanus gris .us 0 .008 99.679 0.001 0.004 318019 . 0 .01 1 .66
S.rranus pbo.b . 0.002 99 .681 0.001 0.004 318022 . 0 .01 1 .66
Pagrus pagrus 0.002 99.684 0 .001 0.002 318025 . 0 .01 3 .00
Soorpa.na 0.004 99.688 0.001 0.005 318028 . 0 .01 1 .00
N.cm.riatht b .aiagryri 0.002 99.690 0 .001 0.004 318031 . 0 .01 1 .66
Ophlobthus 0.001 99.691 0.001 0.002 318034 . 0 .01 3 .00
Ogooc.phalus radlatus 0.002 99.693 0.001 0.005 318037 . 0 .01 1 .00
Gysnotboraz saxicola 0.001 99.694 0 .001 0.004 318040 . 0 .01 1 .66
Galatb.ida. 0.002 99.696 0 .001 0.002 318043 . 0 .01 3 .00
B.nilla mAll.ri 0.002 99.698 0 .001 0.002 318046 . 0 .01 3 .00
Nudibranobia 0.003 99.701 0 .001 0.002 316049 . 0 .01 3 .00
Parth.nop. 0.008 99.709 0 .001 0.004 318052 . 0 .01 1 .66
Tarazanthua 0.001 99.710 0 .001 0.004 318055 . 0 .01 1 .66
Soapb.lla 0.001 99.711 0 .001 0.002 318058 . 0 .01 3 .00
Sicyonia 0.001 99.712 0 .001 0.002 318061 . 0 .01 3 .00
Micro®obius gulosus 0.002 99.713 0 . 001 0.002 318064 . 0 .01 3 .00
Nsipteronotus ssrtinic.nsis 0.016 99.729 0 .001 0.004 318066 . 0 .01 1 .00
lLgi1 c .pbalus 0.003 99.731 0 .001 0.002 318068 . 0 .01 2 .00
Pogonias onromis 0.001 99.733 0 .001 0.004 318070 . 0 .01 1 .00
Sargassao.a . 0.012 99.744 0 .001 0.004 318072 . 0 .01 1 .00
Tracbinotus oarolinas 0.000 99.745 0 .001 0.004 318074 . 0 .01 1 .00
Synodus synodus 0.041 99.785 0 .001 0.002 318076 . 0 .01 2 .00
O.allps 0.001 99.787 0 .001 0 .004 318078 . 0 .01 1 .00
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Acantbostraoioa quadrioornia 0.014 99.801 0 .001 0.004 318080 . 0.01 1 .00
1Lrrida. 0 .001 99 .802 0.001 0.002 318082 . 0.01 2.00
Alutsrua b .ud.loti 0 .007 99.809 0.001 0.004 318084 . 0.01 1 .00
Clyp.aatar 0 .008 99.817 0.001 0.004 318086 . 0.01 1 .00
Opbiol.pia 0 .001 ' 99.818 0.001 0.002 318088 . 0.01 2.00
Aoqulp*at.n glyptua 0 .001 99.819 0.001 0.002 318090 . 0.01 2.00
Grapalda . 0.002 99.821 0.001 0.004 318092 . 0.01 1 .00
P.rs.phooa orinita 0 .001 99.822 0.001 0.002 318094 . 0.01 2.00
Gy.oothoras 0.002 99.824 0.001 0.002 318096 . 0.01 2.00
Carldsa 0.001 99.824 0.001 0.002 318098 . 0.01 2.00
Soyllarus rbao.i 0 .001 99.825 0.001 0.002 318100 . 0.01 2.00
Bs.props anatirostris 0.002 99.827 0.001 0.004 318102 . 0.01 1 .00
Dactylopterus volitana 0.000 99.827 0.001 0.002 318104 . 0 .01 2.00
N.obythitss glllli 0.001 99.828 0.001 0.002 318106 . 0 .01 2.00
Cala.ua nodoaua 0.003 99.831 0.001 0.002 318108 . 0.01 2.00
8s.ipt.ronotus novaoula 0.010 99.841 : 0.001 0.004 318110 . 0.01 1 .00
Cala.w 0.001 99.842 0.001 0.002 318112 . 0 .01 2.00
Physiculus fulvus 0.002 99.844 0.001 0 .002 318114 . 0.01 2.00
Epinapbslus niv.atus 0.000 99.845 0 .001 0.004 318116 . 0.01 1 .00
Bpinwla sagistralis 0.001 99.845 0.001 0 .004 318118 . 0.01 1 .00
Pagsus 0.005 99.850 0.001 0.002 318120 . 0 .01 2.00
Sr.taoch.lys isbrioata 0.000 99.851 0.000 0.002 318121 . 0 .00 1 .00
Gy.ootboras oa.llatus 0.000 99.851 0.000 0.002 318122 . 0 .00 1 .00
Caroharhlnus obaourus 0.000 99.851 0.000 0.002 318123 . 0 .00 1 .00
Caroharbiaus porosus 0.000 99.852 0.000 0.002 318124 . 0 .00 1 .00
Saurida 0.001 99.852 0 .000 0.002 318125 . 0.00 1 .00
Cyps.lurua b.tsrurus 0.046 99.898 0.000 0.002 318126 . 0 .00 1 .00
1lanticirrhus sasatilia 0.001 99.899 0 .000 0.002 318127 . 0 .00 1 .00
Carobarbinua liabatua 0.000 99.899 0 .000 0.002 318128. 0.00 1 .00
Caroharhimu faloifarais 0.002 99.901 0.000 0.002 318129 . 0.00 1 .00
Myliobatla 0.000 99.902 0.000 0.002 318130 . 0.00 1 .00
Ogooo.phalus vaapsrtilio 0.005 99.907 0.000 0.002 318131 . 0 .00 1 .00
Priacantbus ar.natus 0.013 99.920 0.000 0.002 318132 . 0 .00 1 .00
Prionotus aartia 0.001 99.921 0.000 0.002 318133 . 0 .00 1 .00
Alsotia crinitua 0.001 99.921 0.000 0.002 318134 . 0 .00 1 .00
Po.oilopa.tta 0.001 99.922 0 .000 0.002 318135 . 0 .00 1 .00
Rlppocaapus 0.005 99.927 0.000 0.002 318136 . 0 .00 1 .00
Diodoa hystriz 0.005 99.932 0 .000 0.002 318137 . 0 .00 1 .00
Priaoantbus cru.atatus 0.001 99.933 0.000 0.002 318138 . 0 .00 1 .00
Optiiobtnua oo.llatus 0.000 99.934 0.000 0.002 318139 . 0 .00 1 .00
R..ora rasora 0.001 99.934 0 .000 0.002 318140 . 0 .00 1 .00
Rypticus saponac.us 0.001 99.935 0 .000 0.002 318141 . 0 .00 1 .00
R.ptilia 0.000 99.935 0.000 0.002 318142 . 0 .00 1 .00
Mustslua 0.001 99.936 0.000 0.002 318143 . 0 .00 1 .00
[ate.tostcaia 0 .003 99.939 0 .000 0.002 318144 . 0 .00 1 .00
Dsoodoa puwllaris 0.004 99.943 0 .000 0.002 318145 . 0 .00 1 .00
Syoodus intsra.dius 0.005 99.948 0.000 0.002 318146 . 0 .00 1 .00
Scorpa.oa agassisi 0.000 99.948 0.000 0.002 318147 . 0 .00 1 .00
Ogooc.pbalua parvas 0.000 99.948 0.000 0.002 318148. 0 .00 1 .00
Caulolatilus .icrops 0.000 99.949 0.000 0.002 318149. 0 .00 1 .00
Uropbynls rsglus 0.002 99.950 0 .000 0.002 318150 . 0.00 1 .00
Dasyatis ssyi 0.000 99.950 0.000 0.002 318151 . 0 .00 1 .00
Opbichthus gossil 0.001 99 .951 0 .000 0.002 318152 . 0.00 1 .00
Ogoocspbalidas 0.001 99 .951 0 .000 0.002 318153 . 0 .00 1 .00
Cbloropbyc.a. 0.003 99.955 0 .000 0.002 318154 . 0.00 1 .00
Syngnatbida. 0 .005 99.960 . 0 .000 0.002 318155 . 0 .00 1 .00
Orthopristis 0.001 99.960 0.000 0.002 318156 . 0 .00 1 .00
Opbicbthus spinicauda 0.001 99.961 0.000 0.002 318157 . 0 .00 1 .00
Squilla lljdingi 0.001 99.962 0 .000 0.002 318158 . 0 .00 1 .00
Encops 0.002 99.964 0.000 0.002 318159. 0 .00 1 .00
Atriaa 0.001 99.965 0.000 0.002 318160 . 0.00 1 .00
Apogon saoulatus 0.001 99.966 0.000 0.002 318161 . 0 .00 1 .00
Gobildaa 0.001 99.968 0 .000 0.002 318162 . 0 .00 1 .00
SSoyonia etiapsoni 0.000 99.968 0 .000 0.002 318163 . 0 .00 1 .00
Ootopodida 0.001 99.969 0 .000 0.002 318164 . 0 .00 1 .00
Majida. 0.000 99.969 0.000 0.002 318165 . 0 .00 1 .00
Ancylops.tta quadroc.llata 0.006 99.975 0.000 0.002 318166 . 0 .00 1 .00
Dasyatia sabica 0.001 99.976 0.000 0.002 31$167 . 0 .00 1 .00
Gastropoda 0.001 99.977 0.000 0.002 318168 . 0 .00 1 .00
Alph.ida . 0.000 99.977 0.000 0.002 318169 . 0 .00 1 .00
8uaycon contrariu. 0 .001 99.978 0 .000 0.002 318170 . 0 .00 1 .00
Pollnicss duplicatus 0 .001 99.979 0 .000 0.002 318171 . 0 .00 1 .00
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TA70DN NU16

Myropsis
Cana.iWia r.tioulata
I1laosntha 1lodaotylus
Draaidia astill.nsis
Hydrosoa
St enooiooopa
Masaarildau
Holotburoldaa
Aabirus licaatus
Octopus .ulwis
Muroz
Mur.z poaua
Ar ena.u+t oribrarius
Haroine braailiansis
Mtresoopua y-8t'a.ou.
Psu.dopriaoaothua altus

S1MPL! SUlMAYT: SAMPLffi . 548

l E1N CUMULATIVE Poo[.8D l16aU
PEHC8IIT PSHC89IT PEHCZNT FRZQ. OF CUMULATIVE D888ITS INDEX 0F

COMPOSITI01 COMPOSITION COMPOSITION OCCURRENCE ABUNDANCE (# / H A ) DISPERSION
0.001 99.979 0.000 0.002 318172 . 0 .00 1 .00
0.001 99.980 0.000 0.002 318173 . 0 .00 1 .00
0 .001 99.981 0.000 0 .002 318174 . 0.00 1 .00
0.000 99.981 0.000 0.002 318175 . 0 .00 1 .00
0 .005 99.986 0.000 0 .002 318176 . 0.00 1 .00
0.000 99.986 0.000 0.002 318177 . 0 .00 1 .00
0.001 99.987 0.000 0.002 318178 . 0.00 1 .00
0 .001 99.988 0.000 0.002 318179 . 0 .00 1 .00
0.009 99.996 0.000 0.002 318180 . 0 .00 1 .00
0.000 99.997 0.000 0.002 318161 . 0.00 1 .00
0.001 99.997 0.000 0.002 318182 . 0 .00 1 .00
0 .001 99.998 0.000 0 .002 318183 . 0.00 1 .00
0.001 99.999 0.000 0.002 31818# . 0 .00 1 .00
0 .001 99.999 0.000 0 .002 318185 . 0 .00 1 .00
0.001 100 .000 0.000 0.002 318186 . 0 .00 1 .00
0 .000 100.000 0.000 0 .002 318186 . 0.00 ***too

TOT1[. T1IL . 37# TOTAL DENSITY s 818.69
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Table 34 . Hierarchical list of demersal nekton taxa collected in three
replicate samples at 150 stations in three regions of the
Tuscaloosa Trend study area during fall NMFS Fishery Independent
surveys from 1973 to 1983 .

Annelida 50
e Polychaeta 5001

Arthropoda 58
Crustacea 61

+~ Decapoda 6175
* Natantia 61

Penaeidae 617701
• Parapenaeus 61770105
+~ Penaeus aztecus 6177010101
• Penaeus duorarum 6177010102
e Penaeus setiferus 6177010103
• Sicyonia 61770104
• Sicyonia brevirostris 6177010401
• Sicyonia dorsalis 6177010402
* Sicyonia stimpsoni 6177010406
e Solenocera 61770106
* Solenocera atlantidis 6177010601
* Trachypenaeus 61770102
* Xiphopeneus 61770107
* Xiphopeneus kroyeri 6177010701
• Galatheidae 618310

Scyllaridae 618202
• Scyllarides nodifer 6182020202
• Scyllarus 61820201
• Scyllarus chacei 6182020102
• Paguridae 618306
• Pagurus 61830602
• Petrochirus diogenes 6183061201
• Porcellanidae 618312
• Porcellana 61831205
e Porcellana sayana 6183120505
• Grapsidae 618907

Portunidae 618901
• Arenaeus cribrarius 6189010101
• Callinectes sapidus 6189010301
• Callinectes similis 6189010302
• Cronius 61890104
• Ovalipe3 61890105
e Ovalipes guadulpensis 61890105??
• Portunus 61890106
• Portunus gibbesii 6189010601
• Portunus sayi 6189010602
• Portunus spinicarpus 6189010603
e Portunus spinimanus 6189010604

Xanthidae 618902
• Tetraxanthus 61890211

Dromiidae 618502
* Dromidia antillensis 6185020301

140



Table 34 . Conti nued .

•
•
~
•
~
~
e

f
•
r

*
•
r
f
~

•
e
•
a
#

r
•
r
;

•

r
•
•

•
f

•
r
e

•

r

e
a
.
a
r

Majidae 618701
Anasimus latus 6187012001
Libinia 61870109
Libinia dubia 6187010901
Libinia emarginata 6187010902
Stenocionops 61870124
Stenorhynchus seticornis 6187011701

Parthenopidae 618702
Leiolambrus nitidus 6187020201
Parthenope 61870201
Parthenope serrata 6187020104

Calappidae 618602
Calappa 61860201
Calappa flammea 6186020101
Calappa springeri 61860201
Calappa sulcata 6186020102
Hepatus epheliticus 6186020201

Leucosiidae 618603
Iliacantha liodactylus 6186030301
Myropsis 61860302
Myropsis quinquespinosa 6186030201
Persephona aquilonaris 6186030103
Persephona crinita 6186030102

Raninidae 618604
Raninoides 61860402
Raninoides louisianensis 6186040201

Caridea 6179
Alpheidae 617 914
Pandalidae 617918

Plesionika 617 91805
Stomatopoda 6191

Squillidae 619101
Squilla 61910101
Squilla chydaea 6191010102
Squilla lijdingi 61910101??

Mollusca 5085
Bivalvia 55

Arcoida 5506
Arcidae 550601

Anadara 55060102
Anadara baughmani 5506010205
Area 55060104

Mytiloida 5507
Pinnidae 550702

Atrina 55070201
Pterioida 5508

Ostreidae 551002
Crassostrea virginica 5510020102

Pectinidae 550905
Aequipecten 55090508
Aequipecten gibbus 55090508??
Aequipecten glyptus 5509050803
Amusium papyraceum 5509051101
Pecten 55090504
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Table 34 . Continued.

Veneroida 5515
Tellinidae 551531

+~ Tel lina 55153102
Veneridae 551547

* Pitar cordatus 5515471202
Cephalopoda 57

Theuthidida 5705
* Myopsida 5706

Loliginidae 570601
* Doryteuthis pleii 5706010301
* Loligo 57060101
* Loligo pealeii 5706010102
• Loligo pleii 5706010103
• Lolliguncula 57060102
e Lolliguncula brevis 5706010201

Octopodida 5708
Octopodidae 570801

• Octopus vulgaris 5708010202
• Gastropoda 51

Mesogastropoda 5103
Naticidae 510376

e Polinices duplicatus 5103760407
Neogastropoda 5104

Cancellariidae 510514
• Cancellaria reticulata 5105140204

Muricidae 510501
• Murex 51050110
• Murex pomum 5105011003
# Nassariidae 510508

Conidae 510603
• Conus 51060301
• Turridae 510602
# Turris 510602??
• Nudibranchia 5127

Stenoglossa 5105
Fasciolariidae 510509

• Fusinus 51050905
• Fusinus covei 5105090504

Melongenidae 510507
• Busycon contrarium 5105070104

Volutidae 510513
• Scaphella 51051302

Echinodermata 8 1
• Asteroidea 8104

Paxillosida 8106
Astropectinidae 810601

• Astropecten 81060105
Spinulosida 8112

Clypeasteridae 815301
e Clypeaster 81530101
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Table 34 . Continued.

• Echinoidea 8136
Clypeasteroida 8152

• Mellitidae 815504
* Encope 81550402
* Mellita 81550401

Spatangoida 8160
~ Spatangidae 816302
• Holothuroidea 8170
• Ophiolepididae 81????
+~ Ophiuroidea 8120

Ophiurida 8126
Ophiacanthidae 812801

+~ Ophiolepis 81280103
Stelleroidea 8101

Platyasterida 8105
Luidiidae 810501

* Luidia 81050101

• Porifera 36

• Cnidaria 37
• Anthozoa 3740

Pennatulacea 3752
Renillidae 375303

• Renilla 37530301
• Renilla mulleri 3753030101
~ Hydrozoa 3701
e Scyphozoa 3730

Semaeostomeae 3734
Ulmaridae 373403

• Aurelia 37340302

Chordata 8388
Antennarioidei 8787

Antennariidae 878702
• Antennarius ocellatus 8787020202
• Antennarius radiosus 8787020203
~ Ogcocephalidae 878704
• Halieutichthys aculeatus 8787040301
• Ogcocephalus 87870401
+~ Ogcocephalus nasutus 8787040103
• Ogcocephalus parvus 8787040105
* Ogcocephalus radiatus 8787040106
• Ogcocephalus vespertilio 8787040101
e Zalieutes mcgintyi 8787040401

Aulostomoidei 8819
Fistulariidae 881902

• Fistularia tabacaria 8819020101
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Table 34 . Continued .

Balistoidei 8860
Balistidae 886002

* Aluterus heudeloti 8860020102
* Aluterus schoepfi 8860020101
* Balistes capriscus 8860020201
* Monacanthus hispidus 8860020703

Ostraciontidae 886003
* Acanthostracion quadricornis 8860030201

Batrachoidiformes 8783
Batrachoididae 878301

* Opsanus beta 8783010202
* Porichthys porosissimus 8783010106

Dactylopteriformes 8832
Dactylopteridae 883201

* Dactylopterus volitans 8832010101
Elopiformes 8737

Elopidae 873801
* Elops 3aurus 8738010101

Exocoetoidei 8803
Exocoetidae 880301

* Cypselurus heterurus 8803010101
Labroidei 8839

Labridae 883901
* Decodon puellaris 88390105
* Hemipteronotus martinicensis 8839010801
* Hemipteronotus novacula 8839010802

Myctophoidei 8762
Synodontidae 876202

* Saurida 87620203
* Saurida brasiliensis 8762020301
* Saurida normani 8762020303
* Synodus 87620201
* Synodus foetens 8762020101
* Synodus intermedius 8762020102
* Synodus poeyi 8762020104
* Synodus synodus 8762020106
* Trachinocephalus myops 8762020401

Osteichthyes 8717
Anguilliformes 8740

* Congridae 874112
* Conger oceanicus 8741120101
* Congrina 87411203
* Congrina flava 8741120302
* Congrina gracilior 8741120303
* Hildebrandia flava 8741121001
* Ophichthu3 87411310
* Ophichthus gomesii 8741131001
* Ophichthus ocellatus 8741131003
* Ophichthus spinicauda 87411310??
* Paraconger caudilimbatus 8741120501
* Uroconger syringinus 8741120801

Muraenesocidae 874108
* Hoplunnis 87410801
* Hoplunnis macrurus 8741080102
* Hoplunnis tenuis 8741080103
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Muraenidae 874105
Gymnothorax 87410504
Gymnothorax moringa 8741050403
Gymnothorax nigromarginatus 8741050404
Gymnothorax ocellatus 8741050405
Gymnothorax saxicola 8741050407

Ophichthidae 874113
Clupeiformes 8745

Clupeidae 874701
Brevoortia patronus 8747010403
Etrumeus teres 8747010601
Harengula ,jaguana 8747010803
Opisthonema oglinum 8747010701
Sardinella aurita 8747011001

Engraulidae 874702
Anchoa 87470202
Anchoa hepsetus 8747020201
Anchoa lyolepis 8747020205
Anchoa mitchilli 8747020202

Gadiformes 8789
Gadidae 879103

Urophycis cirratus 8791031005
Urophycis floridanus 8791031007
Urophycis regius 8791031002

Macrouridae 879401
Scorpaena agassizi 8826010601

Merlucciidae 879104
Steindachneria argentea 8791040201

Moridae 879101
Physiculus fulvus 8791010301

Ophidiidae 879201
Brotula barbata 8792010401
Lepophidium 87920105
Lepophidium brevibarbe 8792010502
Lepophidium graellsi 8792010504
Lepophidium jeannae 8792010505
Neobythites gillii 8792012001
Ophidion 87 920106
Ophidion grayi 8792010602
Ophidion holbrooki 8792010603
Ophidion welshi 8792010605

Perciformes 8834
Carangidae 883528

Alectis crinitus 8835280201
Caranx fusus 8835280302
Caranx hippos 8835280303
Chloroscombrus chrysurus 8835280401
Decapterus punctatus 8835281202
Selar crumenophthalmus 8835280601
Selene setapinnis 88352807??
Selene vomer 8835280701
Seriola dumerili 8835280801
Trachinotus carolinus 8835280901
Trachurus lathami 8835280102
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Table 34 . Continued.

Gempylidae
* Epinnula magistralis
* Gobiidae
• Bollmannia communis
e Microgobius gulosus

Mugilidae
• Mugil cephalus

Apogonidae
e Apogon maculatus
e Synagrops bella
e Synagrops spinosa

Branchiostegidae
• Caulolatilus cyanops
• Caulolatilus intermedius
• Caulolatilus microps

Echeneidae
e Echeneis naucrates
; Remora remora

Ephippidae
~ Chaetodipterus faber

Gerridae
e Eucinostomus argenteus
• Eucinostomus gula

Grammistidae
* Rypticus maculatus
• Rypticus saponaceus

Lutjanidae
e Lutjanus campeehanus
• Lutjanus griseus
* Lutjanus synagris
• Pristipomoides aquilonaris
• Rhomboplites aurorubens

Mullidae
* Upeneus parvus

Pomadasyidae
• Orthopristis
e Orthopristis chrysoptera

Priacanthidae
t Priacanthus arenatus
• Priacanthus cruentatus
• Psuedopriacanthus altus

Rachycentridae
* Rachycentron canadum

Sciaenidae
# Bairdiella chrysura
* Cynoscion
e Cynoscion arenarius
• Cynoscion nothus
• Equetus
e Equetus acuminatus
• Equetus umbrosus
• Larimus fasciatus
• Leiostomus xanthurus
e Menticirrhus americanus
• Menticirrhus saxatilis
e Micropogonias undulatus
• Pogonias chromis
• Sciaenops ocellata
• Stellifer lanceolatus 146

885001
8850010102
884701
8847011601
8847010701
883601
8836010101
883518
8835180107
8835180601
8835180603
883522
8835220102
8835220103
8835220104
883527
8835270201
8835270103
883552
8835520101
883539
88353 90101
8835390102
883503
8835030204
8835030207
883536
8835360107
8835360102
8835360112
8835360701
8835360501
883545
8835450402
883540
88354002
8835400201
883517
8835170101
8835170102
883517????
883526
8835260101
883544
8835440301
88354401
8835440106
8835440103
88354412
8835441201
8835441206
8835440501
8835440401
8835440601
8835440603
8835440701
8835440801
8835440901
8835441001
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Serranidae 883502
Centropristis ocyurus 8835020304
Centropristis philadelphicus 8835020305
Diplectrum bivittatum 8835021005
Diplectrum formosum 8835021002
Diplectrum radiale 8835021004
Epinephelus flavolimbatus 8835020405
Epinephelus niveatus 8835020411
Hemanthias leptus 8835021201
Serranus atrobranchus 8835022302
Serranus phoebe 8835022308

Sparidae 883543
Archosargus probatocephalus 8835430301
Calamus 88354305
Calamus nodosus 8835430506
Lagodon rhomboides 8835430201
Pagrus 88354306
Pagrus pagrus 8835430601
Pagrus sedecim 8835430602
Stenotomus caprinus 8835430102

Pomatomidae 883525
Pomatomus saltatrix 8835250101

Scombridae 885003
Scomber j aponicus 8850030301
Scomberomorus cavalla 8850030501
Scomberomorus maculatus 8850030502

Cynoglossidae 885802
Symphurus 88580201
Symphurus diomedianus 8858020103
Symphurus plagiusa 8858020101

Soleidae 885801
Achirus lineatus 8858010202
Gymnachirus melas 8858010301
Gymnachirus texae 8858010303

Pleuronectiformes 8855
Pleuronectidae 885704

Poecilopsetta 88570421
Pleuronectoidei 8857

Bothidae 885703
Ancylopsetta quadrocellata 8857030506
Citharichthys 88570301
Citharichthys cornutus 8857030106
Citharichthys macrops 8857030109
Citharichthys spilopterus 8857030110
Cyclopsetta chittendeni 8857030801
Engyophrys senta 8857030901
Etropus 88570302
Etropus crossotus 8857030201
Etropus microstomus 8857030202
Paralichthys albigutta 8857030302
Paralichthys lethostigma 8857030304
Paralichthys squamilentus 8857030306
Syacium 88570313
Syacium gunteri 8857031301
Syacium micrurum 8857031302
Syacium papillosum 8857031303
Trichopsetta ventralis 8857031404
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Polynemoidei 8838
Polydactylus octonemus 8838010101

Rajiformes 8713
Dasyatidae 871305

Dasyatis sabina 8713050105
Dasyatis sayi 8713050106
Dasyatus americana 8713050103

Myliobatidae 871307
Myliobatis 87130702
Rhinoptera bonasus 8713070301

Rajidae 871304
Raja eglanteria 8713040113
Raja texana 8713040133

Torpedinidae 871303
Narcine brasiliensis 8713030401

Scombroidei 8850
Triehiuridae 885002

Tricbiurus lepturus 8850020201
Scorpaenoidei 8826

Scorpaenidae 882601
Neomerinthe hemingwayi 8826010402
Pontinus longispinis 8826010503
Scorpaena 88260106
Scorpaena brasiliensis 8826010605
Scorpaena calcarata 8826010606

Triglidae 882602
Bellator militaris 8826020203
Peristedion gracile 8826020303
Prionotus 88260201
Prionotus alatus 8826020105
Prionotus martis 8826020111
Prionotus ophryas 8826020113
Prionotus paralatus 8826020114
Prionotus roseus 8826020117
Prionotus rubio 8826020118
Prionotus salmonicolor 8826020120
Prionotus scitulus 8826020103
Prionotus stearnsi 8826020121
Prionotus tribulus 8826020104

Scyliorhinoidei 8708
Carcharhinidae 870802

Carcharhinus acronotus 8708020504
Carcharhinus falciformis 8708020506
Carcharhinus limbatus 8708020507
Carcharhinus obscurus 8708020501
Carcharhinus porosus 8708020512
Mustelus 87080204
Mullus auratus 8835450201
Mustelus canis 8708020401
Rhizoprionodon terraenovae 8708020301

Sphyrnidae 870803
Sphyrna tiburo 8708030101
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Table 34 . Continued.

Siluriformes 8777
Ariidae 877718

• Arius felis 8777180202
• Bagre marinus 8777180101

Sphyraenoidei 8837
Sphyraenidae 883701

+~ Sphyraena guachancho 8837010103
Stromateoidei 8851

Stromateidae 885103
*° Peprilus burti 8851030104
# Peprilus paru 8851030102

Syngnathoidei 8820
* Syngnathidae 882002
• Hippocampus 88200202

Tetradontoidei 8861
Diodontidae 886103

• Chilomycterus schoepfi 8861030101
• Diodon hystrix 8861030201

Tetraodontidae 886101
• Lagocephalus laevigatus 8861010101
• Sphoeroides 88610102
* Sphoeroides dorsalis 8861010205
• Sphoeroides parvus 8861010210

Trachinoidei 8840
Percophididae 884007

• Bemprops anatirostris 8840070101
Uranoscopidae 884014

• Astroscopus y-graecum 8840140102
• Kathetostoma 88401403
• Kathetostoma albigutta 8840140301
• Ascidiacea 8401

+~ Reptilia 90
Cheloniidae 900204

* Eretmochelys imbricata 9002040301

Chlorophyta 08
e Chlorophyceae 0801

Pheaophyta 15
Phaeophyceae 1501
Fucales 1510

• Sargassaceae 151004

Miscellaneous taxa
Sepiolidae 570402

+~ Rossia 57040201
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Figure 17 . Ordered two-way display resulting from TWINSPAN analysis of mean
relative abundances of 90 selected demersal nekton taxa collected
in three replicate samples at 150 stations in three regions of the
Tuscaloosa Trend study area during fall NMFS Fishery Independent
surveys from 1973 to 1983 .
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Table 36 . Distribution of stations (by region and depth) in each of eight TWINSPAN groups resulting
from analyses of 90 selected demersal nekton collected in three replicate samples at 150
stations in three regions of the Tuscaloosa Trend study area during fall NMFS Fishery
Independent surveys from 1973 to 1983 .
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across the upper half of Table 36 represent the groups on the right side
of the corresponding TWINSPAN display (Group I in Figure 17, while those
across the bottom half of Table 36 represent the groups on the left side
of the display (Group II in Figure 17) . Even though they are at opposite
ends of Table 36, Groups IA2 and IIA1 are similar to each other (i .e.,
both are at the center of Figure 17) . Examination of Figure 17 and Tables
35 and 36 in concert helps identify environmental trends most related to
the ordering and grouping of the samples and taxa .

The station ordering across the top of Figure 17 primarily represents
responses of the taxa to geographical location and depth, with some
secondary year to year trends also evident . Station Group I includes all
the stations from the western region of the study area and the majority
of those from the central region. Station Group II includes the vast
majority of the stations from the eastern region, along with 11 stations
from the central region of the study area . Within each of these two major
TWINSPAN groups, those samples near the outside of the display (i .e., those
in Groups IA and IIB) are generally from shallow stations, while those near
the center of the display (i .e ., those in Groups IB and IIA were from the
deepest stations (Tables 35 and 36) .

Within Station Group IA, Group IA1 includes seven shallow stations
(depth range of 6 .0 to 12.3 fm), most of which were collected from the
western region. Table 36 shows that all these stations were collected
during the period 1975 to 1978, indicating that a temporal trend may
be embodied in this station group. These seven stations were very
depauperate; with a range of mean number of taxa of 4 .0 to 17 .7 (Table 35) .
The inclusion of stations from the eastern and central regions during 1977
and 1978, respectively, may indicate that the processes responsible for
this impoverished community structure were acting over a wide geographica]l
area.

Group IA2 was the largest station group in the display, and includes
the vast majority of the very shallow stations from the western and central
regions that were not in the closely related Group I, as well as virtually
all the stations from the western region in the 10-30 fm depth range .
It also includes several samples from the 30-50 fm range, all of which
were from the western region. Six stations from the central region at
depths of 20-40 fm and three stations from the eastern region at 0-10
fm depths were also included in Group IA2 . The community at the Group
IA2 stations was more speciose than that at the related Group IA1 stations
(Table 35), with only two of the 43 stations in Group IA2 with means of
less than 10 taxa . The inclusion of several shallow eastern stations in
group IA2, and the large number of years when shallow stations from several
or all regions were included, is indicative of the longshore similarity
in community structure in the shallow Gulf during many years .

Group IB includes the majority of the deep water stations from the
central and western regions of the study area, with Groups IB1 and 182
both including a number of stations from the 40-50 fm depth zone (Table
36) . All the stations from the 30-40 fm depths in the central region were
included in Group ZB . The two groups differed in that Group IB1 included
a number of stations shallower than 30 fm (the vast majority of which
are from the central region), while Group IB2 included none from shallow
depths. Also, Group T82 includes all three stations which were greater
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than 50 fm in depth (all of which were from the western region) . Although
there was considerable overlap, the stations from Group IB1 appeared to
be generally the most speciose of all those in Group I, with those in
Group 1B2 being similar in numbers of taxa to those in the shallower
Group IA2 . Therefore, it appears that within the muddy bottom habitats,
the communities at middepth stations were more speciose than those located
either shallower or deeper.

As is evident from Table 36, going from left to right in Group
II (Figure 17), stations become shallower. Group IIA1 includes all the
stations in Group II that were deeper than 30 fm . While this includes all
but one of the stations in the eastern region in the 30-40 fm depth range,
only five stations in the 40-50 fm range were included in Group II (2 from
the central region and 3 from the eastern region) . The majority of the
stations in the 40-50 fm depth range from the eastern region were located
in Group IB, along with the majority of the stations from the central and
western regions. The stations in Group IIA1 were all collected from a
well defined time period (Table 36), indicating that the same community was
consistently represented at middepth stations from the eastern and central
regions during the period 1975-1982, but not in earlier and later years .

Group IIA2 stations were all from the eastern region, and represent
three distinct time periods (Table 36) . No stations from the 40-50
fm range were included in Group IIA2, and the group can generally be
categorized as a middepth group from the eastern region. Comparing the
stations in Groups IIA1 and IIA2, it is apparent that at the depth of
overlap (i.e., the 30-40 fm zone), the middepth portion of the eastern
region was characterized by a community more characteristic of shallower
depths during acme years (i .e., 1973-74, 1977 and 1983), while during most
years the community inhabiting these stations was more typical of a deeper
water habitat .

Group IIB included most of the shallow samples from the eastern and
central regions that were not included in Groups IA, or IIA1, and included
no samples located at depths greater than 30 fm . Within Group IIB, Group
I182 includes only two samples, those being from the 0-20 fm depths in
the eastern region during the hydrologically atypical year of 1973 . Within
Group IIB1, there appeared to be a secondary temporal trend, with most of
the stations from the early portion of the record (i .e ., 1973-1976) being
from the central region and the majority from the middle and latter portion
of the record (i.e., 1977-1982) being from the eastern transect . This
indicates that the community that characterizes these stations exhibited
similar spatial trends over time .

Unlike some of the other TWINSPAN displays presented earlier in this
report, the taxa in Figure 17 did not show a simple left to right gradient
of station affinity going down the table. This is attributable to trends
in distribution of several taxa groups, and especially those of Taxa Groups
IA1 and IB1 (Figure 17) . .

The taxa at the top of the display (i .e ., those in Taxa Group IA1
in Figure 17) were found almost exclusively at Station Group IB1 stations
and, to a lesser extent, at Station Group 1B2 stations, indicating that
they were relatively restricted to the middepth to deep water stations of
the central and especially the western regions of the study area (Table
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36) . This taxa group, which includes Paranenaeus LPIL, Steindachneria
araentea , Solenocera LPIL, and Conarina flava, was essentially equivalent
to Group 2 defined from the seasonal analysis (see Table 11) . The
presence of these Group IA1 taxa, along with the absence of a number
of taxa in Taxa Group IA2 characteristic of only the nearshore stations
in Station Group I, differentiated Station Group IB1 from Station Group
IA (Figure 17) . The taxa in Group IA1, which seldom occur in waters
shallower than 15 fm, were the taxa that most differentiated Station
Group IB1 from the rest of the stations, and were the most unique
component of the brown shrimp grounds . These nearshore taxa in Taxa
Group IA2 included several that are commercially important and many that
are estuarine dependent and estuarine related . These include the star
drum ( Stellifer laneeolatus) , the gafftopsail catf ish ( Baare marinus) , the
banded drum ( Larimus fasciatus), the Gulf menhaden ( Brevoortia patronus) ,
the white shrimp ( Penaeus setiferus) , the Atlantic threadfin ( Polvdactvlus
octonemus) , the silver seatrout (Cvnoscion nothus) , and the hardhead
catfish ( Arius Pelis) . These were essentially the same taxa that def ined
Group 1 resulting from a synthesis of the seasonal analysis data (see
Table 11), and were the characteristic component of the white shrimp ground
community. The clear differences in the distributions of these Group IA1
and IA2 taxa with depth is very impressive, and indicates that distinct
depth-related communities exist in the western and central regions of the
Tuscaloosa Trend study area .

In addition to the inshore restricted taxa, Taxa Group IA2 included
a number of taxa that were distributed over the entirety of Station
Group I, which essentially defined the the muddy bottom habitat* of the
western and central regions of the study area . These taxa included
the brown shrimp ( Penaeus aztecus) , the croaker ( Microooaonias undulatus) ,
the lesser blue crab ( Callinectes similis) , the Atlantic cutlassfish
( Trichiurus leoturus) , the spot ( Leiostemus xanthurus) and the silver
seatrout ( Cynoseion arenarius) . Note that the distribution of the brown
shrimp actually extended into the region defined by the Group II stations
(Figure 17), with the croaker, spot or sand seatrout better differentiating
the Group I stations from those of Group II . These widely distributed
Group IA2 taxa are known to characterize both the white and brown shrimp
grounds, and most of their members are estuarine dependent . In the
analysis of the seasonal data, a similar group was distinguished (Group
3 in Table 11) . A number of these widely distributed Group IA2 taxa
occurred in decidedly lower densities at stations in Station Group IB2,
which represented the deep water habitat in western and central regions
of the study area, including all of the stations greater than 50 fm in
depth (Table 36) .

The taxa in Taxa Group 181, were found in relatively greatest
abundance at the deep water stations from the entire study area (Station
Groups 181, 182 and IIA1 in Figure 17) . While these taxa showed
considerable "scatter" in their distributions, the importance of the deep
water habitat is evident . These taxa include two subgroups . Taxa in
the first subgroup (including the portunid crab ( Portunus spinicarpus) ,
several searobins ( Prionotus Daralatus and JE . stearnsi) , and the butterfish
( Peorilus burti) ) all showed a distinct preference for the deep water
stations in Station Group IB2 and IIA1 over those in Station Group IB1 .
As such, these taxa were more prominent at the deepest, sandy stations from
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the eastern region of the study area as compared to the stations at similar
depths from the western region .

The other suite of taxa in Taxa Group IB1, including the rock
sea bass ( CentroDristis philadelohicus) , the Mexican flounder ( Cvcloosetta
chittendeni) , the pancake batfish ( Halieutichthys aculeatus) , and the
blackfin searobin (Prionotus rubio) , were more widely distributed over
Station Groups IB1, 182, and IIA1, but were somewhat less well represented
at stations in Station Group IIA1, The importance of depth to the
distribution of these taxa was not as evident in the seasonal analysis
which only dealt with the distributions during a single year . In the
seasonal analysis, these deep water taxa displayed what appeared to be
mainly sediment related trends, and were characterized as either being
widely distributed over the study area but preferring sandy bottoms,
to being widely distributed over sandy bottoms (see Table 11) . These
deep water taxa constituted a second assemblage that characterizes the
stations in Station Group IB (i .e ., the brown shrimp grounds), but were
generally more important in the central and eastern regions of the study
area. Therefore, while the white shrimp grounds (Station Group IA)
were characterized mainly by an inshore restricted taxa group and the
generalists (both in Taxa Group IA2 in Figure 17), the brown shrimp grounds
was characterized by the generalists, a middepth group that preferred the
muddier sediments of the western region and portions of the central region
(Taxa Group IA), and a deep water assemblage (Taxa Group IB1) consisting
of'taxa that appeared to show a wide range of sediment preferences but were
generally more prominent in the eastern region. It is for this reason that
the stations located at middepths in the western region and portions of
the central region (Station Group IB in Figure 17) were the most speciose
of all (Table 35) .

The taxa in Taxa Group IB2 and especially those in Taxa Group IIA1
showed very unique distributions over the study area ( Figure 17) . They
quite clearly preferred the shallow, sandy bottom stations from the eastern
and central regions located in Station Group IIB 1, as well as a number
of stations from the central and eastern regions located to the far left
of Station Group IA2 (Figure 17) . Some shallow water sandy stations
were included in Station Group IA2 because they contained a number of
taxa characteristic of the white shrimp grounds, which were not present
at the very sandy Group I18 stations . The location of these shallow
stations from the central and eastern regions in Station Group IA2 was
responsible for the bimodal distributions of several of the Taxa Group IB2
and IIA1 taxa, including the red snapper ( Lutj anus camoechanus) , the silver
J erry ( Eucinostamus Rula),, the striped anchovy ( Anchoa heosetus) , the
least puffer ( Snhoeroides earvus) , the portunid crab ( Portunus gibbesii) ,
the fringed flounder (Etroous crossotus) , and the squid ( Loliao ii .
In the seasonal analysis, these taxa were variously classified as being
characteristic of the shallow water habitat, being widespread across the
study area but preferring sandy bottoms, and being widespread over sandy
bottoms ( see Table 11) . This long term analysis confirmed that these taxa
did not generally occur in deep water habitats, and that they constituted
a distinct, sandy bottam, inshore community .

Three taxa co nstituted Taxa Group IIA2 (Figure 17) . All three of
these taxa ( Cal aooa sulcata , LaQodon rhomboides , and Trachurus lathami )
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were widely distributed over the study area . None of them showed much
preference for any of the station groups, except they appeared to be
in relatively greater abundance at some of the middepth to deeper water
stations (Station Groups IB1, IB2 and IIA1) .

The taxa in Taxa Group IIB1 included the pink shrimp ( Penaeus
duorarum) , the dwarf sand perch ( pinlectrum bivittatum) , the inshore
lizardfish ( S,vnodus foetens) , and the longspine porgy ( Stenotomus
caorinus) . They were widely distributed over the study area, but showed
a distinct preference for the sandy bottoms . This was evidenced by
the increasing relative importance of these taxa on the right side of
the TWINSPAN display (Figure 17) . Besides their general preference for
sandy bottoms, there was little similarity in the distributions of these
taxa. The pink shrimp generally preferred shallow bottoms while the
longspine porgy showed a greater preference for deep water stations . The
inshore lizardfish also showed a distinct preference for the sandy inshore
stations, and exhibited one of the best gradients in the entire suite of
taxa (Figure 17) . In the seasonal analysis, this taxon was characterized
as being widespread over the study area but preferring sandy bottoms, while
the pink shrimp and inshore lizardfish were widespread over, and relatively
restricted to, the sandy bottoms. Compared to the community at the
shallow water, muddy bottom stations, generally fewer taxa characterized
the shallow water, sandy bottom habitat .

The final taxa group (Group IIB2 at the very bottom of Figure 17)
included the only taxa that clearly characterize the middepth habitats
in the eastern region, where sandy sediments predominate . The majority
of these taxa were quite restricted to the stations in Station Group
IIA2, which includes a number of stations from the 10-140 fm depths from
only the eastern region (Station Group IIA2 in Table 36) . It was noted
earlier that the stations in Station Group IIA2 represented three somewhat
distinct blocks of time (1973-1974, 1976-1978 and 1982-1983) . Since
the Taxa Group IIB2 taxa provided the unique character to the community
at these stations, indications are that the taxa in Taxa Group I182
may have migrated into the Tuscaloosa Trend study area when conditions
were favorable. When they were present, they contributed to the more
speciose nature of these stations as compared to stations at similar
depths in the western region where they were not present . These taxa
included the smoothhead scorpionfish ( Scoroaena calcarata) , the horned
searobin ( Bellator militaris) , the .snakefish ( TrachinoceDhaZus mvoos) , the
bandtail searobin ( Prionotus oohvrus) , and the bluespotted searobin (g'.
roseu ) . These same taxa also formed a distinct assemblage in the seasonal
(fall 1974-summer 1975) analysis (see Table 11) . 1974 was one of the
years when the group was best represented in the Tuscaloosa Trend study
area (Table 36) . The dusky flounder ( Svacium pgDillosum ) and the rock
shrimp ( Sicyonia brevirostris ) also characterized these middepth stations,
but were more widely distributed . The dusky flounder was especially
characteristic of the inshore sandy stations of Station Group IIB, and was
one of the few taxa that spans several depth zones in the sandy eastern
region (Figure 17) . The rock shrimp was also found at some of the deepest
stations of Station Group IIA1, being (along with the longspine porgy)
one of the few taxa that showed a distinct preference for the deep water
sandy stations . It is for this reason that many of the deep water sandy
Group IIA1 stations were less speciose than were the middepth stations from
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the eastern region (Station Group IIA2) ; however, the presence of some
of the deep water taxa characteristic of Taxa Group IB1 at these Group
IIA2 stations added considerably to the species richness in these habitats
(Table 35) . In general, there appeared to be less change in numbers of
taxa with depth in the sandy habitat than was evident in the muddy habitat .

2 .5 .4 .4 Factor Analysis

The factor pattern matrix resulting from the R-mode factor analysis
of the individual replicate annual data set is presented in Table 37,
along with final communalities for each taxon and variance explained by
eacli factor . The suite of taxa from the final TWINSPAN analysis (Figure
17) were input to the factor analysis, and the taxa included in Table
37 are those with communalities (i .e., shared variance) greater than 0 .20
and loadings of at least 0 .30 on one of the factors . Seven factors were
retained for rotation to simple structure. Factor scores were generated
from the final factor solution, and entered into correlation analysis to
relate taxa groups defined by the factors to environmental variables . The
results of this correlation analysis are shown in Table 38 .

Overall, the assemblages defined in the factor analysis (Table 37)
were very similar to those found in the corresponding TWINSPAN analysis
(Figure 17) . Factor 1, which represented the strongest community trend
in the data, was essentially equivalent to TWINSPAN Taxa Group IIB2 (Figure
17) . These taxa, which included the rock shrimp ( Sicvonia brevirostris) ,
the snakefish ( Tracinoceehalus mvops) , the smoothhead scorpionfish
( Scoroaena calcarata) , the horned searobin (Bellator militaris) , the
bandtail searobin ( Prionotus ru , bluespotted searobin ( Prionotus
-r9seus) , the bank seabass ( Centropristis ocvurus) , and the planehead
filefish ( Monacanthus his2idus) , were, for the most part, restricted to
middepth stations (10-40 m) in the sandy eastern portion of the study area
(Station Group IIA2 in Table 36) . Of these taxa, only the rock shrimp
had a salient loading on another factor (Factor 3), demonstrating some
adherence to the trends defined by Factor 3 . The Factor 1 taxa appear
to exhibit some long term trends, since they occurred in several blocks of
time and space (Table 36) . These taxa also formed a distinct group (Group
6) in the community analysis of the seasonal data (see Table 11) . Factor
1 scores were significantly and negatively correlated with precipitation
and estuarine water temperature in winter, and significantly and positively
correlated with low tides in summer and fall at Pensacola (Table 38) .

Factor 2 included those taxa that were widely distributed over
the study area but were numerically most prominent in waters overlying
muddy sediments. All of these taxa except the sand seatrout ( !:ynoscion
arenarius) were included in Taxa Group IA2 in the corresponding TWINSPAN
analysis (Figure 17) . These included a number of the commercially
most important nekton in the Gulf of Mexico, among them the croaker
(MicroooQonias undulatus) , the silver seatrout ( Cvnoscion nothus) , the
spot ( Leiostomus xanthurus) , and both the brown and white shrimp ( eu
aztecus and -E . setiferus) . As can be seen in Figure 17, the white shrimp
showed a more inshore-restricted distribution than the other taxa, but not
as restricted as some of the other taxa in Taxa Group IA2 of the TWINSPAN
analysis (Figure 17) . The affinity of the white shrimp to the nearshore
habitat was shown by its salient loading on Factor 5 (Table 37) .
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Table 37 . Factor pattern matrix resulting from R-mode factor analysis of 90
selected demersal nekton taxa collected in three replicate samples
at 150 stations in three regions of the Tuscaloosa Trend study area
during fall NMFS Fishery Independent surveys from 1973 to 1983 .

Soorpa.na calcarata
Sioyonia br.virostris
B.llator ailitaris
0phidion holbrooki
Prionotua ophryas
Syaoius papillosus
Prionotus salsonicolor
Traonlnoc .pnalus ayops

Mioropogonias undulatus
Cynosclon ar.aariua
L.losto.us zanthurus
Cynosoion sotbua
P.naeus aat .oua
Pena.us e .tiferus

C.ntropristis philadelphicus
Prlonotus psralatus
Prionotua ruDio
Portunus apinicarpus
Prionotus at.aroai
Steaotcnua caprinus
Serranw atrobranohua
Priatiposoides aQuilonaria
Synodus toetens

P.na.ua duorarm
Portunus gibbesii
Spno.rold.s parvua
Etropus crosaotua
Trachyp.nseua
Dipl.etrus bivittatu.
Squilla
Calliasctsa siailia

Bagrs sarinus
8rwoortla patronua
Arius felis
Soia.nops oc .llata
Se1eno s.tapinnis
Chlorosco .brus cnrysurus

St.indaohneria argent.a
Parapeoa.us
Solenoo.ra
Coawina riava

P.prilus Curti
Trachurus latha,i
Triohiurus lepturua
Nalleutlchthys aculeatus
L.pop6idiue gra.llai

YA9IAYCE EIPLAINED

Factor I Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Coosuaality

0.87909 -0.07163 -0 .01541 0.11344 -0.05590 -0 .01514 0.00889 0.79446
0.70831 -0.14256 0.40625 -0.05680 -0.04133 -0.09826 -0.01406 0.70186
0.67633 0.02811 0.24881 -0.11337 -0 .01091 .0.13683 -0.09655 0.56114
0.61698 -0.04817 -0 .04095 0.05666 -0.00348 0.05522 0.03943 0 .39250
0 .56642 .0.00949 0 .04468 -0 .01919 0.01548 -0 .00272 0.01390 0 .32373
0.50958 -0.20574 -0.17695 0.02919 -0.16452 -0 .14037 -0.08754 0 .38860
0.50926 -0.07974 -0 .02514 0.11143 -0.03546 -0 .08735 -0.09903 0 .29745
0.38333 -0.12973 -0 .11642 -0 .01871 -0.08871 -0 .01002 -0.03187 0 .18666

-0.10272 0.87825 -0 .11212 0 .04791 0.14348 -0 .10792 -0.04598 0.83110
-0.15918 0.72240 0 .04357 -0.10778 0.16361 0 .12430 -0.06986 0.60782
-0.10856 0.65019 0.03738 -0 .07456 0.05769 0.02886 -0.29433 0.53228
-0 .08071 0.59689 -0.19327 0 .01150 0.05807 0 .03231 0.11765 0.41853
-0.10886 0 .55157 0.21143 0 .08152 -0.15347 0.22346 -0.00169 0.44092
-0 .09484 0.45230 -0.24614 0 .16569 0.40921 -0.08039 0.04541 0.47758

-0 .08274 0 .22090 0.65270 0 .09218 -0.21610 0.18038 -0.17847 0.60124
0 .10332 -0 .07325 0.57736 -0.08456 0.04548 -0.04382 -0.01271 0.36069
0 .05615 0.29605 0 .56945 0 .13943 -0 .02355 0.11739 0.04800 0 .45115
0 .17220 -0 .05780 0.56864 -0 .17755 -0 .04804 0.12866 -0.03868 0.40822

.0.10051 -0 .07677 0.51857 -0.03544 -0 .06678 -0.01346 0.06676 0.29526
0.08394 -0.19546 0.50340 -0.08438 -0 .23673 -0.13497 0.11S07 0.39328

-0.21711 0 .06021 0.48437 -0.04393 -0 .21026 0.32750 0.03214 0.43981
-0.07527 -0 .07881 0.47480 -0.06321 -0 .05531 0.19258 0.08446 0 .28859
0.07336 -0 .20790 0.31751 0.08841 -0 .23306 -0.30421 -0.00117 0.30409

0.39703 -0.11888 -0.03170 0.61696 0.02326 0.01817 0.06161 0.55808
-0.03887 0 .01065 -0 .06205 0.61510 0.01726 -0.06467 -0.05638 0.39148
0.23912 0.01022 -0 .09691 0.57410 0 .13386 -0 .09685 -0.00874 0.42364

-0.07095 -0.06107 -0 .07271 0.55580 0 .10838 -0 .13588 -0.02720 0 .35391
-0.06560 0.12749 0.05349 0.49322 -0.14310 0.21744 -0.19653 0 .37307
0.36856 -0.20002 -0 .08796 0.44317 -0 .11492 -0.08558 0.04524 0.40256

-0.05189 0.24967 0.08574 0.42400 -0 .02088 0.34536 -0.17184 0 .40139
-0.17319 0.37106 -0 .01348 0.39125 -0.03898 0 .05028 -0.14152 0 .34502

-0.03753 0.02680 -0 .02088 -0.01853 0 .64908 -0 .00854 -0.01838 0 .42463
-0.03960 0.14926 -0 .04784 -0 .04028 0.55651 0 .01932 0.06056 0 .34150
0 .01152 0.03731 -0 .24192 0.21779 0.52621 -0 .09175 -0.06830 0 .39746

-0.02378 -0.02533 0.00852 -0 .01415 0.50594 0.01229 -0.02193 0 .25809
-0.07518 0.16003 -0 .11261 0.00257 0.42694 -0 .11128 0.00750 0 .23867
-0.14325 -0.16872 -0 .18110 0.04449 0.33448 -0 .16376 0.07059 0 .22744

-0 .02579 0.02236 0.00951 -0 .03978 -0.04108 0.71508 0.09399 0 .52469
-0.04045 0.01719 0 .00956 -0 .00214 -0.03637 0 .66970 0.01222 0 .45200
-0 .10725 0.07048 0 .26403 -0 .04389 -0 .11389 0 .57989 -0.17795 0 .46901
-0 .05900 0.01467 0.13314 -0 .04870 -0 .03004 0.33978 -0.19905 0 .17977

-0.12515 -0 .06828 0.28621 -0 .10798 -0 .08688 -0.07011 0.56051 0 .44054
-0 .14177 -0 .14739 0.30059 -0 .05722 -0 .14023 0.03017 0.55024 0 .45879
-0.11842 0.38047 -0.11909 -0.16014 0.16953 0.04914 0.49687 0 .47664
0.01357 0.06157 0.29027 0.03478 -0 .05719 0.13720 -0.32334 0 .21608

-0.12949 0.19015 0.21116 0.18088 -0 .18246 0.23027 -0.35192 0 .34040

3.80812 3.48804 3.47242 2.49058 2.23377 2.21315 1 .48573
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Table 38 . Results of correlation analysis of environmental variables with
factor scores resulting from analysis of 90 selected demersal
nekton taxa collected in three replicate samples at 150 stations
in three regions of the Tuscaloosa Trend study area during fall
NMFS Fishery Independent surveys from 1973 to 1983 .
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Factor 2 scores from the western region were the only ones showing
strong negative correlations with year, indicating that stocks of the
Factor 2 taxa (Table 37) declined in this region over the study period .
Factor 2 scores showed a number of strong correlations with environmental
variables, with some differences apparent from region to region . These
strong relationships would be expected since the Factor 2 taxa (Table
37) are generally estuarine dependent . Scores in all three regions
were positively correlated with wind and tide variables in winter and
spring, including zonal E1man transport, mean sea level, mean higher high
water and low tide . The scores from the western and central regions
were also positively correlated with air temperatures and estuarine water
temperatures in winter and high tides in spring . Both were negatively
correlated with estuarine salinities in spring and air and estuarine
temperatures in late spring and summer . Scores in the western region were
also positively correlated with Mississippi River discharge in fall and
negatively correlated with mean lower low water in summer . Scores from
the eastern region showed somewhat different trends, including negative
correlations with estuarine salinities only in spring and air temperatures
only in summer, and positive correlations with a number of tide variables
during the the entire summer to winter period, and especially in fall .

Factor 5 included a large number of taxa that were included in
TWINSPAN Taxa Group IA2 which showed very inshore restricted distributions,
including the menhaden ( Brevoortia Datronus) , the hardhead catfish ( Arius
fglis_) , the gafftopsail catfish ( Baare marinus) , the Atlantic bumper
( Chloroscombrus ghrvsurus) , and the Atlantic moonfish ( Selene setioinnis) ,
as well as the white shrimp ( Penaeus setiferus) . These taxa are the ones
that most characterize the inshore white shrimp, ground community in the
northwest Gulf of Mexico, and formed a similar assemblage in the seasonal
analysis (Group 1 in Table 11) .

Factor 5 scores from the 21-40 fm depths in the western region and
those for stations from all depths in the central region were negatively
correlated with time, indicating that there were lower populations of the
Factor 5 taxa (Table 37) in these areas during more recent years . In the
western and central regions, correlations of scores with meridional Elman
transport in February and zonal transport in spring were negative, while
in the eastern region, correlations of scores from 21-40 fm depth stations
with meridional transport in summer were negative . Scores at 21-40 fm
depths in the eastern and central regions showed exactly the opposite
trends with respect to precipitation in winter and spring, with those
for the central region being negative . Correlations with air temperature
variables also differed across the study area . In the deepest parts
of the eastern region, correlations of scores with winter temperatures
were negative . In the western and central regions, correlations with
air temperature in April were positive, and, in the western region,
correlations with fall temperatures were negative . This indicates that
Factor 5 taxa (Table 37) were relatively less abundant in the western
region of the study area during those fall seasons when air temperatures
(and presumably water temperatures) were lower . Correlations of scores
with tide variables were not strong, with only those from the eastern
region being significant (positive in spring and summer and negative
in winter) . Virtually no significant correlations were observed with
discharge . Correlations with estuarine temperature variables were also
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not strong, except in the west, where correlations with spring temperatures
were positive and those with fall temperatures were negative . In the
eastern region, scores from the 20-40 fm depths were negatively correlated
with estuarine temperature in March . Correlations with estuarine salinity
variables were stronger, with those involving scores from the western and
central regions in the fall being among the strongest and negative .

Eleven taxa showed salient loadings on Factor 3, nine of which had
their highest loadings on this factor . Taxa showing the strongest affinity
to Factor 3 included the rock seabass ( Centronristis Dhiladelohicus) ,
several species of searobin ( Prionotus paralatus , E . rubio, and _E .
stearnsi) , the portunid crab ( Portunus soinicarpus) , the longspine porgy
( Stenotomus canrinus) , the wenehman ( Pristioomoides aeuilonaris ) and the
blackear bass ( Serranus atrobranchus) . The vast majority of these taxa
were located in Taxa Group IB1 of the corresponding TWINSPAN analysis, with
several others included in Taxa Group I181 (Figure 17) . While many were
widely distributed over the study area, they all exhibited an affinity for
the deepest stations, and especially those in Station Group 1B2 (Figure 17
and Table 36) . Several characterized the deep zones in all regions, while
several others (the portunid crab, the wenchman and several searobins)
occurred in significantly lower numbers in the middepth to deep water
stations in the western region (Station Group IB1 in Figure 17) . This
taxa group was not similarly identified in the seasonal analysis, with
most of these taxa being characterized as either widespread over the study
area but more -prominent in the sandy sediments, or widespread over sandy
sediments (see Table 11) . These taxa were an important component of the
deep water habitat in the study area . In the sandy region, this group was
the main component of the deep water community . Along with the widespread
taxa characteristic of Factor 2 and the Factor 6 taxa (see below), they
characterized the communities at middepth to deep water stations over muddy
bottoms .

The scores for the Factor 3 taza with time were generally positive,
with those for the shallow stations in the western region of the study
area being the strongest . This indicates that Factor 3 taxa (Table37)
generally increased in abundance over the study period and especially
in the more inshore areas of the western region. Correlations with
meridional Elaaan transport in winter were generally positive, while those
in summer were generally negative . In the western and central regions,
correlations with zonal Ekman transport in February were negative, as were
the correlations with this same variable in June . Virtually no significant
correlations with precipitation variables were apparent . Correlations with
air temperatures in winter were negative and strongest at the shallowest
depths (20-30 fm) . Scores for the deepest stations in spring were
positively correlated with air temperatures in late spring. All of the
strong correlations of Factor 3 scores with tide variables were negative .
Strong correlations were seen in all seasons, but especially so in spring
in the central region . (where relationships were strongest) and winter and
spring at the shallowest depths in the eastern region. Mississippi River
discharge, and especially discharge in the fall was negatively correlated
with scores from the eastern region at shallowest depths . Few significant
correlations were seen with estuarine temperature variables, with the
strongest being the negative correlations with estuarine temperature

162



variables in spring. Similarly, most strong correlations with estuarine
salinity variables involved salinities in spring, but were positive .

The taxa with salient loadings on Factor 4 were those in TWINSPAN
Taxa Groups IB2 and IIA1 which showed bimodal distributions across the
study area (Figure 17) . They were characteristic of shallow inshore
stations predominantly in the eastern and central regions, presumably with
sandy sediments. Their bimodal distributions in Figure 17 resulted from
the fact that some of the shallow samples from the central and eastern
regions in which they were collected also included representatives of
the inshore community characteristic of muddy bottoms predominantly in
the western region . The pink shrimp ( Penaeus duorarum) and the portunid
crab, Portunus gibbesii , had the highest loadings on Factor 4 . Other
taxa with their highest loadings on this factor included the least puffer
( Sohoeroides parvus) , the fringed flounder (Etropus crossotus ) and the
shrimp, Trachvvenaeus LPII. . These taxa were not identified as a discrete
assemblage in the seasonal analysis, where they were included among the
widely distributed taxa that occurred most prominently in waters overlying
sandy bottoms or among those that occurred widely over sandy bottoms
(Groups 4 and 5, respectively, in Table 11) .

Factor 4 scores showed relatively strong positive correlations with
time, with those from the western and central regions being particularly
strong. This •indicates that stocks of the Factor 4 taxa (Table 37)
increased in the Tuscaloosa Trend study area during the study period .
Scores from the eastern region, and especially those from shallow depths,
showed the strongest correlations with Elman transport variables, including
positive correlations with meridional transport in the spring to fall
period, and negative correlations with zonal transport in March . The
only strong relationships to precipitation variables were in the western
region in winter and spring, and they were positive . Correlations with
temperature variables differed from region to region. Scores from the
eastern and western regions were, respectively, negatively and positively
related to air temperatures in summer, while, scores from the central
region were negatively correlated with air temperatures in fall. Very
few strong relationships of Factor 4 scores with tide variables were
observed ; however, correlations with spring tide variables were generally
positive. Little relationship was seen with discharge from the Mississippi
River either, but the correlations of scores from the western region with
summer discharge were generally positive and those from the central region
with fall discharge were generally negative . Correlations with estuarine
salinity variables showed several major trends . Scores from the eastern
and central regions were positively correlated with estuarine salinities
from the shallow bay stations in early and late spring, respectively .
Scores from the eastern and western regions, and especially those from 0-20
fm depths, were negatively correlated with salinities from deeper open bay
stations during spring and summer . Over all depths in the western region,
scores were positively correlated with open bay salinities in fall .

The four taxa with highest loadings on Factor 6 (the luminous hake,
Steindachneria araentea) , two shrimp ( Paraeenaeus LPIL and Solenocera
LPIL), and the yellow conger ( Con¢rina flava ) formed a distinct assemblage
in both the corresponding TWINSPAN analysis (Taxa Group IA1 in Figure 17)
and in the Fishery Independent survey seasonal analysis (see Table 11),
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where they were characteristic of deep waters overlying muddy sediments
mainly in the western region of the study area . These taxa, along with
those with highest loadings on Factors 2 and 3, comprised the communities
inhabiting deep waters over muddy bottoms . They showed some of the most
restricted distributions of any taxa groups, and apparently occur only
rarely east of the Mississippi River Delta .

Factor 6 scores showed different relationships to time, depending on
location in the study area . Those from the eastern region were generally
negative with respect to time, while those from the western region were
generally positive . This indicates a shifting in the distributions of
the Factor 6 taxa ( Table 37) during the study period . Scores from the
western region were positively correlated with meridional Ekman transport
in February, while those from the eastern region were negatively correlated
with meridional transport in spring and summer . Scores from the central
region were positively related to zonal transport in summer . The only
strong correlation with precipitation variables involved scores from the
western region in winter, and it was positive . Scores from the western
region were positively related to air temperature in March, while, in
the eastern region, scores were positively related to air temperatures in
summer. Correlations with tide variables were not strong. In the eastern
region, scores were negatively correlated with summer tides, while in the
central region, negative correlations were observed with tide variables
in fall and winter. Scores in the western and central regions were
negatively correlated with Mississippi River discharge in winter and fall,
respectively . Correlations of scores from the central and western regions
with winter estuarine temperatures were negative, while, in the eastern
region, scores were negatively correlated with estuarine temperatures in
spring and positively correlated with estuarine temperatures during the
fall . Correlations of scores from the eastern and central regions with
estuarine salinities during late spring were positive, while scores from
the central region with estuarine salinities in summer were negative .

Factor 7 was a bipolar factor, with three taxa (the Gulf butterfish,
Peorilus burti , the Atlantic cutlassfish, Trichiurus leoturus , and the
rough scad, Trachurus lathami ) having positive salient loadings, and two
taxa (the pancake batfish, Halieutichthvs aculeatus , and the blackedge cusk
eel, Leeoohidium araellsi ) having negative loadings . This indicates that
for the trends embodied in Factor 7, these two groups showed much the
opposite relationships . The rough scad and the cutlassfish showed salient
loadings on other factors, while the batfish and butterfish showed loadings
on other factors that approached being salient (i .e., 0 .30) . Therefore,
the trends embodied in Factor 7 were not particularly distinct . Based
on the distribution of the taxa with the highest loading on Factor 7
(i.e., the butterfish), it appears that the taxa with positive and negative
salient loadings on Factor 7 favor different groups of deep water stations
in the study area (TWINSPAN Station Group IB1 versus Groups 1B2 and IIA1
in Figure 17) .

For the most part, Factor 7 scores were not significantly correlated
with time, indicating no significant trends in the abundance of the Factor
7 taxa (Table 37) over the study period . The one exception was the
significant negative correlation of the scores from the deep water stations
in the western region (20-50 fm depths) . This indicates that stocks of
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Factor 7 taxa in the deep water habitat declined over the study period .
Correlations with Ekman transport variables differed in the eastern and
western regions. In the eastern region, scores were negatively correlated
to zonal transport in spring and fall, while in the western region,
scores were positively correlated with zonal transport in late winter .
Correlations with precipitation variables were, for the most part, not
strong, but those for the shallow stations in the eastern and central
regions were positively correlated with precipitation in summer and fall,
respectively . Correlations with temperature variables also differed across
the study area . In the eastern region, scores were positively related
to air temperature in April and negatively related to air temperature in
fall . For the central region, correlations of scores with temperature
variables in May and June were negative . As was the case for other types
of variables, correlations of Factor 7 scores with tide variables were
different in the several regions of the study area . In-the eastern region,
correlations with tide variables in winter and spring were generally
negative, those with summer tide variables were generally positive, and
those with tide variables in fall were strongly negative . In the
central region at shallow depths, scores were negatively related to tide
variables, and in the shallow depths of the western region, correlations
of scores with tide variables from all seasons were positive . Few strong
correlations were seen with Mississippi River discharge variables . Scores
from the deepest stations in the western region were negatively correlated
with discharge in summer, while those for the deepest stations from the
central region were positively correlated with fall discharge . Estuarine
temperatures in late winter and spring were positively correlated with
Factor 7 scores from the deepest stations in the eastern region of the
study area, and estuarine temperatures in spring were positively correlated
with scores from the western region. Scores from the deepest stations
in the eastern region of the study area were also positively correlated
with estuarine salinities in spring and summer . In the western and central
regions, scores were negatively correlated with estuarine salinities in
fall, and those from the western region were negatively correlated with
estuarine salinities during much of the year (all seasons except the
winter) .

The only taxa that were not represented in the factor analysis were
those with widespread distributions that showed no strong preferenees - for
any stations . The nature of factor analysis is to pick out distinct
trends . If taxa do not show distinct trends, they do not load saliently
on any of the factors or, as was the case with eu setiferus , load
saliently on several factors .

165



2 .5 .5 GCSD

2 .5 .5 .1 Introduction

General Life Cvcle

The life cycle of commercially important shrimp of the genus e u
has been the subject of numerous investigations. According to IRutkuhn
(1966) spawning occurs in the nearshore Gulf, with individual females each
producing up to a million microscopic eggs. Within hours these semibouyant
eggs hatch into small, planktonic nauplii . Development proceeds rapidly
through the protozoal and mysis stages as the developing larvae are
•transported landward toward the mouths of shallow estuaries . The time
elapsing between hatching offshore and entry of the 7-15 mm postlarval
shrimp to inshore waters varies from three to five weeks and is determined
by spawning depths and prevailing wind and current conditions . Once in the
estuary, postlarvae quickly transform into juveniles, and, over the next
two to four months, approach or reach commercial size .

Estuarine areas are vital to penaeid shrimp (Kutkuhn 1966, Gunter
1967), providing the habitat required by the postlarvae and juveniles .
Upon entry the estuaries, postlarval and/or juvenile shrimp drift or
migrate to fertile and protected backwater nursery areas, including tidal
creeks, bayous, marshes and shallow bays . The nursery and open bay areas
occupied by young shrimp are determined in part by water salinity and
temperature. Christmas et al . (1976) found that the preferred habitats
of young penaeid shrimp in Mississippi Sound included areas along the
margins of marshes, in submerged grass beds, and in nonvegetated areas
where organic debris had accumulated . Small juveniles feed on detritus,
while larger shrimp become more predaceous bottom feeders as they move to
the deeper portions of the bay (Gulf of Mexico Fishery Management Council
1981) .

The growth rates of young shrimp depend primarily on food availability
and water temperature, and have been estimated at from 30-60 mm per month
(Moffett 1970) . When 50-75 mm in length, young shrimp move to the deeper
waters of bays (staging areas) where they become vulnerable to fishing .
Advanced juvenile and subadult shrimp, 75-125 mm in length, migrate back
to the Gulf of Mexico, completing the life cycle .

Maturation of female brown shrimp occurs around 115-140 mm total
length (Burkenroad 1939, Renfro 1964, and Moffett 1970), while female
white shrimp are believed to reach sexual maturity at approximately 135
mm (Lindner and Bailey 1968, Moffett 1970, Gallaway and Reitsema 1981) .
Eldred et al . (1961) found ripe female pink shrimp of 92 mm length .
According to Anderson (1970), female seabobs reach sexual maturity at 63
mm length . Major differences in the life cycle of brown, white and pink
shrimp in the Gulf of Mexico are related to shifts in time and space, while
the seabob shows a somewhat different overall pattern . Current knowledge
on the life histories of each of these taxa is discussed below .
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Brown Shrimp

Offshore in the northern Gulf, fishable stocks of brown shrimp reach
maximum densities at depths of from 20 to 100 m (Comiskey et al . 1981)
where most spawning occurs (Kutkuhn 1962, Gallaway and Reitsema 1981) .
The depth at which spawning occurs is important since it determines the
distance the larvae and postlarvae must traverse to reach the estuaries .
Spawning is believed to occur between depths of approximately 50 to 100 m
throughout the year and between 20 to 50 m from March to December (Lindner
and Anderson 1956, Renfro and Brusher 1965, Moffett 1970) . Temple and
Fisher (1967) reported greatest abundance of penaeid shrimp larvae off the
Texas coast at depths of 30 to 90 m in late summer and fall, following
the peak occurrence of brown shrimp adults at these depths . They also
found that the breeding season tended to be protracted with depth, with
penaeid larvae continually being produced at spawning depths greater than
50 m. Kutkuhn et al . (1969) found that during spring, when brown shrimp
postlarvae are entering estuaries, early larval stages of penaeid shrimp
are absent in waters closer than ten km (kilometers) from shore, but are
present further offshore. Subrahmanyam (1971), who sampled penaeid shrimp
larvae off Mississippi Sound out to 100 m depths, concluded that brown
shrimp spawning occurred mainly at depths of around 36 m in fall and 72-90
m in winter . Angelovic (1976), who reported the results of the analyses of
plankton samples collected monthly on the South Texas OCS study area from
February 1962 to December 1965, found that during the fall to early winter
period the spawning peak occurred later with depth . Greatest catches
of eu spp. larvae occurred at the 45 .8 m depth station, and lowest
catches were reported at the 109 .7 m depth station, indicating that the
outer limits of the brown shrimp spawning area were being approached .

Gunter (1950) proposed a February-March spawning period for brown
shrimp in Texas, based on the abundance of juveniles in the estuaries .
Baxter and Renfro (1967) found that postlarval brown shrimp were the
only ones to enter Galveston Bay during the first four months of the
year. Results from the Texas Park and Wildlife Department (TPWD) estuarine
surveys (Moffett 1970) indicated that the first waves of brown shrimp
postlarvae entered Texas coastal bays in March and April, and the success
of these postlarvae generally determines the success of the brown shrimp
year class . Subadults usually leave Texas estuaries in late May and early
June .

Gaidry and White (1973) and White and Boudreaux (1977) report February
and March as peak months of recruitment for brown shrimp postlarvae to
Louisiana estuaries . A steady increase in postlarval densities occurred
from late March through mid May, during which time peak density of juvenile
brown shrimp also occurred . In early May, larger juvenile shrimp (65-75
mm) migrated from shallow nursery areas to the deep, open bay staging
areas, prior to their migration to the Gulf at lengths of 90-100 mm . Once
in the open bays, the shrimp are subject to exploitation, and there was an
abrupt decline in the population following the opening of the bay shrimping
season (15th-31st of May) . There was strong indication that upon entering
the shallow Gulf, young brown shrimp migrate longshore, possibly entering
other estuaries in western Louisiana. Lowest bay populations of brown
shrimp in Louisiana were found in late fall and early winter .
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Christmas et al . (1966) found that during 1966, brown shrimp
postlarvae began arriving in Mississippi Sound in February and continued
through October . While peak recruitment occurred in March and April, a
second wave of postlarvae was noted in September . Young adults comprised
over half the bay catch in June . Christmas et al . (1976) reported peak
recruitment of brown shrimp postlarvae to Mississippi waters from March
to May, similar to that in Texas and Louisiana . According to Benson
(1982) adult brown shrimp spawn offshore of Mississippi Sound from about
November to April, with most postlarvae moving inshore to the estuaries
from February to April . Migration of juveniles (60-70mm) from the shallow
nursery areas to the deeper open bays and finally to the offshore areas
extended from May to July . Loesch (1965) reported that young brown shrimp
first appeared in Mobile Bay in late March and April, with some recruitment
continuing into November . He did not observe two distinct (spring and
fall) peaks in recruitment . Brown shrimp were most abundant in Mobile Bay
during June-August. Ingle (1956) reported that young brown shrimp first
entered Apalachicola Bay, Florida in April .

Some controversy exists as to when brown shrimp postlarvae that appear
in great numbers in the late winter and early spring in Gulf estuaries are
spawned. Temple and Fischer (1967) proposed a fall spawning period, with
an overwintering of postlarvae in the nearshore Gulf. This hypothesis is
supported by the work of Aldrich et al . (1968) who showed that postlarval
brown shrimp burrow into the bottom at low temperatures (approximately 15°
C) and emerge when temperatures reached 18 to 21 .5° C. This question was
addressed in the NMFS shrimp spawning site survey off Texas (Gallaway and
Reitsema 1981) . Results indicated that peak spawning of brown shrimp off
Texas occurred in autumn at 46 m depth, but no overwintering brown shrimp
postlarvae were found offshore . Even so, Gallaway and Reitsema (1981)
still felt that the large size of the early (February to March) arriving
postlarvae indicated that they were spawned the previous fall . They noted
that Ekman transport is generally not favorable for transport of larvae
to the estuaries of the northwest Gulf in the fall and early winter, with
net transport being predominantly offshore .

Growth rates of brown shrimp have been estimated at from 0 .5 mm per
day in January and February to a maximum of 3 .3 mm per day in late spring
(St. Amant et al . 1966, Ford and St . Amant 1971) when temperatures are
not limiting. Moffett (1970) reported that brown shrimp growth was usually
slow in Texas bays in April and rapid in May . During colder springs,
growth is retarded and the shrimp remain longer in the estuaries .

Brown shrimp do not penetrate as far into the estuaries as do white
shrimp, nor do they remain in the estuaries for as long a period of time .
Consequently at the time of the early summer egress, many brown shrimp are
still relatively small (less than 100 mm or greater than 68 shrimp per
pound, heads off) . Trent (1967) found that brown shrimp emigrating from
Galveston Bay to the Gulf averaged less than 100 mm (4 in) in length from
mid May to July . This has considerable management implications . In the
Gulf, brown shrimp tend to migrate offshore as they grow and as the summer
passes to fall .
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White Shrimo

White shrimp are much more restricted in depth distribution in the
Gulf compared to brown shrimp, and are reported to spawn at depths
of 4 to 17 fm during the spring to fall period (Lindner and Anderson
1956) . The early spring spawning is probably attributable to females which
have migrated from the estuaries the previous summer and fall and have
overwintered as adults in the Gulf . These same shrimp are probably also
part of the late spring-early summer spawning stock, being supplemented by
relatively younger females recently arriving offshore from the estuaries .
This latter group, which apparently results from a late summer or early
fall spawning the previous year, are of insufficient size to join the adult
stocks the same fall. They either remain in the estuaries during mild
winters or are driven by low estuarine temperatures and/or salinities into
the nearshore Gulf where they overWinter . These shrimp reenter the bays in
spring to complete their juvenile development before migrating offshore in
late spring. They probably remain part of the offshore spawning population
for much of the rest of their lives . From midsummer to midfall, these
adult stocks are supplemented by young of the year shrimp migrating out
of the estuaries. These shrimp, co ntribute to the fall spawning stock,
and also comprise the majority of the stock that overwinters in the open
Gulf and spawns in spring. By October, white shrimp spawning appears to
be completed, as evidenced by the decline in ripe ovaries and increased
occurrence of spent females (Lindner and Anderson 1956) .

Young white shrimp spend more time in the estuaries than do brown
shrimp, and also penetrate them to a greater degree (Burkenroad 1934,
Gunter 1950, Lindner and Anderson 1956) . Because of their longer stay in
the estuaries, they reach a large size there (115-1u0 mm) than do brown
shrimp. Therefore, white shrimp are subject to much more intense inshore
exploitation, and support an important sport and commercial estuarine
fishery .

Anderson al . (1949) reported that larval development in white shrimp
took two to three weeks, with transformation to the postlarval stage
generally occurring inside the estuary . Ripe females have been collected
inside bays and estuaries, indicating some spawning may occur there. On
occasion, spawning has been noted very close to shore in the vicinity
of inlets . Everything considered, white shrimp postlarvae are much
less dependent on the vagarities of ocean currents for transport to the
estuaries than are brown shrimp . Considerable evidence also indicates that
individual females may spawn more than once during the season . Lindner
and Bailey (1968) noted that the percent of spent females remains low
throughout the summer and there is evidence of subsequent redevelopment of
ovaries .

At depths within which white shrimp are assumed to spawn (7 .6 m
station), Temple and Fischer (1967) found the greatest abundance of Penaeus
sp. larvae from May to August . Kutkuhn et al . (1969) stated that penaeid
larvae are found closer than ten kilometers from shore off Texas only
during the summer, when white shrimp are spawning. In the nearshore zone
(7 .3-13 .7 m) off the south Texas OCS area, Angelovic (1976) reported two
peaks in abundance of penaeid larvae, one in spring and the other in
early fall, with no larvae being found from April to October . Subrahmanyam

169



(1971) concluded that summer spawning of penaeid shrimp (presumable white
shrimp) off Mississippi Sound occurred mainly at 18 m depths .

Baxter and Renfro (1967) found that by June advanced postlarval and
early juvenile white shrimp had become abundant in Galveston Bay, with
both brown and white shrimp being present through the summer . They
reported that white shrimp postlarvae entered Texas estuaries from May
through October, appearing in distinct waves . Results of the TPWD surveys
conducted from 1960 to 1970 showed that white shrimp postlarvae often enter
bays of the upper Texas coast in several waves from June through October .
This suggests pulses in spawning activity or periods when conditions are
favorable for survival of larvae offshore and/or for transport of larvae
to the estuaries. Unlike the situation for brown shrimp, the first wave
of white shrimp entering the estuaries is not always the largest or most
successful (Moffett 1970) . In both 1965 and 1966, white shrimp were scarce
in summer and abundant in fall in Galveston Bay . Moffett (1966) noted
that the large waves of small white shrimp that appeared in Galveston Bay
late in the season in 1966 would contribute to the 1967 catch if conditions
were suitable for survival and growth . Moffett (1969) noted that the
large numbers of adult white shrimp caught in the spring of 1969 in Texas
inshore waters reflected a large late-fall to winter wave of postlarvae
the previous fall. Many of these shrimp spent the mild 1968-1969 winter
inshore and apparently migrated to the open waters of Galveston Bay in
April .

Gaidry and White (1973) found that most white shrimp postlarvae
entered Louisiana estuarine waters from June to September. Smaller pulses
occurred in early spring and late fall, indicating that spawning occurred
in all seasons except winter . Juveniles first appeared in bay catches
in June and July, with recruitment generally continuing through September .
Largest inshore populations were generally found in April-May and August-
September. The spring group migrates offshore in late summer to early fall
as adults . Juveniles resulting from late ( midsummer to early fall) arriving
postlarvae are forced to migrate from the estuaries during cold spells
in the fall and winter. They reenter the estuaries in the late winter
and early spring at about 100 mm size to complete their growth, migrating
offshore in late spring and summer . The populations of the inshore deep
lakes and bays from July to December are mainly dependent on recruitment of
shrimp from the nursery, while the spring population depends on immigration
of stocks of Juveniles that .overWintered offshore. Highest densities of
white shrimp in Gulf waters off Louisiana occurred during the November-
January period .

White shrimp are most abundant in Mississippi Sound and Mobile Bay
in the summer and fall (Benson 1982) . •Spawning apparently occurs in the
open Gulf from March to October (GMFMC 1981) . In Mississippi and Alabama,
postlarvae recruitment to the estuaries extends from May through October
(Christmas et al . 1966 ; Loesch 1965) . Christmas (1966) observed white
shrimp postlarvae in greatest numbers in Mississippi Sound in June and
August, while Christmas et al . (1966) found highest numbers of white shrimp
postlarvae in October. Loesch (1976) noted that white shrimp migration
from Mobile Bay occurred in two stages . The first occurred in midsummer
and involved migration of subadults from shallow estuaries to the open
bay. The second stage occurred in midfall, and involved the offshore
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migration of this same group. He reported that larger shrimp (that
apparently overwintered offshore) enter lower Mobile Bay during the late
winter, and migrated offshore by the end of June . Christmas et al . (1976)
reported that adult white shrimp comprised over half the penaeid catch in
Mississippi estuarine waters during midfall to midwinter during some years .
Christmas et al . (1973) reported two distinct size groups of white shrimp
in Mississippi Sound in the spring . The larger shrimp were in the Sound
in April, but were not collected during the previous December to March
or after June . They apparently migrated from the Gulf into Mississippi
Sound in early spring . Females from this group had fully developed gonads,
and apparently migrated offshore to spawn by the end of June . The second
size group were juveniles which appeared in May. Early juveniles were
still apparent in November . Ingle (1956) reported continuous recruitment
of white shrimp during the spring to fall period in the bays of the north
Florida Gulf coast .

Growth rates of white shrimp have been estimated from 0 .6 to 2 .2
mm/day, with temperature being a critical factor . Lindner and Anderson
(1956) found that growth decreased with size . Loesch (1965) reported
that white shrimp in Mobile Bay grew 14 to 27 mm/month in winter and
18 to 30 mm/month in summer, with growth rates of up to 65 mm/month
being possible in the very young. Occasionally, winter conditions can be
severe, and white shrimp kills have been reported by Gunter (1941), Gunter
and Hildebrand (1951), and Joyce (1965) . In 1966, heavy mortality was
experienced by young white shrimp that entered Galveston Bay as part of
a late arriving postlarval wave (Moffett 1966) . Chapman (1964) found few
white shrimp in Galveston Bay in late February after large numbers had been
found in mid January . Apparently, heavy mortality was experienced when
temperatures dropped to about 4° C. Prerecruitment waves of white shrimp
usually moved from back bays to primary bays during the first "norther"
of the fall . At this time they first became vulnerable to the inshore
fishery .

Lindner and Anderson (1956) reported that white shrimp on the
Continental Shelf east of the Mississippi River to Mobile Bay tend to
migrate westward toward the Mississippi River during summer and fall . It
is unclear whether or not these shrimp migrate across the narrow shelf off
the southern tip of the delta to the central and western Louisiana shelf,
where the majority of the white shrimp production occurs .

Because the pink shrimp is relatively uncommon in the central Gulf,
its life history in the Tuscaloosa Trend study area is not well known.
Most information on pink shrimp life history comes from the south Florida
shelf, where pink shrimp dominate the commercial catch of penaeid shrimp .
In this region, spawning (at depths of 25 to 50 m) and recruitment to
the estuaries occur more or less continuously, with peaks of activity from
spring through fall (Ingle et al . 1959) . Further north in Florida (in
the areas from Tampa Bay to Apalachicola Bay), most spawning appears to
occurs in summer (Christmas and Etzold 1977) . Spawning apparently occurs
in the Gulf off Mississippi Sound from May to December at depths of between
4 and 52 m (GMFMC 1981), with most recruitment to the estuaries occurring
over this same period . Pink shrimp are relatively uncommon in Mississippi
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estuaries (Christmas et al . 1976) . In Mobile Bay, Loesch (1965) captured
relatively few pink shrimp, and all these were taken from October to May .
All of those collected in October and November were found at the lower
end of the bay, probably indicating that they had been driven from the
shallow estuaries by low temperatures and/or were migrating to the open
Gulf . Christmas et al . (1973) reported the largest catch of pink shrimp
in Mississippi Sound in October, with all of the larger catches occurring
from August through October.

Seabobs

Very little is known regarding seabob ecology, with the only directed
study being that of Juneau (1977) in Louisiana . It appears that seabobs
differ from the Penaeus spp. by not being estuarine dependent, although
they generally occur in inland waters . Juneau (1977) concluded that the
seabob spawning season off Louisiana begins in July and August, and may
extend to as long as December . Small non-gravid females were collected
in relatively large numbers in the very nearshore Gulf between December and
March . These shrimp probably represented the production that resulted from
spawning during the previous summer and fall . The seabob is apparently
quite restricted in depth distribution in the open Gulf, and may prefer
soft clayey bottoms out to about six or seven fm (GMFMC 1981) .

Factors Affectina Shrime Pooulations

For many years it has been assumed that the critical phases in the
penaeid shrimp life history involve transport of larvae and postlarvae
to the estuaries and survival and growth of the postlarvae and juveniles
in the estuaries . Numerous investigators have attempted to predict
commercial shrimp catch from postlarvae and juvenile abundance either in
Gulf estuaries or in the shallow Gulf in the vicinity of estuaries .

Based on the results of six years of sampling near the entrance to
Galveston Bay, Berry and Baxter (1969) concluded that postlarval abundance
was not a good indicator of subsequent commercial catch . While collections
from March to April during the 1960-1966 period showed similar abundances
of postlarvae, there were significant differences in commercial catch
during these years . They concluded that the relative sizes of the shrimp
stocks developing in Galveston Bay were better ref lected by bait shrimp
(juvenile) landings than by postlarval abundance . This indicates that
conditions in the estuaries subsequent to the arrival of the postlarvae and
early in the juvenile growth period had greater influence on the subsequent
abundance of shrimp offshore . Moffett felt that favorable large scale
water movements in the Gulf of Mexico in spring, resulting from onshore
winds, can carry more than the usual number of postlarvae to the expanded
nurseries . Gaidry and White (1973) noted that postlarval data alone has
proven inconsistent in Louisiana's efforts to predict commercial shrimp
catch . Therefore, Louisiana has relied heavily on juvenile indices .

Because of these and other similar results, most studies addressing
the influence of environmental factors on shrimp production have
concentrated on processes acting inside the estuaries . St. Amant et
al . (1963) showed that populations of postlarval brown shrimp were quite
responsive to hydrologic conditions that existed during and shortly after
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their arrival at Louisiana estuaries . St . Amant et al . (1963, 1965), and
Ford and St . Amant (1971) all found increasing numbers of juveniles and
maximum postlarval densities of brown shri y in Louisiana estuaries when
water temperature remained at or above 18 C and 200 C, respectively .
Barrett and Gillespie (1973) found that unseasonally low temperatures in
Louisiana estuarine waters, especially during the early weeks following
spawning, were critical factors in the survival of recently arriving larval
and postlarval brown shrimp . They suggested that the number of hours
that temperature remained below 20° C . after April 8 was important in
determining brown shrimp groduction for the year. It appears that an
average temperature of 20 C is minimum for "normal" growth of brown
shrimp ( 1 mm/day) . As temperatures increase above 20° C during the spring,
accelerated growth could be expected . If temperature remained below 20°
C for less than 33 hours, other factors, such as rainfall, river discharge
and availability of food became important . Berry and Baxter ( 1969), found
a strong relationship between average April air temperature at Galveston
and time of peak abundance of juvenile shrimp in Galveston Bay, indicating
that in colder years, growth is slower and offshore migration is later .
Moffett (1967) noted that a good brown shrimp season in Texas was likely
if postlarval immigration was late, thereby avoiding the colder late winter
to early spring period .

Salinities are also important in determining shrimp production by
determining the size of the estuarine area where shrimp can survive and
grow . St . Amant et al .( 1963, •1965) found denser populations of juvenile
brown shrimp and larger postlarvae at salinities above 15 ppt . Gaidry
and White (1973) reported that above average abundance of brown shrimp in
Louisiana estuaries during 1970-1972 resulted from abnormally high salinity
levels in the estuaries during the spring of these three years . Upper
to lower bay salinities of 15 and 20 ppt, respectively, appeared to be
ideal for brown shrimp production ( Barrett and Gillespie 1973) . After
April, salinity appears to be the dominant factor influencing brown shrimp
distribution in Louisiana estuaries . Annual brown shrimp catch appeared
to be related to the number of acres of estuarine surface water in
coastal Louisiana above 10 ppt salinity in the spring . The large amount
of freshwater which entered the estuaries in 1973 resulted in a drastic
reduction in the amount of nursery area as compared to 1972 . Moffett
(1966) noted that reduced salinities in Texas estuaries resulting from
increased runoff can act similar to temperature in moving juvenile shrimp
from peripheral bays and nursery areas to the open bays where they can
be exploited . Prolonged flooding of marshes during long-lasting periods
of high spring tides and prevailing onshore winds along the upper Texas
coast apparently increase brown shrimp production by increasing the amount
of available nursery pace (Moffett 1972) . Turner (1977) found a strong
linear correlation ( r = 0 .69) between the area of intertidal land and
yield of penaeid shrimp caught in inshore Louisiana waters . The percent
of the total inshore catch that were brown shrimp was directly related to
the percent of salt marsh in the estuaries .

Gunter and Edwards ( 1969) found no significant correlation between
brown shrimp catch and rainfall in Texas . However, Moffett (1971) found
brown shrimp landings in Texas for the 1962-1970 period to be inversely
related to spring rainfall . Barrett and Gillespie ( 1973) and Barrett
and Ralph ( 1976) concluded that good brown shrimp catches occurred in
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Louisiana when salinities were average (due to low spring rainfall and
river discharge), and water temperatures in the spring were mild. Higher
than average salinities in Louisiana estuaries were related to increased
production of both white and brown shrimp . However, as seen during the
drought of the early 1950s, excessively high salinities in summer can
apparently lead to reduced white shrimp production .

In an analysis of the relationship of commercial shrimp catch to
environmental variables along the northeast Texas coast, Comiskey et
al . (1982) found annual and spring river discharge as well as annual,
spring and winter precipitation to be negatively related to brown shrimp
catch on the Texas continental shelf, while the relationship with summer
river discharge was positive . Lagged river discharge variables were also
negatively related to brown shrimp catch . Both salinity and temperature
variables for the February to April period were positively related to
brown shrimp catch . March zonal Ekman transport was highly and positively
correlated with brown shrimp catch, while other wind, tide and Ekman
transport variables for the period February to April were also related .
Catches in primary and secondary bays in spring were most closely related
to offshore catch .

Annual river discharge and (one year) lagged annual river discharge
as well as precipitation have been shown to be positively related to catch
in Texas (Gunter and Edwards 1969, Comiskey et al . 1982) . The strength
of the 1973 white shrimp year class that yielded a record high 14 .9 million
pounds in Texas may have been positively related to the abundant rainfall
during the late spring and summer (Moffett and McEachron, 1973) . Gunter
and Hildebrand (1954) had previously found a positive correlation between
white shrimp production and rainfall in Texas but their work related mainly
to the early 1950s when the effects of a severe and prolonged drought
were obvious . Therefore, it appears that in Texas white shrimp catch shows
trends much the opposite of those of brown shrimp with regard to variables
that influence estuarine salinity . During 1973, a record catch of white
shrimp was recorded in Texas, but brown shrimp catch was relatively poor
due to excessive river discharge and runoff as well as abnormally low
temperatures in April . Under "normal" conditions in Louisiana waters,
white shrimp catch is positively related to estuarine salinity in the
summer months .

Barrett and Ralph (1976) found that years of good brown shrimp catch
in Louisiana were often not good years for white shrimp catch, and vice
versa . They concluded that if river discharge and rainfall remained
relatively low throughout the summer, white shrimp production in Louisiana
should be well above average . The apparently different response of white
shrimp in Louisiana and Texas to discharge and estuarine salinity may be
related to different ambient salinities of the estuaries in the two states .

Temperature does not appear to be related to white shrimp catch in
Texas (Comiskey et al . 1982) . In this same study, BCF-NMFS postlarval
catch/effort variables for the summer months were important predictor
variables for catch and catch/effort of white shrimp, as was bay
catch/effort . All were positively related to white shrimp catch offshore .
Wind and tide variables during the early to midsummer period (June to
August) were closely related to white shrimp catch, possibly by expanding
the size of the estuarine nursery areas . As expected from the more
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nearshore location of their spawning grounds, Ekman transport variables
were generally not strongly related to white shrimp catch (Comiskey et al .
1982) .

Historical Trends

In the historical record there has been a notable change in trends
in catch of the two major species, brown and white shrimp . Prior to the
development of the otter trawl in 1917, shrimp were commercially harvested
with haul seines (GMFMC 1981) . This restricted the fishing to nearshore
areas, resulting in the exploitation of mainly white shrimp . Until the
late 1940s most trawling was done from relatively small vessels rigged
with single trawls, fishing within approximately six miles of the coast .
Lindner and Anderson (1956) stated that white shrimp made up 95 percent of
the total catch off the Louisiana coast prior to WW II. During the 1950s,
increased market demand and the discovery of new brown shrimp grounds
further offshore resulted in a rapid expansion of the industry . A large
decline in white shrimp harvest occurred after 1952, coincident with an
increase in brown shrimp production. The decline in white shrimp catch
was coincident with increasing estuarine salinities during the summer of
1952 to the spring of 1957, a period of prolonged drought . The subject
of extended droughts and their influence on shrimp production was discussed
in the works of Hildebrand and Gunter (1953), Gunter and Hildebrand
(1954), Parker (1955), and Viosca (1958) . Because young white shrimp
generally display a greater propensity for less saline water than do other
species, it was assumed that higher estuarine salinities accompanying the
drought caused environmental stress and reduced habitat carrying capacity,
resulting in a lower annual production of white shrimp .

Through the 1960s the Gulf coast shrimp fishery evolved into the most
valuable fishery in the U .S., with dockside values in 1977 exceeding $355
mil lion ( GME'MC 1980) .

2 .5 .5 .2 Analysis Results

Over all years and months, brown shrimp C and C/A was highest in
the western region and lowest in the eastern region at all depths out to
200 m(Figures 18 and 19 and Table 39) . However, C and C/A were very
low at depths beyond 100 m . In the eastern and western regions, C/A was
highest in the inshore waters, while in the central region, C/A was higher
offshore out to 40 m. The estuarine waters in the western region appear
to be particularly productive, while the offshore area in the eastern
region held the smallest stocks . C/A was similar in the inshore waters
of the central and eastern regions, a situation far different from that
offshore. In offshore waters of the central and western regions, C/A was
highest in the 20-40 m depth zone, but was relatively evenly distributed
out to 100 m depths . In the eastern region where C was generally low,
C/A decreased dramatically from inshore waters to 40 m depth, beyond which
no brown shrimp were caught .

The data clearly indicated a trend for declining C/A of brown shrimp
going west to east and offshore across the Tuscaloosa Trend study area
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Table 39 . Region by depth by size means of brown shrimp catch/unit water
surface area (kg, heads on, per ha)for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P .AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

WEST
Inshore 0 .0026 0 .0293 25 .3373 25 .3692

0 - 20 m 0 .0314 0 .1443 9 .5709 9 .7466
20 - 40 m 0 .4035 1 .5677 6 .2838 8 .2550
40 - 100 m 1 .3757 2 .3906 1 .4349 5 .2012
100 - 200 m 0 .0013 0 .0019 0 .0008 0 .0040

REGION
CENTRAL

Inshore
0 -20 m

20 - 40 m
40 - 100 m
100 - 200 m

REGION
EAST

Inshore
0 - 20 m

20 - 40 m
40 - 100 m
100 - 200 m

REGION
STUDY AREA MEANS

Inshore
0 - 20 m

20 - 40 m
40 - 100 m

100 - 200 m

0 .3905 0 .7728

0 .0035
0 .0343
0 .2248
0 .4757
0 .0000

0 .1045
0 .1657
1 .0758
0 .9918
0 .0000

0 .1271

0 .0068
0 .0181
0 .0012
0 .0005
0 .0000

0 .0024

0 .3978

0 .0835
0 .0473
0 .0023
0 .0006
0 .0000

0 .0128

6.0989 7.2622

3 .1809 3 .2889
3 .7840 3 .9840
3 .7144 5 .0149
0 .7055 2 .1730
0 .0005 0 .0005

2 .4624

2 .4143
0 .0893
0 .0062
0 .0010
0 .0000

2 .9873

2 .5046
0 .1547
0 .0097
0 .0021
0 .0000

0 .2676 0 .2828

0 .0040 0 .0939 5 .1373 5 .2351
0 .0305 0 .1378 4 .2829 4 .4512
0 .1021 0 .4597 1 .6505 2 .2122
0 .4104 0 .7739 0 .5055 1 .6899
0 .0004 0 .0005 0 .0004 0 .0012

0 .1216 0.3108 2.2060 2 .6384
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(Figure 19) . Dramatic declines' in both C and C/A were apparent from the
central to the eastern regions . The boundary between these regions (see
Figure 10) approximates the transition from silty to sandy bottoms in the
Tuscaloosa Trend study area .

C/A for the three size classes of brown shrimp showed very different
trends with depth out to 100 m (Figure 19) . C/A of the size class of
smallest shrimp was highest inshore, and decreased consistently with depth .
Both size classes of larger shrimp showed just the opposite trend, with
C/A increasing consistently from inshore waters out to 100 m depths . For
both of these larger size classes, highest C/A was reported in the 40-100
m depth range . The data clearly indicated that the C in the estuaries
and the shallow offshore zone (out to 20 m) was composed almost exclusively
of shrimp under 100 mm length (equivalent to 86+ per kg ., heads on), and
the size class of largest shrimp was taken in only token quantities in
waters less than 40 m .

Means of brown shrimp C and C/A by month, depth zone and size class
are shown in Table 40 and are portrayed in Figure 20 . Collectively, they
embody the dominant trends in the brown shrimp life cycle . Over the 0-100
m depth range, peak C/A occurred later in the season at greater depths,
indicating offshore migration over time . However, monthly trends for C/A
inshore and in the shallow Gulf (0-20 m) were virtually identical . Catch
of brown shrimp less than 100 mm increases dramatically in inland waters
and the shallow offshore zone in May . At this time, the major cohort of
brown shrimp resulting from postlarvae which had entered the estuaries in
late winter and early spring were approaching adulthood, and were beginning
to move offshore . Peaks in C/A occurred during June in the 0-20 and 20-40
m depth zones, during July in the 21-30 m zone and during September in the
40-100 m zone, indicating offshore migration over the entire late spring
to early fall period . By October, the only appreciable C of brown shrimp
were landed from the 40-100 m depth zone . Lowest C/A was reported in this
zone in June, the month of peak C/A in the 0-20 m zone . C/A was clearly
more evenly distributed over the year at greater depths (Figure 20) . This
indicates that the nearshore zone was not the preferred habitat of adult
brown shrimp, and was primarily an area through which they must migrate to
reach the more offshore and preferred grounds (i .e ., 40-100 m depths) . Of
the four zones with substantial C/A, the inshore waters showed the greatest
variability over the year, with both the lowest monthly mean (March) and
the highest monthly mean (June) .

All three regions showed generally similar seasonal trends, with
highest C/A reported during late spring to midsummer (Figure 20) . The
patterns (but not absolute values) for the central and eastern regions
were almost identical, lagging those of the western region by about one
month . C/A increased abruptly in May in the western region, but not until
June in the central and eastern regions . By September, C/A in the western
region was considerably lower than in the previous months, while C/A in
the central and eastern regions remained at relatively high levels . This
might indicate migration of brown shrimp from the western to the eastern
and central regions .

The distinctly different trends over the year in C/A of the
different size classes of brown shrimp clearly showed the growth of shrimp
populations (Figure 20) . The size class of smallest shrimp showed the
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Table 40 . Month by depth by size means of brown shrimp catch/unit water
surface area ( kg, heads on, per ha)for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

January
Inshore 0 .0005 0 .0008 0 .0008 0 .0021

0 - 20 m 0 .0021 0 .0030 0 .0027 0 .0078
20 - 40 m 0 .0097 0 .0113 0 .0065 0 .0275
40 - 100 m 0 .0398 0 .0544 0 .0143 0 .1085
100 - 200 m 0 .0000 0 .0001 0 .0000 0 .0002

TOTAL 0 .0117 0 .0156 0 .0052 0 .0325
February

Inshore 0 .0000 0 .0001 0 .0006 0 .0007
0 - 20 m 0 .0016 0 .0026 0 .0019 0 .0061

20 - 40 m 0 .0039 0 .0080 0 .0045 0 .0164
40 - 100 m 0 .0469 0 .0434 0 .0107 0 .1010
100 - 200 m 0 .0001 0 .0002 0 .0000 0 .0003

TOTAL 0 .0121 0 .0122 0 .0038 0 .0280
March

Inshore 0 .0000 0 .0001 0 .0004 0 .0005
0 - 20 m 0 .0006 0 .0013 0 .0003 0 .0022

20 - 40 m 0 .0036 0 .0048 0 .0039 0 .0123
40 - 100 m 0 .0610 0 .0352 0 .0054 0 .1016
100 - 200 m 0 .0001 0 .0001 0 .0000 0 .0002

TOTAL 0 .0153 0 .0094 0 .0022 0 .0269
April

Inshore 0 .0000 0 .0002 0 .0011 0 .0013
0 - 20 m 0 .0010 0 .0009 0 .0051 0 .0069

20 - 40 m 0 .0040 0 .0025 0 .0030 0 .0095
40 - 100 m 0 .0563 0 .0155 0 .0050 0 .0769
100 - 200 m 0 .0001 0 .0001 0 .0000 0 .0003

TOTAL 0 .0143 0 .0043 0 .0027 0 .0212
May

Inshore 0 .0000 0 .0002 1 .1266 1 .1268
0 - 20 m 0 .0027 0 .0052 0 .9126 0 .9206

20 - 40 m 0 .0044 0 .0079 0 .0626 0 .0748
40 - 100 m 0 .0342 0 .0217 0 .0145 0 .0704
100 - 200 m 0 .0000 0 .0000 0 .0002 0 .0002

TOTAL 0 .0093 0 .0073 0 .4008 0 .4174
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Table 40 . Continued.

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

June
Inshore 0 .0005 0 .0026 2 .4466 2 .4497

0 - 20 m 0 .0053 0 .0153 1 .7825 1 .8031
20 - 40 m 0 .0109 0 .0205 0 .4784 0 .5098
40 - 100 m 0 .0101 0 .0096 0 .0287 0 .0484
100 - 200 m 0 .0000 0 .0000 0 .0001 0 .0001

TOTAL 0 .0052 0 .0087 0 .9101 0 .9240
July

Inshore 0 .0004 0 .0174 1 .1333 1 .1512
0 - 20 m 0 .0028 0 .0301 1 .1664 1 .1993
20 - 40 m 0 .0080 0 .0464 0 .5531 0 .6075
40 - 100 m 0 .0109 0 .0218 0 .0900 0 .1227
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0045 0 .0219 0 .5447 0 .5712
August

Inshore 0 .0015 0 .0454 0 .3219 0 .3688
0 - 20 m 0 .0047 0 .0420 0 .3308 0 .3775

20 - 40 m 0 .0156 0 .1417 0 .3909 0 .5481
40 - 100 m 0 .0208 0 .0954 0 .1294 0 .2455
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0089 0 .0657 0 .2237 0 .2983
Sept ember

Inshore 0 .0004 0 .0211 0 .0708 0 .0923
0 - 20 m 0 .0022 0 .0146 0 .0281 0 .0449

20 - 40 m 0 .0167 0 .1281 0 .0694 0 .2141
40 - 100 m 0 .0290 0 .1827 0 .0753 0 .2870
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0104 0 .0746 0 .0517 0 .1367
October

Inshore 0 .0003 0 .0039 0 .0233 0 .0275
0 - 20 m 0 .0025 0 .0099 0 .0212 0 .0336

20 - 40 m 0 .0089 0 .0481 0 .0280 0 .0850
40 - 100 m 0 .0245 0 .1450 0 .0430 0 .2125

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0079 0 .0457 0 .0238 0 .0774
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Table 40 . Continued.

P .AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

November
Inshore 0 .0002 0 .0013 0 .0094 0 .0110

0 - 20 m 0 .0023 0 .0074 0 .0217 0 .0313
20 - 40 m 0 .0069 0 .0209 0 .0285 0 .0563
40 - 100 m 0 .0304 0 .0774 0 .0511 0 .1588
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0088 0 .0236 0 .0225 0 .0549
December

Inshore 0 .0002 0 .0007 0 .0025 0 .0034
0 - 20 m 0 .0027 0 .0055 0 .0096 0 .0178

20 - 40 m 0 .0096 0 .0195 0 .0217 0 .0509
40 - 100 m 0 .0467 0 .0719 0 .0379 0 .1566
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .01 33 0 .0216 0 .0149 0 .0498
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greatest variability in C/A over the year, with both the lowest (March)
and highest (June) monthly means . The size class of largest shrimp showed
the smallest range of monthly means over the year (Figure 20 and Table
40) . Lowest C/A of the size class of largest shrimp occurred in June and
July, months of peak C/A of the size class of smallest shrimp. For the
intermediate size class, peaks in C/A occurred during the period August
to October . For the size class of largest shrimp the winter and early
spring period included those months with peak C/A . The results indicate
that as the year progresses, there is a gradual change from smaller shrimp
inshore to larger shrimp offshore .

Over the period 1960-1982, brown shrimp C and C/A in the central
and western regions of the Tuscaloosa Trend study area generally showed
similar trends, but years of peak C/A did not necessarily coincide (Figure
21 and Table 41) . Lower C/A was reported for both regions during the
1973-1975 period, probably attributable to both poor year classes of brown
shrimp and less fishing effort . Otherwise since the middle 1960s, C/A
has remained relatively stable in both regions . However, there are some
indications that the western region has become relatively more .important
in recent years . Peaks in C/A occurred there during the period 1976-1982,
while for the central region, highest C/A occurred during the period 1967-
1972 . In the western region, offshore C generally increased in absolute
terms as well as relative to the estuarine C through the 23 year period,
although it was generally low during the overall poor years of the early
1970s (Figure 21) . Inshore C in the western region was relatively highest
from 1967 to 1972 . In the central region, offshore C was highest from
1965 to 1972 and in 1977 . In all these years relatively higher C was
also reported inshore. While C was low both inshore and offshore during
the poor years of 1973-1975, inshore C has been relatively high since
1975 . Except for 1977, offshore C remained relatively low during this
same period . The different trends in offshore C during this time in the
central and western regions represented the greatest difference in brown
shrimp C in the Tuscaloosa Trend study area . In the eastern region, where
C/A was generally lower, C/A was relatively high in the early years (up
to 1968) and during the last several years, with lower C/A reported during
the period 1968-1976 .

There has been some concern that in more recent years, brown shrimp
reaching the market are becoming smaller in size . Overfishing of stocks
of subadults could affect recruitment and could also represent a loss of
potential C of larger, more valuable shrimp (later in the season) . Results
of these analysis indicated that there were two periods when the relative
importance of size classes shifted (Figure 21) . The first occurred
during the period 1972-1975 when C/A of the size classes of smallest
and intermediate sized shrimp were among the lowest recorded, and C/A of
the size class largest shrimp was among the highest . This shift in the
relative importance of the several size classes was probably attributable
to less fishing pressure on the small stocks of subadults, permitting a
larger percentage than usual to attain large size . The 1973-197u period
in general, and the winters and springs of both years, in particular, were
characterized by abnormally high rainfall in the eastern U .S., causing high
river flows and lowered estuarine salinities in the springtime . During
1975, the Gulf shrimp industry was crippled by high fuel costs, making
shrimping relatively unprofitable, and substantially reducing effort . The
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Table 41 . Year by region by size means of brown shrimp catch/unit water
surface area ( kg, heads on, per ha)for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1960
West Offshore 0 .5900 0 .8068 0 .5897 1 .9865
West Inshore 0 .0019 0 .0007 18 .8249 18 .8274

Central Offshore 0 .2077 0 .9716 1 .9894 3 .1687
Central Inshore 0 .0007 0 .1265 2 .1602 2 .2874

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0007 0 .0284 3 .3143 3 .3433

TOTAL 0 .1392 0 .4066 1 .5892 2 .1350
1961

West Offshore 0 .3071 0 .5274 0 .2940 1 .1285
West Inshore 0 .0057 0 .0257 7 .9379 7 .9693

Central Offshore 0 .1239 0 .3542 1 .0660 1 .5441
Central Inshore 0 .0003 0 .0485 1 .1424 1 .1913

East Offshore 0 .0005 0 .0011 0 .0028 0 .0044
East Inshore 0 .0025 0 .0953 1 .9963 2 .0941

TOTAL 0 .0772 0 .1851 0 .8068 1 .0691
1962

West Offshore 0 .1491 0 .3199 0 .6227 1 .0917
West Inshore 0 .0001 0 .0119 8 .4133 8 .4252

Central Offshore 0 .0939 0 .2116 0 .8815 1 .1869
Central Inshore 0 .0014 0 .0355 0 .7127 0 .7496

East Offshore 0 .0042 0 .0164 0 .0356 0 .0561
East Inshore 0 .0229 0 .1707 2 .2761 2 .4697

TOTAL 0 .0493 0 .1223 0 .7570 0 .9286
1963

West Offshore 0 .1445 0 .5071 0 .9606 1 .6122
West Inshore 0 .0011 0 .0000 18 .2195 18 .2206

Central Offshore 0 .2242 0 .4039 1 .9753 2 .6034
Central Inshore 0 .0009 0 .1054 1 .0297 1 .1361

East Offshore 0 .0048 0 .0072 0 .0071 0 .0191
East Inshore 0 .0191 0 .1254 4 .8241 4 .9686

TOTAL 0 .0852 0 .2091 1 .4850 1 .7793
1964

West Offshore 0 .2362 0 .1183 0 .8442 1 .1987
West Inshore 0 .0000 0 .0000 8 .3012 8 .3012

Central Offshore 0 .1825 0 .3554 1 .7723 2 .3102
Central Inshore 0 .0004 0 .0132 1 .2115 1 .2251

East Offshore 0 .0017 0 .0015 0 .0066 0 .0098
East Inshore 0 .0009 0 .0066 1 .9866 1 .9941

TOTAL 0 .0842 0 .1190 1 .1017 1 .3048
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Table 41 . Conti nued.

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1965
West Offshore 0 .2663 0 .5051 0 .5644 1 .3358
West Inshore 0 .0025 0 .0030 21 .6949 21 .7003

Central Offshore 0 .3650 0 .6130 2 .5875 3 .5655
Central Inshore 0 .0016 0 .0375 2 .4224 2 .4614

East Offshore 0 .0005 0 .0023 0 .0033 0 .0061
East Inshore 0 .0202 '0 .0355 3 .2528 3 .3085

TOTAL 0 .1401 0 .2500 1 .8643 2 .2544
1966

West Offshore 0 .3266 0 .9378 1 .8459 3 .1103
West Inshore 0 .0000 0 .0448 20 .0465 20 .0913

Central Offshore 0 .2923 0 .7215 2 .5557 3 .5695
Central Inshore 0 .0012 0 .0254 2 .5448 2 .5713

East Offshore 0 .0003 0 .0010 0 .0130 0 .0142
East Inshore 0 .0020 0 .1907 3 .2669 3 .4596

TOTAL 0 .1271 0 .3444 2 .0189 2 .4904
1967

West Offshore 0 .2861 0 .9842 2 .7320 4 .0023
West Inshore 0 .0000 0 .017a 29 .5987 29 .6157

Central Offshore 0 .4111 1 .0925 2 .3249 3 .8285
Central Inshore 0 .0012 0 .0838 4 .8726 4 .9576

East Offshore 0 .0000 0 .0000 0 .0042 0 .0042
East Inshore 0 .0138 0 .1087 4 .3177 4 .4403

TOTAL 0 .1552 0 .4608 2 .7488 3 .3649
1968

West Offshore 0 .3623 0 .7926 1 .7164 2 .8714
West Inshore 0 .0000 0 .0034 33 .1504 33 .1538

Central Offshore 0 .3462 1 .0236 3 .2817 4 .6515
Central Inshore 0 .0029 0 .0938 4 .8980 4 .9947

East Offshore 0 .0007 0 .0004 0 .0007 0 .0018
East Inshore 0 .0057 0 .1235 5 .0169 5 .1461

TOTAL 0 .1476 0 .4175 2 .9910 3 .5562
1969

West Offshore 0 .1873 0 .6626 2 .1941 3 .0441
West Inshore 0 .0000 0 .0000 .31 .9865 31 .9865

Central Offshore 0 .2920 1 .0759 2 .8394 4 .2073
Central Inshore 0 .0003 0 .0238 3 .4011 3 .4251

East Offshore 0 .0000 0 .0015 0 .0034 0 .0049
East Inshore 0 .0004 0 .0106 1 .6101 1 .6210

TOTAL 0 .1076 0 .3975 2 .5000 3 .0051
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Table 41 . Continued.

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1970
West Offshore 0 .4062 0 .7090 1 .4582 2 .5734
West Inshore 0 .0001 0 .0020 36 .5195 36 .5215

Central Offshore 0 .3087 0 .9716 2 .7359 4 .0162
Central Inshore 0 .0001 0 .0759 3 .5027 3 .5787

East Offshore 0 .0000 0 .0006 0 .0024 0 .0030
East Inshore 0 .0001 0 .0106 0 .8836 0 .8944

TOTAL 0 .1422 0 .3837 2 .4616 2 .9875
1971

West Offshore 0 .4498 0 .6223 2 .3945 3 .4666
West Inshore 0 .0018 0 .1456 37 .2248 37 .3722

Central Offshore 0 .3461 1 .0233 3 .4647 4 .8341
Central Inshore 0 .0016 0 .0605 3 .7270 3 .7891

East Offshore 0 .0009 0 .0000 0 .0006 0 .0015
East Inshore 0 .0006 0 .0060 0 .9928 0 .9994

TOTAL 0 .1593 0 .3864 2 .8541 3 .3998
1972

West Offshore 0 .7314 1 .6748 2 .6801 5 .0864
West Inshore 0 .0186 0 .1821 35 .8095 36 .0102

Central Offshore 0 .2339 0 .6993 2 .5824 3 .5156
Central Inshore 0 .0008 0 .0962 3 .4331 3 .5301

East Offshore 0 .0003 0 .0043 0 .0000 0 .0046
East Inshore 0 .0194 0 .1062 1 .5630 1 .6886

TOTAL 0 .1672 0 .4525 2 .5843 3 .2040
1973

West Offshore 0 .9117 1 .0023 2 .3274 4 .2413
West Inshore 0 .0053 0 .0365 22 .1298 22 .1715

Centr al Offshore 0 .1584 0 .3339 1 .0202 1 .5126
Central Inshore 0 .0025 0 .0792 2 .0557 2 .1374

East Offshore 0 .0008 0 .0013 0 .0015 0 .0036
East Inshore 0 .0006 0 .0096 0 .3885 0 .3987

TOTAL 0 .1701 0 .2466 1 .4926 1 .9094
1974

West Offshore 0 .7299 1 .0598 1 .4360 3 .2257
West Inshore 0 .0000 0 .0058 30 .8904 30 .8962

Central Offshore 0 .1533 0 .3080 1 .3727 1 .8340
Central Inshore 0 .0002 0 .0226 2 .5051 2 .5279

East Offshore 0 .0011 0 .0018 0 .0086 0 .0114
East Inshore 0 .0020 0 .0526 1 .1967 1 .2513

TOTAL 0 . 1 434 0 .2384 1 .7850 2 .1668
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Table 41 . Continued.

P .AZTECUS LT 44/KG 44-66/R:G GT 66/KG TOTAL

1975
West Offshore 0 .5645 0 .8004 1 .9685 3 .3334
West Inshore 0 .0002 0 .0036 14 .9890 14 .9928

Central Offshore 0 .1963 0 .3568 1 .4336 1 .9867
Central Inshore 0 .0000 0 .0298 2 .0534 2 .0832

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0001 0 .0026 1 .6009 1 .6036

TOTAL 0 .1323 0 .2151 1 .4453 1 .7928
1976

West Offshore 0 .9953 1 .5206 4 .4917 7 .0076
West Inshore 0 .0022 0 .0113 42 .3090 42 .3225

Central Offshore 0 .1541 0 .5420 1 .6072 2 .3033
Central Inshore 0 .0012 0 .1080 4 .1898 4 .2990

East Offshore 0 .0000 0 .0002 0 .0001 0 .0004
East Inshore 0 .0010 0 .0207 1 .7636 1 .7853

TOTAL 0 .1798 0 .3806 2 .8505 3 .4109
1977

West Offshore 0 .5548 1 .9630 7 .4698 9 .9876
West Inshore 0 .0177 0 .0730 33 .1568 33 .2474

Central Offshore 0 .0934 0 .7667 2 .7668 3 .6270
Central Inshore 0 .0021 0 .1588 4 .5469 4 .7078

East Offshore 0 .0000 0 .0000 0 .0200 0 .0200
East Inshore 0 .0004 0 .1908 3 .0586 3 .2498

TOTAL 0 .1030 0 .5216 3 .4983 4 .1228
1978

West Offshore 0 .5988 1 .5887 6 .6038 8 .7914
West Inshore 0 .0028 0 .0498 25 .0402 25 .0928

Central Offshore 0 .0711 0 .3175 1 .8631 2 .2517
Central Inshore 0 .0026 0 .1345 4 .0073 4 .1443

East Offshore 0 .0032 0 .0021 0 .0104 0 .0157
East Inshore 0 .0142 0 .1276 1 .6846 1 .8264

TOTAL 0 .1041 0 .3377 2 .7853 3 .2271
1979

West Offshore 0 .5364 0 .8816 6 .0108 7 .4287
West Inshore 0 .0000 0 .0035 22 .0874 22 .0909

Central Offshore 0 .0794 0 .1498 1 .1683 1 .3975
Central Inshore 0 .0013 0 .1085 5 .0911 5 .2009

East Offshore 0 .0051 0 .0250 0 .0319 0 .0620
East Inshore 0 .0210 0 .1006 3 .0286 3 .1502

TOTAL 0 .0986 0 .1948 2 .6977 2 .9911
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Table 41 . Continued.

P.AZTECUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1980
West Offshore 0 .3405 0 .6436 4 .4302 5 .4143
West Inshore 0 .0000 0 .0078 20 .1248 20 .1326

Central Offshore 0 .1136 0 .3234 1 .2702 1 .7073
Central Inshore 0 .0456 0 .3859 3 .0294 3 .4609

East Offshore 0 .0187 0 .0316 0 .0339 0 .0842
East Inshore 0 .0013 0 .1137 1 .1966 1 .3115

TOTAL 0 .0930 0 .2632 2 .0228 2 .3791
1981

West Offshore 0 .5136 1 .1296 8 .2214 9 .8646
West Inshore 0 .0000 0 .0324 31 .0078 31 .0402

Central Offshore 0 .1125 0 .3112 2 .0738 2 .4974
Central Inshore 0 .0026 0 .0854 3 .8602 3 .9482

East Offshore 0 .0000 0 .0001 0 .0015 0 .0017
East Inshore 0 .0056 0 .1267 3 .9486 4 .0809

TOTAL 0 .1026 0 .2632 3 .2656 3 .6314
1982

West Offshore 0 .2792 0 .8645 4 .7159 5 .8596
West Inshore 0 .0000 0 .0131 33 .2950 33 .3082

Central Offshore 0 .1724 0 .5145 1 .4893 2 .1762
Central Inshore 0 .0100 0 .4647 6 .7626 7 .2374

East Offshore 0 .0000 0 .0010 0 .0153 0 .0163
East Inshore 0 .0016 0 .1582 2 .3601 2 .5199

TOTAL 0.0884 0 .3527 3.1311 3.5722
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1973-1975 period was preceeded by periods of low C/A for all size classes
in the early 1960s and relatively high C/A for all size classes during
the middle 1960s to 1972 .

The second period when there appeared to be a major shift in the
relative importance of the several size classes was 1977-1982 . During this
period there were several years of high C/A of the size class of smallest
shrimp, with lower than average C/A of this size class reported only during
1980 . Relatively high C/A was also reported for the intermediate size
class during several recent years . C/A for the size class of largest
shrimp has been consistently low during this six year period, approaching
the low values reported during the early 1960s when less effort was
expended in the more offshore waters where large brown shrimp reside .

The trends for the several size classes of brown shrimp by year and
zone (Figure 22) elaborate on these trends . Trends in C/A with depth
differed considerably between the two periods of generally poor C as well
as the two periods of relatively higher C . During the early 1960s, C/A
was relatively low at all depths and especially so, in the 40-100 m zone .
In the early 1970s, C in the 40-100 m depth zone was relatively good,
especially for larger shrimp . The early period of relatively higher C
(1962-1972) differed from the more recent period of relatively higher C
in that more small shrimp were being harvested in the shallow Gulf (0-20 m
depths), and less larger shrimp were being harvested from the deeper Gulf .

White Shrimo

White shrimp C and C/A decreased consistently going west to east
across the Tuscaloosa Trend study area, with the trend being consi stent
across all depths zones (Figures 23 and 24, and Table 42) . However, the
relative importance of inshore and offshore C changed with region . In the
western and central regions, inshore C/A was less than but similar to that
in the shallowest Gulf (0-20 m) . In the eastern region, where white shrimp
C/A was generally low, C in the estuaries dominated total C . Offshore
C/A was approximately two orders of magnitude lower in the eastern region
compared to the central region, indicating that those white shrimp raised
in the estuaries of the eastern region probably migrate to the central
region once they move offshore .

C/A decreased consistently with depth across the entire study area.
The vast majority of white shrimp were caught in waters less than 40 m
deep . Substantiall numbers of white shrimp of the largest and intermediate
size classes were caught inshore (Figure 23) . Such a trend was - not
apparent for brown shrimp (see Figure 19), but, was consistent with
our understanding that white shrimp remain longer and grow larger in
the estuaries than do brown shrimp. The size class of smallest shrimp
dominated white shrimp C/A in both the estuaries and offshore (Figure 24) .
For offshore waters all three size classes showed consistently decreasing
C/A with depth, with maximum C/A of all size classes in the 0-20 m depths .
However, in the western region where C/A was highest, the two size classes
of larger shrimp were relatively more important further offshore than in
the central and eastern regions .

Although there were substantial differences from region to region, C/A
of white shrimp showed similar seasonal patterns across the entire study
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Table 42 . Region by depth by siz e means of white shrimp catch/unit water
surface area (kg, heads on, per ha) for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P . SETIFERUS

WEST

LT 44/KG 44-66/KG GT 66/KG TOTAL

CENTRAL

EAST

Inshore 0 .2831 1 .3925 8 .4174 10 .0930
0 - 20 m 1 .1674 2 .8568 8 .0527 12 .0769

20 - 40 m 0 .7342 1 .1615 1 .3094 3 .2050
40 - 100 m 0 .0659 0 .0899 0 .0406 0 .1965
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

REGION 0 .3125 0 .7908 2 .6439 3 .7471

Inshore 0 .0595 0 .2641 0 .8500 1 .1736
0 - 20 m 0 .4071 0 .6003 0 .8082 1 .8156

20 - 40 m 0 .1836 0 .1985 0 .1504 0 .5326
40 - 100 m 0 .0196 0 .0177 0 .0121 0 .0494
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

RDGION 0 .1158 0 .2277 0 .4811 0 .8246

Inshore 0 .0541 0 .2524 0 .3626 0 .6691
0 - 20 m 0 .0187 0 .0164 0 .0180 0 .0530

20 - 40 m 0 .0005 0 .0011 0 .0005 0 .0021
40 - 100 m 0 .0002 0 .0000 0 .0000 0 .0002

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

REGION 0 .0072 0 .0285 0 .0403 0 .0760
STUDY AREA MEANS

Inshore 0 .0796 0 .3684 1 .4800 1 .9280
0- 20 m 0 .4918 0 .96:34 2 .1874 3 .6426
20 - 40 m 0 .1130 0 .1496 0 .1449 0 .4076

40 - 100 m 0 .0186 0 .0219 0 .0114 0 .0519
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

0 .1058 0 .2416 0 .6584 1 .0059
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area (Figure 25 and Table 43) . These trends included a major increase in
the summer to early winter period (August - December) and a second smaller
peak in late spring (May - June) . It is difficult to determine whether
the spring peak was due to increased abundance of white shrimp in the study
area or simply the result of increased effort directed at brown shrimp
that were just entering the offshore fishery . Evidence was presented above
(Section 2 .5 .5 .1) that indicated some white shrimp postlarvae may enter
Gulf coast estuaries too late in summer or fall to contribute to offshore
stocks that same fall . These juvenile or subadults may overwinter in the
nearshore Gulf, reentering the estuaries in late winter as temperatures
rise . These shrimp then complete their growth in the estuaries during
late winter and early spring, entering the offshore fishery in midspring .
In this respect, it is interesting to note -that the spring peaks mainly
involve the size class of largest shrimp (Figure 25), while the initial
summer C mainly involve the size class of smallest shrimp . C/A of the
size class of largest shrimp in May and June was almost as great as in
the fall . This would indicate either that the shrimp leaving the estuaries
in the spring were larger than those leaving the estuaries in the summer or
that the increased C was attributable to the adult stock which overwintered
offshore .

During summer and fall, increases in C/A were first observed for
the size class of smallest shrimp (August), and latest for the size class
of largest shrimp (October) . This trend clearly demonstrates the growth
of white shrimp over the period (Figure 25) . The rather extended period
over which white shrimp of the smallest size class were caught in elevated
numbers (August-January) is consistent with evidence that indicates that
periods of postlarval recruitment of white shrimp are extensive, with white
shrimp apparently migrating out of the estuaries over the entire fall
period . Several studies have indicated that white shrimp postlarvae enter
northern Gulf estuaries in several "waves" over the entire summer to early
fall period . The more abbreviated period of peak C of brown shrimp of
the smallest size class (see Figure 20) indicates that their postlarvae
enter the estuaries over a much more abbreviated period of time, and the
offshore brown shrimp production is based on a single or several closely
spaced waves of postlarvae .

These general seasonal patterns appear to be relatively consistent
across depths, with some minor exceptions (Figure 25) . For example, C/A
incremed dramatically .in August in the estuaries and shallow Gulf, but not
until October in the 20-40 m depth zone . However, all strata showed peak
C from October to December. The still elevated C in the nearshore zone
in January and February was not accompanied by elevated C in the estuaries .
Since most of the offshore C in winter was dominated by the size class
of smallest shrimp, which was not caught in the estuaries at this time,
it appears they were overwintering offshore .

Years of highest C/A of white shrimp in the western region included
1963-1964, 1969-1971, 1977 and 1980-1981 (Figure 26 and Table 44) . The
central region showed similar patterns during the 1960s, but generally did
not display elevated C/A during the late 1970s . In general, years of high
C/A inshore were also years of high C/A offshore in both the central and
western regions (Figures 26 and 27) . However, it appears that C/A in the
offshore zones of the western region was of relatively greater importance
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Figure 25 . Month by depth by size means of white shrimp catch/unit water surface area (kg, heads
on, per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .



Table 43 . Month by depth by size means of white shrimp catch/unit water
surface area (kg, heads on, per ha) for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P .SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

January
Inshore 0 .0003 0 .0018 0 .0118 0 .0139

0 - 20 m 0 .0174 0 .0420 0 .1307 0 .1901
20 - 40 m 0 .0065 0 .0130 0 .0172 0 .0367
40 - 100 m 0 .0024 0 .0035 0 .0028 0 .0087
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0040 0 .0089 0 .0229 0 .0358
February

Inshore 0 .0001 0 .0005 0 .0025 0 .0031
0 - 20 m 0 .0113 0 .0192 0 .0498 0 .0804

20 - 40 m 0 .0042 0 .0064 0 .0061 0 .0166
40 - 1.00 m 0 .0020 0 .0017 0 .0009 0 .0046
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0027 0 .0041 0 .0081 0 .0149
March

Inshore 0 .0001 0 .0005 0 .0007 0 .0013
0 - 20 m 0 .0081 0 .0113 0 .0144 0 .0338

20 - 40 m 0 .0041 0 .0037 0 .0032 0 .0110
40 - 100 m 0 .0015 0 .0007 0 .0003 0 .0025

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0022 0 .0024 0 .0026 0 .0072
April

Inshore 0 .0003 0 .0002 0 .0002 0 .0006
0 - 20 m 0 .0162 0 .0089 0 .0091 0 .0343

20 - 40 m 0 .0028 0 .0013 0 .0007 0 .0048
40 - 100 m 0 .0010 0 .0003 0 .0000 0 .0013
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0028 0 .0015 0 .0013 0 .0056
May

Inshore 0 .0063 0 .0123 0 .0036 0 .0222
0 - 20 m 0 .0736 0 .0240 0 .0060 0 .1036

20 - 40 m 0 .0106 0 .0012 0 .0002 0 .0120
40 - 100 m 0 .0019 0 .0001 0 .0000 0 .0020
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0131 0 .0062 0 .0016 0 .0209
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Table 43 . Conti nued .

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

June
Inshore 0 .0135 0 .0045 0 .0008 0 .0188

0 - 20 m 0 .0665 0 .0115 0 .0020 0 .0799
20 - 40 m 0 .0172 0 .0018 0 .0002 0 .0192
40 - 100 m 0 .0007 0 .0001 0 .0000 0 .0008
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0149 0 .0029 0 .0005 0 .0183
July

Inshore 0 .0050 0 .0013 0 .0012 0 .0075
0 - 20 m 0 .0155 0 .0025 0 .0011 0 .0191

20 - 40 m 0 .0117 0 .0008 0 .0000 0 .0126
40 - 100 m 0 .0008 0 .0000 0 .0000 0 .0008
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0055 0 .0008 0 .0004 0 .0068
August

Inshore 0 .0024 0 .0108 0 .2048 0 .2181
0 - 20 m 0 .0045 .0 .0141 0 .1253 0 .1438

20 - 40 m 0 .0028 0 .0017 0 .0021 0 .0065
40 - 100 m 0 .0004 0 .0001 0 .0003 0 .0008
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0018 0 .0047 0 .0655 0 .0720
September

Inshore 0 .0027 0 .0969 0 .2647 0 .3642
0 - 20 m 0 .0077 0 .1440 0 .2146 0 .3663

20 - 40 m 0 .0015 0 .0123 0 .0077 0 .0214
40 - 100 m 0 .0003 0 .0020 0 .0006 0 .0030
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0020 0 .0440 0 .0922 0 .1382
October

Inshore 0 .0268 0 .1663 0 .4398 0 .6328
0 - 20 m 0 .0781 0 .3422 0 .5380 0 .9584

20 - 40 m 0 .0138 0 .0423 0 .0177 0 .0738
40 - 100 m 0 .0020 0 .0043 0 .0015 0 .0079
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0192 0 .0915 0 .1766 0 .2873
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Table 43 . Continued .

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

Nov ember
Inshore

0 - 20 m
20 - 40 m
40 -100m
100 - 200 m

TOTAL

0 .0185 0 .0608 0 .3994 0 .4787
0 .1253 0 .2338 0 .6878 1 .0469
0 .0226 0 .0376 0 .0595 0 .1196
0 .0041 0 .0047 0 .0023 0 .0110
0 .0000 0 .0000 0 .0000 0 .0000

0 .0252 0 .0518 0 .1934 0 .2704
December

Inshore 0 .0039 0 .0124 0 .1504 0 .1667
0 - 20 m 0 .0675 0 .1099 0 .4085 0 .5859

20 - 40 m 0 .0152 0 .0277 0 .0304 0 .0733
40 - 100 m 0 .0015 0 .0044 0 .0026 0 .0086
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0125 0 .0229 0 .0932 0 .1286
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Figure 26 . Year by region by size means of white shrimp catch/unit water surface area (kg, heads
on per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .
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Figure 27 . Year by depth by size means of white shrimp catch/unit water surface area ( kg, heads
on per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .



Table 44 . Year by region by size means of white shrimp catch/unit water
surface area (kg, heads on per ha)for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1960

1961

1962

West Offshore 0 .4734 1 .1421 0 .6348 2 .2503
West Inshore 0 .0753 1 .7344 4.3432 6 .1528

Central Offshore 0 .1097 0 .1650 0 .0484 0 .3232
Central Inshore 0 .0536 0 .5503 1 .0007 1 .6046

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0479 0 .4189 1 .1035 1 .5704

TOTAL 0 .1088 0 .3576 0 .4234 0 .8898

West Offshore 0 .0926 0 .1585 0 .4246 0 .6757
West Inshore 0 .0094 0 .1062 2 .0056 2 .1213

Central Offshore 0 .0166 0 .0460 0 .0230 0 .0856
Central Inshore 0 .0025 0 .0585 0 .1841 0 .2452

.East Offshore 0 .0012 0 .0061 0 .0056 0 .0130
East Inshore 0 .0090 0 .1378 0 .1657 0 .3125

TOTAL 0 .0188 0 .0552 0 .1519 0 .2259

West Offshore 0 .0661 0 .3324 1 .3329 1 .7314
West Inshore 0 .0465 0 .2151 6 .4982 6 .7598

Central Offshore 0 .0395 0 .1248 0 .2900 0 .4542
Central Inshore 0 .0194 0 .1302 1 .2269 1 .3765

East Offshore 0 .0008 0 .0005 0 .0004 0 .0016
East Inshore 0 .0228 0 .0665 0 .2907 0 .3801

TOTAL 0 .0258 0 .1115 0 .6429 0 .7803
1963

West Offshore 0 .1373 1 .0854 4 .1518 5 .3744
West Inshore 0 .0404 0 .5772 15 .8201 16 .4376

Central Offshore 0 .0651 0 .2224 0 .8478 1 .1353
Central Inshore 0 .0206 0 .3490 1 .5967 1 .9664

East Offshore 0 .0009 0 .0004 0 .0045 0 .0059
East Inshore 0 .0734 0 .2802 0 .7002 1 .0538

TOTAL 0 .0450 0 .2981 1 .4822 1 .8252
1964

West Offshore 0 .3552 1 .0604 2 .0282 3 .4438
West Inshore 0 .3571 3 .0650 12 .8412 16 .2632

Central Offshore 0 .2349 0 .4590 0 .2745 0 .9684
Central Inshore 0 .0591 0 .2736 1 .2452 1 .5779

East Offshore 0 .0027 0 .0025 0 .0003 0 .0054
East Inshore 0 .2030 0 .6816 0 .5629 1 .4475

TOTAL 0 .1424 0 .4214 0 .8929 1 .4568
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Table 44 . Continued .

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1965
West Offshore 0 .2426 0 .3749 1 .6658 2 .2833
West Inshore 0 .1380 0 .3650 9 .5265 10 .0295

Central Offshore 0 .1373 0 .1393 0 .4110 0 .6876
Central Inshore 0 .0549 0 .1473 1 .0669 1 .2691

East Offshore 0 .0048 0 .0041 0 .0024 0 .0112
East Inshore 0 .0658 0 .3767 0 .6862 1 .1287

TOTAL 0 .0890 0 .1418 0 .7799 1 .0107
1966

West Offshore 0 .2470 0 .3175 1 .7020 2 .2665
West Inshore 0 .4195 1 .6534 11 .7551 13 .8280

Central Offshore 0 .1066 0 .1202 0 .1979 0 .4246
Central Inshore 0 .0404 0 .1847 1 .3892 1 .6143

East Offshore 0 .0001 0 .0005 0 .0002 0 .0008
East Inshore 0 .0269 0 .1955 0 .2781 0 .5004

TOTAL 0 .0816 0 .1560 0 .8160 1 .0536
1967

West Offshore 0 .3811 0 .4782 0 .9310 1 .7904
West Inshore 0 .8281 2 .4237 4 .9096 8 .1614

Central Offshore 0 .1750 0 .1788 0 .0662 0 .4200
Central Inshore 0 .0417 0 .3461 0 .7172 1 .1050

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0919 0 .3598 0 .2413 0 .6930

TOTAL 0 .1313 0 .2474 0 .3959 0 .7746
1968

West Offshore 0 .2643 0 .4368 0 .6436 1 .3447
West Inshore 0 .5916 1 .2161 3 .1275 4 .9352

Central Offshore 0 .1157 0 .1957 0 .0833 0 .3947
Central Inshore 0 .0843 0 .2928 0 .5036 0 .8807

East Offshore 0 .0001 0 .0000 0 .0000 0 .0001
East Inshore 0 .1346 0 .3402 0 .2230 0 .6979

TOTAL 0 .1027 0 .2086 0 .2818 0 .5931
1969

West Offshore• 0 .3504 0 .5808 2 .2603 3 .1916
West Inshore 0 .4928 1 .8934 12 .9210 15 .3072

Central Offshore 0 .5269 0 .3515 0 .4112 1 .2896
Central Inshore 0 .2338 0 .5952 1 .9146 2 .7436

East Offshore 0 .0001 0 .0000 0 .0004 0 .0006
East Inshore 0 .1008 0 .5148 0 .4134 1 .0290

TOTAL 0 .2528 0 .3486 1 .0782 1 .6796
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Table 44 . Continued.

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1970

1971

1972

West Offshore 0 .4580 1 .0960 1 .6586 3 .2126
West Inshore 0 .5913 5 .2068 15 .1791 20 .9772

Central Offshore 0 .3289 0 .4900 0 .3044 1 .1233
Central Inshore 0 .1004 0 .6679 1 .0124 1 .7807

East Offshore 0 .0014 0 .0000 0 .0000 0 .0014
East Inshore 0 .0098 0 .2829 0 .4722 0 .7649

TOTAL 0 .1872 0 .5370 0 .8587 1 .5828

West Offshore 0 .3691 0 .7515 1 .8210 2 .9416
West Inshore 0 .2977 2 .3734 13 .7497 16 .4207

Central Offshore 0 .1983 0 .2471 0 .4844 0 .9298
Central Inshore 0 .0440 0 .1225 0 .7485 0 .9150

East Offshore 0 .0000 0 .0003 0 .0000 0 .0003
East Inshore 0 .0233 0 .1003 0 .2321 0 .3557

TOTAL 0 .1217 0 .2524 0 .8418 1 .2159

West Offshore 0 .4100 0 .4095 1 .0008 1 .8204
West Inshore 0 .4527 1 .5774 9 .4292 11 .4593

Central Offshore 0 .2005 0 .1512 0 .1957 0 .5474
Central Inshore 0 .0539 0 .1251 0 .3833 0 .5623

East Offshore 0 .0003 0 .0009 0 .0007 0 .0019
East Inshore 0 .0222 0 .0432 0 .0432 0 .1086

TOTAL 0 .1333 0 .1589 0 .4774 0 .7695
1973

West Offshore 0 .2367 0 .4307 0 .9106 1 .5779
West Inshore 0 .2171 0 .6203 8 .5735 9 .4109

Central Offshore 0 .0735 0 .1012 0 .1470 0 .3217
Central Inshore 0 .0460 0 .0824 0 .6047 0 .7330

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0369 0 .0637 0 .2190 0 .3195

TOTAL 0 .0677 0 .1188 0 .4783 0 .6648
1974

West Offshore 0 .3731 0 .4541 1 .0850 1 .9122
West Inshore 0 .1686 0 .5410 7 .0454 7 .7550

Central Offshore 0 .1068 0 .1317 0 .2465 0 .4849
Central Inshore 0 .0256 0 .0520 0 .5303 0 .6080

East Offshore 0 .0000 0 .0000 0 .0002 0 .0002
East Inshore 0 .0386 0 .1046 0 .1917 0 .3349

TOTAL 0 .0910 0 .1250 0 .4809 0 .6970
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Table 44 . Continued .

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1975
West Offshore 0 .2446 0 .2683 0 .7766 1 .2894
West Inshore 0 .2089 0 .7270 4 .5835 5 .5193

Central Offshore 0 .1401 0 .1379 0 .1220 0 .4000
Central Inshore 0 .0661 0 .1141 0 .4202 0 .6004

East Offshore 0 .0001 0 .0002 0 .0000 0 .0003
East Inshore 0 .0555 0 .1373 0 .1845 0 .3772

TOTAL 0 .0916 0 .1180 0 .3276 0 .5373
1976

West Offshore 0 .5514 0 .9289 1 .2338 2 .7141
West Inshore 0 .4073 1 .0250 5 .9281 7 .3605

Central Offshore 0 .0857 0 .1997 0 .1549 0 .4404
Central Inshore 0 .0580 0 .1754 0 .6269 0 .8602

East Offshore 0 .0000 0 .0000 0 .0014 0 .0014
East Inshore 0 .0370 0 .1888 0 .5137 0 .7396

TOTAL 0 .1207 0 .2456 0 .4810 0 .8473
1977

West Offshore 0 .4012 1 .1027 2 .4988 4 .0026
West Inshore 0 .3319 1 .5132 11 .9786 13 .8237

Central Offshore 0 .1440 0 .2578 0 .2019 0 .6037
Central Inshore 0 .0570 0 .2812 0 .6780 1 .0162

East Offshore 0 .0000 0 .0008 0 .0003 0 .0011
East Inshore 0 .0356 0 .2962 0 .4866 0 .8184

TOTAL 0 .1145 0 .3204 0 .8130 1 .2479
1978

West Offshore 0 .4172 0 .9489 2 .6403 4 .0064
West Inshore 0 .1903 0 .5140 4 .8845 5 .5889

Central Offshore 0 .1264 0 .2287 0 .2283 0 .5834
Central Inshore 0 .0717 0 .3125 0 .9406 1 .3248

East Offshore 0 .0025 0 .0020 0 .0016 0 .0061
East Inshore 0 .0342 0 .1313 0 .2376 0 .4031

TOTAL 0 .1119 0 .2676 0 .7151 1 .0946
1979

West Offshore 0 .3158 1 .0297 1 .6388 2 .9843
West Inshore 0 .2830 1 .5056 5 .5785 7 .3672

Central Offshore 0 .1558 0 .2005 0 .1431 0 .4994
Central Inshore 0 .0754 0 .4942 0 .6653 1 .2350

East Offshore 0 .0078 0 .0106 0 .0035 0 .0219
East Inshore 0 .0827 0 .4399 0 .2922 0 .8148

TOTAL 0 .1129 0 .3414 0 .5236 0 .9779
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Table 44 . Continued.

P.SETIFERUS LT 44/KG 44-66/KG GT 66/KG TOTAL

1980

1981

1982

West Offshore 0 .1783 0 .5315 3 .8516 4 .5614
West Inshore 0 .1108 0 .7768 9 .0054 9 .8930

Central Offshore 0 .0993 0 .1519 0 .2844 0 .5356
Central Inshore 0 .0294 0 .0662 0 .4117 0 .5072

East Offshore 0 .0124 0 .0036 0 .0106 0 .0266
East Inshore 0 .0224 0 .0720 0 .2766 0 .3710

TOTAL 0 .0651 0 .1491 0 .9009 1 .1152

West Offshore 0 .4989 1 .4264 1 .9263 3 .8516
West Inshore 0 .2317 2 .1123 9 .6719 12 .0159 .

Central Offshore 0 .1431 0 .2225 0 .2171 0 .5828
Central Inshore 0 .0503 0 .3299 0 .6837 1 .0639

East Offshore 0 .0005 0 .0024 0 .0005 0 .0034
East Inshore 0 .0340 0 .2396 0 .1796 0 .4533

TOTAL 0 .1243 0 .3754 0 .6748 1 .1744

West Offshore 0 .2362 0 .5373 1 .8734 2 .6469
West Inshore 0 .0216 0 .2845 4 .2442 4 .5504

Central 'Offshore 0 .1575 0 .1796 0 .2844 0 .6215
Central Inshore 0 .0804 0 .3244 0 .9991 1 .4039

East Offshore 0 .0001 0 .0002 0 .0010 0 .0013
East Inshore 0 .0359 0 .3332 0 .3449 0 .7140

TOTAL 0 .0928 0 .2020 0 .6258 0 .9207
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to total regional C in the later years (1976-1982) and relatively less
important during the overall poor years of 1972-1975 . Years of relatively
high C/A in the eastern region, which occurred for the most part during
the 1960s, generally coincided with years of high white shrimp C/A in the
other regions. The period 1972-1975 were years of generally lower C/A,
especially offshore in the western region (Figure 26) .

From year to year, there did not appear to be any consistent changes
in the relative importance of the different size classes of white shrimp
to total C. Years of high C/A for the size class of smallest shrimp were
also generally years of highest C/A of the intermediate size class, and
often of the size of largest shrimp as well (e .g., 1964, 1969, and 1970) .

Over the 23 year period 1960-1982, trends for inshore and offshore
C were generally similar (Figure 26) . Years of low C/A inshore (e .g.,
1961, 1962, 1968-1969, 1972-1976) were also years of low C/A offshore,
while years of high C inshore (1963, and 1969-1970) were also years of
high C offshore . Beginning in 1977, this relationship appeared to change
somewhat, with offshore C being relatively high thereafter and inshore C
never increasing substantially over the lows of the 1972-1976 period .

Mean C and C/A of pink shrimp by region and depth zone (Figures 28
and 29, and Table 45) reveals very interesting trends, especially with
regard to inshore and offshore production . C/A in inshore waters decreased
sharply from east to west across the Tuscaloosa Trend study area, with
very few pink shrimp being caught in inshore waters west of the Mississippi
River (i .e., the western region) . While the most productive estuaries
appeared to be in the eastern region, offshore C in the eastern region
was only marginally higher than that in the western region, and very much
lower than that in the central region . This may indicate that pink shrimp
migrating from Florida and Alabama estuaries move westward into the central
region of the Tuscaloosa Trend OCS . Such a pattern may indicate that
pink shrimp prefer the silty sediments of the central region to the fine
terrigenous sands off eastern Alabama and western Florida . Considering
both inshore and offshore areas combined, C/A for the eastern and central
regions were somewhat similar and considerably higher than that for the
western region .

In offshore waters, C/A of pink shrimp decreased consistently with
depth ( Figure 29) . C of pink shrimp have never been reported from depths
beyond 100 m, and only rarely beyond 40 m . The estuarine pink shrimp C was
made up almost exclusively of the smallest size class . The proportion of
shrimp in the smallest size class to total C appears to decrease offshore
out to 40 m depth . In contrast to the trends for brown shrimp, there was
little indication that larger pink shrimp sought out the deeper portions
of the depth range, with C/A of the two size classes of largest shrimp
being generally higher at 0-20 m depth ( Figure 29) .

The relationship of size, season and depth zone are shown in Figure
30 and Table 46 . C/A generally begins to increase slowly in inshore waters
during the midwinter period, with more substantial increases occurring in
March and April . C/A peaks in May (inshore) and June (0-20 m depths
offshore) and then declines to low values in August . A second, modest
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Figure 28 . Region by - depth by size means of pink shrimp catch (kg, heads on) for the Tuscaloosa
Trend study area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .
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Figure 29 . Region by depth by size means of pink shrimp catch/unit water surface area (kg, heads
on, per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .



Table 45 . Region by depth by size means of pink shrimp catch/unit water
surface area (kg, heads on, per ha) for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

WEST
Inshore 0 .0000 0 .0000 0 .0002 0 .0002

0 - 20 m 0 .0005 0 .0011 0 .0100 0 .0116
20 - 40 m 0 .0000 0 .0017 0 .0022 0 .0039
40 - 100 m 0 .0000 0 .0001 0 .0001 0 .0002
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

REGION 0 .0001 0 .0004 0 .0019 0 .0023
CENTRAL

Inshore 0 .0001 0 .0028 0 .0286 0 .0315
0 - 20 m 0 .0065 0 .0316 0 .1169 0 .1550

20 - 40 m 0 .0072 0 .0367 0 .0626 0 .1065
40 - 100 m 0 .0005 0 .0017 0 .0017 0 .0039
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

REGION 0 .0021 0 .0113 0 .0383 0 .0516
EAST

Inshore 0 .0004 0 .0061 0 .2825 0 .2891
0 - 20 m 0 .0049 0 .0016 0 .0115 0 .0180

20 - 40 m 0 .0002 0 .0007 0 .0015 0 .0024
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

REGION 0 .0004 0 .0010 0 .0316 0 .0330
STUDY AREA MEANS

Inshore 0 .0001 0 .0031 0 .0689 0 .0722
0 - 20 m 0 .0049 0 .0192 0 .0735 0 .0977

20 - 40 m 0 .0024 0 .0122 0 .0210 •0 .0356
40 - 100 m 0 .0002 0 .0006 0 .0006 0 .0015
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

0 .0011 0 .0056 0 .0299 0 .0366
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Figure 30 . Month by depth by size means of pink shrimp catch/unit water surface area (kg, heads
on, per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .



Table 46 . Month by depth by size means of pink shrimp catch/unit water
surface area ( kg, heads on, per ha) for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

January
Inshore 0 .0000 0-.0000 0 .0007 0 .0007

0 - 20 m 0 .0000 0 .0000 0 .0001 0 .0001
20 - 40 m 0 .0000 0 .0000 0 .0000 0 .0001
40 - 100 m 0 .0001 0 .0000 0 .0000 0 .0001
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0000 0 .0002 0 .0002
February

Inshore 0 .0000 0 .0000 0 .0016 0 .0016
0 - 20 m 0 .0000 0 .0000 0 .0002 0 .0002

20 - 40 m 0 .0000 0 .0001 0 .0002 0 .0002
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0000 0 .0004 0 .0005
March

Inshore 0 .0000 0 .0003 0 .0055 0 .0058
0 - 20 m 0 .0002 0 .0002 0 .0025 0 .0028

20 - 40 m 0 .0001 0 .0002 0 .0008 0 .0011
40 - 100 m 0 .0000 0 .0001 0 .0001 0 .0002

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0002 0 .0018 0 .0020
April

Inshore 0 .0000 0 .0010 0 .0154 0 .0163
0 - 20 m 0 .0002 0 .0014 0 .0110 0 .0126

20 - 40 m 0 .0002 0 .0009 0 .0019 0 .0030
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0001 0 .0006 0 .0055 0 .0061
May

Inshore 0 .0000 0 .0010 0 .0237 0 .0247
0 - 20 m 0 .0018 0 .0105 0 .0125 0 .0248

20 - 40 m 0 .0013 0 .0056 0 .0062 0 .0131
40 - 100 m 0 .0000 0 .0004 0 .0005 0 .0008
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0005 0 .0027 0 .0086 0 .0117
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Table 46 . Continued .

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

June
Inshore 0 .0000 0 .0005 0 .0065 0 .0070

0 - 20 m 0 .0015 0 .0056 0 .0326 0 .0397
20 - 40 m 0 .0005 0 .0038 0 .0064 0 .0107
40 - 100 m 0 .0001 0 .0001 0 .0000 0 .0002

100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0003 0 .0015 0 .0068 0 .0087
July

Inshore 0 .0000 0 .0001 0 .0013 0 .0013
0 - 20 m 0 .0003 0 .0013 0 .0093 0 .0109

20 - 40 m 0 .0001 0 .0008 0 .0044 0 .0053
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0001 0 .0003 0 .0023 0 .0027
August

Inshore 0 .0000 0 .0000 0 .0006 0 .0006
0 - 20 m 0 .0000 0 .0000 0 .0000 0 .0000

20 - 40 m 0 .0001 0 .0005 0 .0009 0 .0014
40 - 100 m 0 .0000 0 .000 T 0 .0000 0 .0001
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0001 0 .0003 0 .0004
September

Inshore 0 .0000 0 .0000 0 .0012 0 .0012
0 - 20 m 0 .0000 0 .0000 0 .0000 0 .0000

20 - 40 m 0 .0000 0 .0003 0 .0000 0 .0003
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0001 0 .0003 0 .0004
October

Inshore 0 .0000 . 0 .0003 0 .0046 0 .0049
0 - 20 m 0 .0000 0 .0000 0 .0009 0 .0009

20 - 40 m 0 .0000 0 .0000 0 .0000 0 .0000
40 - 100 m 0 .0000 0 .0001 0 .0000 0 .0001
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0001 0 .0012 0 .0013
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Table 46 . Continued.

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

November
Inshore

0 -20 m
20 - 40 m
40 -100m
100 -200m

TOTAL

0 .0000 0 .0000 0 .0060 0 .0060
0 .0007 0 .0000 0 .0016 0 .0024
0 .0000 0 .0000 0 .0000 0 .0000
0 .0000 0 .0000 0 .0000 0 .0000
0 .0000 0 .0000 0 .0000 0 .0000

0 .0001 0 .0000 0 .0017 0 .0018
December

Inshore 0 .0000 0 .0000 0 .0020 0 .0020
0 - 20 m 0 .0002 0 .0002 0 .0029 0 .0033
20 - 40 m 0 .0001 0 .0001 0 .0002 0 .0003
40 - 100 m 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 m 0 .0000 0 .0000 0 .0000 0 .0000

TOTAL 0 .0000 0 .0000 0 .0009 0 .0010
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increase in C/A generally occurs both inshore and offshore in the midfall
to early winter period, with the peak occurring later and being of shorter
duration further offshore. This fall C mainly involved the size class
of smallest shrimp . While these results undoubtedly reflect increased
densities of pink shrimp in the spring and early summer, the fall increase
may be an artifact . Pink shrimp C/A in the Tuscaloosa Trend study area
was generally low, and much of the C is probably due to effort directed
at other species (i .e ., brown shrimp in the spring and early summer and
white shrimp in the fall to winter) . This may be especially so for the
fall peak . However, the faet that the fall peak involves the size class
of smallest shrimp indicates that spawning must take place over a long
period of time . If this were true, it would indicate that pink shrimp
reach adulthood early enough in the year to spawn in early summer, with
the fall peak in C being the result of this early summer spawning .

There were some indications of changes in the relative importance of
the several size classes of pink shrimp over the typical year (Figure 30) .
C/A was highest for all three size classes in May, although the size class
of smallest shrimp appeared in relatively larger numbers earlier in the
year. The size classes of intermediate and large sized shrimp were best
represented in Ma,y, when they made up almost half of the offshore C . By
July, they were virtually unrepresented . As discussed above, the fall peak
consists mainly of shrimp of the smallest size class .

In the central region, years of relatively high C included 1969, 1977,
1979 and 1982 . These were years of relatively high C both inshore and
offshore (Figure 31) . For the eastern region, years of relatively high C
generally occurred earlier in the record (1961, 1963, 1966-1968, and 1973-
1975) and were dominated in all years by inshore C . This shift in relative
importance of the eastern and central regions represented the greatest
regional change over the 23 year period . It was attributable mainly to
substantial decreases in inshore C in the eastern region since 1976 and,
except for the period 1974 and 1975 , to higher C offshore in the central
region since the late 1960s . Inshore C has also been higher in the central
region in the 1970s, but the trends were less consistent than for offshore
C. C/A in the estuaries of the eastern region in 1980 was an order of
magnitude lower than during some of the better earlier years .

Figure 31 and Table 47 indicate that there was an inverse relationship
of pink shrimp C inshore and offshore, at least during some years . This
was quite unlike the situation for brown and white shrimp, where inshore
and offshore C were positively related . Prior to 1970, inshore and
offshore pink shrimp C were positively related . However, in 1971-1972,
1977-1978 and 1980-1982, inshore production was relatively low while
offshore production was relatively high . Figure 31 shows that during these
years C/A in the estuaries of the eastern area was consistently low, while
C/A in the estuaries of the central. region was not. During the period
1973-1975, inshore production was relatively high while offshore production
decreased through the period . C/A in the estuaries of the central region
was at intermediate levels during these years, increasing slightly through
the period (Figure 31) . The offshore C in 1975 was the lowest of the
23 year period, and may have been at least partly due to greatly decreased
effort during that year .
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Figure 31 . Year by region by size means of pink shrimp catch/unit water surface area (kg, heads
on, per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the
period 1960 to 1982 .



Table 47 . Year by region by size means of pink shrimp catch/unit water
surface area (kg, heads on, per ha) for the Tuscaloosa Trend study
area based on Gulf Coast Shrimp Data for the period 1960 to 1982 .

P.DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

1960
West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0017 0 .0071 0 .0130 0 .0219
Central Inshore 0 .0000 0 .0020 0 .0139 0 .0158

East Offshore 0 .0000 0 .0000 0 .0003 0 .0003
East Inshore 0 .0000 0 .0000 0 .2047 0 .2047

TOTAL 0 .0005 0 .0023 0 .0146 0 .0175
1961

West Offshore 0 .0003 0 .0023 0 .0000 0 .0025
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0016 0 .0283 0 .0378 0 .0677
Central Inshore 0 .0001 0 .0045 0 .0277 0 .0324

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0022 0 .0366 0 .4385 0 .4774

TOTAL 0 .0006 0 .0105 0 .0335 0 .0447
1962

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0000 0 .0009 0 .0023 0 .0032
Central Inshore 0 .0000 0 .0000 0 .0148 0 .0148

East Offshore 0 .0000 0 .0009 0 .0005 0 .0014
East Inshore 0 .0010 0 .0017 0 .3440 0 .3467

TOTAL 0 .0001 0 .0006 0 .0176 0 .0182
1963

West Offshore 0 .0000 0 .0000 0 .0001 0 .0001
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0009 0 .0124 0 .0722 0 .0854
Central Inshore 0 .0000 0 .0017 0 .0084 0 .0101

East Offshore 0 .0000 0 .0000 0 .0085 0 .0085
East Inshore 0 .0000 0 .0028 0 .4333 0 .4361

TOTAL 0 .0002 0 .0039 0 .0424 0 .0465
1964

West Offshore 0 .0000 0 .0000 0 .0009 0 .0009
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0007 0 .0040 0 .0226 0 .0274
Central Inshore 0 .0000 0 .0006 0 .0213 0 .0219

East Offshore 0 .0000 0 .0003 0 .0041 0 .0044
East Inshore 0 .0000 0 .0000 0 .2365 0 .2365

TOTAL 0 .0002 0 .0013 0 .0214 0 .0229
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Table 47 . Continued.

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

1980
West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0052 0 .0067 0 .0509 0 .0628
Central Inshore 0 .0000 0 .0002 0 .0197 0 .0199

East Offshore 0 .0000 0 .0000 0 .0013 0 .0013
East Inshore 0 .0000 0 .0000 0 .0030 0 .0030

TOTAL 0 .0015 0 .0019 0 .0183 0 .0217
1981

West Offshore 0 .0000 0 .0001 0 .0186 0 .0187
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0058 0 .0174 0 .0341 0 .0573
Central Inshore 0 .0000 0 .0018 0 .0315 0 .0333

East Offshore 0 .0000 0 .0000 0 .0006 0 .0006
East Inshore 0 .0000 0 .0009 0 .0324 0 .0333

TOTAL 0 .0016 0 .0053 0 .0193 0 .0262
1982

West Offshore 0 .0000 0 .0001 0 .0040 0 .0041
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0162 0 .0345 0 .0617 0 .1124
Central Inshore 0 .0001 0 .0147 0 .0592 0 .0739

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0001 0 .0001 0 .0046 0 .0048

TOTAL 0 .0046 0 .0123 0 .0286 0 .0455
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Table 47 . Continued.

P .DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

1975
West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0002 0 .0001 0 .0011 0 .0015
Central Inshore 0 .0000 0 .0035 0 .0335 0 .0370

East Offshore 0 .0000 0 .0007 0 .0007 0 .0014
East Inshore 0 .0000 0 .0020 0 .4515 0 .4535

TOTAL 0 .0001 0 .0010 0 .0251 0 .0261
1976

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0001 0 .0041 0 .0469 0 .0512
Central Inshore 0 .0000 0 .0000 0 .0860 0 .0860

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0000 0 .0028 0 .1836 0 .1864

TOTAL 0 .0000 0 .0013 0 .0360 0 .0373
1977

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0049 0 .0049

Central Offshore 0 .0018 0 .0179 0 .0917 0 .1115
Central Inshore 0 .0000 0 .0013 0 .0521 0 .0534

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0000 0 .0000 0 .0158 0 .0158

TOTAL 0 .0005 0 .0053 0 .0358 0 .0416
1978

West Offshore 0 .0000 0 .0010 0 .0106 0 .0115
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0023 0 .0136 0 .0650 0 .0809
Central Inshore 0 .0000 0 .0003 0 .0055 0 .0058

East Offshore 0 .0000 0 .0006 0 .0005 0 .0011
East Inshore 0 .0000 0 .0000 0 .000.1 0 .0001

TOTAL 0 .0007 0 .0042 0 .0208 0 .0257
1979

West Offshore 0 .0003 0 .0000 0 .0013 0 .0015
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0034 0 .0125 0 .0740 0 .0899
Central Inshore 0 .0010 0 .0127 0 .1110 0 .1247

East Offshore 0 .0074 0 .0001 0 .0101 0 .0175
East Inshore 0 .0000 0 .0000 0 .0749 0 .0749

TOTAL 0.0037 0.0058 0 .0472 0 .0567
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Table 47 . Continued.

P.DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

1965

1966

1967

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0006 0 .0027 0 .0126 0 .0159
Central Inshore 0 .0000 0 .0000 0 .0010 0 .0010

East Offshore 0 .0002 0 .0006 0 .0016 0 .0023
East Inshore 0 .0000 0 .0015 0 .3293 0 .3309

TOTAL 0 .0002 0 .0010 0 .0178 0 .0190

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0012 0 .0023 0 .0178 0 .0213
Central Inshore 0 .0002 0 .0000 0 .0005 0 .0006

East Offshore 0 .0000 0 .0000 0 .0007 0 .0007
East Inshore 0 .0000 0 .0116 0 .5196 0 .5311

TOTAL 0 .0004 0 .0011 0 .0266 0 .0281

West Offshore 0 .0000 0 .0003 0 .0003 0 .0006
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0002 0 .0077 0 .0607 0 .0686
Central Inshore 0 .0000 0 .0000 0 .0171 0 .0171

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0019 0 .0556 0 .6273 0 .6847

TOTAI. 0 .0001 0 .0045 0 .0459 0 .0505
1968

West Offshore 0 .0000 0 .0000 0 .0000 0 .0000
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0040 0 .0281 0 .0524 0 .0845
Central Inshore 0 .0000 0 .0060 0 .0197 0 .0258

East Offshore 0 .0013 0 .0036 0 .0002 0 .0051
East Inshore 0 .0031 0 .0133 0 .6404 0 .6568

TOTAL 0 .0017 0 .0107 0 .0446 0 .0570
1969

West Offshore 0 .0005 0 .0000 0 .0000 0 .0005
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0015 0 .0834 0 .0953 0 .1802
Central Inshore 0.0003 0 .0093 0 .0360 0 .0457

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0000 0 .0021 0 .3966 0 .3987

TOTAL 0 .0005 0 .0251 0 .0494 0 .0751
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Table 47 . Continued.

P.DUORARUM LT 44/KG 44-66/KG GT 66/KG TOTAL

1970

1971

1972

1973

1974

West Offshore 0 .0008 0 .0006 0 .0000 0 .0014
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0162 0 .0453 0 .0282 0 .0897
Central Inshore 0 .0000 0 .0018 0 .0039 0 .0057

East Offshore 0 .0000 0 .0007 0 :0011 . 0 .0018
East Inshore 0 .0000 0 .0001 0 .2186 0 .2187

TOTAL 0 .0046 0 .0133 0 .0179 0 .0359

West Offshore 0 .0003 0 .0003 0 .0006 0 .0012
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0063 0 .0137 0 .0663 0 .0863
Central Inshore 0 .0000 0 .0020 0 .0060 0 .0080

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0009 0 .0054 0 .0986 0 .1048

TOTAL 0 .0018 0 .0045 0 .0238 0 .0301

West Offshore 0 .0000 0 .0003 0 .0030 0 .0034
West Inshore 0 .0000 0 .0000 0 .0000 0 .0060

Central Offshore 0 .0038 0 .0138 0 .0429 0 .0605
Central Inshore 0 .0000 0 .0008 0 .0452 0 .0460

East Offshore 0 .0006 0 .0005 0 .0002 0 .0014
East Inshore 0 .0000 0 .0009 0 .2669 0 .2678

TOTAL 0 .0013 0 .0043 0 .0315 0 .0371

West Offshore 0 .0000 0 .0038 0 .0075 0 .0114
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0009 0 .0195 0 .0497 0 .0701
Central Inshore 0 .0000 0 .0004 0 .0188 0 .0192

East Offshore 0 .0000 0 .0000 0 .0000 0 .0000
East Inshore 0 .0000 0 .0027 0 .5307 0 .5334

TOTAL 0 .0002 0 .0062 0 .0401 0 .0465

West Offshore 0 .0000 0 .0008 0 .0024 0 .0032
West Inshore 0 .0000 0 .0000 0 .0000 0 .0000

Central Offshore 0 .0037 0 .0070 0 .0226 0 .0332
Central Inshore 0 .0000 0 .0010 0 .0248 0 .0258

East Offshore 0 .0000 0 .0000 0 .0001 0 .0001
East Inshore 0 .0000 0 .0013 0 .4471 0 .4485

TOTAL 0 .0010 0 .0023 0 .0294 0 .0 328
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Figure 32 . Year by depth by size means of pink shrimp catch/unit water surface area (kg, heads on,
per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the period
1960 to 1982 .
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Figure 33 . Region by depth means of seabob catch ( kg, heads on) for the Tuscaloosa Trend study area
based on Gulf Coast Shrimp Data for the period 1960 to 1982 .
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Figure 34 . Month by region by depth means of seabob catch/unit water surface area (kg, heads on,
per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the period

1960 to 1982 .

IA ..4a In.. 6.T .a.M Y.It Mt a.. . . /aT A.. . .T .. PTn.n ..1..n ..T .. ... a..Y .. .



Table 48 . Region by depth means of seabob catch ( kg, heads on) for the
Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for
the period 1960 to 1982 .

X.KROYERI TOTAL CATCH IN KILOGRAMS

WEST
Inshore 46699

0 - 20 m 248373
20 - 40 m 6074
40 - 100 m 4856
100 - 200 m 0

REGION TOTAL 306003

CENTRAL

EAST

Inshore 20218
0 - 20 m 10091

20 - 40 m 1959 .
40 - 100 m 575
100 - 200 m 0

REGION TOTAL 32844

Inshore 698
0 - 20 m 109

20 - 40 m 0
40 - 100 m 0
100 - 200 m 0

REGION TOTAL 807

SPECIES TOTAL 339654
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Table 49 . Month by region by depth means of seabob catch/unit water surface area (kg, heads on,
per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the period
1960 to 1982 .

Jaau.ry Pebruarr derob April May Jupe July Auswt Septe∎ber October Move∎ber Dece∎ber

YEST
InsAore 0.0578 0.0144 0.0017 0.0000 0.0000 0.0000 0.0002 0.0000 0.0084 0.1105 0 .0844 0 .0979

0 - 20 ∎ 0 .1645 0.0475 0.0203 0.0017 0.0030 0.0006 0 .0001 0.0022 0.0214 0.3082 0.5756 0 .5981
20 - 40 ∎ 0.0303 0.0265 0.0008 0.0122 0.0013 0.0000 0.0000 0.0000 0.0000 0.0026 0.0058 0.0000

N 40- 100 ∎ 0.004 2 0.0030 0.0080 0.0029 0.0003 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0 .0035
N 100 - 200 ∎ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0.0000
V

AREA MAM 0 .0389 0.0129 0.0057 0.0021 0.0007 0.0001 0 .0000 0.0004 0.0047 0.0664 0 .1067 0 .1127
CBN111AL

Ine4ore 0.0016 0.0002 0.0001 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0004 0.0060 0.0042 0.0083
0 - 20 ∎ 0.0071 0 .0027 0.0000 0.0001 0.0000 0.0000 0 .0000 0.0000 0 .0001 0.0006 0.0040 0.0108

20 - 40 ∎ 0.0046 0.0007 0.0000 0.0001 0.0000 0.0000 0 .0003 0.0000 0.0000 0.0000 0.0002 0.0000
40 - 100 ∎ 0.0000 0.0012 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000
100 - 200 ∎ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000

AREA lO3U1 0.0024 0.0009 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0002 0.0024 0.0023 0.0049
6AST

Inahore 0.0000 0.0002 0.0002 0.0013 0.0009 0 .0003 0.0000 0.0000 0.0000 0 .0000 0 .0001 0 .0001
0 - 20 ∎ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0 .0000 0.0000 0.0004

20 - 40 ∎ 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000
40 - 100 ∎ 0.0000 0 .0000 0.0000 0 .0000 0.0000 0 .0000 0.0000 0 .0000 ' 0 .0000 0 .0000 0 .0000 0 .0000
100 - 200 ∎ 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000

AREA l EAN 0.0000 0 .0000 0.0000 0 .0001 0 .0001 0 .0000 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000



No consistent trends in C/A were apparent among the three size classes
of pink shrimp over the 23 year period . Years of high C/A for the
different size classes appear to bear little relationship to one another .
The years 1969 and 1970 were exceptional, with C/A of the size class of
intermediate sized shrimp in offshore waters constituting half the total
C (Figure 32) . The size class of largest shrimp was most important in
1970, 1979 and 1982 .

Figure 33 and Table 48 shows mean seabob C by region and depth (over
all years and months), while Figure 34 and Table 49 present month by region
by depth means of seabob C/A . Virtually all of the seabob harvest in the
Tuscaloosa Trend study area was taken from the western region (i .e ., west
of the Mississippi River delta) . C/A in the central region was very low
considering the substantial C for Penaeus spp. Only a token number of
seabobs have been reported from the eastern region, and all of those were
from GCSD statistical subarea 10, which encompassed the western half of
the eastern region (see Figures 9 and 10) . Since the sediment composition
in the eastern region is relatively sandy, the absence of seabobs on these
bottoms is not surprising .

Going westward across the study area, seabob C/A in inshore waters
constituted relatively less of the regional totals, although in absolute
terms C/A in inshore waters increased dramatically from east to west . In
the eastern region, highest C/A was reported in inshore waters, with no
C reported beyond 20 m depths . In the central and western regions, C
of seabobs were reported out to 100 m depths, but C/A in both regions
decreased dramatically,with depth . In the western region, C/A was by far
the highest in the nearshore zone (0-20 m depths), while, in the central
region, C/A in inshore waters and in the shallow (0-20 m) depths offshore
were similar. The relatively small contribution of estuaries to total
seabob production is consistent with the general feeling that they are not
estuarine dependent . The estuarine contribution to total seabob C in any
one month remains fairly consistent over the year .

Trends in seabob C/A in the central and western regions, where C
has been reported during most months, were very similar over the year
(Figure 34) . Seabob C/A first increased in August and September, with
substantially higher values. reported during the fall and early winter
(October to January) . C/A then declined throughout the remainder of the
winter and spring, reaching lowest values in the May-July period . Seasonal
patterns in the eastern region, where C/A was generally much lower, were
quite different from those in the central and western regions . C/A was
relatively high in the eastern region when C/A was relatively low in the
other regions (May) and was lowest when C/A in the central and western
regions was highest (October) .

In the western region, the same general seasonal pattern was exhibited
at all depths at which seabobs were caught (inshore to 100 m depths
offshore), with departures from this basic pattern becoming more noticeable
as depth increases . While inshore waters and the 0-20 m depths offshore
showed very similar seasonal patterns, C/A was consistently higher in
the shallow Gulf, especially during months of high C. Catches in waters
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greater than 20 m in depth did not constitute a substantial fraction of the
total seabob C until December, af ter which they increased through winter
and early spring . The depth by month trends (Figure 34) appear to indicate
an offshore migration with time . C/A in the 20-40 m depth zone remained
near zero until January, when it increased sharply and remained relatively
high through April . C/A was higher in 40-100 m depths in March and May
compared to inshore waters, and higher in both the 20-40 m depths and the
40-100 m depths in April compared to the 0-20 m depths .

Over the 23 year period 1960-1982, seabob C/A showed inconsistent
trends across the three regions, with only the means for the western
region being substantial during all years (Figure 35 and Table 50) . In
this region, higher seabob C were reported in 1962, 1970, 1975, 1977 and
1979-1981, while 1971 was represented by the lowest C/A . Other years of
relatively low C/A in the western region included 1963, 1967, 1969, 1976

and 1979 . Since 1977, during years of relatively high C, virtually no
seabobs were caught inshore, with the vast majority being harvested in
the shallow Gulf in waters less than 20 m depth . Considering the years
of higher C in the western region, only 1962 and 1975 showed substantial
inshore C . In 1962, the best year for seabob C during the 1960s, C/A
was relatively evenly distributed out to 100 m depths . C/A in the central
region appears to be generally higher since 1978, with most years of low
C/A occurring before 1970 .
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Figure 35 . Year by region by depth means of seabob cateh/unit water surface area (kg, heads on,
per ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the period
1960 to 1982 .



Table 50 . Year by region by depth means of seabob catch/unit water surface area (kg, heads on, per
ha) for the Tuscaloosa Trend study area based on Gulf Coast Shrimp Data for the period
1960 to 1982 .

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

N
W
r

YS4T
Inshore 0.0000 0.7103 0.8169 0.0733 0.5343 0 .6790 1 .3811 0.3077 0.9014 0.0145 0.0000 0.3000

0- 20 ∎ 1 .8382 0.2303 1 .4162 0.4154 0.8710 1 .5404 0.3438 0.5521 0 .9756 0.3730 3.5952 0.0563

20 - 40 ∎ 0.3710 0 .0993 0.8992 0 .0025 0.0031 0 .0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000

40 - 100 a 0 .2110 0 .0000 0.2779 0 .0162 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0.0000

100 - 200 a 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000

AREA MEAN 1 .0981 0.4197 1.4134 0 .2349 0 .6219 0.9906 0 .7196 0.3811 0.8185 0.1791 1 .6694 0 .1478

CBNTNAL
Insbore 0.0000 0.0246 0 .0848 0.0020 0.0023 0.0001 0 .0746 0.0000 0.0000 0.0000 0.0008 0 .0247

0 - 20 ∎ 0.0000 0.0002 0 .0095 0.0108 0.0005 0.0069 0 .0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000

20 - 40 a 0.0091 0.0043 0 .0670 0.0000 0.0000 0.0001 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000
40 - 100 ∎ 0.0000 0.0000 0 .0277 0.0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000

100 - 200 ∎ 0.0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000

AREA MEAN 0.0092 0 .0783 0.3744 0 .0194 0.0075 0 .0087 0.2235 0.0000 0 .0000 0 .0000 0.0025 0 .0739

EAST
Inadore 0 .0000 0 .0000 0.0000 0 .0044 0 .0000 0.0054 0 .0112 0.0123 0.0107 0 .0039 0.0023 0 .0000

0 - 20 ∎ 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000

20 - 40 ∎ 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000

40 - 100 ∎ 0 .0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0.0000

100 - 200 ∎ 0 .0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0.0000

AREA MEAN 0.0000 0.0000 0 .0000 0.0020 0 .0000 0 .0024 0 .0050 0 .0055 0 .0048 0.0017 0 .0010 0.0000

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

YEST
Iashore 0.1677 0.1967 0.7262 1 .4562 0.0000 0.0092 0 .0000 0.0000 0 .0041 0 .0325 0.3219

0 - 20 ∎ 1 .4161 0.9088 1 .8037 2 .7089 0 .5414 4.4666 0 .7415 3.2979 4.5258 6 .0969 1 .3801
20 - 40 a 0.0456 0.3214 0.0000 0 .0000 0 .0000 0.0000 0 .0836 0 .0000 0.0000 0 .0000 0.0000
40 - 100 a 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000
100 - 200 ∎ 0.0000 0.0000 0.0000 .0 .0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000

AREA MEAN 0.7369 0 .5819 1 .1320 1 .8484 0 .2514 2.0778 0.3651 1 .5314 2.1032 2.8443 0 .7714
CENTRAL

InsAore 0.0051 0.0009 0 .0366 0.0777 0.0018 0.0215 0.0617 0 .0092 0.0020 0.0020 0 .0457
0 - 20 a 0.1098 0 .0575 0.0241 0.0095 0.0000 0.0146 0.0232 0 .0813 0.1040 0.0899 0 .0417

20 - 40 a 0 .0001 0 .0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0562 0.0000
40 - 100 ∎ 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 0 .0000
100 - 200 ∎ 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 0.0000

AREA MEAN 0.1499 0 .0730 0 .1392 0.2444 0.0054 0.0821 0 .2132 0.1270 0 .1334 0 .1731 0.1879
EAST

InsAore 0.0034 0 .0033 0 .0021 0 .0007 0.0004 0.0000 0 .0000 0.0003 0 .0010 0 .0000 0.0103
0 - 20 m 0.0000 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0 .0103 0.0066 0 .0000 0 .0000 0.0000
20 - 40 ∎ 0.0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0.0000
40 - 100 m 0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 0 .0000 0 .0000
100 - 200 a 0.0000 0.0000 0.0000 0 .0000 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0 .0000 0 .0000

AREA MEAN 0 .0015 0.0015 0.0009 0 .0003 . 0 .0002 0 .0000 0 .0027 0.0024 0.0005 0 .0000 0 .0046
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The Department of the Interior Mission 
 
As the Nation's principal conservation agency, the Department of the Interior has responsibility 
for most of our nationally owned public lands and natural resources.  This includes fostering 
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks and historical places; 
and providing for the enjoyment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen participation in their care. 
The Department also has a major responsibility for American Indian reservation communities 
and for people who live in island territories under U.S. administration. 
 
 
 
The Minerals Management Service Mission 
 
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) 
primary responsibilities are to manage the mineral resources located on the Nation's Outer 
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian 
lands, and distribute those revenues. 
 
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program 
administers the OCS competitive leasing program and oversees the safe and environmentally 
sound exploration and production of our Nation's offshore natural gas, oil and other mineral 
resources.  The MMS Minerals Revenue Management meets its responsibilities by ensuring the 
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and 
production due to Indian tribes and allottees, States and the U.S. Treasury. 
 
The MMS strives to fulfill its responsibilities through the general guiding principles of:  (1) being 
responsive to the public's concerns and interests by maintaining a dialogue with all potentially 
affected parties and (2) carrying out its programs with an emphasis on working to enhance the 
quality of life for all Americans by lending MMS assistance and expertise to economic  
development and environmental protection. 
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